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ୈ6ষ ϙςϯγϟϧΤωϧΪʔͱྗֶతΤωϧΪʔ

อଘଇ

6.1 ͡Ίʹ

ͱΤωϧΪʔʹؔ͢ΔཁΛ·ͱΊΔɽࣄ

• ࣄ = ͦΕΛ༩͑ΒΕͨମ͕ͲΕ͚ͩ֎෦ʹӨڹΛٴ΅ͤΔ͔Λද͢ɽࣜͰW = F · r

• Λ͞ΕͨମʹΤωϧΪʔ͕͑ΒΕΔࣄ

• ྗֶͰѻ͏ΤωϧΪʔͷछྨ

– ӡಈΤωϧΪʔɿK = 1
2mv2

– ϙςϯγϟϧΤωϧΪʔʢҐஔΤωϧΪʔʣɿU(x)

ʢॏྗʹΑΔͷɼͶͷ෮ྗݩʹΑΔͷͳͲʣ

– ྗֶతΤωϧΪʔ = ӡಈΤωϧΪʔ + ϙςϯγϟϧΤωϧΪʔ

• ମʹ֎෦͔ΒࣄΛ༩͑ΔͱɼମͷӡಈΤωϧΪʔ͕มԽ͢ΔɿW = 1
2mv2 − 1

2mv20

• ϙςϯγϟϧΤωϧΪʔɼอଘྗʹ͔͞Βͬͯ͢ΔࣄʹΑͬͯ͑ΒΕΔ

• ϙςϯγϟϧΤωϧΪʔΛඍ ˠ อଘྗʢʹϚΠφεΛ͚ͭͨͷʣɿF (x) = −dU(x)
dx

• ྗֶతΤωϧΪʔอଘଇӡಈํఔࣜΛੵ͢Δ͜ͱͰಋ͔ΕΔ

• ϙςϯγϟϧͷܗΛݟΕମͷӡಈͷ͓͓·͔ͳ༷͕ࢠΘ͔Δ

6.2 ϙςϯγϟϧΤωϧΪʔʢҐஔΤωϧΪʔʣͱྗֶతΤωϧΪʔอଘଇ

6.2.1 อଘྗ

ମʹՃ͑ΒΕΔྗ͕ɼମͷҐஔͷΈͰܾ·Δ߹͕Α͋͘ΔɽͦͷΑ͏ͳྗΛอଘྗͱΑͿɽ

อଘྗͷྫ

• දۙ͘Ͱͷॏྗɿେ͖͞ mg ʢҰఆʣ

• ࣗવ͔Β x ͚ͩ৳ͼͨʢ·ͨॖΜͩʣͶͷ෮ྗݩ ɿkx
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• ࣭ྔM ͷମ͔Β r ͚ͩΕͨͰ࣭ྔ mͷମ͕ड͚Δສ༗Ҿ ɿྗେ͖͞ G
Mm

r2

• ྔؾి Q ͷମ͔Β r ͚ͩΕͨͰిྔؾ q ͷମ͕ड͚ΔΫʔϩϯྗɿେ͖͞
1

4πε0

qQ

r2

อଘྗҐஔͷΈͷؔͳͷͰ F (x, y, z) = F (r) ͱॻ͚Δɽ1ݩ࣍ͳΒ F (x) ͱ͔ F (r) ͷΑ͏ʹ

ͳΔɽ

ͱ͜ΖͰɼอଘྗͰͳ͍ྗ͍͘ΒͰ͋Δ͕ɼٛߨͰग़͖ͯͨʹൺྫ͢Δྗ߅ −kv ͦͷ

ҰͭͰ͋Δɽ࣮͜ࡍͷྗҐஔͷΈʹґଘͤͣɼͷؔʹͳ͍ͬͯΔʢF (x) Ͱͳ͘ɼF (v) ͱͳͬ

͍ͯΔʣɽଞʹɼମؒʹಇ͘ಈຎྗࡲͦͷྫͰ͋Δɽ͜Ε૬ରʹґଘͤͣҰఆΛऔΔ͕ɼ

ӡಈͷ͖ʹґଘ͢Δੑ࣭Λ͓ͯͬ࣋Γɼಉ͡ҰఆͰӡಈͷ͖ʹґଘ͠ͳ͍ॏྗͱੑ࣭͕ҟ

ͳΔɽ·ͨɼϒϥϯί͕େ͖͘ৼΕΔΑ͏ʹλΠϛϯάΑ͘Ճ͑Δྗʢ= ґଘ͢Δྗʣͩͱ͔ɼʹؒ࣌

ΊΔΑ͏ʹϒϨʔΩΛ͔͚ΔྗͳͲɼ໌Β͔ʹҐஔͷΈʹґଘ͢ΔྗͰͳ͍ɽࢭϒϥϯίΛʹٯ

͜͏͍ͬͨʮඇอଘྗʯ͕͋Δͱ͖ɼ࣍ͷઅͰड़ΔྗֶతΤωϧΪʔอଘଇཱ͠ͳ͍ɽຎࡲ

͕͋ΕྗֶతΤωϧΪʔ͕ʹԽ͚͍ͯͬͯӡಈ͕ࢭ·ͬͯ͠·ͬͨΓɼ֎͔ΒΤωϧΪʔΛՃ͑ଓ

͚ͯৼಈΛ૿෯ͤͨ͞Γ͍ͯ͠Δঢ়گͰΤωϧΪʔ͕อଘ͠ͳ͍ͷཧղ͠қ͍ͱ͏ࢥɽ

6.2.2 ϙςϯγϟϧΤωϧΪʔ

ମʹอଘྗ͕Ճ͑ΒΕ͍ͯΔͱ͢Δͱɼӡಈํఔࣜ

ma = F (r) (6.2.1)

ͱͳΔɽ؆୯ͷͨΊ ΔͳΒɼ͑ߟͰݩ࣍1

ma = F (x) (6.2.2)

Ͱ͋ΔɽҎԼ͜ͷ߹ʹ͍ͭͯѻ͏ɽ্ͷࣜͷ྆ลʹ v Λ͔͚Δͱ

m
dv

dt
v = F (x)v (6.2.3)

ͱͳΔ͕ɼӡಈΤωϧΪʔͷͱ͜ΖͰͬͨΑ͏ʹɼࠨล

m
dv

dt
v =

d

dt

(
1

2
mv2

)
(6.2.4)

ʹ͍͠ɽͦ͜Ͱ͜ͷ྆ลΛؒ࣌Ͱੵͯ͠ΈΔͱ

∫
m
dv

dt
vdt =

∫
F (x)vdt ⇒

∫
d

dt

(
1

2
mv2

)
dt =

∫
F (x)

dx

dt
dt (6.2.5)

ͱͳΔ͕ɼޙ࠷ͷࣜͷӈล߹ؔͷੵʹͳ͍ͬͯΔͷͰ

∫
F (x)

dx

dt
dt =

∫
F (x)dx (6.2.6)
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ͷΑ͏ʹɼอଘྗ F (x) Λ x Ͱੵͨ͠ͷʹͳΔɽ·ͨࠨลੵΛ࣮ߦͰ͖ͯ
∫

d

dt

(
1

2
mv2

)
dt =

1

2
mv2 + C (6.2.7)

ͱͳΔɽ͜͜Ͱ C ੵఆͰ͋Δɽ·ͱΊΔͱ

1

2
mv2 + C =

∫
F (x)dx ⇒ 1

2
mv2 −

∫
F (x)dx = −C =Ұఆ (6.2.8)

͕ಘΒΕΔɽ͜͜Ͱ

U(x) = −
∫

F (x)dx (6.2.9)

ͱॻ͖ɼҰఆ −C ΛվΊͯదͳఆ E ͱॻ͚

1

2
mv2 + U(x) = E (Ұఆ) (6.2.10)

ͱͳΔɽ͜Ε͕ྗֶతΤωϧΪʔอଘଇͰ͋Γɼ

U(x) = −
∫

F (x)dx ⇒ F (x) = −dU

dx
(6.2.11)

ͷ͜ͱΛϙςϯγϟϧΤωϧΪʔ·ͨҐஔΤωϧΪʔͱݺͿɽ໊લͷ༝དྷɼҐஔͷΈͰܾ·ΔΤω

ϧΪʔͰ͋Δ͜ͱͱɼӡಈΤωϧΪʔͷΑ͏ʹͨݟ͔Β໌Β͔ͳΤωϧΪʔͰͳ͘ɼʮӡಈ͢Δྗ

ͱͯ͠ൿΊ͍ͯΔΤωϧΪʔʯͰ͋Δ͜ͱ͔Βདྷ͍ͯΔɽ

ͱ͜ΖͰ F (x) = −dU

dx
ΛݟΔͱɼdU

dx ͕ෛͳΒ F (x) ਖ਼ʹͳΔɽͭ·ΓϙςϯγϟϧΤωϧΪʔ͕

Β͢Α͏ʹಇ͘ݮɼอଘྗಇ͘ɽอଘྗϙςϯγϟϧΤωϧΪʔΛ͔ͯͬʹগ͢ΔΑ͏ͳํݮ

ͱ͍ͯ͑ݴΑ͍ɽྫ͑ମ͕ٿʹҾ͔ΕͯམԼ͢ΔݱΛମʹಇ͘ॏྗͰઆ໌͢ΔΘΓʹɼ

ମ͕͍ͯͬ࣋ΔϙςϯγϟϧΤωϧΪʔ͕ݮগ͢ΔํͱมԽ͍ͯ͘͠ͱղऍ͢Δ͜ͱͰ͖Δɽ

6.2.3 ྗֶతΤωϧΪʔ͕อଘ͠ͳ͍ͷͲΜͳͱ͖͔ʁ

ྗֶతΤωϧΪʔ͕อଘ͢Δͷɼମʹಇ͘ྗ͕อଘྗͷΈͰ͋Δͱ͖ʹݶΔͱड़ͨɽͱ͍͏͜

ͱอଘྗҎ֎ͷྗ͕ಇ͘߹ʹྗֶతΤωϧΪʔอଘ͠ͳ͍͜ͱʹͳΔɽ

લʹड़ͨຎྗࡲۭؾ߅ͷΑ͏ʹอଘྗͰͳ͍ྗແݶʹ͋Δ͕ɼ͍ͯ͑ߟΔγεςϜͷ֎ଆ͔

ΒମʹՃ͑ΒΕΔྗอଘྗͰͳ͍ɽ͜Εʮ֎ྗʯͱݺΕΔ͕ɼ͔͋ͨʮਆͷखʯͷΑ͏ͳ

ͷͩͱ͑ࢥ͍͍ɽྫ͑ʮนͷҰʹͶΛ͘͘Γ͚ͭɼଞʹ͓ΓΛ͚ͭΔɽͦΕΛਫฏͳচ

ͷ্Ͱৼಈͤ͞ΔʯͱݴΘΕͨΒɼొਓจதʹग़͖ͯͨͶɾ͓Γɾচɾน͚ͩͰɼ࠷ॳʹ

ͶΛ৳ͯ͠ৼಈͷ͖͔͚ͬΛ࡞Δਓ֎෦ͷଘࡏͰ͋Δɽ͜͏͍͏֎෦ͷਓ͕ؒՃ͑ΔྗΛ֎ྗͱ͍

͏ɽྗֶతΤωϧΪʔ͕อଘ͢Δͷɼ֎ྗʹΑͬͯৼಈ͕࢝·ͬͯҎ߱ͷͰ͋Δɽ1

ͷ͔͍ͩͨͯͬ·ࢭॳ࠷Α͏ɽ͑ߟΔମΛԡͯ͠Ճͤ͞Δͱ͖Λ͍ͯͬ·ࢭʹͷ্صɼࠓ

ΒӡಈΤωϧΪʔθϩͰɼԡ͞ΕͯΛͭ࣋ӡಈΤωϧΪʔ͕૿͑ͨͱ͍͏͜ͱମͷֶྗͭ࣋

తΤωϧΪʔ໌Β͔ʹ૿Ճ͍ͯ͠Δʢࠓɼصͷ্Ͱ͍ͯ͑ߟΔͷͰҐஔΤωϧΪʔθϩɽ͜ͷͨΊ
Βͳ͍ɽ·࢝ͳͷͰͦͦӡಈ͕··ͨͬ·ࢭॳʹ·ͬͨ͘֎ྗΛ༩͑ͳ͚Εɼ͓Γ࠷1
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ʮӡಈΤωϧΪʔ = ྗֶతΤωϧΪʔʯͰ͋Δʣɽ͜ͷΤωϧΪʔͷ૿ՃମΛ֎͔Βԡͨ͠ࣄʹ

ΑΔͷͰ͋Δɽ୭͔͕༨ʹԿ͔Λͨ͠ͷ͔ͩΒɼΤωϧΪʔ͕มԽ͢ΔͷવͩΖ͏ɽ

ཧղ͕͍͠ͷɼෛͷࣄΛՃ͑Δͱ͖͔͠Εͳ͍ɽͳͥͳΒɼʮ֎͔ΒࣄΛͨ͠ʹؔΘΒͣɼ

ମͷྗֶతΤωϧΪʔ͕૿Ճ͠ͳ͍ʯ͔ΒͰ͋Δɽ

ྫ͑ɼॏ͍ՙΛͦͬͱচʹஔ͘ͱ͖Λ͑ߟΑ͏ɽखΛͯ͠͠·͑ՙυεϯͱচʹམͪͯ

͠·͏ɽखͰ͍ͯ͑ࢧΔྗ͕ऑͯͦͬ͘ͱஔ͘͜ͱͰ͖ͳ͍ͷͰɼԻ͕͠ͳ͍Α͏ʹͦͬͱஔ͘ͱ

͖ʹɼՙʹಇ͘ॏྗͱͪΐ͏Ͳಉ͡ʢ͘Β͍ͷʣྗΛ্͖ʹՃ͑ɼͦͷྗΛΩʔϓͭͭ͠ԼʹΏͬ

͘Γಈ͔͍ͯ͠ΔͣͰ͋Δɽ͜ͷ߹ɼྗ্͖ʹՃ͍͑ͯΔ͚ΕͲମԼ͖ʹಈ͍͍ͯΔɽ

ྗͷ͖ͱਐٯ͕ํߦͳͷͰɼ͜ΕෛͷࣄͰ͋ΔɽW = |F ||r| cos θ ͷࣜͰ͑ݴɼྗ F ͱมҐ

r ͕ 180◦ ։͍͍ͯΔ͔Βɼ

cos 180◦ = −1 ⇒ W = −|F ||r| < 0 (6.2.12)

ͷΑ͏ʹෛͷͩࣄͱͯͬݴΑ͍ɽ

͜ͷ߹ɼମͷྗֶతΤωϧΪʔ࠷ॳ͍ߴҐஔʹ͋ͬͨͱ͖ΑΓݮগ͍ͯ͠ΔɽʮՙΛচʹͦͬ

ͱஔ͘ʯͨΊʹखർΕΔʹؔΘΒͣɼମͷྗֶతΤωϧΪʔ૿͑ͳ͍ͷͩɽ͜Εʮচʹͦͬ

ͱஔͨ͘ΊʹՃ͑ͨྗʯ͕ɼॏྗͱ͍͏อଘྗͱ͖ٯͷྗ͔ͩͬͨΒͰ͋Δɽ

͞ߴ h ·Ͱ্͋ͯ͛ͪ࣋Δ࣭ྔ m ͷମʹྗΛՃ͑ͳ͕ΒιϩιϩͱΏͬ͘Γ໘ʹԼΖ͍ͯ͘͠

ͱ͢ΔͳΒɼॏྗՃͷେ͖͞Λ g ͱͯ͠ମʹॏྗ mg ͕ಇ͔͘ΒɼମΛΏͬ͘ΓԼ͢ʹ্

ʹ͖ mg ΛՃ͑ΕΑ͍ɽΑͬͯচʹஔ͘·ͰʹମʹՃ͑Δࣄ W = −|F ||r| = −mgh ͱ͍͏

ෛͷࣄʹͳΔɽ͜ͷࣄʹΑͬͯɼ࠷ॳʹֶྗ͍ͨͯͬ࣋తΤωϧΪʔ mgh ͕ͳ͘ͳͬͯ͠·ͬͨ

Θ͚Ͱ͋Δɽ

চʹஔ͍ͨՙΛ্ͯ͛ͪ࣋ɼ࠶ͼচʹԼΖ͢ͱ͍͏ૢ࡞Ͱಉ༷ʹෆٞࢥͳ͕͢͡ײΔɽҰ୴ͪ࣋

্͔͛ͯΒԼΖͤɼ໌Β͔ʹखർΕΔɽࣄΛͨࣗ͠ΤωϧΪʔΛফඅ͍ͯ͠Δͷʹɼ݁ہͷ

ͱ͜Ζՙʮচͷ্ʹஔ͔Ε͍ͯΔʯͱ͍͏࠷ॳͷঢ়ଶʹͬͨͷ͔ͩΒɼྗֶతΤωϧΪʔ૿͑

ݮΓ͍ͯ͠ͳ͍ɽҰ࿈ͷૢ࡞ʹΑͬͯർΕ͍ͯΔͷʹɼͦΕ͕ՙ͕ͭ࣋ΤωϧΪʔʹసԽ͍ͯ͠

ͳ͍ͷͩɽ

ྗʹ͍ͭͯॱ൪ʹ͚͍ͯ͑ߟ͜Εೲಘ͕͍͘ɽՙͷ࣭ྔΛ m ͱ͢Εɼՙʹॏྗ mg ͕

ಇ͍͍ͯΔɽͦ͜Ͱ࠷ॳʹՙΛ্͛ͪ࣋Δͱ͖ɼମʹ࠷Ͱେ͖͞ mg ͷྗΛՃ͑ͯͳ͚Ε

ͳΒͳ͍ɽ͜ͷྗΛՃ͑ͯ͞ߴ h ࣄΔͱ͖ɼख͕͢Δ্͚͛ͪ࣋ͩ mg × h ΑΓ mgh Ͱ͋Δɽ͜

ͷૢ࡞ʹΑͬͯɼՙ࠷ॳচʹஔ͔Ε͍ͯͨͱ͖ΑΓmgh ͚ͩଟ͘ྗֶతΤωϧΪʔΛͭ࣋͜ͱ

ʹͳΔɽ2

͜͜Ͱ͠खΛͤɼՙʹՃΘΔྗॏྗͷΈͱͳΔɽՙམԼΛ࢝ΊɼচʹυεϯͱམͪΔ

2͜ͷͱ͖ɼྗֶతΤωϧΪʔอଘ͍ͯ͠ͳ͍͜ͱʹҙɽ࠷ॳচͷ্ʹஔ͔Ε͍ͯͨͷͰɼচͷ͞ߴΛϙςϯγϟϧ

ΤωϧΪʔͷج४ʢͭ·Γচͷ͞ߴʹ͋Δͱ͖ϙςϯγϟϧΤωϧΪʔθϩͩͱܾΊΔʣͱ͢Εɼ͍ͯͬ࣋ͳ͍ͷ

ͰྗֶతΤωϧΪʔθϩͩͬͨͷ͕ɼmgh ͚ͩ૿͍͑ͯΔɽख͔Βͷྗͱ͍͏ඇอଘྗ͕ՃΘͬͨͷͰɼྗֶతΤωϧ

Ϊʔอଘ͠ͳ͍ͷͰ͋Δɽ
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ͩΖ͏ɽͦͷͱ͖อଘྗͰ͋Δॏྗ͔͠ಇ͍͍ͯͳ͍ͷͰɼྗֶతΤωϧΪʔอଘ͠ɼམԼલͷ

ՙͷ
√
2gh ͱͳΔͣͰ͋Δɽ

ͷՙ͔ΒखΛͣ͞ʹɼΏͬ͘ΓՙΛԼΖͯͦͬ͠ͱচʹஔ͘߹Ͱ͋Δɽ͜ͷͱ͍ͨ͑ߟࠓ

͖લʹड़ͨΑ͏ʹɼॏྗͱΓ߹͏େ͖͞ mg ͷྗΛ্͖ʹՃ͑ͳ͕ΒՙΛԼ͍͛ͯ͘͜ͱʹ

ͳΔɽͦͬͱচʹஔ͚ͨͳΒՙͷθϩͩͬͨͱ͍͏͜ͱ͔ͩΒɼॳͷঢ়ଶʹ͓ͬͯΓɼՙ

ͷྗֶతΤωϧΪʔθϩʹ͍ͬͯΔɽ͜ΕɼՙΛচʹԼΖ͢ͱ͍͏ૢ͕ࣄ͕ͨ͠࡞ −mgh

ͱ͍͏ෛͷ͔ͨͬͩࣄΒͰ͋ΔɽෛͷࣄʹΑͬͯɼ্ͨ͛ͪ࣋͜ͱͰ͔ͤͬ͑ͨ͘ mgh ͕ফඅ

͞Εͯ mgh−mgh = 0 ͱͳͬͨͷͰ͋Δɽ୯ͳΔె࿑ʹऴΘͬͨͱ͍͏͜ͱͩɽ

͜ͷΑ͏ʹɼࣄΛՃ͑Ε͍ͭͰྗֶతΤωϧΪʔ͕૿͑ΔͱݶΒͳ͍͜ͱʹҙͯ͠΄͍͠ɽ

ෛͷࣄɼࣄθϩͱ͍͏͜ͱ͋Δͷͩɽ3 ୈ 1ষͷࣄͷͱ͜ΖͰॻ͍ͨ͜ͱͷ܁Γฦ͠ʹͳΔ͕ɼ

͜͏ͳΔͷྗֶʹ͓͚Δࣄͱ

ମʹྗΛՃ͑ͯঢ়ଶΛมԽͤͨ͜͞ͱͰɼͦͷମ͕पғͷڥʹӨڹΛٴ΅ͤΔΑ͏ʹ

ͳ͔ͬͨͲ͏͔

͔ͩΒͰ͋Δɽʮࣗͱͯ͜͠Ε͚ͩؤுͬͨʯΛ͍ͯݟΔͷͰͳ͘ɼͦͷૢ࡞ʹΑͬͯମ͕ͲΕ

͚ͩΤωϧΪʔΛ͔͑ͨɼͦͯͦ͠ͷΤωϧΪʔʹΑͬͯपғͷڥʹӨڹΛٴ΅ͤΔΑ͏ʹͳͬͨ

͔ʹ͍ͯ͠ΔͷͰ͋Δɽৗੜ׆ͰΘΕ͍ͯΔʮࣄʯͱ͍͏ݴ༿ΛྗֶʹआΓ͖ͯͨͨΊʹʮͳ

Μͱͳ͘؍ͱ߹Θͳ͍ʯ͜ͱ͕͖ىΔ͕ɼΘ͔Βͳ͘ͳͬͨΒྗֶͰؾʹ͍ͯ͠ΔࣄͱͲΜͳ

ͷ͔ͩͬͨɼఆٛʹͬͯ֬ೝͯ͠΄͍͠ɽ

6.2.4 ϙςϯγϟϧΤωϧΪʔͷྫ

දۙ͘ͰͷॏྗʹΑΔϙςϯγϟϧΤωϧΪʔ

໘Λ࠲ඪݪͱ͠ɼԖ্͖ʹ x ࣠ΛுΔɽॏྗՃͷେ͖͞Λ g ͱ͢Δͱ͖ɼ࣭ྔ m ͷ

ମʹಇ͘ॏྗ −mg ͱͳΔʢॏྗ࠲ඪ࣠ͱ͖ٯͰ͋Δ͜ͱʹҙʣɽ͜ͷྗҐஔͷΈʹґଘ͢

Δ͔Βʢͱ͍͏͔ҰఆͳͷͰʣอଘྗͷҰछͰ͋Δɽ

͜ͷอଘྗʹΑΔϙςϯγϟϧΤωϧΪʔɼఆ͔ٛΒ

U(x) = −
∫ x

F (x′)dx′ = −
∫ x

(−mg)dx′ = mgx+ C (C ੵఆ) (6.2.13)

ͱͳΔɽϙςϯγϟϧΤωϧΪʔͷݪʢͭ·ΓɼͲͷҐஔͰϙςϯγϟϧΤωϧΪʔΛθϩͱ͢Δ͔ʣ

ࣗ༝ʹܾΊͯΑ͍ɽͳͥͳΒɼΤωϧΪʔઈରతͳྔͰͳ͘ɼҙͷೋͭͷঢ়ଶؒͷ૬ରతͳ

3ཧతͳϓϩηεͰͳ͍͕ɼ͜͏͍͏͜ͱ͠ΐͬ ͪΎ͏͋ΔɽΔ͚ͩແବͩͬͨࣄʢ= θϩʣɼΉ͠Ζअࣄ

ຐʹ͔͠ͳ͍ͬͯͳ͍ࣄʢ= ෛͷࣄʣࢸΔͱ͜ΖͰ͚͔ݟΔɽ॓Ϩϙʔτʹͯ͠ɼͲ͏ͤͳΒਖ਼ͷࣄʹͳΔΑ

͏ʹ৺͕͚͍ͨͷͩɽਓͷϨϙʔτΛ͚ࣸͩ͢ͷʮࣸܦʯࣈ࿅श͘Β͍ʹͳΔ͔͠Εͳ͍͔Β͑ߟΑ͏ʹΑͬͯ

ਖ਼ͷ͕ͩࣄɼਓؒࣗʹ߹ͷΑ͍͍ݴ༁Λ͍͘ΒͰۃ͍ͭ͘ࢥΊͯ༏लͳੜͰ͋Δ͜ͱΕͯͳΔ·͍ɽ
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ͷ͔ͩΒͰ͋Δɽͦ͜Ͱ x = 0 ΛϙςϯγϟϧΤωϧΪʔͷݪͱͯ͠ΈΔɽͭ·Γ x = 0 Ͱ U = 0

ͱͳΔΑ͏ʹੵఆΛௐ͢Δͱ

0 = U(x = 0) = mg · 0 + C (6.2.14)

ΑΓ C = 0Ͱ͋ΕΑ͍͜ͱ͕Θ͔Δɽ͜͏ͯ͠ɼ࠲ඪݪΛج४ͱͨ࣌͠ͷϙςϯγϟϧΤωϧΪʔ

U(x) = mgx (6.2.15)

ͷΑ͏ʹܾ·Δɽ

ͱ͜ΖͰɼ͜ͷࢉܭͰΘ͔ΔΑ͏ʹ

ϙςϯγϟϧΤωϧΪʔͱɼମΛ͋Δঢ়ଶʹ࣌͘ߦͯͬ࣋ʹอଘྗʹٯΒͬͯ͢Δࣄ

ͷ͜ͱͰ͋Δɽྫ͑ɼ໘ʹஔ͔Εͨମ͕উखʹ্ঢΛ࢝ΊΔ͜ͱͳ͍ɽମΛ্ঢ͚ͤͨ͞Ε

୭্͔͕͛ͪ࣋ΔͳΓͯ͠ɼ֎ྗΛՃ͑ͳ͚ΕͩΊͰ͋Δɽ͜ͷͱ͖ʹՃ͑Δ͖࠷খͷྗॏྗ

mg Ͱ͋Δɽ͜ͷྗͰιϩιϩͱΏͬ͘Γ্͛͋ͯ͛ͪ࣋Εମ্ঢ͠ɼ໘ΑΓ͍ߴҐஔʹདྷΔɽ

͔ͦ͜ΒखΛͤମམԼΛ࢝ΊΔɽͭ·ΓӡಈΛ࢝ΊΔɽମ͕ӡಈΛ࢝ΊΒΕΔͷɼॏྗʹ

ΒͬͯٯʹΒͰ͋Δɽͭ·Γɼॏྗͱ͍͏อଘྗ͔ͨͬߦͯͬ࣋Ґஔ·Ͱ͍ߴΒ͏ྗΛՃ͑ͯମΛٯ

ͰΤωϧΪʔ͕͑ΒΕͨͷͰ͋ΔɽܗΛͨ͜͠ͱʹΑΓɼମʹʮӡಈͰ͖ΔྗɾՄੑʯͱ͍͏ࣄ

͜ͷաఔ͕ϙςϯγϟϧΤωϧΪʔͷఆٛࣜ

U(x) = −
∫

F (x)dx =

∫
(−F (x))dx (6.2.16)

ʹද͞Ε͍ͯΔɽ−F (x) Λੵ͍ͯ͠Δ͕ɼ͜ͷϚΠφεʮอଘྗ F (x) ͱେ͖͕͖ͯ͘͞͠ٯ

ͷྗʯΛද͠ɼੵ͕ʮͦͷྗͰͷࣄʯΛද͍ͯ͠Δɽ

 1ɿ

ʮମΛ্ঢͤ͞Δͷʹඞཁͳྗɼॏྗ mg ͱͪΐ͏Ͳಉ͡Ͱͳ͘ɼΘ͔ͣʹେ͖͘ͳ

͚ΕμϝͰͳͳ͍͔ʁʯͱ͍͏ҙݟ͋ΔͩΖ͏ɽ࣮ݱʹͦͷ௨ΓͰʮಈ͔࢝͠ΊΔ =

Ճͤ͞ΔʯͰ͋Δ͔ΒɼॏྗΑΓΘ͔ͣʹେ͖ͳྗΛՃ͑ͳ͚Εಈ͖ग़͢͜ͱͳ͍

ͷ͕ͩɼ͜͜Ͱʮྗͷେ͖͞ͷ࠷খ mgʯͱ͍ͯͬݴΔͷݶۃͷҙຯͰ͋Γɼ࣮ݱ

ʹͦ͏ͳΔ͔Ͳ͏͔Ͱͳ͘ɼʮ্͛ͪ࣋Δͷʹඞཁͳྗͷ࠷খmg ʹۙ͢Δʯͱ͍͏

ҙຯͩͱղऍ͖͢ͷͰ͋Δɽ

ͳ͓ɼmg ΑΓେ͖ͳྗͰ্͛ͪ࣋ΕମͲΜͲΜՃ͢Δɽͦͷ߹ϙςϯγϟ

ϧΤωϧΪʔ͚ͩͰͳ͘ӡಈΤωϧΪʔͯͬ࣋͠·͏ɽࠓϙςϯγϟϧΤωϧΪʔͷ

͚ͩΛ७ਮʹऔΓग़͍ͨ͠ͷͰ͜ͷΑ͏ͳʮ࠷ݶͷྗʯͷΈΛ͍ͯ͑ߟΔɽͪ͜Β͋͘

·Ͱݶۃతͳૢ࡞Ͱ͋Γɼ࣮ݱʹʮશ͘ӡಈΤωϧΪʔΛͣͤͨ࣋ʹମΛ্ঢͤ͞Δʯ
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͜ͱͰ͖ͳ͍ɽ໌Β͔ʹໃ६ͯ͠͠·͏ɽ͜͏ͨ͠ݶۃͱͯ͠ͷΈଘ͢ࡏΔཧతͳม

ԽΛʮ४੩తաఔʯͱ͍͍ɼྗֶͰʮݧ࣮ߟࢥʯͱͯ͠ॏཁͳׂΛՌͨ͢ɽ

 2ɿ

ϙςϯγϟϧΤωϧΪʔͷج४ΛܾΊΔࡍɼ্ͷྫͰෆఆੵ͓͍͔ͯͯ͠ΒੵఆΛ

ܾΊΔͱ͍͏ॱͰ͕ͨͬߦɼੵͷԼݶΛج४ʹ͓͍ͯͯ͠ఆੵ͢ΔͱࣗಈతʹܾΊΔ

͜ͱ͕Ͱ͖Δɽ࣮ࡍɼx = 0 Λϙςϯγϟϧͷج४ͱ͚ͨ͠Εఆੵͷੑ࣭͔Β

U(x) = −
∫ x

0
(−mg)dx =

[
mgx′

]x
0
= mgx (6.2.17)

ͷΑ͏ʹͳΔɽҰൠʹϙςϯγϟϧΤωϧΪʔͷج४Λ x = x0 ʹऔΓ͚ͨΕ

U(x) = −
∫ x

x0

F (x′)dx′ (6.2.18)

ͰͬͯϙςϯγϟϧΤωϧΪʔΛఆٛ͢ΕΑ͍ɽ͜ͷఆٛͩͱU(x0) = 0 ʹͳΔͷ໌

Β͔Ͱ͋Δɽ

Ͷͷ෮ྗݩʹΑΔϙςϯγϟϧΤωϧΪʔ

0
x

x

ਤ 6.1: ୯ৼಈ͢Δ͓Γ

Ͷఆ k ͷͶʹ࣭ྔ m ͷ͓ΓΛ͚ͭͯ୯ৼಈͤ͞ΔέʔεΛ͜Ε·ͰԿ͔ѻ͖ͬͯͨɽ͜

ͷͱ͖ࣗવ͔Β x ͚ͩ৳ͼͨͶ͕͓ΓʹՃ͑Δ෮ྗݩ·ͨɼอଘྗͷҰྫͰ͋Δɽ͜Ε·Ͱಉ

༷ɼਤ 6.1ͷΑ͏ʹ x ࣠ΛऔΔͱɼ͓Γ͕Ґஔ x ʹ͋Δͱ͖ʹड͚͍ͯΔอଘྗ F (x) = −kx Ͱ

͋Δ͔Βɼ͜ͷ߹ͷϙςϯγϟϧΤωϧΪʔΓఆٛΑΓ

U(x) = −
∫
(−kx)dx =

∫
kxdx =

1

2
kx2 + C (C ੵఆ) (6.2.19)

ͱͳΔɽͶʹ৳ͼ͕ͳ͍ͱ͖ɼϙςϯγϟϧΤωϧΪʔΛθϩͱ͢Δͷ͕ࣗવͳͷͰʢผʹͦ͏͠ͳ

ͯ͘Α͍͕ʣɼੵఆ C 

0 = U(x = 0) =
1

2
k · 0 + C = C (6.2.20)

ΑΓ C = 0 ͱܾ·ΔɽΑͬͯɼࣗવͷͱ͖Λج४ͱͯ͠ɼͶͷϙςϯγϟϧΤωϧΪʔ

U(x) =
1

2
kx2 (6.2.21)

ͱͳΔɽ
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ສ༗ҾྗʹΑΔϙςϯγϟϧΤωϧΪʔ

x

x
0

G
Mm

x2

M

m

ਤ 6.2: ʹஔ͔Εͨମ͔ΒɼҐஔݪ x ʹஔ͔Εͨମʹಇ͘ສ༗Ҿྗɽ

ਤ 6.2ͷΑ͏ʹ࠲ඪݪʹ࣭ྔ M ͷମ͕͋Γɼ͔ͦ͜Β x ͚ͩΕͨͱ͜Ζʹ࣭ྔ m ͷผͷମ

͕͋Δɽ࣭ྔ M ͷଠཅ͕ݪʹ͍ͯɼ࣭ྔ m ͷ͔͕ͦ͜ٿΒڑ x ͚ͩΕͨͱ͜Ζʹ͍Δͱ͜

ΖΛ૾͢ΕΑ͍ɽ

͜ͷͱ͖ɼ͕ٿଠཅ͔Βड͚Δສ༗Ҿྗɼສ༗ҾྗఆΛ G ͱͯ͠

େ͖͞ɿG
Mm

x2
, ɿ͖ − xํ (6.2.22)

Ͱ͋ΔͨΊɼ͕ͭ࣋ٿɼສ༗Ҿྗ͔ΒͷϙςϯγϟϧΤωϧΪʔ

U(x) = −
∫ (

−G
Mm

x2

)
dx =

∫
G
Mm

x2
dx = −G

Mm

x
+ C (C ੵఆ) (6.2.23)

ͱͳΔɽ

ϙςϯγϟϧΤωϧΪʔͷج४͕ͩɼສ༗Ҿྗͷ߹ x = ∞ ʹ͢Δ͜ͱ͕ଟ͍ɽͦ͏͓ͯ͘͠

ͱ͕ࣜ؆୯͔ͩΒͰ͋Δɽ࣮ࡍɼ

0 = U(x = ∞) = −G
Mm

∞ + C = 0 + C (6.2.24)

ͳͷͰɼx = ∞ Λج४ͱ͢ΔͨΊʹ C = 0 ͱ͢ΕΑ͍͜ͱ͕Θ͔Δɽ͜͏ͯ͠

U(x) = −G
Mm

x
(6.2.25)

ͱͳΔʢਤ 6.3ʣɽ

͠ɼx = x0 Λϙςϯγϟϧͷج४ͱ͚ͨ͠Ε

0 = U(x = x0) = −G
Mm

x0
+ C (6.2.26)

ΑΓ C = G
Mm

x0
ͱͳͬͯɼ

U(x) = −GMm

(
1

x
− 1

x0

)
(6.2.27)

ͷΑ͏ʹগʑෳࡶʹͳΔͷͰɼಛผͳཧ༝͕ͳ͚Ε x = ∞ Λج४ͱ͓͍ͯͨ͠΄͏ָ͕Ͱ͋Δɽ

ɿ

ສ༗ҾྗʹΑΔϙςϯγϟϧΤωϧΪʔ U(x) = −G
Mm

x
ͱ͍͏͔ࣜΒɼ·ͨਤ 6.3 ͔

Β໌Β͔ͳΑ͏ʹ͕ෛͰ͋ΔɽʮෛͷΤωϧΪʔʯͱ͍͏ͱԿͱͳ͘ෆࣗવʹ͑ࢥΔ͔

͠Εͳ͍͕ɼ͜Ε
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0.5 1.0 1.5 2.0
x

!10

!8

!6

!4

!2

ポテンシャル!
GMm
x

ਤ 6.3: ສ༗ҾྗʹΑΔϙςϯγϟϧΤωϧΪʔ U(x) = −G
Mm

x
ɽ؆୯ͷͨΊɼGMm = 1 ͱͯ͠ϓ

ϩοτͨ͠ɽ

• ΤωϧΪʔʹઈରతͳͳ͘ɼ̎ͭͷঢ়ଶͷ૬ରతͳ͚ࠩͩʹҙຯ͕͋Δ

• ΤωϧΪʔ͕࠷େʹͳΔ x = ∞ ΛɼΤωϧΪʔͷج४ʹͱͬͨ

ͱ͍͏̎ͭͷཧ༝ʹΑΔͷͰ͋Δɽ

·ͣ 1ͭͷཧ༝ɼສ༗ҾྗͷϙςϯγϟϧΤωϧΪʔʹͨͬݶͰͳ͍ɽྫ͑صͷ

্ʹஔ͔Εͨϖϯ͕ͭ࣋ॏྗʹΑΔϙςϯγϟϧΤωϧΪʔɼ໘ͷ্ʹஔ͍ͨ߹ΑΓ

େ͖͍ͩΖ͏͕ɼఱҪͷ͞ߴ·Ͱ্ͨ͛ͪ࣋ͱ͖ΑΓখ͍ͩ͞Ζ͏ɽ͜ͷͨΊɼ໘Λ

ܾʹ४ͱ͢Εʢͭ·Γ໘ʹஔ͔Εͨͱ͖ʹϙςϯγϟϧΤωϧΪʔΛθϩͱ͢Δ͜ͱج

ΊΕʣɼصͷ্ʹஔ͔ΕͨϖϯͷϙςϯγϟϧΤωϧΪʔਖ਼ʹͳΔɽٯʹɼఱҪͷ͞ߴ

·Ͱ্͛ͪ࣋ΒΕͨঢ়ଶΛϙςϯγϟϧΤωϧΪʔͷج४ʹͱΕɼصͷ্ʹஔ͔Εͨϖϯ

ͷϙςϯγϟϧΤωϧΪʔͦΕΑΓখ͍͔͞Βෛͱ͍͏͜ͱʹͳΔɽ͔͠͠ɼʮصͷ্ʹ

ஔ͔ΕͨϖϯͷϙςϯγϟϧΤωϧΪʔɼ໘ʹஔ͍ͨ߹ΑΓେ͖͘ɼఱҪͷ͞ߴ·

Ͱ্ͨ͛ͪ࣋ͱ͖ΑΓখ͍͞ʯͱ͍͏૬ରతͳؔมΘΒͳ͍ɽͦͯ͠ɼ͜ͷ͕ؔม

ΘΒͳ͍Ҏ্ɼఱҪͷ͞ߴ·Ͱ্ͯ͛ͪ࣋खΛͨ͠ͱ͖ͷํ͕ɼصͷ্͔ΒϖϯΛམͱ͠

ͯ͠·ͬͨͱ͖ΑΓɼ໘ʹিಥ͢ΔલͰϖϯͷେ͖͘ɼӡಈΤωϧΪʔେ͖

͘ͳΔ͜ͱ͕Θ͔Δɽ͜ͷΑ͏ʹϙςϯγϟϧΤωϧΪʔͷ͚ࠩͩʹཧతҙຯ͕͋ΔͷͰɼ

ϙςϯγϟϧΤωϧΪʔ͕ෛʹͳΔ͜ͱࣗମົحͳ͜ͱͰͳ͍ͷͰ͋Δɽ

ສ༗ҾྗͷϙςϯγϟϧΤωϧΪʔͷ߹ɼࣜΛ୯७ʹ͢ΔͨΊʹ x = ∞ Λج४ʹͱͬͨɽ

͜ͷʮ̎ͭͷମ͕ແݶͷڑ͚ͩΕͨঢ়ଶʯͱ͍͏ͷɼʮ࠷ΤωϧΪʔ͕͍ߴঢ়ଶʯ

Ͱ͋Δɽ໘ΑΓصͷ্ɼصͷ্ΑΓఱҪͷ͞ߴͷํ͕ΤωϧΪʔ͕͍ߴͷ؍తʹཧ

ղͰ͖Δͱ͕͏ࢥɼແ͚ͩݶΕͨঢ়ଶͱ͍͏ͷͦͷ͞ߴΛͣͬͱԆ͍ͯͬͯ͠ɼӉ

ͷՌͯ·Ͱ͍ͨͬͯͬ࣋ঢ়ଶ͔ͩΒͰ͋Δɽ·ͨɼສ༗ҾྗͷͨΊʹ์͓͍ͬͯͨΒҾ͖
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͚ͭ߹͏̎ͭͷମΛҾ͖ͯ͠ແݶԕʹஔ͘ͱ͍͏ɼʮ࠷͋Γಘͳ͍ɼΤωϧΪʔͷߴ

͍ঢ়ଶʯʹͨΔͷ͕ x = ∞ ͚ͩ̎ͭͷମ͕Εͨঢ়ଶͰ͋ΔɽͦͷΑ͏ͳ࠷Τωϧ

Ϊʔͷ͍ߴঢ়ଶΛ U = 0 ͱ͍͏ΤωϧΪʔͷج४ʹऔͬͯ͠·ͬͨͷͰɼͦΕΑΓΤω

ϧΪʔͷ͍ͦͷଞͷঢ়ଶɼඞવతʹෛͷϙςϯγϟϧΤωϧΪʔΛͭ࣋͜ͱʹͳͬͨͷ

Ͱ͋Δɽ͔͜͠͠ͷ߹ɼϙςϯγϟϧΤωϧΪʔͰཧతʹҙຯ͕͋Δͷ̎ͭͷঢ়ଶ

ͷ૬ରతͳࠩͷΈͳͷͰɼ͕ෛͰಛʹͳ͍ɽྫ͑ɼҐஔ A Ͱ U = −5JɼҐஔ

B Ͱ U = −8 J ͱ͍͏Α͏ͳ͜ͱ͕͋ΓಘΔ͕ɼ−5 ͱ͔ −8 ͱ͍͏ࣗࣈମʹ͋·Γҙ

ຯ͕ͳ͘ɼʮҐஔ A Ͱ͍ͯͬ࣋ΔϙςϯγϟϧΤωϧΪʔɼແݶԕʹ͍Δͱ͖ʹൺͯ 5

J ͍ʯͱ͔ɼʮҐஔ A ͱҐஔ B ͰͷϙςϯγϟϧΤωϧΪʔͷࠩ 3 J ͰɼҐஔ A ʹ͍

Δͱ͖ͷํ͕͍ߴɽ͜ͷͨΊɼҐஔ B ʹ͍ΔମΛҐஔ A ·Ͱ͚͖͍ͨͯͬ࣋Εɼ࠷

Ͱ 3 J ͷΤωϧΪʔΛ༩͑ͳ͚ΕͳΒͳ͍ʯͱ͍ͬͨ͜ͱʹཧతҙຯ͕͋Δɽ

6.2.5 ϙςϯγϟϧΤωϧΪʔ͕ܦ࿏ʹΑΒͳ͍͜ͱ

͖ͪΜͱͨ͠ূ໌࣍ͷઅʹ͋ΔʮઢੵʯΛΘͳ͍͜ͱʹͰ͖ͳ͍͕ɼϙςϯγϟϧΤωϧΪʔ

ܦ࿏ʹΑΒܾͣ·Δͱ͍͏ੑ࣭͕͋Δɽྫ͑ɼදۙ͘ͰͷॏྗʹΑΔϙςϯγϟϧΤωϧΪʔ

४ͱ͢Δͱ͖ɼجΑΒͳ͍ɽ໘Λʹ্͔ͨ͛ͪ࣋Ͱ·͞ߴͰɼͦͷےͷΈͰܾ·ΓɼͲ͏͍ͬͨಓ͞ߴ

࣭ྔ m ͷମ͕͞ߴ h ͷͰͭ࣋ϙςϯγϟϧΤωϧΪʔ U = mgh Ͱ͋ΔΘ͚͕ͩɼ࠷ऴతʹ

͜ͷʹདྷΔͷͰ͋Εɼઢతʹͦ͜·ͰདྷΑ͏͕ɼάχϟάχϟͨ͠ಓΛ௨ͬͯ͜Α͏͕ɼͷ

͞ߴΒԼ͕͔ͬͯͯͬߦͰҰ·͞ߴ͍͢͝ h ͷʹམͪண͜͏͕ɼମ͕ͭ࣋ϙςϯγϟϧΤωϧ

Ϊʔ U = mgh Ͱ͋Δɽ͜ΕॏྗʹΑΔϙςϯγϟϧΤωϧΪʔ͚ͩͰͳ͘ɼ͋ΒΏΔϙςϯγϟ

ϧΤωϧΪʔʹڞ௨ͷੑ࣭Ͱ͋Δɽ

6.2.6 ͰѻΘٛߨͰͷϙςϯγϟϧΤωϧΪʔͱྗֶతΤωϧΪʔอଘଇʢݩ࣍ɿ3ߟࢀ

ͳ͍ʣ

Ͱͷӡಈํఔࣜݩ࣍3 ma = F Ͱ͋Δ͕ɼӈลͷྗΛอଘྗ F (r) ͱ͠ɼ྆ลͰ v ͱͷੵ

Λऔͬͯؒ࣌Ͱੵ͢Δͱ
∫

mv · dv
dt

dt =

∫
F · vdt ⇔

∫
d

dt

(
1

2
mv2

)
dt =

∫
F (r) · dr

dt
dt (6.2.28)

⇒ 1

2
mv2 −

∫
F (r) · dr =Ұఆ (6.2.29)

͕ ͷͱ͖ͱಉ༷ʹಘΒΕΔɽ͜ͷҰఆΛݩ࣍1 E ͱॻ͖ɼ·ͨ

U(r) = −
∫

F (r) · dr (6.2.30)

ͱ͢Ε
1

2
mv2 + U(r) = E (6.2.31)
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ͷΑ͏ʹྗֶతΤωϧΪʔอଘଇ͕ಘΒΕΔɽ

U(r) = −
∫

F (r) · dr ⇔ F (r) =

(
−∂U

∂x
, −∂U

∂y
, −∂U

∂z

)
(6.2.32)

Ͱද͞ΕΔεΧϥʔؔ U ͕ ͰͷϙςϯγϟϧΤωϧΪʔͰ͋Δɽݩ࣍3

͜͜Ͱ
∂

∂x
ͳͲภඍͱ͍͍ɼʮଞͷมݻఆͯ͠ x ͷΈඍ͢Δʯͱ͍͏ҙຯͷه߸Ͱ͋Δɽ·

ͨɼεΧϥʔؔʹֻ͔Δඍه߸ (
∂

∂x
,

∂

∂y
,

∂

∂z

)
(6.2.33)

ͷ͜ͱΛ

grad ·ͨ∇ (6.2.34)

ͱॻ͍ͯ

F = −gradU, ·ͨ F = −∇U (6.2.35)

ͱද͢͜ͱଟ͍ɽ

6.3 ϙςϯγϟϧͱӡಈͷ֓ܗ

͔͜͜Β·ͨ ॳ࠷ͱܗΔɽӡಈํఔࣜΛ͖ͪΜͱղ͔ͳͯ͘ɼϙςϯγϟϧͷ͑ߟͯͬݶʹݩ࣍1

ͷΤωϧΪʔ͕Θ͔Εɼӡಈͷେ·͔ͳ༷ࢠΛ͔ͭΉ͜ͱ͕Ͱ͖ΔɽͳͥͳΒɼอଘྗͷΈ͕

ಇ͍͍ͯΔ߹ʹྗֶతΤωϧΪʔ͕อଘ͠ɼ

1

2
mv2 + U(x) = E ⇔ 1

2
mv2 = E − U(x) (6.3.1)

͕Γཱ͕ͭɼ
1

2
mv2 θϩ·ͨਖ਼ͳͷͰ

E − U(x) ≥ 0 ⇔ U(x) ≤ E (6.3.2)

Λຬͨ͢ൣғ͔͠ɼମӡಈͰ͖ͳ͍͜ͱ͕Θ͔Δ͔ΒͰ͋Δɽ

ମ͕ӡಈ͢Δͱ͖ɼ࠷ॳʹֶྗ͍ͨͯͬ࣋తΤωϧΪʔ E ӡಈΤωϧΪʔͱϙςϯγϟϧΤωϧ

ΪʔʹׂΓৼΒΕΔɽͦͷׂ߹࣌ʑࠁʑมԽ͢Δ͕ɼ߹ܭɼ͢ͳΘͪྗֶతΤωϧΪʔ͕ҰఆͰ͋

Δ͜ͱʹมΘΓͳ͍ɽ

ମͷ͕θϩʹͳͬͯӡಈΤωϧΪʔ͕θϩͷͱ͖ɼU(x) = Eɼͭ·ΓྗֶతΤωϧΪʔ͕

શ෦ϙςϯγϟϧΤωϧΪʔʹͳ͍ͬͯΔͣͰ͋Δɽ͏ݴʹٯͱɼྗֶతΤωϧΪʔ E ͱϙςϯγϟ

ϧΤωϧΪʔ U(x) ͕͘͠ͳͬͨͱ͖ʹମͷθϩʹͳͬͯɼಈ͖͕Ұॠࢭ·ΔɽৼΓ࠷͕ࢠ

ɼޙΔͱ͖Ͱ͋ΔɽͦͷҰॠͷ·ࢭʹདྷͨͱ͖ɼͶʹ͚ΒΕ͓ͨΓ͕ৼಈͷͰҰॠߴ

ମٯଆʹ͍͖ͬͯɼӡಈ͕Ұॠࢭ·ͬͨॴΛΓӽ͑ͯ͞ΒʹਐΈ࢝ΊΔΑ͏ͳ͜ͱͳ͍ɽ࠷

ॳʹֶྗ͍ͨͯͬ࣋తΤωϧΪʔΑΓେ͖ͳΤωϧΪʔ͕ඞཁʹͳͬͯ͠·͏͔ΒͰ͋Δɽͳ͍କ

ৼΕͳ͍Ҏ্ɼ࠷ॳʹֶྗ͍ͨͯͬ࣋తΤωϧΪʔͰͬͯɼͲͷൣғΛಈ͚Δ͔͕ܾ·ͬͯ͠·͏ͷ

Ͱ͋Δɽ
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x

U(x) =
1

2
kx

2

0

U(x)

E =
1

2
kA

2

A−A

ਤ 6.4: Ͷͷ෮ྗݩʹΑΔϙςϯγϟϧɽମͷಈ͖ํɼ͜ͷϙςϯγϟϧͷܗΛͨ͠ೖΕͷதΛ

Δମͷ x ͷಈ͖ͱಉ͡Ͱ͋Δɽํ

ྫɿ୯ৼಈ͢ΔମͷϙςϯγϟϧΤωϧΪʔͱৼಈͷൣғ

͜Ε·ͰʹԿѻ͖͕ͬͯͨɼຎࡲͷͳ͍ਫฏ໘Ͱ୯ৼಈ͢Δ࣭ྔ m ͷମʹ͍ͭͯ

ΔɽମͶఆ͑ߟ k ͷͶʹ͚ͭΒΕ͍ͯΔͱ͢Δɽ͜ͷͱ͖Ͷ͕ࣗવͱͳΔͱ

͜ΖΛৼಈͷݪͱͯ͠ x ࣠ΛͱΔͱ

ମͷӡಈΤωϧΪʔ : K =
1

2
mv2 (6.3.3)

ମͷϙςϯγϟϧΤωϧΪʔ : U =
1

2
kx2 (6.3.4)

Ͱ͋ΓɼྗֶతΤωϧΪʔͪΖΜ E = K + U Ͱ͋Δɽ

ॳɼͶΛ࠷ x = A ·Ͱ৳͔ͯ͠ΒͦͬͱखΛͨ͠ͱ͢Δͱɼͨ͠ॠ͕ؒθ

ϩͳͷͰɼྗֶతΤωϧΪʔ

E =
1

2
m · 02 + 1

2
kA2 = E ∴ E =

1

2
kA2 (6.3.5)

Ͱ͋ΔɽͶͷ෮ྗݩʹΑΔϙςϯγϟϧΛਤࣔ͢Εਤ 6.4 ͷΑ͏ʹͳΔ͕ɼମͷৼಈ

ͷ༷ࢠ͜ͷϙςϯγϟϧͷܗΛͨ͠ೖΕͷதΛΔମͷಈ͖Λ x Өࣹͨ͠ʹํ࣠

ͷͱಉ͡ʹͳΔɽମ͕ӡಈͰ͖Δൣғ U(x) ≤ E Λຬͨ͢͜ͱ͔Β−A ≤ x ≤ A ʹͳ

Δɽ͜Εಈ͖࢝Ίͨͱ͖ʹֶྗ͍ͨͯͬ࣋తΤωϧΪʔ E = 1
2kA

2 Λ͑ͯӡಈ͢Δͱ

Ͱ͖ͳ͍͔ΒͰ͋Δɽ

Ґஔ x ʹ͓͍ͯମ͕ड͚ΔྗͶͷ෮ྗݩ −kx Ͱ͋Δ͕ɼ͜Εอଘྗ F ͱϙςϯ

γϟϧ U ͷؔ F = −dU
dx Λ͍ࢥग़͢ͱɼਤ 6.4 ͷάϥϑͷઢͷ͖ʹͳ͍ͬͯΔ͜ͱ

ʹҙͯ͠΄͍͠ɽ


