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ୈ1ষ ྗֶͷඪͱӡಈͷද͠ํ

1.1 ͡Ίʹ

• ྗֶͱʁ

ˠ ฏͨ͑͘ݴɼྗʹԠͯ͡ମ͕Ͳ͏ӡಈ͢Δ͔Λʢؒ࣌ͷؔͱͯ͠ʣهड़͢Δཧɽ

• ӡಈͷ༷ࢠҐஔ x(t)ɾ v(t)Ͱهड़Ͱ͖Δɽ

• ମͷҐஔ x(t)ɾ v(t)ɾՃ a(t)૬ޓʹඍੵͰ݁Ε͍ͯΔɽՃΛٻΊɼੵ

͢Εମͷӡಈ͕ٻ·Δʢݪཧతʹʣɽӡಈํఔࣜ a =
F

m
ͦͷͨΊʹՃΛग़ࣜ͢ɽ

1.2 ҐஔɾɾՃͷؔ

1.2.1 ͷӡಈݩ࣍1

ҐஔΛؒ࣌Ͱඍͨ͠ͷ͕ɽΛؒ࣌Ͱඍͨ͠ͷ͕Ճɽ

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′

ྫ 2.1.1ɿඍͰΛٻΊΔ

ࠁ࣌ t ʹ͓͚ΔҐஔ͕ x(t) = t2 Ͱද͞ΕΔӡಈΛ͍ͯ͠Δମ͕͋Δɽ͜ͷମͷͱՃΛ

ΊΑɽٻ

ղ

ࠁ࣌ tʹ 0, 1, 2, · · · ͳͲΛೖ͍ͯ͘͠ͱɼ͜ ͷମࠁ࣌ t = 0, 1, 2, 3, · · · ʹ͓͍ͯ x = 0, 1, 4, 9, · · ·

ͷΑ͏ʹҐஔ͕มԽ͍ͯ͘͜͠ͱ͕Θ͔ΔɽͩΜͩΜҠಈڑ͕৳ͼ͍ͯΔ͜ͱ͔Βɼ͜ͷಈ͖

ઢӡಈͰͳ͍ɽ͜ͷͨΊɼମͷΛٻΊΔʹඍ͢Δ͔͠ͳ͍ɽΑͬͯ

v(t) =
dx

dt
=

d

dt
(t2) = 2t

ΑΓɼࠁ࣌ t Ͱͷମͷ v(t) = 2t Ͱ͋Δɽ

ಉ༷ʹɼՃͷมԽ͔ΒΘ͔Δɽඍͯ͠

a(t) =
dv

dt
=

d

dt
(2t) = 2
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ͱٻΊͯΑ͍͕ɼv(t) = 2tͱ͍͏݁Ռ͔Βɼ͕ࠁ࣌ t = 0, 1, 2, 3, · · · ͱਐΉʹͭΕͯɼv = 0, 2, 4, 6, · · ·

ͱ 2ͣͭɼҰఆͷϖʔεͰ૿͍͑ͯ͘͜ͱ͕Θ͔Δɽͭ·Γ͜ͷӡಈՃӡಈͰ͋Δɽ͜ͷ͜ͱ

͔Β a = 2ͱٻΊͯΑ͍ɽ

1.2.2 Ҏ্ͷӡಈͱϕΫτϧݩ࣍2

• Ґஔେ͖͞ͱํΛͭ࣋ͷͰɼϕΫτϧͰද͢ͱ߹͕Α͍ɽϕΫτϧͰද͞ΕΔؔ

ΛϕΫτϧؔͱ͍͏ɽ

• ϕΫτϧྔɼ !A ͷΑ͏ͳҹҎ֎ʹɼA ͷΑ͏ʹଠࣈͰද͢ɽҹͰଠ͕ͩࣈɼखॻ͖

ͷ࣌ A,B,C, · · · ͷΑ͏ʹೋॏઢͰද͢ɽ

• ͳΒɼϕΫτϧؔΛۭؒݩ࣍3 ɽ௨ৗͭ࣋3ͭ x, y, z ͷํ 3ͭͷΛ͑ߟΔɽ

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

ॎϕΫτϧͱͯ͠ॻ͘͜ͱଟ͍ɽ

• Թɾ࣭ྔɾີͷΑ͏ʹɼେ͖͞ͷΈͰํΛͨ࣋ͳ͍ྔεΧϥʔͱ͍͏ɽ1

• ͰྗͷΑ͏ͳϕΫτϧྔݩ࣍ɼͱ͍͏Θ͚Ͱͳ͍ɽ1͏Ҏ্ͩͱϕΫτϧΛݩ࣍2

ଘ͢ࡏΔɽ͔͠͠ɼ1ͩݩ࣍ͱϕΫτϧͰॻ͍͕ͯҰ͔ͭ͠ͳ͍ͷͰɼ௨ৗΛॻ͍ͯ

ͦΕΛϕΫτϧͱݺΜͰ͍Δ͚ͩɽ

ྫɿ1ݩ࣍ͷϕΫτϧɿv = (v) ʢ͕ 1͔ͭ͠ͳ͍ͷͰ v ͷ͜ͱΛʮʯͱݺΜͰ͍Δ

͕ɼਖ਼֬ʹͷ xͰ͋Δɽ͜ΕΛཧ͓ͯ͘͠ͱɼӡಈྔΛͨͬ ͷিಥͰؒݩ࣍1

ҧ͑ͳ͘ͳΔɽʣ

1.3 ϕΫτϧؔͷඍ

ϕΫτϧؔͷඍ͝ͱʹ͑ߦΑ͍ʢͨͩ͠σΧϧτ࠲ඪͷͱ͖ͷΈɽ࠲ۃඪͳͲɼҟͳ

Δ࠲ඪܥΛ࣌͏ҙʣɽ3ۭؒݩ࣍ͳΒ x, y, z ͷํ 3ͭͷ͕͋ΔͷͰɼී௨ͷඍΛ 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))

⇒ ՃϕΫτϧɿa(t) = (ax(t), ay(t), az(t)) =
dv(t)

dt
=

(
dvx(t)

dt
,
dvy(t)

dt
,
dvz(t)

dt

)

1͞Βʹ্Ґͷ֓೦ͱͯ͠ςϯιϧͱ͍͏ͷ͋Δɽ
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• ՃϕΫτϧҐஔϕΫτϧΛؒ࣌Ͱ 2ճඍͨ͠ͷɿ

a(t) =
dv(t)

dt
=

d2r(t)

dt2
=

(
d2x(t)

dt2
,
d2y(t)

dt2
,
d2z(t)

dt2

)

ྫ 3.1 ͋Δମͷࠁ࣌ t ʹ͓͚ΔҐஔϕΫτϧ͕

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

)
(a, bఆ)

Ͱ͋Δͱ͖ɼࠁ࣌ t ͰͷͦͷମͷɼՃΛٻΊΑɽ

ղ: ɼՃΛͦΕͧΕ 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 ੵ

ੵඍಉ༷ɼ͝ͱʹੵ͢Δʢͨͩ͜͠ΕɼσΧϧτ࠲ඪͷͱ͖͚ͩʣɽՃΛੵ͢

ΔͱɼΛੵ͢ΔͱҐஔ͕ಘΒΕΔɽ

1.4.1 ͷͱ͖ݩ࣍1

Ճ aΛੵͨ͠ͷ͕ vɼ v Λੵͨ͠ͷ͕Ґஔ xɿ

v(t) =

∫
a(t′)dt′, x(t) =

∫
v(t′)dt′

ͱͳΔɽෆఆੵΛ࣮͢ߦΔͱੵఆ͕ग़Δ͕ɼͦΕΒॳ v0 ͱॳظҐஔ x0 ͔Βܾ·Δɽ

ྫ 4.1.1ɿՃӡಈͷެࣜ

ҰఆͷՃ a Ͱ ӡಈ͍ͯ͠Δମ͕͋Δɽମͷݩ࣍1 v(t) ͱҐஔ x(t) ΛٻΊɼ͜Ε·Ͱʹ

शͬͨՃӡಈͷެࣜͱҰக͢Δ͜ͱΛ֬ೝͤΑɽ·ͨɼੵ͢ΔݱʹࡍΕΔੵఆͷཧతͳ

ҙຯΛ͑ߟΑɽ

ղ

ҐஔΛඍ͢ΕɼΛඍ͢ΕՃͳͷͰɼͦͷٯͱͯ͠

ՃΛੵ͢ΕɼΛੵ͢ΕҐஔ

͍ͭʹͳؔͰ͋Εੵ͢Δͷ͍͕͠ɼՃӡಈ͍͔ͭ͘ͷӡಈࡶΔɽՃ͕ෳ·ٻ͕

ͯ؆୯ʹੵͰ͖Δɽ

ɼҰఆࠓ a ͷՃͰӡಈ͍ͯ͠Δ͔Βɼ

v(t) =

∫
adt = at+ C (C ੵఆ)
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Ͱ͋Δɽ͜͜Ͱੵఆ C ɼv(t) = at + C ͷࣜʹ t = 0 Λೖ͢Δͱ v(0) = C ͱͳΔ͜ͱ͔Βɼ

C  t = 0 ʹ͓͚Δɼ͢ͳΘͪॳ ʹରԠ͢Δ͜ͱ͕Θ͔Δɽͦ͜ͰཧͰ C ͷ͜ͱΛ v0 ͱ

ॻ͖ɼ

v(t) = at+ v0

ͱද͢ɽ

Ґஔ͜ͷΛ͞Βʹੵͯ͠

x(t) =

∫
vdt =

∫
(at+ v0)dt =

1

2
at2 + v0t+ C ′ (C ′ੵఆ)

ͱͳΔɽC ′  C ͱಉ༷ʹ͑ߟΔͱॳظҐஔʢt = 0ͰͷҐஔʣͰ͋Δ͜ͱ͕Θ͔ΔɽཧͰ͜ΕΛ

x0 ͱॻ͘ɽΑͬͯ

x(t) =
1

2
at2 + v0t+ x0

ͱද͞ΕΔɽ͜ΕΒ v(t), x(t) ͷࣜߍߴཧͰֶͿՃӡಈͷެࣜʹҰக͍ͯ͠Δʢ֤ࣗڭՊॻ

Λ֬ೝͯ͠Լ͍͞ʣɽ

1.4.2 ͷͱ͖ݩ࣍̏

Ճ͕ 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߹ෆఆੵ͔Βੵఆ͕ग़ΔͷͰɼॳ v0 ͱॳظҐஔ r0Λ༩͑ͯΛܾΊΔɽ

ྫ 4.2.1 ͋Δମ͕Ճ͕

a(t) =
(
18t,−ω2A sinωt, 4e−2t

)
(ω, Aఆ)

Ͱ༩͑ΒΕΔΑ͏ͳӡಈΛ͍ͯ͠Δͱ͖ɼମͷ v(t) ͱҐஔ r(t) ΛٻΊΑɽͨͩ͠ॳ v0 ͱ

ॳظҐஔ r0 ͦΕͧΕ

v0 = (4,ωA,−2), r0 = (2, 1,−1)

Ͱ͋Δͱ͢Δɽ

ղ

·͔ͣΒٻΊΔɽͷ x 

vx(t) =

∫
ax(t

′)dt′ =

∫
18t′dt′ = 9t2 + C1 (C1ੵఆ)

Ͱ͋Γɼॳͷ x  4 ͳͷͰͦΕʹ߹͏Α͏ʹ͢ΔͨΊʹ

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

vx(t) = 9t2 + 4

ΛಘΔɽy, z ಉ༷ʹͯ͠Ճͷ y, z Ͱ͋Δ ay, az Λੵ͠ɼॳͷ y, z ͕ͦΕͧ

Ε ωA ͱ −2 Ͱ͋Δ͜ͱΛ͏ͱɼ

vy(t) = ωA cosωt, vz(t) = −2e−2t

ΛಘΔɽ·ͱΊͯϕΫτϧͷܗʹॻ͘ͱ

v(t) =
(
9t2 + 4,ωA cosωt,−2e−2t

)

ͱͳΔɽ

ҐஔΛٻΊΔʹٻࠓΊͨ vx, vy, vz Λੵͯ͠ɼॳظҐஔͷใΛੵͯͬఆΛܾΊΕΑ͍ɽ

x ͚ͩͬͯΈΔͱ

x(t) =

∫
vx(t

′)dt′ =

∫
(9t′2 + 4)dt′ = 3t3 + 4t+ C2 (C2ੵఆ)

Ͱ͋Γɼr0 = (2, 1,−1) ͔ΒॳظҐஔͷ x ඪ࠲ 2 ͳͷͰ

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

ͷΑ͏ʹੵఆͷ͕ܾ·Δɽy, z ʹ͍ͭͯಉ༷ʹͯ͠ɼ

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

)

ͷΑ͏ʹٻ·Δɽ

1.5 མମͷӡಈʢ1ݩ࣍ʣ

Ճӡಈͷྫͱͯ͠ɼམମͷӡಈʹ͍ͭͯ͑ߟΔɽۭؾ߅ແ͢ࢹΔɽॏྗՃͷେ͖͞

g ͱ͢Δɽ

1.5.1 ࣗ༝མԼ

ԖԼ͖ʹ x ࣠ΛऔΓɼମΛͦΕʹԊͬͯࣗ༝མԼͤ͞ΔɽମͷॳظҐஔΛ x = 0 ͱ͢Δͱɼ

ࠁ࣌ t ͰͷମͷͱҐஔͦΕͧΕ

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

2
gt2 (1.5.1)

ͱͳΔʢ֤ࣗࣔͯ͠ΈΑʣɽ



14 ୈ 1ষ ྗֶͷඪͱӡಈͷද͠ํ

1.5.2 Ԗ্͛͛

Ԗ্͖ʹ x ࣠ΛऔΓɼମΛॳ v0 Ͱ্͛͛ΔɽମͷॳظҐஔΛ x = x0 ͱ͢Δͱɼࠁ࣌ t

ͰͷମͷͱҐஔͦΕͧΕ

v(t) = v0 − gt, x(t) = x0 + v0t−
1

2
gt2 (1.5.2)

ͱͳΔʢ֤ࣗࣔͯ͠ΈΑʣɽ

1.6 མମͷӡಈʢ2ݩ࣍ʣ

ਫฏࣹࣼํࣹɼྗ͕ϕΫτϧతͰ͋Δ͜ͱ͔ΒਫฏํͷӡಈͱԖํͷӡಈʹղͯ͠

ʹͰମ͕ਐΉํΔ͜ͱ͕Ͱ͖ΔɽҎԼɼਫฏํ͑ߟ x ࣠ɼԖ্͖ʹ y ࣠ΛऔΔɽ

1.6.1 ਫฏࣹ

• x ྗ͕ಇ͔ͳ͍ʹํ࣠ ⇒ ઢӡಈ

• y ⇒ॳ͕θϩʹॏྗͷΈɼy࣠ํʹํ࣠ ࣗ༝མԼͱཧతʹಉ͡

1.6.2 ࣼํࣹ

• x ྗ͕ಇ͔ͳ͍ʹํ࣠ ⇒ ઢӡಈ

• y ԿΒ͔ͷॳͰ্͛͛ΒΕͨͷͱಉ͡ʹॏྗͷΈɼy࣠ํʹํ࣠

⇒ Ԗ্͛͛ͱཧతʹಉ͡


