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3 ͓ΘΓʹ

౴͑Λൃද͠·͢. ๯಄ͷ today’s big question΁ͷ౴͑͸, ɹ
ϝ Ϗ ΢ ε

MöbiusɹͷଳͰͨ͠. a = ±∞ʹஔ͔Εͨೋͭͷ c࣠

͕, ,͕ࢠͰ઀ண͞Ε͍ͯΔ༷޲ํٯ தؒΫΠζ i. ͰϝϏ΢εͷଳΛද͢ਤͱ͍ͯࣅΔ͜ͱʹ͚ͮؾΔ͔Ͳ͏͔͕ϙ

ΠϯτͰͨ͠.

༧૝ͱ߹͍ͬͯͨͰ͠ΐ͏͔? ֎Ε͍ͯͯ΋ؾམͪ͢Δ͜ͱ͸͋Γ·ͤΜ. ग़୊ऀͰ΋, ͳ͕Β͠ࢉܭ͍͓ͯͭͪ

,ͯ͑ߟ Α͏΍͘Θ͔Δ͜ͱͰ͔͢Β.

ͨͩ, ͜ͷखͷ͜ͱ͸ಛผͳͻΒΊ͖΍௚͕؍ͳ͚Ε͹Ͱ͖ͳ͍ྨͷ͜ͱͰ͸ͳ͍͜ͱΛ͓఻͍͑ͨ͠ͱ͍ࢥ·͢.

େֶͰֶͿʮ͞·͟·ͳۭؒ΍ͦΕΒʹର͢Δૢ࡞ʯ,ʮந৅తͳํ͑ߟͷख๏ʯͳͲͷॿ͚ΛआΓͳ͕Βཧ٧ΊͰ෼

͔ΔΑ͏ʹͳΓ·͢.

˙͞ΒͳΔΫΠζ i. ʮߍߴͷ௚ઢͷํఔࣜʯax+ by + c = 0͔Βಉ݁͡࿦Λಋ͍ͯΈΑ͏. ͜ͷ৔߹͸͢΂ͯ

ͷ௚ઢ͕ࢹքʹͱΒ͑ΒΕ͍ͯΔͷͰ, ໰୊͸μϒΓΛऔΓআ͘͜ͱͱͳΔ.

a b

c

(1) ·ͣ, abc-ۭؒ಺Ͱ a2 + b2 = 1Λຬͨ͢఺͔ΒͳΔ౵Λ͑ߟΔ. ͜ͷ౵ͷද໘ʹ͋Δ (a, b, c)ͷΈΛ͑ߟ

Δ͜ͱʹ͢Δͱ, μϒΓ͸͔ͳΓ͍ͯͬݮΔ. ͲͷΑ͏ͳμϒΓ͕͍ͯͬ࢒Δ͔?

(2) ͦͷμϒΓΛղফ͢ΔͱMöbiusͷଳ͕ಘΒΕΔ. આ໌ͤΑ!

ii. (஍ਤͷషΓ߹Θͤ.) ʮେ೔ຊԊւ༫஍શਤʯͷΑ͏ʹ, ෳ਺ຕͷখ஍ਤͰશମΛ෴͏͜ͱʹΑΓ, શମͷܗ

Λ஌Δͱ͍͏͜ͱ΋Ͱ͖Δ.

x࣠ͱ y ࣠ͷ໾ׂΛೖΕସ͑ͯ, x = āy + b̄ͷܗͰ௚ઢΛද͢͜ͱΛ͑ߟΔ. y ࣠ʹฏߦͳ௚ઢ͸ ā = 0ͷ৔

߹ͱͯ͠ද͢͜ͱ͕Ͱ͖Δ. ͜͏ͯ͠, ೋͭͷλΠϓͷํఔࣜ

y = ax+ b or x = āy + b̄

Ͱ͢΂ͯͷ௚ઢΛΧόʔͰ͖Δ. ab-ฏ໘ͱ āb̄-ฏ໘ͱ͍͏ 2ຕͷখ஍ਤͰ, ௚ઢ͢΂ͯΛͨͤࡌ஍ਤ͕෴͑Δͱ

͍͏͜ͱͰ͋Δ. ໰୊͸, ྆ํͷখ஍ਤͷॏͳΓ෦෼͕Ͳ͏ͳ͍ͬͯΔ͔Ͱ͋Δ.

(i) ্ͷ;ͨͭͷํఔ͕ࣜಉ͡௚ઢΛද͢৔߹ͷ, a, bͷ૊ͱ ā, b̄ͷ૊ͷؔࣜ܎ΛͤࢉܭΑ.

(ii) ab-ฏ໘಺ͷ௚ઢ “b = 2a”্Ͱ఺͕ a → +∞ͷํ޲ʹಈ͘ͱ͖, ରԠ͢Δ఺͕ āb̄-ฏ໘Ͱ͸Ͳ͏͑ݟΔ͔

.ΈΑ͏ͯ͑ߟ ௚ઢ “b = 4”Ͱ͸Ͳ͏͔? ·ͨ, aͷಈ͘ํ͕޲ a → −∞ͷͱ͖Ͱ͸?

(iii) ab-ฏ໘ͱ āb̄-ฏ໘ͰରԠ͢Δ఺Ͳ͏͠ΛॏͶ߹ΘͤΔͱ, ϝϏ΢εͷଳ͕ಘΒΕΔ͜ͱΛ݁࿦ͯ͠ΈΑ͏.

͜ͷΫΠζʹ͸ઈରͷਖ਼ղͱ͍͏΋ͷ͸͋Γ·ͤΜ͕, ཧֶ෦ϗʔϜϖʔδ಺ͷग़୊ऀͷϖʔδ https://www.math.tohoku.ac.jp/~kaiw ʹ

ղ౴ྫΛ͠ࡌܝ·͢.
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͜Ε͸ۭനͷϖʔδ.
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4 ΫΠζͷ౴͑

˙Φʔϓχϯά ΫΠζ ʮେ೔ຊԊւ༫஍શਤʯΛߏ੒͢Δখ஍ਤ͸, 214ຕͰͨ͠.

ͳΒ͠ΫΠζݞ˙ i.
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ii. ௚ઢͷࣜ͸ y = (1− 1
t(t+1) )x+ ( 1t +

1
t+1 )Ͱ͢ͷͰ, ͜ΕʹԊͬͯ఺Λϓϩοτ͢Δ͜ͱʹͳΓ·͢.
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˙தؒΫΠζ i. ,ʯͰ઀ண͢Δͱ޲ํٯลͱӈลΛʮࠨ ϝϏ΢εͷଳʹͳΓ·͢.

ϝϏ΢εͷଳ

(ߟࢀ) ,ӈ͚ͩͰͳ͘ࠨ ্Լ΋ಉ͖͡޲Ͱผݸʹ઀ண͢Δͱ, υʔφπܕ.

υʔφπܕ

ii. ,͖޲ӈ͸ಉ͡ࠨ ্ԼΛ͖޲ٯʹ͢Δͱ, ΫϥΠϯͷᆵʹͳΓ·͢.

ΫϥΠϯͷᆵ

(ͭ͡͸͜ͷ 2 ,͸ܗਤݩ࣍

3 ʹ಺ۭؒݩ࣍

Ωνϯͱඳ͚ͳ͍.)

iii. ྡΓ߹ͬͨลΛ઀ண͢Δ͜ͱ΋Ͱ͖·͢.

໘ٿ

˙ຊ໋ΫΠζ i. (c, 1)Λ௨Δ͖܏ aͷ௚ઢͷࣜ͸ y = a(x− c) + 1ͭ·Γ y = ax+ (−ac+1)ͳͷͰ, ab-ฏ໘ͷͳ

͔ͷ௚ઢ “b = −ac+ 1”Λඳ͖·͢. ͜ͷ௚ઢΛ a → +∞·ͨ͸ a → .͢·Λඳ͘͜ͱʹͳΓࢠಈ༷͘ʹ޲ํ∞−

a

b

b = −ac+ 1

a → +∞


