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ྩ 2 ؒ࣌ɺղࢪ8݄࣮ 90ʢΦϯϥΠϯݧࢼʹΓସ͑ͨͨΊɺղ࣌

͕ؒมߋʹͳͬͨʣɻ

ʢղʹͨͬͯͷҙ߲ࣄলུʣ

͍ͯͭʹ߸ه

ɹ N ਖ਼ͷશମΛද͢.

ɹ Z શମΛද͢.

ɹ Q ༗ཧશମΛද͢.

ɹ R ࣮શମΛද͢.

ɹ C ෳૉશମΛද͢.
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[1] V Λ x ͷؔ ex, xex, e2x Ͱੜ͞ΕΔ R ্ͷϕΫτϧۭؒͱ͢Δ. ͢ͳ

Θͪ,
V = {aex + bxex + ce2x | a, b, c ∈ R}.

·ͨ, V ͔Β V ͷઢ૾ࣸܗશମΛࣸ૾ͷͱεΧϥʔഒʹΑΓ R ্ͷϕ
ΫτϧۭؒͱΈͳͨ͠ͷΛ L(V ) ͱ͢Δ. ͜ͷͱ͖, ֤ਖ਼ n ʹରͯ͠,

L(V ) ͷݩΛ

Dn(f)(x) =
dn

dxn
f(x) (f = f(x) ∈ V )

ʹΑΓఆΊ, D0 Ͱ߃ࣸ૾Λද͢.

(1) {D0, D1, D2} Ұ࣍ಠཱͰ͋Δ͜ͱΛࣔͤ.

(2) {Dn |n ≥ 0}Ͱੜ͞ΕΔ L(V )ͷ෦ۭؒͷݩ࣍ΛٻΊΑ.

(3) ֤ਖ਼ nʹରͯ͠, V ʹ͓͚Δํఔࣜ

(D0f)(x) + (Dnf)(x) = ex + xex + e2x

ͷղΛٻΊΑ.
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[2]

(1) ू߹ ΛʹΑͬͯఴ͚͑ͮࣈΒΕͨ Rͷดू߹ {Aλ}λ∈Λ Ͱ࣍ͷੑ࣭ (∗)
Λຬͨ͢ͷΛ .Α͛ڍ1ͭ

(∗) ΛͷۭͰͳ͍ҙͷ༗ݶ෦ू߹ F ʹରͯ͠
⋂

λ∈F Aλ $= ∅͕
Γཱͭ. ͞Βʹ

⋂
λ∈Λ Aλ = ∅͕Γཱͭ. ͜͜Ͱ ∅ۭू߹Λද͢.

ͨͩ͠ RͷҐ૬ͱͯ͠ϢʔΫϦουڑ͔Βఆ·ΔڑҐ૬Λ͑ߟΔ.

(2) X ΛҐ૬ۭؒͱ͢Δ. X ͕ίϯύΫτͰ͋Δʢ͢ͳΘͪX ͷҙͷ։ඃ

෴͕༗ݶ෦ඃ෴Λͭ࣋ʣ͜ͱ, X ͷดू߹ {Aλ}λ∈Λ Ͱ (1)ͷੑ࣭

(∗)Λຬͨ͢ͷ͕ଘ͠ࡏͳ͍͜ͱͱಉͰ͋Δ͜ͱΛࣔͤ.

(3) (2)ͷ݁ՌΛ༻͍ͯίϯύΫτҐ૬ۭؒͷดू߹ίϯύΫτͰ͋Δ͜ͱ

Λࣔͤ.
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[3] a, b 0Ҏ্ͷͰ 2 ≤ a+ b ≤ 4ΛΈͨ͢ͷͱ͠ɼR2 ্ͷ࣮ؔ

 f Λ

f(x, y) =






xayb

x2 + y2
((x, y) $= (0, 0)),

0 ((x, y) = (0, 0))

ͰఆΊΔɽҎԼͷ֤ʹରͯͦ͠ͷূ໌ؚΊͯ͑Αɽ

(1) f ͕ (0, 0)Ͱ࿈ଓʹͳΒͳ͍Α͏ͳ a, bͷΛ ΊΑɽٻ1ͭ

(2) f ͕ (0, 0)ͰશඍՄͱͳΔ a, bͷΛ ΊΑɽٻ1ͭ

(3) f ͕ (0, 0) Ͱ࿈ଓͰ͋Δ͕શඍՄʹͳΒͳ͍Α͏ͳ a, b ͷΛ 1 ͭ

ΊΑɽٻ
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[1] AΛ๏ͷ୯Ґݩ 1ΛͭՄͱ͢Δ. e ∈ A͕͖ݩͰ͋Δͱ, e2 = e͕Γཱͭ

͜ͱͰ͋Δ. Aͷ෦ू߹ S ⊂ Aʹ͍ͭͯ, S ʹଐ͢Δ͖ݩશମΛ I(S)Ͱද͢͜ͱʹ

͢Δ. ·ͨ, ͖ݩ eʹରͯ͠, e∗ = 1− eͱ͢Δʢe∗ ͖ݩͰ͋Δ).

(1) e ∈ I(A) ʹ͍ͭͯ, ಉܕ A/(e) ∼= Ae∗ Λࣔͤ. (͜͜Ͱ f ∈ A ʹରͯ͠, ੵดू߹

{fn |n = 0, 1, 2, . . .}Ͱ AΛہॴԽͨ͠ͷΛ Af ͱද͢.)

(2) Aͷ͖͔ݩΒͳΔू߹ E ,େͰ͋Δͱۃ͕ ͷ࣍ 2͕݅Γཱͭ͜ͱͱ͢Δ.

(a) ҙͷ e ∈ I(A)ʹ͍ͭͯɼe ∈ E ·ͨ e∗ ∈ E Ͱ͋Δ.

(b) E Ͱੜ͞ΕΔ AͷΠσΞϧ AશମʹҰக͠ͳ͍.

ҙͷૉΠσΞϧ p ⊂ Aʹରͯ͠ɼI(p)ۃେͰ͋Δ͜ͱΛࣔͤ.

(3) Aͷ͖͔ݩΒͳΔू߹ E ,େͳΒۃ͕ AͷۃେΠσΞϧ mͰ E = I(m)ͱͳΔ

ͷ͕ଘ͢ࡏΔ͜ͱΛࣔͤ.

[2] p Λૉͱ͢Δ. k ඪ p > 0 ͷମͱ͠, n ਖ਼ͱ͢Δ. k ্ͷ n ม༗ཧؔ

ମ L = k(t1, . . . , tn) Λ͑ߟΔ. V ʹΑΓ, t1, . . . , tn ͷੜ͢Δ L ͷ n ෦ݩ࣍ Fp-

ϕΫτϧۭؒΛද͢. GLn(Fp) Λ L :Δͤ͞༺࡞ʹͷ༷࣍ʹ g = (gij) ∈ GLn(Fp) ͱ

f = f(t1, . . . , tn) ∈ L ʹର͠

(g.f)(t1, . . . , tn) = f(g(t1), . . . , g(tn)), g(tj) =
n∑

i=1

gijti.

͞Βʹ
F (X) =

∏

v∈V

(X − v) ∈ L[X]

ͱ͓͘.

(1) F (X) 

F (X) = Xpn

+ s1X
pn−1

+ · · ·+ sn−1X
p + snX, si ∈ LGLn(Fp),

ͷܗͰ͋ΔࣄΛূ໌ͤΑ. ͜͜ʹ LGLn(Fp)  L ͷ GLn(Fp) ʹΑΔݻఆ෦ମΛද͢.

(2) L ͷ෦ମ K = k(s1, . . . , sn) Λ͑ߟΔ. L/K ༗࣍ݶΨϩΞ֦େͰ͋Γ, ͦͷΨϩ

Ξ܈ GLn(Fp) ͱಉܕͰ͋ΔࣄΛূ໌ͤΑ.

[3] R3 ͔Β R3 ͷࣸ૾ f Λ
f(x, y, z) = (x, xy, xz)

ͰఆΊΔ. f ͷఆٛҬΛ୯Ґٿ໘ S2 = {(x, y, z) ∈ R3 |x2 + y2 + z2 = 1} ಘΒͯ͠ݶ੍ʹ
ΕΔࣸ૾Λ g : S2 → R3 ͱ͢Δ.

(1) S2 ͷ֤ pʹରͯ͠ඍ (dg)p : TpS2 → Tg(p)R3 ͷ֊ΛٻΊΑ. ͜͜ͰҰൠʹՄඍ

ଟ༷ମM ʹରͯ͠ TpM  p ∈ M ʹ͓͚ΔϕΫτϧۭؒΛද͢.

(2) ૾ g(S2) R3 ͷ෦ଟ༷ମͷߏΛ͑ͪ࣋ͳ͍͜ͱΛࣔͤ.
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[4] R4 ͷ෦ू߹ A,B Λ

A = {(x1, x2, x3, x4) |x2
1 + x2

2 = x2
3 + x2

4 = 1},

B = {(x1, x2, x3, x4) |x2
1 + x2

2 ≤ 1, x1 = x3, x2 = x4},

ʹΑͬͯఆٛ͠, X = A∪B ͱ͓͘. R4 ্ͷ௨ৗͷҐ૬ʹؔ͢Δ૬ରҐ૬ʹΑͬͯX ΛҐ

૬ۭؒͱ͑ߟΔͱ͖, X ͷϗϞϩδʔ܈ΛٻΊΑ.

[5] D = {z ∈ C | |z| < 1}ͱ͢Δɽf(z)ΛDͷดแΛؚΉྖҬͰఆٛ͞Εͨ༗ཧؔܕͰɼD

ͷڥք্ʹۃΛͨͳ͍ͷͱ͢Δɽ͜ͷͱ͖ɼ࣍ͷ (i),(ii)͕ಉͰ͋Δ͜ͱΛࣔͤɽ

(i) ҙͷଟ߲ࣜؔ P (z)ʹର͠ɼ

P (0) =

∫

C
P (z)f(z) dz

͕Γཱͭɽͨͩ͠ɼC  D ͷڥքΛܭ࣌ճΓʹҰप͢Δੵ࿏Ͱ͋Δɽ

(ii) f(z)ͷ D ͷۃݪͷΈͰ͋Γɼͦ͜ͰͷҐ 1ɼཹ 1/(2πi)Ͱ͋Δɽ

[6] 2ͭͷҟͳΔ࣮ a1, a2 ʹର͠ɼ

f(t) = (t− a1)
2(t− a2)

2

ͱ͓͘ɽR্ͷϧϕʔάՄଌؔྻ {un}∞n=1 ͕

lim
n→∞

∫

R
f(un(x)) dm(x) = 0 (∗)

ΛΈͨ͢ͷͱ͢Δɽͨͩ͠ɼmϧϕʔάଌͰ͋Δɽ

(1) ҙͷ ε > 0ͱ n = 1, 2, . . .ʹରͯ͠

Aε,n = {x ∈ R | min
j=1,2

|un(x)− aj | ≥ ε}

ͱ͢Δͱ͖ɼlimn→∞ m(Aε,n) = 0ͱͳΔ͜ͱΛࣔͤɽ

(2) ΄ͱΜͲͯ͢ͷ x ∈ Rʹରͯ͠ɼ͋Δ j = 1, 2͕ଘͯ͠ࡏ

lim inf
n→∞

|un(x)− aj | = 0

ͱͳΔ͜ͱΛࣔͤɽ

(3) Αɿ͛ڍͷओு͕ਖ਼͚͠Εূ໌͠ɼਖ਼͘͠ͳ͚ΕྫΛ࣍

(∗)ΛΈͨ͢ R্ͷҙͷϧϕʔάՄଌؔྻ {un}∞n=1 ʹର͠ɼ͋Δ෦ྻ {unk}∞k=1

͕ଘͯ͠ࡏɼ΄ͱΜͲͯ͢ͷ x ∈ Rʹର͠ {unk(x)}∞k=1 ऩଋྻʹͳΔɽ
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[7] X Λด۠ؒ [0, 1]্ͷෳૉ࿈ଓؔશମͷͳ͢ෳૉόφοϋۭؒͱ͢Δɽͨͩ͠ɼX ͷ

ϊϧϜ
‖u‖X = sup

x∈[0,1]
|u(x)| (u ∈ X)

Ͱ͋Δɽ·ͨɼu ∈ X ʹରͯ͠

(Au)(x) =

∫ x

0
u(y) dy (x ∈ [0, 1])

ʹΑͬͯɼ࡞༻ૉ AΛఆΊΔɽ

(1) A͕ X ͔Β X ͷ༗քઢ࡞ܗ༻ૉͰ͋Δ͜ͱΛࣔͤɽ

(2) Aͷ࡞༻ૉϊϧϜΛ ‖A‖ͱ͢Δͱ͖ɼҙͷ n ∈ Nʹରͯ͠

‖An‖ ≤ 1

n!

͕Γཱͭ͜ͱΛࣔͤɽ

(3) z ∈ C \ {0}ʹର͠ɼ࡞༻ૉ zI −A͕༗քͳ࡞ٯ༻ૉΛͭ͜ͱΛࣔͤɽͨͩ͠ɼI 

X ্ͷ߃࡞༻ૉͰ͋Δɽ
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