
1 ྻͷݶۃ (2019-04-11)

 1 ྻ {an}ʹରͯ࣍͠ͷ 2໋͕ಉͰ͋Δ͜ͱΛࣔͤɽ

(i) {an} 0ʹऩଋ͢Δɽ

(ii) {|an|} 0ʹऩଋ͢Δɽ

 2 ྻ {an} 0Λؚ·ͳ͍ͱ͢Δɽ

(a) {an}͕∞ʹൃ͢ࢄΔͳΒྻ { 1
an

} 0ʹऩଋ͢Δ͜ͱΛࣔͤɽ

(b) ͕ͷ໋ͷਅِΛ͡Αɿ{an}࣍ 0ʹऩଋ͢ΔͳΒྻ { 1
an

}∞ʹൃ͢ࢄΔɽ

 3 ൺྻ an = βnʢn = 0, 1, 2, . . .ʣΛ͑ߟΔɽ

(a) β > 1ͷͱ͖ {an}∞ʹൃ͢ࢄΔ͜ͱΛࣔͤɽ
(b) −1 < β < 1ͷͱ͖ {an} 0ʹऩଋ͢Δ͜ͱΛࣔͤɽ

 4 ྻ an = n!ʢn = 0, 1, 2, . . .ʣ∞ʹൃ͢ࢄΔ͜ͱΛࣔͤɽ

 5 ྻ an = xn

n!ʢn = 0, 1, 2, . . .ʣΛ͑ߟΔɽ

(a) N Λ |x|ΑΓେ͖͍ͱ͢Δɽҙͷ n > N ʹରͯ͠ෆࣜ

|an| ≤ |aN |
(
|x|
N

)n−N

͕Γཱͭ͜ͱΛࣔͤɽ

(b) {an}͕ 0ʹऩଋ͢Δ͜ͱΛࣔͤɽ

 6 ྻ {an}, {bn}ͦΕͧΕ α,β ʹऩଋ͢Δͱ͢Δɽ

(a) ྻ {an + bn} α+ β ʹऩଋ͢Δ͜ͱΛࣔͤɽ

(b) ྻ {anbn} αβ ʹऩଋ͢Δ͜ͱΛࣔͤɽ

 7 ྻ {an}ͯ͢ͷ߲͕ਖ਼Ͱ͋Γ͔ͭ α > 0ʹऩଋ͢Δͱ͢Δɽ

(a) ҙͷ nʹରͯ͠ an ≥ AΛຬͨ͢Α͏ͳ A > 0͕ଘ͢ࡏΔ͜ͱΛࣔͤɽ

(b) ྻ { 1
an

} 1
α ʹऩଋ͢Δ͜ͱΛࣔͤɽ



ղྫʢୈ 1ճʣ

 1 |an − 0| = |an| = ||an|| = ||an| − 0|ΑΓ |an − 0| < εͱ ||an| − 0| < εಉͰ͋Δɽै໋ͬͯ

(i),(ii)ಉͰ͋Δɽ

 2 (a) {an}∞ʹൃ͢ࢄΔͱ͢Δɽ͜ͷͱ͖ҙͷ ε > 0ʹରͯ࣍͠Λຬͨ͢N ͕ଘ͢ࡏΔɿҙͷ

n > N ʹରͯ͠ an > 1
ε (> 0)ɽ͜ͷ N ʹؔͯ͠ n > N ͳΒ | 1

an
− 0| = | 1

an
| = 1

an
< ε͕Γཱͭɽ

(b) ͜ͷِ໋Ͱ͋Δɽ࣮ࡍɼྻ an = (−1)n

n ʢn = 1, 2, 3, . . .ʣ 0ʹऩଋ͢Δ͕ɼྻ 1
an

= (−1)nn

∞ʹൃ͠ࢄͳ͍ɽ

 3 (a) β = 1 + δʢδ > 0ʣͱ͓͘ɽ͜ͷͱ͖ҙͷ n ≥ 0ʹରͯ͠ βn = (1 + δ)n > nδ ͕Γཱ

ͭɽ·ͨ nδ
n→∞−−−−→ ∞ɽ͜ΕΑΓ βn n→∞−−−−→ ∞͕Γཱͭɽ

(b) β = 0 ͷͱ͖ an ≡ 0ʢఆྻʣͳͷͰ໌Β͔ɽ0 < |β| < 1 ͷͱ͖ 1
|β| > 1 ͱ (a) ΑΓ 1

|βn| =

( 1
|β| )

n n→∞−−−−→ ∞ɽैͬͯ 2 (a)ΑΓྻ |an| = |βn| 0ʹऩଋ͢Δɽ͞Βʹ 1ΑΓ {an} 0ʹऩ

ଋ͢Δɽ

 4 ҙͷਖ਼ nʹରͯ͠ n! = 1× 2× · · ·× n ≥ 2n−1ɽ·ͨ 3 (a)ΑΓ 2n−1 n→∞−−−−→ ∞ɽैͬͯ
n!

n→∞−−−−→ ∞͕Γཱͭɽ

 5 (a) n > N ͷͱ͖ n! = 1 × 2 × · · · × n ≥ 1 × 2 × · · · × N × N × · · ·N︸ ︷︷ ︸
n − N ݸ

= N !Nn−N ΑΓ

|an| = |x|n
n! ≤ |x|n

N !Nn−N = |x|N
N ! · |x|n−N

Nn−N = |aN |( |x|N )n−Nɽ

(b) 0 ≤ |x|
N < 1ͱ 3 (b)ΑΓ |aN |( |x|N )n−N n→∞−−−−→ 0ɽैͬͯ 0 ≤ |an| ≤ |aN |( |x|N )n−N ͱ͞Έ͏ͪͷ

ཧΑΓݪ {|an|} 0ʹऩଋ͢Δɽ͞Βʹ 1ΑΓ {an} 0ʹऩଋ͢Δɽ

 6 ε > 0ΛҙʹͱΔɽԾఆΑΓ࣍Λຬͨ͢ N ͕ଘ͢ࡏΔɿҙͷ n > N ʹରͯ͠ |an − α| < εɽಉ

Λຬͨ͢M࣍ʹ༷ ͕ଘ͢ࡏΔɿҙͷ n > N ′ ʹରͯ͠ |bn − β| < εɽ

(a) ҙͷ n > max{N,N ′}ʹରͯ͠ |(an + bn)− (α+ β)| = |(an −α) + (bn − β)| ≤ |an −α|+ |bn − β| <
ε+ ε = 2εɽΏ͑ʹ {an + bn} α+ β ʹऩଋ͢Δɽ

(b) ྻ {bn}༗քͳͷͰ࣍Λຬͨ͢ʢεʹґΒͳ͍ʣఆ B > 0͕ଘ͢ࡏΔɿҙͷ nʹରͯ͠ |bn| < Bɽ

ैͬͯҙͷ n > max{N,N ′}ʹରͯ͠ |anbn−αβ| = |(an−α)bn+α(bn−β)| ≤ |an−α||bn|+|α||bn−β| <
εB + |α|ε = (|α|+B)εɽΏ͑ʹʢ|α|+B  εʹґΒͳ͍ͷͰʣ{anbn} αβ ʹऩଋ͢Δɽ

 7 (a)ԾఆΑΓ࣍Λຬͨ͢N ͕ଘ͢ࡏΔɿҙͷ n > N ʹରͯ͠ |an−α| < α
2ɽಛʹ an > α

2ʢn > Nʣ

ΑΓҙͷ nʹରͯ͠ an ≥ min{a1, . . . , aN , α2 } > 0͕Γཱͭɽ

(b) ε > 0ΛҙʹͱΔɽ͜ͷͱ͖ԾఆΑΓ࣍Λຬͨ͢ N ͕ଘ͢ࡏΔɿҙͷ n > N ʹରͯ͠ |an − α| < εɽ

·ͨ (a)ͷ Aҙͷ nʹରͯ͠ 1
an

≤ 1
A Λຬͨ͢ɽैͬͯ n > N ͳΒ | 1

an
− 1

α | =
|an−α|
anα

< ε
Aα ͕Γ

ཱͭɽ͜ΕΑΓʢAα εʹґΒͳ͍ͷͰʣ{ 1
an

} 1
α ʹऩଋ͢Δɽ


