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ୈ1ষ ྗֶͷ໨ඪͱӡಈͷද͠ํ

1.1 ͸͡Ίʹ

• ྗֶͱ͸ʁ

ˠ ฏͨ͑͘ݴ͹ɼྗʹԠͯ͡෺ମ͕Ͳ͏ӡಈ͢Δ͔Λʢ࣌ؒͷؔ਺ͱͯ͠ʣهड़͢Δཧ࿦ɽ

• ӡಈͷ༷ࢠ͸Ґஔ x(t)ɾ଎౓ v(t)Ͱهड़Ͱ͖Δɽ

• ෺ମͷҐஔ x(t)ɾ଎౓ v(t)ɾՃ଎౓ a(t)͸૬ޓʹඍ෼ੵ෼Ͱ݁͹Ε͍ͯΔɽՃ଎౓ΛٻΊɼੵ෼

͢Ε͹෺ମͷӡಈ͕ٻ·Δʢݪཧతʹ͸ʣɽӡಈํఔࣜ a =
F

m
͸ͦͷͨΊʹՃ଎౓Λग़ࣜ͢ɽ

1.2 Ґஔɾ଎౓ɾՃ଎౓ͷؔ܎

1.2.1 ͷӡಈݩ1࣍

ҐஔΛ࣌ؒͰඍ෼ͨ͠΋ͷ͕଎౓ɽ଎౓Λ࣌ؒͰඍ෼ͨ͠΋ͷ͕Ճ଎౓ɽ

Ґஔ : x(t), ଎౓ : v(t) =
dx

dt
, Ճ଎౓ : a(t) =

dv

dt
=

d2x

dt2

Ճ଎౓ a(t), ଎౓ v(t) =

∫ t

a(t′)dt′, Ґஔ x(t) =

∫ t

v(t′)dt′ =

∫ t
(∫ t′

a(t′′)dt′′
)
dt′

ྫ୊ 2.1.1ɿඍ෼Ͱ଎౓ΛٻΊΔ

ࠁ࣌ t ʹ͓͚ΔҐஔ͕ x(t) = t2 Ͱද͞ΕΔӡಈΛ͍ͯ͠Δ෺ମ͕͋Δɽ͜ͷ෺ମͷ଎౓ͱՃ଎౓Λ

ΊΑɽٻ

ղ

ࠁ࣌ tʹ 0, 1, 2, · · · ͳͲΛ୅ೖ͍ͯ͘͠ͱɼ͜ ͷ෺ମ͸࣌ࠁ t = 0, 1, 2, 3, · · · ʹ͓͍ͯ x = 0, 1, 4, 9, · · ·

ͷΑ͏ʹҐஔ͕มԽ͍ͯ͘͜͠ͱ͕Θ͔ΔɽͩΜͩΜҠಈڑ཭͕৳ͼ͍ͯΔ͜ͱ͔Βɼ͜ͷಈ͖͸౳଎

௚ઢӡಈͰ͸ͳ͍ɽ͜ͷͨΊɼ෺ମͷ଎౓ΛٻΊΔʹ͸ඍ෼͢Δ͔͠ͳ͍ɽΑͬͯ

v(t) =
dx

dt
=

d

dt
(t2) = 2t

ΑΓɼ࣌ࠁ t Ͱͷ෺ମͷ଎౓͸ v(t) = 2t Ͱ͋Δɽ

ಉ༷ʹɼՃ଎౓͸଎౓ͷมԽ͔ΒΘ͔Δɽඍ෼ͯ͠

a(t) =
dv

dt
=

d

dt
(2t) = 2
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ͱٻΊͯ΋Α͍͕ɼv(t) = 2tͱ͍͏݁Ռ͔Βɼ࣌ ͕ࠁ t = 0, 1, 2, 3, · · · ͱਐΉʹͭΕͯɼv = 0, 2, 4, 6, · · ·

ͱ 2ͣͭɼҰఆͷϖʔεͰ૿͍͑ͯ͘͜ͱ͕Θ͔Δɽͭ·Γ͜ͷӡಈ͸౳Ճ଎౓ӡಈͰ͋Δɽ͜ͷ͜ͱ

͔Β a = 2ͱٻΊͯ΋Α͍ɽ

1.2.2 Ҏ্ͷӡಈͱϕΫτϧݩ2࣍

• ଎౓΍Ґஔ͸େ͖͞ͱํ޲Λ࣋ͭͷͰɼϕΫτϧͰද͢ͱ౎߹͕Α͍ɽϕΫτϧͰද͞ΕΔؔ਺

ΛϕΫτϧ஋ؔ਺ͱ͍͏ɽ

• ϕΫτϧྔ͸ɼ !A ͷΑ͏ͳ໼ҹҎ֎ʹɼA ͷΑ͏ʹଠࣈͰ΋ද͢ɽҹ࡮෺Ͱ͸ଠ͕ͩࣈɼखॻ͖

ͷ࣌͸ A,B,C, · · · ͷΑ͏ʹೋॏઢͰද͢ɽ

• ͳΒɼϕΫτϧ஋ؔ਺͸੒෼Λۭؒݩ3࣍ 3ͭ࣋ͭɽ௨ৗ͸ x, y, z ͷ޲ํ 3ͭͷ੒෼Λ͑ߟΔɽ

ྫɿҐஔϕΫτϧ r(t) = (x(t), y(t), z(t)), ి৔ϕΫτϧ E(t) = (Ex(t), Ey(t), Ez(t))

ॎϕΫτϧͱͯ͠ॻ͘͜ͱ΋ଟ͍ɽ

• Թ౓ɾ࣭ྔɾີ౓ͷΑ͏ʹɼେ͖͞ͷΈͰํ޲Λ࣋ͨͳ͍ྔ͸εΧϥʔͱ͍͏ɽ1

• Ͱ΋଎౓΍ྗͷΑ͏ͳϕΫτϧྔ͸ݩɼͱ͍͏Θ͚Ͱ͸ͳ͍ɽ1࣍͏࢖Ҏ্ͩͱϕΫτϧΛݩ2࣍

ଘ͢ࡏΔɽ͔͠͠ɼ1࣍ͩݩͱϕΫτϧͰॻ͍ͯ΋੒෼͕Ұ͔ͭ͠ͳ͍ͷͰɼ௨ৗ͸੒෼Λॻ͍ͯ

ͦΕΛϕΫτϧͱݺΜͰ͍Δ͚ͩɽ

ྫɿ1࣍ݩͷ଎౓ϕΫτϧɿv = (v) ʢ੒෼͕ 1͔ͭ͠ͳ͍ͷͰ v ͷ͜ͱΛʮ଎౓ʯͱݺΜͰ͍Δ

͕ɼਖ਼֬ʹ͸଎౓ͷ x੒෼Ͱ͋Δɽ͜ΕΛ੔ཧ͓ͯ͘͠ͱɼӡಈྔΛͨͬ࢖ ͷিಥ໰୊Ͱؒݩ1࣍

ҧ͑ͳ͘ͳΔɽʣ

1.3 ϕΫτϧ஋ؔ਺ͷඍ෼

ϕΫτϧ஋ؔ਺ͷඍ෼͸੒෼͝ͱʹ͑ߦ͹Α͍ʢͨͩ͠σΧϧτ࠲ඪͷͱ͖ͷΈɽ࠲ۃඪͳͲɼҟͳ

Δ࠲ඪܥΛ࣌͏࢖͸஫ҙʣɽ3ۭ࣍ؒݩͳΒ x, y, z ͷ޲ํ 3ͭͷ੒෼͕͋ΔͷͰɼී௨ͷඍ෼Λ 3ճߦ

͏͜ͱʹͳΔɽ

• ҐஔϕΫτϧɿr(t) = (x(t), y(t), z(t))

⇒ ଎౓ϕΫτϧɿv(t) = (vx(t), vy(t), vz(t)) =
dr(t)

dt
=

(
dx(t)

dt
,
dy(t)

dt
,
dz(t)

dt

)

• ଎౓ϕΫτϧɿv(t) = (vx(t), vy(t), vz(t))

⇒ Ճ଎౓ϕΫτϧɿa(t) = (ax(t), ay(t), az(t)) =
dv(t)

dt
=

(
dvx(t)

dt
,
dvy(t)

dt
,
dvz(t)

dt

)

1͞Βʹ্Ґͷ֓೦ͱͯ͠ςϯιϧͱ͍͏΋ͷ΋͋Δɽ
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• Ճ଎౓ϕΫτϧ͸ҐஔϕΫτϧΛ࣌ؒͰ 2ճඍ෼ͨ͠΋ͷɿ

a(t) =
dv(t)

dt
=

d2r(t)

dt2
=

(
d2x(t)

dt2
,
d2y(t)

dt2
,
d2z(t)

dt2

)

ྫ୊ 3.1 ͋Δ෺ମͷ࣌ࠁ t ʹ͓͚ΔҐஔϕΫτϧ͕

r(t) = (x(t), y(t), z(t)) =
(
t2, a sin t, e−2bt

)
(a, b͸ఆ਺)

Ͱ͋Δͱ͖ɼ࣌ࠁ t Ͱͷͦͷ෺ମͷ଎౓ɼՃ଎౓ΛٻΊΑɽ

ղ: ଎౓ɼՃ଎౓ΛͦΕͧΕ v(t),a(t) ͱ͢Δͱ

v(t) =
dr(t)

dt
=

(
d

dt

(
t2
)
,
d

dt
(a sin t) ,

d

dt

(
e−2bt

)
,

)
=
(
2t, a cos t,−2be−2bt

)

a(t) =
dv(t)

dt
=

d2r(t)

dt2
=

(
d

dt
(2t) ,

d

dt
(a cos t) ,

d

dt

(
−2be−2bt

)
,

)
=
(
2,−a sin t, 4b2e−2bt

)

1.4 ੵ෼

ੵ෼΋ඍ෼ಉ༷ɼ੒෼͝ͱʹੵ෼͢Δʢͨͩ͜͠Ε΋ɼσΧϧτ࠲ඪͷͱ͖͚ͩʣɽՃ଎౓Λੵ෼͢

Δͱ଎౓ɼ଎౓Λੵ෼͢ΔͱҐஔ͕ಘΒΕΔɽ

1.4.1 ͷͱ͖ݩ1࣍

Ճ଎౓ aΛੵ෼ͨ͠΋ͷ͕଎౓ vɼ଎౓ v Λੵ෼ͨ͠΋ͷ͕Ґஔ xɿ

v(t) =

∫
a(t′)dt′, x(t) =

∫
v(t′)dt′

ͱͳΔɽෆఆੵ෼Λ࣮͢ߦΔͱੵ෼ఆ਺͕ग़Δ͕ɼͦΕΒ͸ॳ଎౓ v0 ͱॳظҐஔ x0 ͔Βܾ·Δɽ

ྫ୊ 4.1.1ɿ౳Ճ଎౓ӡಈͷެࣜ

ҰఆͷՃ଎౓ a Ͱ ӡಈ͍ͯ͠Δ෺ମ͕͋Δɽ෺ମͷ଎౓ݩ1࣍ v(t) ͱҐஔ x(t) ΛٻΊɼ͜Ε·Ͱʹ

शͬͨ౳Ճ଎౓ӡಈͷެࣜͱҰக͢Δ͜ͱΛ֬ೝͤΑɽ·ͨɼੵ෼͢ΔݱʹࡍΕΔੵ෼ఆ਺ͷ෺ཧతͳ

ҙຯΛ͑ߟΑɽ

ղ

ҐஔΛඍ෼͢Ε͹଎౓ɼ଎౓Λඍ෼͢Ε͹Ճ଎౓ͳͷͰɼͦͷٯͱͯ͠

Ճ଎౓Λੵ෼͢Ε͹଎౓ɼ଎౓Λੵ෼͢Ε͹Ґஔ

͍ͭʹͳؔ਺Ͱ͋Ε͹ੵ෼͢Δͷ͸೉͍͕͠ɼ౳Ճ଎౓ӡಈ΍͍͔ͭ͘ͷӡಈࡶΔɽՃ଎౓͕ෳ·ٻ͕

ͯ͸؆୯ʹੵ෼Ͱ͖Δɽ

ɼҰఆ஋ࠓ a ͷՃ଎౓Ͱӡಈ͍ͯ͠Δ͔Βɼ

v(t) =

∫
adt = at+ C (C ͸ੵ෼ఆ਺)
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Ͱ͋Δɽ͜͜Ͱੵ෼ఆ਺ C ͸ɼv(t) = at + C ͷࣜʹ t = 0 Λ୅ೖ͢Δͱ v(0) = C ͱͳΔ͜ͱ͔Βɼ

C ͸ t = 0 ʹ͓͚Δ଎౓ɼ͢ͳΘͪॳ଎౓ ʹରԠ͢Δ͜ͱ͕Θ͔Δɽͦ͜Ͱ෺ཧͰ͸ C ͷ͜ͱΛ v0 ͱ

ॻ͖ɼ

v(t) = at+ v0

ͱද͢ɽ

Ґஔ͸͜ͷ଎౓Λ͞Βʹੵ෼ͯ͠

x(t) =

∫
vdt =

∫
(at+ v0)dt =

1

2
at2 + v0t+ C ′ (C ′͸ੵ෼ఆ਺)

ͱͳΔɽC ′ ͸ C ͱಉ༷ʹ͑ߟΔͱॳظҐஔʢt = 0ͰͷҐஔʣͰ͋Δ͜ͱ͕Θ͔Δɽ෺ཧͰ͸͜ΕΛ

x0 ͱॻ͘ɽΑͬͯ

x(t) =
1

2
at2 + v0t+ x0

ͱද͞ΕΔɽ͜ΕΒ v(t), x(t) ͷࣜ͸ߍߴ෺ཧͰֶͿ౳Ճ଎౓ӡಈͷެࣜʹҰக͍ͯ͠Δʢ֤ࣗڭՊॻ

Λ֬ೝͯ͠Լ͍͞ʣɽ

1.4.2 ͷͱ͖ݩ࣍̏

Ճ଎౓͕ a(t) = (ax(t), ay(t), az(t)) Ͱ͋Δͱ͖ɼ

v(t) = (vx(t), vy(t), vz(t)) =

(∫
ax(t

′)dt′,

∫
ay(t

′)dt′,

∫
az(t

′)dt′
)

r(t) = (x(t), y(t), z(t)) =

(∫
vx(t

′)dt′,

∫
vy(t

′)dt′,

∫
vz(t

′)dt′
)

͜ͷ৔߹΋ෆఆੵ෼͔Βੵ෼ఆ਺͕ग़ΔͷͰɼॳ଎౓ v0 ͱॳظҐஔ r0Λ༩͑ͯ஋ΛܾΊΔɽ

ྫ୊ 4.2.1 ͋Δ෺ମ͕Ճ଎౓͕

a(t) =
(
18t,−ω2A sinωt, 4e−2t

)
(ω, A͸ఆ਺)

Ͱ༩͑ΒΕΔΑ͏ͳӡಈΛ͍ͯ͠Δͱ͖ɼ෺ମͷ଎౓ v(t) ͱҐஔ r(t) ΛٻΊΑɽͨͩ͠ॳ଎౓ v0 ͱ

ॳظҐஔ r0 ͸ͦΕͧΕ

v0 = (4,ωA,−2), r0 = (2, 1,−1)

Ͱ͋Δͱ͢Δɽ

ղ

·ͣ଎౓͔ΒٻΊΔɽ଎౓ͷ x ੒෼͸

vx(t) =

∫
ax(t

′)dt′ =

∫
18t′dt′ = 9t2 + C1 (C1͸ੵ෼ఆ਺)

Ͱ͋Γɼॳ଎౓ͷ x ੒෼͸ 4 ͳͷͰͦΕʹ߹͏Α͏ʹ͢ΔͨΊʹ͸

vx(t = 0) = 9 · 02 + C1 = 4 ∴ C1 = 4
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͜͏ͯ͠

vx(t) = 9t2 + 4

ΛಘΔɽy, z ੒෼΋ಉ༷ʹͯ͠Ճ଎౓ͷ y, z ੒෼Ͱ͋Δ ay, az Λੵ෼͠ɼॳ଎౓ͷ y, z ੒෼͕ͦΕͧ

Ε ωA ͱ −2 Ͱ͋Δ͜ͱΛ͏࢖ͱɼ

vy(t) = ωA cosωt, vz(t) = −2e−2t

ΛಘΔɽ·ͱΊͯϕΫτϧͷܗʹॻ͘ͱ

v(t) =
(
9t2 + 4,ωA cosωt,−2e−2t

)

ͱͳΔɽ

ҐஔΛٻΊΔʹ͸ٻࠓΊͨ vx, vy, vz Λੵ෼ͯ͠ɼॳظҐஔͷ৘ใΛੵͯͬ࢖෼ఆ਺ΛܾΊΕ͹Α͍ɽ

x ੒෼͚ͩ΍ͬͯΈΔͱ

x(t) =

∫
vx(t

′)dt′ =

∫
(9t′2 + 4)dt′ = 3t3 + 4t+ C2 (C2͸ੵ෼ఆ਺)

Ͱ͋Γɼr0 = (2, 1,−1) ͔ΒॳظҐஔͷ x ඪ͸࠲ 2 ͳͷͰ

x(t = 0) = 3 · 03 + 4 · 0 + C2 = 2, ∴ C2 = 2

ͷΑ͏ʹੵ෼ఆ਺ͷ஋͕ܾ·Δɽy, z ʹ͍ͭͯ΋ಉ༷ʹͯ͠ɼ

r(t) =
(
3t3 + 4t+ 2, A sinωt+ 1, e−2t − 2

)

ͷΑ͏ʹٻ·Δɽ

1.5 མମͷӡಈʢ1࣍ݩʣ

౳Ճ଎౓ӡಈͷྫͱͯ͠ɼམମͷӡಈʹ͍ͭͯ͑ߟΔɽۭؾ఍߅͸ແ͢ࢹΔɽॏྗՃ଎౓ͷେ͖͞͸

g ͱ͢Δɽ

1.5.1 ࣗ༝མԼ

Ԗ௚Լ͖޲ʹ x ࣠ΛऔΓɼ෺ମΛͦΕʹԊͬͯࣗ༝མԼͤ͞Δɽ෺ମͷॳظҐஔΛ x = 0 ͱ͢Δͱɼ

ࠁ࣌ t Ͱͷ෺ମͷ଎౓ͱҐஔ͸ͦΕͧΕ

v(t) = gt, x(t) =
1

2
gt2 (1.5.1)

ͱͳΔʢ֤ࣗࣔͯ͠ΈΑʣɽ
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1.5.2 Ԗ௚౤্͛͛

Ԗ௚্͖޲ʹ x ࣠ΛऔΓɼ෺ମΛॳ଎ v0 Ͱ౤্͛͛Δɽ෺ମͷॳظҐஔΛ x = x0 ͱ͢Δͱɼ࣌ࠁ t

Ͱͷ෺ମͷ଎౓ͱҐஔ͸ͦΕͧΕ

v(t) = v0 − gt, x(t) = x0 + v0t−
1

2
gt2 (1.5.2)

ͱͳΔʢ֤ࣗࣔͯ͠ΈΑʣɽ

1.6 མମͷӡಈʢ2࣍ݩʣ

ਫฏ౤ࣹ΍ࣼํ౤ࣹ͸ɼྗ͕ϕΫτϧతͰ͋Δ͜ͱ͔Βਫฏํ޲ͷӡಈͱԖ௚ํ޲ͷӡಈʹ෼ղͯ͠

ʹ޲Ͱ෺ମ͕ਐΉํ޲Δ͜ͱ͕Ͱ͖ΔɽҎԼɼਫฏํ͑ߟ x ࣠ɼԖ௚্͖޲ʹ y ࣠ΛऔΔɽ

1.6.1 ਫฏ౤ࣹ

• x ͸ྗ͕ಇ͔ͳ͍ʹ޲ํ࣠ ⇒ ౳଎௚ઢӡಈ

• y ⇒͸ॳ଎͕θϩʹ޲͸ॏྗͷΈɼy࣠ํʹ޲ํ࣠ ࣗ༝མԼͱ෺ཧతʹ͸ಉ͡

1.6.2 ࣼํ౤ࣹ

• x ͸ྗ͕ಇ͔ͳ͍ʹ޲ํ࣠ ⇒ ౳଎௚ઢӡಈ

• y ԿΒ͔ͷॳ଎Ͱ౤্͛͛ΒΕͨͷͱಉ͡ʹ޲͸ॏྗͷΈɼy࣠ํʹ޲ํ࣠

⇒ Ԗ௚౤্͛͛ͱ෺ཧతʹ͸ಉ͡


