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4 ࿅श໰୊
͜Ε·ͰଔݚͳͲ৭ʑͳػձʹ࿅श༻ͷ໰୊Λग़͖ͯͨ͠ɻ

4.1 ൺֱత؆୯ͷ΋ͷ

[1] ࣗવ਺ n Λೖྗ͞Εͨͱ͖ɺ1 + 2 + · · · + n Λͯ͠ࢉܭɺͦͷ݁ՌΛදࣔ͢ΔϓϩάϥϜΛ
ॻ͚7ɻ

[2] ࣮਺ a, ࣗવ਺ n Λೖྗ͞Εͨͱ͖ɺan Λͯ͠ࢉܭɺͦͷ݁ՌΛදࣔ͢ΔϓϩάϥϜΛॻ͚8ɻ

[3] ࣗવ਺ k, n Λೖྗ͞Εͨͱ͖ɺ1k, 2k, · · · , nk Λදࣔ͢ΔϓϩάϥϜΛॻ͚9ɻ

[4] a1 = 1, an+1 = 3an + 2 (n ≥ 1) Ͱఆ·Δ਺ྻͷ࠷ॳͷ 100 ߲Λͯ͠ࢉܭදࣔ͢ΔϓϩάϥϜ
Λॻ͚ (n ͕େ͖͍ͱ͖͸ۙࣅ஋ͰߏΘͳ͍ — ਖ਼֬ʹ͢ࢉܭΔͷ͸໘౗Ͱ͋Δ)ɻ

[5] a0 = 1, a1 = 1, an+2 = an+1 + an (n ≥ 0) Ͱఆ·Δ਺ྻ (ϑΟϘφον਺ྻ) {an} ʹରͯ͠ɺ
n = 1, 2, . . . , 100 ͷॱʹ an ͱ an/an−1 Λͯ͠ࢉܭදࣔͤΑɻ(n ͕େ͖͍ͱ͖͸ۙࣅ஋ͰߏΘ
ͳ͍ — ͢΂ͯਖ਼֬ʹʜ)

[൪֎] an/an−1 ͷݶۃ͸Կ͔ʁ (؆୯ͳ਺ֶͷ໰୊)

[6] n Λ༩͑ΒΕͨͱ͖

S1(n) :=
n∑

k=1

1

k
, S2(n) :=

n∑

k=1

1

k2

Λ͢ࢉܭΔϓϩάϥϜΛॻ͚ɻ݁ࢉܭՌ͸ double ͷਫ਼౓Ұഋ·ͰදࣔͤΑɻ
[൪֎] lim

n→∞
S2(n) = π2/6 Ͱ͋Δ͜ͱ͕஌ΒΕ͍ͯΔɻ఺ (n, π2/6− S2(n)) Λ྆ଆର਺໨੝Ͱ

ϓϩοτ͢Δ͜ͱʹΑͬͯɺऩଋͷ଎͞Λௐ΂Αɻ

[7] ࣗવ਺ n Λೖྗ͞Εͨͱ͖ɺSn =
n∑

k=0

1

k!
Λ݁ͯ͠ࢉܭՌΛදࣔ͢ΔϓϩάϥϜΛॻ͚ (1/k!

͸઴ԽࣜͰ͢ࢉܭΔͷ͕؆୯)ɻ

[8] ؔ਺ f : [a, b] → R ͷάϥϑΛඳ͘ϓϩάϥϜΛॻ͚ɻͨͩ͠ f Λ͢ࢉܭΔؔ਺ΛϓϩάϥϜ
தʹॻ͘΋ͷͱ͢Δɻಛʹ

f(x) :=

⎧
⎪⎨

⎪⎩

x (0 ≤ x ≤ 1/2)

1− x (1/2 ≤ x ≤ 1)

0 (ͦΕҎ֎)

ͷ৔߹ʹ −0.2 ≤ x ≤ 1.2 ͷൣғͷάϥϑΛඳ͚ɻ

7΋ͪΖΜ n(n+ 1)/2 Λ͢ࢉܭΕ͹؆୯ͳΘ͚͕ͩɺ܁Γฦ͠ͷ࿅शͳͷͰɺਖ਼௚ʹ 1 ͔Β n ·Ͱ଍͢͜ͱɻ
8΋ͪΖΜႈ৐Λ͢ࢉܭΔ pow() Λ͑࢖͹؆୯͕ͩɺ܁Γฦ͠ͷ࿅शͳͷͰʜ
9for Λೋॏʹ༻͍ΔϓϩάϥϜΛॻ͜͏ɻ
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[9] (͜͜·ͰͷԠ༻) ༩͑ΒΕͨࣗવ਺ n, ࣮਺ x ʹରͯ͠

sn(x) :=
n∑

k=1

(−1)k+1

(2k − 1)!
x2k−1

Λ͢ࢉܭΔؔ਺Λॻ͖ɺn = 1, 2, 3, · · · , 10 ʹରͯ͠ sn(x) (0 ≤ x ≤ 2π) ͷάϥϑΛඳ͚
(ʮTaylor ਺ͷϓϩάϥϛϯάʹ͸઴ԽࣜΛʯ)ɻڃ

[10] R3 ʹ͓͚Δ࠲ۃඪΛσΧϧτ࠲ඪ (௚ަ࠲ඪ) ʹม͢׵Δίʔυ͸؆୯Ͱɺ✓ ✏
x = r * sin(theta) * cos(phi);
y = r * sin(theta) * sin(phi);
z = r * cos(theta);✒ ✑

ͱ͢Ε͹ྑ͍ɻ͜ͷٯΛ͢Δ (ͭ·ΓσΧϧτ࠲ඪΛ࠲ۃඪʹม͢׵Δ) ؔ਺ d2p() Λͯͬ࡞ɺ
ಈ͘͜ͱΛνΣοΫͤΑ10ɻ✓ ✏

d2p(x, y, z, &r, &theta, &phi);✒ ✑
ͷΑ͏ʹͯ͠ݺͼग़ͤΔΑ͏ʹ͢Δ͜ͱɻ

[11] ৗඍ෼ํఔࣜͷॳظ஋໰୊Λ Euler ๏ɺRunge-Kutta ๏ͳͲͷ਺஋ղ๏Ͱۙࣅతʹղ͚Δ͜
ͱ͸ॏཁͰ͋ΔɻҎԼͷॳظ஋໰୊Λղ͘ϓϩάϥϜΛ࡞Εɻ݁ՌΛՄࢹԽͤΑɻ

(1) x′(t) = x(t), x(0) = 1.

x(1) = e ͱͳΔ͸͕ͣͩɺࢉܭͰಘͨ஋ͱൺֱͤΑɻ

(2) x′′(t) = −g − γx′(t), x(0) = H, x′(0) = 0. ͨͩ͠ g > 0, γ ≥ 0 ͸ఆ਺ͱ͢Δɻ
͜Ε͸଎౓ʹൺྫ͢Δۭؾ఍͕߅ଘ͢ࡏΔ৔߹ͷࣗ༝མԼΛهड़͢Δඍ෼ํఔࣜͰ͋Δɻ
࣮͸ (఍͕߅଎౓ͷࣗ৐ʹൺྫ͢Δ) x′′(t) = −g − γx′(t)2 ͕ਖ਼͍͠ͱ͍͏આ΋͋Δɻ

(3)
d

dt

(
x

y

)
=

(
a b

c d

)(
x

y

)
, x(0) = x0, y(0) = y0. ͜͜Ͱ a, b, c, d ͸༩͑ΒΕͨఆ਺Ͱ͋

Δɻ͞·͟·ͳ (x0, y0) ʹରͯ͠ղيಓΛඳ͚ɻ

[12] ํఔࣜ cos x− x = 0 ͷ࣮਺ղΛɺೋ෼๏·ͨ͸ Newton ๏Ͱ͢ࢉܭΔϓϩάϥϜΛ࡞Εɻ

(f(x) := cos x − x ͸ٛڱ୯ௐݮগͰɺf(0) = 1 > 0, f(1) = cos 1 − 1 < 0 Ͱ͋Δ͔Βɺ۠ؒ
(0, 1) ʹͨͩ 1ͭͷ࣮਺ղΛ࣋ͭ͜ͱ͕෼͔Δɻ)

4.2 ϕΫτϧͷѻ͍ͷ࿅श

(͜͜͸େن໛͕ࣄ޻ඞཁͳͷͰʜߟࢀఔ౓ʹ)

[5] ௕͞ nͷ഑ྻͰ n࣍ݩͷϕΫτϧΛද͢ݱΔ͜ͱ͕Ͱ͖Δɻn࣍ݩϕΫτϧ a⃗ = (a1, a2, · · · , an)
ͷ࠷େ஋ϊϧϜ

∥a⃗∥∞ := max
i=1,2,··· ,n

|ai|

Λ͢ࢉܭΔؔ਺Λ࡞Δ͜ͱΛ໨ඪʹ͢Δɻख࢝Ίʹɺඪ४ೖྗ͔Βೖྗ͞Εͨ 3 ϕΫτϧݩ࣍
ͷ࠷େ஋ϊϧϜΛ͢ࢉܭΔɺ࣍ͷΑ͏ͳϓϩάϥϜΛॻ͖࢝Ίͨɻؔ਺ maxnorm0() Λ׬੒͞
ͤΑɻ

10ͪΐͬ ͱ୹͔͗ͯ͢ѱ໊͍લ͕ͩɺDecartes ඪ࠲ to Polar ඪɺͷχϡΞϯεɻ࠲
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