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ୈ6ষ ϙςϯγϟϧΤωϧΪʔͱྗֶతΤωϧΪʔ

อଘଇ

6.1 ͸͡Ίʹ

ͱΤωϧΪʔʹؔ͢Δཁ఺Λ·ͱΊΔɽࣄ࢓

• ࣄ࢓ = ͦΕΛ༩͑ΒΕͨ෺ମ͕ͲΕ͚ͩ֎෦ʹӨڹΛٴ΅ͤΔ͔Λද͢ɽࣜͰ͸W = F · r

• Λ͞Εͨ෺ମʹ͸ΤωϧΪʔ͕஝͑ΒΕΔࣄ࢓

• ྗֶͰѻ͏ΤωϧΪʔͷछྨ

– ӡಈΤωϧΪʔɿK = 1
2mv2

– ϙςϯγϟϧΤωϧΪʔʢҐஔΤωϧΪʔʣɿU(x)

ʢॏྗʹΑΔ΋ͷɼ͹Ͷͷ෮ྗݩʹΑΔ΋ͷͳͲʣ

– ྗֶతΤωϧΪʔ = ӡಈΤωϧΪʔ + ϙςϯγϟϧΤωϧΪʔ

• ෺ମʹ֎෦͔Βࣄ࢓Λ༩͑Δͱɼ෺ମͷӡಈΤωϧΪʔ͕มԽ͢ΔɿW = 1
2mv2 − 1

2mv20

• ϙςϯγϟϧΤωϧΪʔ͸ɼอଘྗʹ͔͞Βͬͯ͢Δࣄ࢓ʹΑͬͯ஝͑ΒΕΔ

• ϙςϯγϟϧΤωϧΪʔΛඍ෼ ˠ อଘྗʢʹϚΠφεΛ͚ͭͨ΋ͷʣɿF (x) = −dU(x)
dx

• ྗֶతΤωϧΪʔอଘଇ͸ӡಈํఔࣜΛੵ෼͢Δ͜ͱͰಋ͔ΕΔ

• ϙςϯγϟϧͷܗΛݟΕ͹෺ମͷӡಈͷ͓͓·͔ͳ༷͕ࢠΘ͔Δ

6.2 ϙςϯγϟϧΤωϧΪʔʢҐஔΤωϧΪʔʣͱྗֶతΤωϧΪʔอଘଇ

6.2.1 อଘྗ

෺ମʹՃ͑ΒΕΔྗ͕ɼ෺ମͷҐஔͷΈͰܾ·Δ৔߹͕Α͋͘ΔɽͦͷΑ͏ͳྗΛอଘྗͱΑͿɽ

อଘྗͷྫ

• ஍දۙ͘Ͱͷॏྗɿେ͖͞ mg ʢҰఆʣ

• ࣗવ௕͔Β x ͚ͩ৳ͼͨʢ·ͨ͸ॖΜͩʣ͹Ͷͷ෮ྗݩ ɿkx
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• ࣭ྔM ͷ෺ମ͔Β r ͚ͩ཭Εͨ஍఺Ͱ࣭ྔ mͷ෺ମ͕ड͚Δສ༗Ҿ ɿྗେ͖͞ G
Mm

r2

• ྔؾి Q ͷ෺ମ͔Β r ͚ͩ཭Εͨ஍఺Ͱిྔؾ q ͷ෺ମ͕ड͚ΔΫʔϩϯྗɿେ͖͞
1

4πε0

qQ

r2

อଘྗ͸ҐஔͷΈͷؔ਺ͳͷͰ F (x, y, z) = F (r) ͱॻ͚Δɽ1࣍ݩͳΒ F (x) ͱ͔ F (r) ͷΑ͏ʹ

ͳΔɽ

ͱ͜ΖͰɼอଘྗͰͳ͍ྗ΋͍͘ΒͰ΋͋Δ͕ɼٛߨͰग़͖ͯͨ଎౓ʹൺྫ͢Δ఍ྗ߅ −kv ͸ͦͷ

ҰͭͰ͋Δɽ࣮͜ࡍͷྗ͸ҐஔͷΈʹґଘͤͣɼ଎౓ͷؔ਺ʹͳ͍ͬͯΔʢF (x) Ͱͳ͘ɼF (v) ͱͳͬ

͍ͯΔʣɽଞʹ΋ɼ෺ମؒʹಇ͘ಈຎྗࡲ΋ͦͷྫͰ͋Δɽ͜Ε͸૬ର଎౓ʹґଘͤͣҰఆ஋ΛऔΔ͕ɼ

ӡಈͷ͖޲ʹґଘ͢Δੑ࣭Λ͓࣋ͬͯΓɼಉ͡Ұఆ஋Ͱ΋ӡಈͷ͖޲ʹ͸ґଘ͠ͳ͍ॏྗͱ͸ੑ࣭͕ҟ

ͳΔɽ·ͨɼϒϥϯί͕େ͖͘ৼΕΔΑ͏ʹλΠϛϯάΑ͘Ճ͑Δྗʢ= ࣌ؒʹґଘ͢Δྗʣͩͱ͔ɼ

ΊΔΑ͏ʹϒϨʔΩΛ͔͚ΔྗͳͲ΋ɼ໌Β͔ʹҐஔͷΈʹґଘ͢ΔྗͰ͸ͳ͍ɽࢭϒϥϯίΛʹٯ

͜͏͍ͬͨʮඇอଘྗʯ͕͋Δͱ͖͸ɼ࣍ͷઅͰड़΂ΔྗֶతΤωϧΪʔอଘଇ͸੒ཱ͠ͳ͍ɽຎࡲ

͕͋Ε͹ྗֶతΤωϧΪʔ͕೤ʹԽ͚͍ͯͬͯӡಈ͕ࢭ·ͬͯ͠·ͬͨΓɼ֎͔ΒΤωϧΪʔΛՃ͑ଓ

͚ͯৼಈΛ૿෯ͤͨ͞Γ͍ͯ͠Δঢ়گͰΤωϧΪʔ͕อଘ͠ͳ͍ͷ͸ཧղ͠қ͍ͱ͏ࢥɽ

6.2.2 ϙςϯγϟϧΤωϧΪʔ

෺ମʹอଘྗ͕Ճ͑ΒΕ͍ͯΔͱ͢Δͱɼӡಈํఔࣜ͸

ma = F (r) (6.2.1)

ͱͳΔɽ؆୯ͷͨΊ ΔͳΒɼ͑ߟͰݩ1࣍

ma = F (x) (6.2.2)

Ͱ͋ΔɽҎԼ͜ͷ৔߹ʹ͍ͭͯѻ͏ɽ্ͷࣜͷ྆ลʹ଎౓ v Λ͔͚Δͱ

m
dv

dt
v = F (x)v (6.2.3)

ͱͳΔ͕ɼӡಈΤωϧΪʔͷͱ͜ΖͰ΍ͬͨΑ͏ʹɼࠨล͸

m
dv

dt
v =

d

dt

(
1

2
mv2

)
(6.2.4)

ʹ౳͍͠ɽͦ͜Ͱ͜ͷ྆ลΛ࣌ؒͰੵ෼ͯ͠ΈΔͱ

∫
m
dv

dt
vdt =

∫
F (x)vdt ⇒

∫
d

dt

(
1

2
mv2

)
dt =

∫
F (x)

dx

dt
dt (6.2.5)

ͱͳΔ͕ɼޙ࠷ͷࣜͷӈล͸߹੒ؔ਺ͷੵ෼ʹͳ͍ͬͯΔͷͰ

∫
F (x)

dx

dt
dt =

∫
F (x)dx (6.2.6)
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ͷΑ͏ʹɼอଘྗ F (x) Λ x Ͱੵ෼ͨ͠΋ͷʹͳΔɽ·ͨࠨล͸ੵ෼Λ࣮ߦͰ͖ͯ
∫

d

dt

(
1

2
mv2

)
dt =

1

2
mv2 + C (6.2.7)

ͱͳΔɽ͜͜Ͱ C ͸ੵ෼ఆ਺Ͱ͋Δɽ·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 ΛվΊͯద౰ͳఆ਺ 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༝དྷ͸ɼҐஔͷΈͰܾ·ΔΤω

ϧΪʔͰ͋Δ͜ͱͱɼӡಈΤωϧΪʔͷΑ͏ʹͨݟ໨͔Β໌Β͔ͳΤωϧΪʔͰ͸ͳ͘ɼʮӡಈ͢Δೳྗ

ͱͯ͠ൿΊ͍ͯΔΤωϧΪʔʯͰ͋Δ͜ͱ͔Βདྷ͍ͯΔɽ

ͱ͜ΖͰ F (x) = −dU

dx
ΛݟΔͱɼdU

dx ͕ෛͳΒ F (x) ͸ਖ਼ʹͳΔɽͭ·ΓϙςϯγϟϧΤωϧΪʔ͕

Β͢Α͏ʹಇ͘ݮɼอଘྗ͸ಇ͘ɽอଘྗ͸ϙςϯγϟϧΤωϧΪʔΛ͔ͯͬ޲ʹ޲গ͢ΔΑ͏ͳํݮ

ͱͯ͑׵͍ݴ΋Α͍ɽྫ͑͹෺ମ͕஍ٿʹҾ͔ΕͯམԼ͢Δݱ৅Λ෺ମʹಇ͘ॏྗͰઆ໌͢Δ୅ΘΓʹɼ

෺ମ͕͍࣋ͬͯΔϙςϯγϟϧΤωϧΪʔ͕ݮগ͢Δํ޲΁ͱมԽ͍ͯ͘͠ͱղऍ͢Δ͜ͱ΋Ͱ͖Δɽ

6.2.3 ྗֶతΤωϧΪʔ͕อଘ͠ͳ͍ͷ͸ͲΜͳͱ͖͔ʁ

ྗֶతΤωϧΪʔ͕อଘ͢Δͷ͸ɼ෺ମʹಇ͘ྗ͕อଘྗͷΈͰ͋Δͱ͖ʹݶΔͱड़΂ͨɽͱ͍͏͜

ͱ͸อଘྗҎ֎ͷྗ͕ಇ͘৔߹ʹ͸ྗֶతΤωϧΪʔ͸อଘ͠ͳ͍͜ͱʹͳΔɽ

લʹड़΂ͨຎྗࡲ΍ۭؾ఍߅ͷΑ͏ʹอଘྗͰͳ͍ྗ͸ແݶʹ͋Δ͕ɼ͍ͯ͑ߟΔγεςϜͷ֎ଆ͔

Β෺ମʹՃ͑ΒΕΔྗ͸อଘྗͰ͸ͳ͍ɽ͜Ε͸ʮ֎ྗʯͱݺ͹ΕΔ͕ɼ͔͋ͨ΋ʮਆͷखʯͷΑ͏ͳ

΋ͷͩͱ͑ࢥ͹͍͍ɽྫ͑͹ʮนͷҰ୺ʹ͹ͶΛ͘͘Γ͚ͭɼଞ୺ʹ͓΋ΓΛ͚ͭΔɽͦΕΛਫฏͳচ

ͷ্Ͱৼಈͤ͞ΔʯͱݴΘΕͨΒɼొ৔ਓ෺͸จதʹग़͖ͯͨ͹Ͷɾ͓΋Γɾচɾน͚ͩͰɼ࠷ॳʹ͹

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

͏ɽྗֶతΤωϧΪʔ͕อଘ͢Δͷ͸ɼ֎ྗʹΑͬͯৼಈ͕࢝·ͬͯҎ߱ͷ࿩Ͱ͋Δɽ1

ͷ͔͍ͩͨͯͬ·ࢭॳ͸࠷Α͏ɽ͑ߟΔ෺ମΛԡͯ͠Ճ଎ͤ͞Δͱ͖Λ͍ͯͬ·ࢭʹͷ্ص౓͸ɼࠓ

ΒӡಈΤωϧΪʔ͸θϩͰɼԡ͞Εͯ଎౓Λ࣋ͭӡಈΤωϧΪʔ͕૿͑ͨͱ͍͏͜ͱ͸෺ମͷ࣋ͭྗֶ

తΤωϧΪʔ͸໌Β͔ʹ૿Ճ͍ͯ͠Δʢࠓɼصͷ্Ͱ͍ͯ͑ߟΔͷͰҐஔΤωϧΪʔ͸θϩɽ͜ͷͨΊ
ͳͷͰͦ΋ͦ΋ӡಈ͕࢝·Βͳ͍ɽ··ͨͬ·ࢭॳʹ·ͬͨ͘֎ྗΛ༩͑ͳ͚Ε͹ɼ͓΋Γ͸࠷1
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ʮӡಈΤωϧΪʔ = ྗֶతΤωϧΪʔʯͰ͋Δʣɽ͜ͷΤωϧΪʔͷ૿Ճ͸෺ମΛ֎͔Βԡͨ͠ࣄ࢓ʹ

ΑΔ΋ͷͰ͋Δɽ୭͔͕༨෼ʹԿ͔Λͨ͠ͷ͔ͩΒɼΤωϧΪʔ͕มԽ͢Δͷ͸౰વͩΖ͏ɽ

ཧղ͕೉͍͠ͷ͸ɼෛͷࣄ࢓ΛՃ͑Δͱ͖͔΋͠Εͳ͍ɽͳͥͳΒɼʮ֎͔Βࣄ࢓Λͨ͠ʹ΋ؔΘΒͣɼ

෺ମͷྗֶతΤωϧΪʔ͕૿Ճ͠ͳ͍ʯ͔ΒͰ͋Δɽ

ྫ͑͹ɼॏ͍ՙ෺Λͦͬͱচʹஔ͘ͱ͖Λ͑ߟΑ͏ɽखΛ཭ͯ͠͠·͑͹ՙ෺͸υεϯͱচʹམͪͯ

͠·͏ɽखͰ͍ͯ͑ࢧΔྗ͕ऑͯ͘΋ͦͬͱஔ͘͜ͱ͸Ͱ͖ͳ͍ͷͰɼԻ͕͠ͳ͍Α͏ʹͦͬͱஔ͘ͱ

͖ʹ͸ɼՙ෺ʹಇ͘ॏྗͱͪΐ͏Ͳಉ͡ʢ͘Β͍ͷʣྗΛ্͖޲ʹՃ͑ɼͦͷྗΛΩʔϓͭͭ͠ԼʹΏͬ

͘Γಈ͔͍ͯ͠Δ͸ͣͰ͋Δɽ͜ͷ৔߹ɼྗ͸্͖޲ʹՃ͍͑ͯΔ͚ΕͲ΋෺ମ͸Լ͖޲ʹಈ͍͍ͯΔɽ

ྗͷ͖޲ͱਐٯ͕޲ํߦͳͷͰɼ͜Ε͸ෛͷࣄ࢓Ͱ͋ΔɽW = |F ||r| cos θ ͷࣜͰ͑ݴ͹ɼྗ F ͱมҐ

r ͕ 180◦ ։͍͍ͯΔ͔Βɼ

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

ͷΑ͏ʹෛͷͩࣄ࢓ͱͯͬݴ΋Α͍ɽ

͜ͷ৔߹ɼ෺ମͷྗֶతΤωϧΪʔ͸࠷ॳ͍ߴҐஔʹ͋ͬͨͱ͖ΑΓ΋ݮগ͍ͯ͠Δɽʮՙ෺Λচʹͦͬ

ͱஔ͘ʯͨΊʹख͸ർΕΔʹ΋ؔΘΒͣɼ෺ମͷྗֶతΤωϧΪʔ͸૿͑ͳ͍ͷͩɽ͜Ε͸ʮচʹͦͬ

ͱஔͨ͘ΊʹՃ͑ͨྗʯ͕ɼॏྗͱ͍͏อଘྗͱ͖޲ٯͷྗ͔ͩͬͨΒͰ͋Δɽ

͞ߴ h ·Ͱ্࣋ͪ͛ͯ͋Δ࣭ྔ m ͷ෺ମʹྗΛՃ͑ͳ͕ΒιϩιϩͱΏͬ͘Γ஍໘ʹԼΖ͍ͯ͘͠

ͱ͢ΔͳΒɼॏྗՃ଎౓ͷେ͖͞Λ g ͱͯ͠෺ମʹ͸ॏྗ mg ͕ಇ͔͘Βɼ෺ମΛΏͬ͘ΓԼ͢ʹ͸্

ʹ͖޲ mg ΛՃ͑Ε͹Α͍ɽΑͬͯচʹஔ͘·Ͱʹ෺ମʹՃ͑Δࣄ࢓͸ W = −|F ||r| = −mgh ͱ͍͏

ෛͷࣄ࢓ʹͳΔɽ͜ͷࣄ࢓ʹΑͬͯɼ࠷ॳʹ͍࣋ͬͯͨྗֶతΤωϧΪʔ mgh ͕ͳ͘ͳͬͯ͠·ͬͨ

Θ͚Ͱ͋Δɽ

চʹஔ͍ͨՙ෺Λ্࣋ͪ͛ͯɼ࠶ͼচʹԼΖ͢ͱ͍͏ૢ࡞Ͱ΋ಉ༷ʹෆٞࢥͳ͕͢͡ײΔɽҰ୴࣋ͪ

্͔͛ͯΒԼΖͤ͹ɼ໌Β͔ʹख͸ർΕΔɽࣄ࢓Λͨࣗ͠෼͸ΤωϧΪʔΛফඅ͍ͯ͠Δͷʹɼ݁ہͷ

ͱ͜Ζՙ෺͸ʮচͷ্ʹஔ͔Ε͍ͯΔʯͱ͍͏࠷ॳͷঢ়ଶʹ໭ͬͨͷ͔ͩΒɼྗֶతΤωϧΪʔ͸૿͑

΋ݮΓ΋͍ͯ͠ͳ͍ɽҰ࿈ͷૢ࡞ʹΑͬͯർΕ͍ͯΔͷʹɼͦΕ͕ՙ෺͕࣋ͭΤωϧΪʔʹసԽ͍ͯ͠

ͳ͍ͷͩɽ

ྗʹ͍ͭͯॱ൪ʹ͚͍ͯ͑ߟ͹͜Ε͸ೲಘ͕͍͘ɽՙ෺ͷ࣭ྔΛ m ͱ͢Ε͹ɼՙ෺ʹ͸ॏྗ mg ͕

ಇ͍͍ͯΔɽͦ͜Ͱ࠷ॳʹՙ෺Λ্࣋ͪ͛Δͱ͖ɼ෺ମʹ͸࠷௿Ͱ΋େ͖͞ mg ͷྗΛՃ͑ͯͳ͚Ε͹

ͳΒͳ͍ɽ͜ͷྗΛՃ͑ͯ͞ߴ h ্͚ͩ࣋ͪ͛Δͱ͖ɼख͕͢Δࣄ࢓͸ mg × h ΑΓ mgh Ͱ͋Δɽ͜

ͷૢ࡞ʹΑͬͯɼՙ෺͸࠷ॳচʹஔ͔Ε͍ͯͨͱ͖ΑΓ΋mgh ͚ͩଟ͘ྗֶతΤωϧΪʔΛ࣋ͭ͜ͱ

ʹͳΔɽ2

͜͜Ͱ΋͠खΛ཭ͤ͹ɼՙ෺ʹՃΘΔྗ͸ॏྗͷΈͱͳΔɽՙ෺͸མԼΛ࢝ΊɼচʹυεϯͱམͪΔ

2͜ͷͱ͖ɼྗֶతΤωϧΪʔ͸อଘ͍ͯ͠ͳ͍͜ͱʹ஫ҙɽ࠷ॳ͸চͷ্ʹஔ͔Ε͍ͯͨͷͰɼচͷ͞ߴΛϙςϯγϟϧ

ΤωϧΪʔͷج४ʢͭ·Γচͷ͞ߴʹ͋Δͱ͖ϙςϯγϟϧΤωϧΪʔ͸θϩͩͱܾΊΔʣͱ͢Ε͹ɼ଎౓΋͍࣋ͬͯͳ͍ͷ

ͰྗֶతΤωϧΪʔ͸θϩͩͬͨ΋ͷ͕ɼmgh ͚ͩ૿͍͑ͯΔɽख͔Βͷྗͱ͍͏ඇอଘྗ͕ՃΘͬͨͷͰɼྗֶతΤωϧ

Ϊʔ͸อଘ͠ͳ͍ͷͰ͋Δɽ
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ͩΖ͏ɽͦͷͱ͖͸อଘྗͰ͋Δॏྗ͔͠ಇ͍͍ͯͳ͍ͷͰɼྗֶతΤωϧΪʔ͸อଘ͠ɼམԼ௚લͷ

ՙ෺ͷ଎౓͸
√
2gh ͱͳΔ͸ͣͰ͋Δɽ

ͷ͸ՙ෺͔ΒखΛ཭ͣ͞ʹɼΏͬ͘Γՙ෺ΛԼΖͯͦͬ͠ͱচʹஔ͘৔߹Ͱ͋Δɽ͜ͷͱ͍ͨ͑ߟࠓ

͖͸લʹड़΂ͨΑ͏ʹɼॏྗͱ௼Γ߹͏େ͖͞ mg ͷྗΛ্͖޲ʹՃ͑ͳ͕Βՙ෺ΛԼ͍͛ͯ͘͜ͱʹ

ͳΔɽͦͬͱচʹஔ͚ͨͳΒՙ෺ͷ଎౓͸θϩͩͬͨͱ͍͏͜ͱ͔ͩΒɼ౰ॳͷঢ়ଶʹ໭͓ͬͯΓɼՙ

෺ͷྗֶతΤωϧΪʔ΋θϩʹ໭͍ͬͯΔɽ͜Ε͸ɼՙ෺ΛচʹԼΖ͢ͱ͍͏ૢ͕ࣄ࢓͕ͨ͠࡞ −mgh

ͱ͍͏ෛͷ͔ͨͬͩࣄ࢓ΒͰ͋Δɽෛͷࣄ࢓ʹΑͬͯɼ্࣋ͪ͛ͨ͜ͱͰ͔ͤͬ͘஝͑ͨ mgh ͕ফඅ

͞Εͯ mgh−mgh = 0 ͱͳͬͨͷͰ͋Δɽ୯ͳΔె࿑ʹऴΘͬͨͱ͍͏͜ͱͩɽ

͜ͷΑ͏ʹɼࣄ࢓ΛՃ͑Ε͹͍ͭͰ΋ྗֶతΤωϧΪʔ͕૿͑Δͱ͸ݶΒͳ͍͜ͱʹ஫ҙͯ͠΄͍͠ɽ

ෛͷࣄ࢓΍ɼࣄ࢓θϩͱ͍͏͜ͱ΋͋Δͷͩɽ3 ୈ 1ষͷࣄ࢓ͷͱ͜ΖͰॻ͍ͨ͜ͱͷ܁Γฦ͠ʹͳΔ͕ɼ

͜͏ͳΔͷ͸ྗֶʹ͓͚Δࣄ࢓ͱ͸

෺ମʹྗΛՃ͑ͯঢ়ଶΛมԽͤͨ͜͞ͱͰɼͦͷ෺ମ͕पғͷڥ؀ʹӨڹΛٴ΅ͤΔΑ͏ʹ

ͳ͔ͬͨͲ͏͔

͔ͩΒͰ͋Δɽʮࣗ෼ͱͯ͠͸͜Ε͚ͩؤுͬͨʯΛ͍ͯݟΔͷͰ͸ͳ͘ɼͦͷૢ࡞ʹΑͬͯ෺ମ͕ͲΕ

͚ͩΤωϧΪʔΛ஝͔͑ͨɼͦͯͦ͠ͷΤωϧΪʔʹΑͬͯपғͷڥ؀ʹӨڹΛٴ΅ͤΔΑ͏ʹͳͬͨ

͔ʹ஫໨͍ͯ͠ΔͷͰ͋Δɽ೔ৗੜ׆Ͱ࢖ΘΕ͍ͯΔʮࣄ࢓ʯͱ͍͏ݴ༿ΛྗֶʹआΓ͖ͯͨͨΊʹʮͳ

Μͱͳ͘௚؍ͱ߹Θͳ͍ʯ͜ͱ͕͖ىΔ͕ɼΘ͔Βͳ͘ͳͬͨΒྗֶͰؾʹ͍ͯ͠Δࣄ࢓ͱ͸ͲΜͳ΋

ͷ͔ͩͬͨɼఆٛʹ໭ͬͯ֬ೝͯ͠΄͍͠ɽ

6.2.4 ϙςϯγϟϧΤωϧΪʔͷྫ

஍දۙ͘ͰͷॏྗʹΑΔϙςϯγϟϧΤωϧΪʔ

஍໘Λ࠲ඪݪ఺ͱ͠ɼԖ௚্͖޲ʹ x ࣠ΛுΔɽॏྗՃ଎౓ͷେ͖͞Λ g ͱ͢Δͱ͖ɼ࣭ྔ m ͷ෺

ମʹಇ͘ॏྗ͸ −mg ͱͳΔʢॏྗ͸࠲ඪ࣠ͱ͖޲ٯͰ͋Δ͜ͱʹ஫ҙʣɽ͜ͷྗ͸ҐஔͷΈʹґଘ͢

Δ͔Βʢͱ͍͏͔Ұఆ஋ͳͷͰʣอଘྗͷҰछͰ͋Δɽ

͜ͷอଘྗʹΑΔϙςϯγϟϧΤωϧΪʔ͸ɼఆ͔ٛΒ

U(x) = −
∫ x

F (x′)dx′ = −
∫ x

(−mg)dx′ = mgx+ C (C ͸ੵ෼ఆ਺) (6.2.13)

ͱͳΔɽϙςϯγϟϧΤωϧΪʔͷݪ఺ʢͭ·ΓɼͲͷҐஔͰϙςϯγϟϧΤωϧΪʔΛθϩͱ͢Δ͔ʣ

͸ࣗ༝ʹܾΊͯΑ͍ɽͳͥͳΒɼΤωϧΪʔ͸ઈରతͳྔͰ͸ͳ͘ɼ೚ҙͷೋͭͷঢ়ଶؒͷ૬ରతͳ΋

3෺ཧతͳϓϩηεͰ͸ͳ͍͕ɼ͜͏͍͏͜ͱ͸͠ΐͬ ͪΎ͏͋Δɽ΍Δ͚ͩແବͩͬͨࣄ࢓ʢ= θϩʣ΍ɼΉ͠Ζअࣄ࢓

ຐʹ͔͠ͳ͍ͬͯͳ͍ࣄ࢓ʢ= ෛͷࣄ࢓ʣ͸ࢸΔͱ͜ΖͰ͚͔ݟΔɽ॓୊΍Ϩϙʔτʹͯ͠΋ɼͲ͏ͤͳΒਖ਼ͷࣄ࢓ʹͳΔΑ

͏ʹ৺͕͚͍ͨ΋ͷͩɽਓͷϨϙʔτΛ͚ࣸͩ͢ͷʮࣸܦʯ΋ࣈ׽࿅श͘Β͍ʹ͸ͳΔ͔΋͠Εͳ͍͔Β͑ߟΑ͏ʹΑͬͯ͸

ਖ਼ͷ͕ͩࣄ࢓ɼਓؒ͸ࣗ෼ʹ౎߹ͷΑ͍͍ݴ༁Λ͍͘ΒͰ΋ۃ͍ͭ͘ࢥΊͯ༏लͳੜ෺Ͱ͋Δ͜ͱ͸๨Εͯ͸ͳΔ·͍ɽ
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ͷ͔ͩΒͰ͋Δɽͦ͜Ͱ x = 0 ΛϙςϯγϟϧΤωϧΪʔͷݪ఺ͱͯ͠ΈΔɽͭ·Γ x = 0 Ͱ U = 0

ͱͳΔΑ͏ʹੵ෼ఆ਺Λௐ੔͢Δͱ

0 = U(x = 0) = mg · 0 + C (6.2.14)

ΑΓ C = 0Ͱ͋Ε͹Α͍͜ͱ͕Θ͔Δɽ͜͏ͯ͠ɼ࠲ඪݪ఺Λج४ͱͨ࣌͠ͷϙςϯγϟϧΤωϧΪʔ͸

U(x) = mgx (6.2.15)

ͷΑ͏ʹܾ·Δɽ

ͱ͜ΖͰɼ͜ͷࢉܭͰ΋Θ͔ΔΑ͏ʹ

ϙςϯγϟϧΤωϧΪʔͱ͸ɼ෺ମΛ͋Δঢ়ଶʹ࣋ͬͯ࣌͘ߦʹอଘྗʹٯΒͬͯ͢Δࣄ࢓

ͷ͜ͱͰ͋Δɽྫ͑͹ɼ஍໘ʹஔ͔Εͨ෺ମ͕উखʹ্ঢΛ࢝ΊΔ͜ͱ͸ͳ͍ɽ෺ମΛ্ঢ͚ͤͨ͞Ε

͹୭্͔͕࣋ͪ͛ΔͳΓͯ͠ɼ֎ྗΛՃ͑ͳ͚Ε͹ͩΊͰ͋Δɽ͜ͷͱ͖ʹՃ͑Δ΂͖࠷খͷྗ͸ॏྗ

mg Ͱ͋Δɽ͜ͷྗͰιϩιϩͱΏͬ͘Γ্࣋ͪ͛ͯ͋͛Ε͹෺ମ͸্ঢ͠ɼ஍໘ΑΓ͍ߴҐஔʹདྷΔɽ

͔ͦ͜ΒखΛ཭ͤ͹෺ମ͸མԼΛ࢝ΊΔɽͭ·ΓӡಈΛ࢝ΊΔɽ෺ମ͕ӡಈΛ࢝ΊΒΕΔͷ͸ɼॏྗʹ

࢓ΒͬͯٯʹΒͰ͋Δɽͭ·Γɼॏྗͱ͍͏อଘྗ͔ͨͬߦҐஔ·Ͱ͍࣋ͬͯߴΒ͏ྗΛՃ͑ͯ෺ମΛٯ

ͰΤωϧΪʔ͕஝͑ΒΕͨͷͰ͋ΔɽܗΛͨ͜͠ͱʹΑΓɼ෺ମʹʮӡಈͰ͖ΔೳྗɾՄೳੑʯͱ͍͏ࣄ

͜ͷաఔ͕ϙςϯγϟϧΤωϧΪʔͷఆٛࣜ

U(x) = −
∫

F (x)dx =

∫
(−F (x))dx (6.2.16)

ʹද͞Ε͍ͯΔɽ−F (x) Λੵ෼͍ͯ͠Δ͕ɼ͜ͷϚΠφε͸ʮอଘྗ F (x) ͱେ͖͕͞౳͖ͯ͘͠޲ٯ

ͷྗʯΛද͠ɼੵ෼͕ʮͦͷྗͰͷࣄ࢓ʯΛද͍ͯ͠Δɽ

஫ 1ɿ

ʮ෺ମΛ্ঢͤ͞Δͷʹඞཁͳྗ͸ɼॏྗ mg ͱͪΐ͏Ͳಉ͡Ͱ͸ͳ͘ɼΘ͔ͣʹେ͖͘ͳ

͚Ε͹μϝͰͳͳ͍͔ʁʯͱ͍͏ҙݟ΋͋ΔͩΖ͏ɽ࣮ݱʹ͸ͦͷ௨ΓͰʮಈ͔࢝͠ΊΔ =

Ճ଎ͤ͞ΔʯͰ͋Δ͔ΒɼॏྗΑΓ΋Θ͔ͣʹେ͖ͳྗΛՃ͑ͳ͚Ε͹ಈ͖ग़͢͜ͱ͸ͳ͍

ͷ͕ͩɼ͜͜Ͱʮྗͷେ͖͞ͷ࠷খ஋͸ mgʯͱ͍ͯͬݴΔͷ͸ݶۃ஋ͷҙຯͰ͋Γɼ࣮ݱ

ʹͦ͏ͳΔ͔Ͳ͏͔Ͱ͸ͳ͘ɼʮ্࣋ͪ͛Δͷʹඞཁͳྗͷ࠷খ஋͸mg ʹ઴ۙ͢Δʯͱ͍͏

ҙຯͩͱղऍ͢΂͖΋ͷͰ͋Δɽ

ͳ͓ɼmg ΑΓ΋େ͖ͳྗͰ্࣋ͪ͛Ε͹෺ମ͸ͲΜͲΜՃ଎͢Δɽͦͷ৔߹͸ϙςϯγϟ

ϧΤωϧΪʔ͚ͩͰͳ͘ӡಈΤωϧΪʔ΋࣋ͬͯ͠·͏ɽࠓ͸ϙςϯγϟϧΤωϧΪʔͷ෼

͚ͩΛ७ਮʹऔΓग़͍ͨ͠ͷͰ͜ͷΑ͏ͳʮ࠷௿ݶͷྗʯͷΈΛ͍ͯ͑ߟΔɽͪ͜Β΋͋͘

·Ͱݶۃతͳૢ࡞Ͱ͋Γɼ࣮ݱʹ͸ʮશ͘ӡಈΤωϧΪʔΛ࣋ͨͤͣʹ෺ମΛ্ঢͤ͞Δʯ
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͜ͱ͸Ͱ͖ͳ͍ɽ໌Β͔ʹໃ६ͯ͠͠·͏ɽ͜͏ͨ͠ݶۃ஋ͱͯ͠ͷΈଘ͢ࡏΔཧ૝తͳม

ԽΛʮ४੩తաఔʯͱ͍͍ɼ೤ྗֶͰ͸ʮݧ࣮ߟࢥʯͱͯ͠ॏཁͳ໾ׂΛՌͨ͢ɽ

஫ 2ɿ

ϙςϯγϟϧΤωϧΪʔͷج४ΛܾΊΔࡍɼ্ͷྫͰ͸ෆఆੵ෼͓͍͔ͯͯ͠Βੵ෼ఆ਺Λ

ܾΊΔͱ͍͏ॱͰ͕ͨͬߦɼੵ෼ͷԼݶΛج४఺ʹ͓͍ͯͯ͠ఆੵ෼͢ΔͱࣗಈతʹܾΊΔ

͜ͱ͕Ͱ͖Δɽ࣮ࡍɼx = 0 Λϙςϯγϟϧͷج४ͱ͚ͨ͠Ε͹ఆੵ෼ͷੑ࣭͔Β

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)

Ͱ΋ͬͯϙςϯγϟϧΤωϧΪʔΛఆٛ͢Ε͹Α͍ɽ͜ͷఆٛͩͱU(x0) = 0 ʹͳΔͷ͸໌

Β͔Ͱ͋Δɽ

͹Ͷͷ෮ྗݩʹΑΔϙςϯγϟϧΤωϧΪʔ

0
x

x

ਤ 6.1: ୯ৼಈ͢Δ͓΋Γ

͹Ͷఆ਺ k ͷ͹Ͷʹ࣭ྔ m ͷ͓΋ΓΛ͚ͭͯ୯ৼಈͤ͞ΔέʔεΛ͜Ε·ͰԿ౓͔ѻ͖ͬͯͨɽ͜

ͷͱ͖ࣗવ௕͔Β x ͚ͩ৳ͼͨ͹Ͷ͕͓΋ΓʹՃ͑Δ෮ྗݩ΋·ͨɼอଘྗͷҰྫͰ͋Δɽ͜Ε·Ͱಉ

༷ɼਤ 6.1ͷΑ͏ʹ x ࣠ΛऔΔͱɼ͓΋Γ͕Ґஔ x ʹ͋Δͱ͖ʹड͚͍ͯΔอଘྗ͸ F (x) = −kx Ͱ

͋Δ͔Βɼ͜ͷ৔߹ͷϙςϯγϟϧΤωϧΪʔ͸΍͸ΓఆٛΑΓ

U(x) = −
∫
(−kx)dx =

∫
kxdx =

1

2
kx2 + C (C ͸ੵ෼ఆ਺) (6.2.19)

ͱͳΔɽ͹Ͷʹ৳ͼ͕ͳ͍ͱ͖ɼϙςϯγϟϧΤωϧΪʔΛθϩͱ͢Δͷ͕ࣗવͳͷͰʢผʹͦ͏͠ͳ

ͯ͘΋Α͍͕ʣɼੵ෼ఆ਺ C ͸

0 = U(x = 0) =
1

2
k · 0 + C = C (6.2.20)

ΑΓ C = 0 ͱܾ·ΔɽΑͬͯɼࣗવ௕ͷͱ͖Λج४ͱͯ͠ɼ͹ͶͷϙςϯγϟϧΤωϧΪʔ͸

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: ఺ʹஔ͔Εͨ෺ମ͔ΒɼҐஔݪ x ʹஔ͔Εͨ෺ମʹಇ͘ສ༗Ҿྗɽ

ਤ 6.2ͷΑ͏ʹ࠲ඪݪ఺ʹ࣭ྔ M ͷ෺ମ͕͋Γɼ͔ͦ͜Β x ͚ͩ཭Εͨͱ͜Ζʹ࣭ྔ m ͷผͷ෺ମ

͕͋Δɽ࣭ྔ M ͷଠཅ͕ݪ఺ʹ͍ͯɼ࣭ྔ m ͷ஍͔͕ͦ͜ٿΒڑ཭ x ͚ͩ཭Εͨͱ͜Ζʹ͍Δͱ͜

ΖΛ૝૾͢Ε͹Α͍ɽ

͜ͷͱ͖ɼ஍͕ٿଠཅ͔Βड͚Δສ༗Ҿྗ͸ɼສ༗Ҿྗఆ਺Λ G ͱͯ͠

େ͖͞ɿG
Mm

x2
, ɿ͖޲ − xํ޲ (6.2.22)

Ͱ͋ΔͨΊɼ஍͕ͭ࣋ٿɼສ༗Ҿྗ͔ΒͷϙςϯγϟϧΤωϧΪʔ͸

U(x) = −
∫ (

−G
Mm

x2

)
dx =

∫
G
Mm

x2
dx = −G

Mm

x
+ C (C ͸ੵ෼ఆ਺) (6.2.23)

ͱͳΔɽ

ϙςϯγϟϧΤωϧΪʔͷج४఺͕ͩɼສ༗Ҿྗͷ৔߹͸ x = ∞ ʹ͢Δ͜ͱ͕ଟ͍ɽͦ͏͓ͯ͘͠

ͱ͕ࣜ؆୯͔ͩΒͰ͋Δɽ࣮ࡍɼ

0 = U(x = ∞) = −G
Mm

∞ + C = 0 + C (6.2.24)

ͳͷͰɼx = ∞ Λج४఺ͱ͢ΔͨΊʹ͸ C = 0 ͱ͢Ε͹Α͍͜ͱ͕Θ͔Δɽ͜͏ͯ͠

U(x) = −G
Mm

x
(6.2.25)

ͱͳΔʢਤ 6.3ʣɽ

΋͠ɼx = x0 Λϙςϯγϟϧͷج४఺ͱ͚ͨ͠Ε͹

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
ͱ͍͏͔ࣜΒ΋ɼ·ͨਤ 6.3 ͔

Β΋໌Β͔ͳΑ͏ʹ஋͕ෛͰ͋ΔɽʮෛͷΤωϧΪʔʯͱ͍͏ͱԿͱͳ͘ෆࣗવʹ͑ࢥΔ͔΋

͠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

• ΤωϧΪʔʹઈରతͳ஋͸ͳ͘ɼ̎ͭͷঢ়ଶͷ૬ରతͳ͚ࠩͩʹҙຯ͕͋Δ

• ΤωϧΪʔ͕࠷େʹͳΔ x = ∞ ΛɼΤωϧΪʔͷج४఺ʹͱͬͨ

ͱ͍͏̎ͭͷཧ༝ʹΑΔ΋ͷͰ͋Δɽ

·ͣ 1ͭ໨ͷཧ༝͸ɼສ༗ҾྗͷϙςϯγϟϧΤωϧΪʔʹͨͬݶ࿩Ͱ͸ͳ͍ɽྫ͑͹صͷ

্ʹஔ͔Εͨϖϯ͕࣋ͭॏྗʹΑΔϙςϯγϟϧΤωϧΪʔ͸ɼ஍໘ͷ্ʹஔ͍ͨ৔߹ΑΓ

͸େ͖͍ͩΖ͏͕ɼఱҪͷ͞ߴ·Ͱ্࣋ͪ͛ͨͱ͖ΑΓ͸খ͍ͩ͞Ζ͏ɽ͜ͷͨΊɼ஍໘Λ

ܾʹ४ͱ͢Ε͹ʢͭ·Γ஍໘ʹஔ͔Εͨͱ͖ʹϙςϯγϟϧΤωϧΪʔΛθϩͱ͢Δ͜ͱج

ΊΕ͹ʣɼصͷ্ʹஔ͔ΕͨϖϯͷϙςϯγϟϧΤωϧΪʔ͸ਖ਼ʹͳΔɽٯʹɼఱҪͷ͞ߴ

·Ͱ্࣋ͪ͛ΒΕͨঢ়ଶΛϙςϯγϟϧΤωϧΪʔͷج४ʹͱΕ͹ɼصͷ্ʹஔ͔Εͨϖϯ

ͷϙςϯγϟϧΤωϧΪʔ͸ͦΕΑΓ͸খ͍͔͞Βෛͱ͍͏͜ͱʹͳΔɽ͔͠͠ɼʮصͷ্ʹ

ஔ͔ΕͨϖϯͷϙςϯγϟϧΤωϧΪʔ͸ɼ஍໘ʹஔ͍ͨ৔߹ΑΓ͸େ͖͘ɼఱҪͷ͞ߴ·

Ͱ্࣋ͪ͛ͨͱ͖ΑΓ͸খ͍͞ʯͱ͍͏૬ରతͳؔ܎͸มΘΒͳ͍ɽͦͯ͠ɼ͜ͷ͕ؔ܎ม

ΘΒͳ͍Ҏ্ɼఱҪͷ͞ߴ·Ͱ্࣋ͪ͛ͯखΛ཭ͨ͠ͱ͖ͷํ͕ɼصͷ্͔ΒϖϯΛམͱ͠

ͯ͠·ͬͨͱ͖ΑΓ΋ɼ஍໘ʹিಥ͢Δ௚લͰϖϯͷ଎౓͸େ͖͘ɼӡಈΤωϧΪʔ΋େ͖

͘ͳΔ͜ͱ͕Θ͔Δɽ͜ͷΑ͏ʹϙςϯγϟϧΤωϧΪʔͷ͚ࠩͩʹ෺ཧతҙຯ͕͋ΔͷͰɼ

ϙςϯγϟϧΤωϧΪʔ͕ෛʹͳΔ͜ͱࣗମ͸ົحͳ͜ͱͰ͸ͳ͍ͷͰ͋Δɽ

ສ༗ҾྗͷϙςϯγϟϧΤωϧΪʔͷ৔߹ɼࣜΛ୯७ʹ͢ΔͨΊʹ x = ∞ Λج४ʹͱͬͨɽ

͜ͷʮ̎ͭͷ෺ମ͕ແݶͷڑ཭͚ͩ཭Εͨঢ়ଶʯͱ͍͏ͷ͸ɼʮ࠷΋ΤωϧΪʔ͕͍ߴঢ়ଶʯ

Ͱ͋Δɽ஍໘ΑΓصͷ্ɼصͷ্ΑΓఱҪͷ͞ߴͷํ͕ΤωϧΪʔ͕͍ߴͷ͸௚؍తʹཧ

ղͰ͖Δͱ͕͏ࢥɼແ͚ͩݶ཭Εͨঢ়ଶͱ͍͏ͷ͸ͦͷ͞ߴΛͣͬͱԆ͹͍ͯͬͯ͠ɼӉ஦

ͷՌͯ·Ͱ͍࣋ͬͯͬͨঢ়ଶ͔ͩΒͰ͋Δɽ·ͨ͸ɼສ༗ҾྗͷͨΊʹ์͓͍ͬͯͨΒҾ͖
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͚ͭ߹͏̎ͭͷ෺ମΛҾ͖཭ͯ͠ແݶԕʹஔ͘ͱ͍͏ɼʮ࠷΋͋Γಘͳ͍ɼΤωϧΪʔͷߴ

͍ঢ়ଶʯʹ౰ͨΔͷ͕ x = ∞ ͚ͩ̎ͭͷ෺ମ͕཭Εͨঢ়ଶͰ͋ΔɽͦͷΑ͏ͳ࠷΋Τωϧ

Ϊʔͷ͍ߴঢ়ଶΛ U = 0 ͱ͍͏ΤωϧΪʔͷج४ʹऔͬͯ͠·ͬͨͷͰɼͦΕΑΓ΋Τω

ϧΪʔͷ௿͍ͦͷଞͷঢ়ଶ͸ɼඞવతʹෛͷϙςϯγϟϧΤωϧΪʔΛ࣋ͭ͜ͱʹͳͬͨͷ

Ͱ͋Δɽ͔͜͠͠ͷ৔߹΋ɼϙςϯγϟϧΤωϧΪʔͰ෺ཧతʹҙຯ͕͋Δͷ͸̎ͭͷঢ়ଶ

ͷ૬ରతͳࠩͷΈͳͷͰɼ஋͕ෛͰ΋ಛʹ໰୊͸ͳ͍ɽྫ͑͹ɼҐஔ A Ͱ U = −5JɼҐஔ

B Ͱ U = −8 J ͱ͍͏Α͏ͳ͜ͱ͕͋ΓಘΔ͕ɼ−5 ͱ͔ −8 ͱ͍͏਺ࣗࣈମʹ͸͋·Γҙ

ຯ͕ͳ͘ɼʮҐஔ A Ͱ͍࣋ͬͯΔϙςϯγϟϧΤωϧΪʔ͸ɼແݶԕʹ͍Δͱ͖ʹൺ΂ͯ 5

J ௿͍ʯͱ͔ɼʮҐஔ A ͱҐஔ B ͰͷϙςϯγϟϧΤωϧΪʔͷࠩ͸ 3 J ͰɼҐஔ A ʹ͍

Δͱ͖ͷํ͕͍ߴɽ͜ͷͨΊɼҐஔ B ʹ͍Δ෺ମΛҐஔ A ·Ͱ͍͖͚࣋ͬͯͨΕ͹ɼ࠷௿

Ͱ΋ 3 J ͷΤωϧΪʔΛ༩͑ͳ͚Ε͹ͳΒͳ͍ʯͱ͍ͬͨ͜ͱʹ෺ཧతҙຯ͕͋Δɽ

6.2.5 ϙςϯγϟϧΤωϧΪʔ͕ܦ࿏ʹΑΒͳ͍͜ͱ

͖ͪΜͱͨ͠ূ໌͸࣍ͷઅʹ͋Δʮઢੵ෼ʯΛ࢖Θͳ͍͜ͱʹ͸Ͱ͖ͳ͍͕ɼϙςϯγϟϧΤωϧΪʔ

͸ܦ࿏ʹΑΒܾͣ·Δͱ͍͏ੑ࣭͕͋Δɽྫ͑͹ɼ஍දۙ͘ͰͷॏྗʹΑΔϙςϯγϟϧΤωϧΪʔ͸

४ͱ͢Δͱ͖ɼجͰ্͔࣋ͪ͛ͨʹΑΒͳ͍ɽ஍໘Λ·͞ߴͰɼͦͷےͷΈͰܾ·ΓɼͲ͏͍ͬͨಓ͞ߴ

࣭ྔ m ͷ෺ମ͕͞ߴ h ͷ஍఺Ͱ࣋ͭϙςϯγϟϧΤωϧΪʔ͸ U = mgh Ͱ͋ΔΘ͚͕ͩɼ࠷ऴతʹ

͜ͷ஍఺ʹདྷΔͷͰ͋Ε͹ɼ௚ઢతʹͦ͜·ͰདྷΑ͏͕ɼάχϟάχϟͨ͠ಓΛ௨ͬͯ͜Α͏͕ɼ΋ͷ

͞ߴΒԼ͕͔ͬͯͯͬߦͰҰ౓·͞ߴ͍͢͝ h ͷ஍఺ʹམͪண͜͏͕ɼ෺ମ͕࣋ͭϙςϯγϟϧΤωϧ

Ϊʔ͸ U = mgh Ͱ͋Δɽ͜Ε͸ॏྗʹΑΔϙςϯγϟϧΤωϧΪʔ͚ͩͰͳ͘ɼ͋ΒΏΔϙςϯγϟ

ϧΤωϧΪʔʹڞ௨ͷੑ࣭Ͱ͋Δɽ

6.2.6 Ͱ͸ѻΘٛߨͰͷϙςϯγϟϧΤωϧΪʔͱྗֶతΤωϧΪʔอଘଇʢݩɿ3࣍ߟࢀ

ͳ͍ʣ

Ͱͷӡಈํఔࣜ͸ݩ3࣍ ma = F Ͱ͋Δ͕ɼӈลͷྗΛอଘྗ F (r) ͱ͠ɼ྆ลͰ଎౓ v ͱͷ಺ੵ

Λऔͬͯ࣌ؒͰੵ෼͢Δͱ
∫

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)

͕ ͷͱ͖ͱಉ༷ʹಘΒΕΔɽ͜ͷҰఆ஋Λݩ1࣍ 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 ͕ ͰͷϙςϯγϟϧΤωϧΪʔͰ͋Δɽݩ3࣍

͜͜Ͱ
∂

∂x
ͳͲ͸ภඍ෼ͱ͍͍ɼʮଞͷม਺͸ݻఆͯ͠ x ͷΈඍ෼͢Δʯͱ͍͏ҙຯͷه߸Ͱ͋Δɽ·

ͨɼεΧϥʔؔ਺ʹֻ͔Δඍ෼ه߸ (
∂

∂x
,

∂

∂y
,

∂

∂z

)
(6.2.33)

ͷ͜ͱΛ

grad ·ͨ͸∇ (6.2.34)

ͱॻ͍ͯ

F = −gradU, ·ͨ͸ F = −∇U (6.2.35)

ͱද͢͜ͱ΋ଟ͍ɽ

6.3 ϙςϯγϟϧͱӡಈͷ֓ܗ

͔͜͜Β·ͨ ॳ࠷ͱܗΔɽӡಈํఔࣜΛ͖ͪΜͱղ͔ͳͯ͘΋ɼϙςϯγϟϧͷ͑ߟͯͬݶʹݩ1࣍

ͷ଎౓΍ΤωϧΪʔ͕Θ͔Ε͹ɼӡಈͷେ·͔ͳ༷ࢠΛ͔ͭΉ͜ͱ͕Ͱ͖ΔɽͳͥͳΒɼอଘྗͷΈ͕

ಇ͍͍ͯΔ৔߹ʹ͸ྗֶతΤωϧΪʔ͕อଘ͠ɼ

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)

Λຬͨ͢ൣғ͔͠ɼ෺ମ͸ӡಈͰ͖ͳ͍͜ͱ͕Θ͔Δ͔ΒͰ͋Δɽ

෺ମ͕ӡಈ͢Δͱ͖ɼ࠷ॳʹ͍࣋ͬͯͨྗֶతΤωϧΪʔ E ͸ӡಈΤωϧΪʔͱϙςϯγϟϧΤωϧ

ΪʔʹׂΓৼΒΕΔɽͦͷׂ߹͸࣌ʑࠁʑมԽ͢Δ͕ɼ߹ܭ஋ɼ͢ͳΘͪྗֶతΤωϧΪʔ͕ҰఆͰ͋

Δ͜ͱʹ͸มΘΓͳ͍ɽ

෺ମͷ଎౓͕θϩʹͳͬͯӡಈΤωϧΪʔ͕θϩͷͱ͖͸ɼU(x) = Eɼͭ·ΓྗֶతΤωϧΪʔ͕

શ෦ϙςϯγϟϧΤωϧΪʔʹͳ͍ͬͯΔ͸ͣͰ͋Δɽ͏ݴʹٯͱɼྗֶతΤωϧΪʔ E ͱϙςϯγϟ

ϧΤωϧΪʔ U(x) ͕౳͘͠ͳͬͨͱ͖ʹ෺ମͷ଎౓͸θϩʹͳͬͯɼಈ͖͕Ұॠࢭ·ΔɽৼΓ࠷͕ࢠ

͸ɼ෺ޙΔͱ͖Ͱ͋ΔɽͦͷҰॠͷ·ࢭ఺ʹདྷͨͱ͖΍ɼ͹Ͷʹ෇͚ΒΕ͓ͨ΋Γ͕ৼಈͷ୺ͰҰॠߴ

ମ͸ٯଆʹ໭͍͖ͬͯɼӡಈ͕Ұॠࢭ·ͬͨ৔ॴΛ৐Γӽ͑ͯ͞ΒʹਐΈ࢝ΊΔΑ͏ͳ͜ͱ͸ͳ͍ɽ࠷

ॳʹ͍࣋ͬͯͨྗֶతΤωϧΪʔΑΓ΋େ͖ͳΤωϧΪʔ͕ඞཁʹͳͬͯ͠·͏͔ΒͰ͋Δɽͳ͍କ͸

ৼΕͳ͍Ҏ্ɼ࠷ॳʹ͍࣋ͬͯͨྗֶతΤωϧΪʔͰ΋ͬͯɼͲͷൣғΛಈ͚Δ͔͕ܾ·ͬͯ͠·͏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: ͹Ͷͷ෮ྗݩʹΑΔϙςϯγϟϧɽ෺ମͷಈ͖ํ͸ɼ͜ͷϙςϯγϟϧͷܗΛͨ͠ೖΕ෺ͷதΛ

Δ෺ମͷ׈ x ͷಈ͖ͱಉ͡Ͱ͋Δɽ޲ํ

ྫɿ୯ৼಈ͢Δ෺ମͷϙςϯγϟϧΤωϧΪʔͱৼಈͷൣғ

͜Ε·Ͱʹ΋Կ౓΋ѻ͖͕ͬͯͨɼຎࡲͷͳ͍ਫฏ໘Ͱ୯ৼಈ͢Δ࣭ྔ m ͷ෺ମʹ͍ͭͯ

Δɽ෺ମ͸͹Ͷఆ਺͑ߟ k ͷ͹Ͷʹ͚ͭΒΕ͍ͯΔͱ͢Δɽ͜ͷͱ͖͹Ͷ͕ࣗવ௕ͱͳΔͱ

͜ΖΛৼಈͷݪ఺ͱͯ͠ x ࣠ΛͱΔͱ

෺ମͷӡಈΤωϧΪʔ : K =
1

2
mv2 (6.3.3)

෺ମͷϙςϯγϟϧΤωϧΪʔ : U =
1

2
kx2 (6.3.4)

Ͱ͋ΓɼྗֶతΤωϧΪʔ͸΋ͪΖΜ E = K + U Ͱ͋Δɽ

ॳɼ͹ͶΛ࠷ x = A ·Ͱ৳͹͔ͯ͠ΒͦͬͱखΛ཭ͨ͠ͱ͢Δͱɼ཭ͨ͠ॠؒ͸଎౓͕θ

ϩͳͷͰɼྗֶతΤωϧΪʔ͸

E =
1

2
m · 02 + 1

2
kA2 = E ∴ E =

1

2
kA2 (6.3.5)

Ͱ͋Δɽ͹Ͷͷ෮ྗݩʹΑΔϙςϯγϟϧΛਤࣔ͢Ε͹ਤ 6.4 ͷΑ͏ʹͳΔ͕ɼ෺ମͷৼಈ

ͷ༷ࢠ͸͜ͷϙςϯγϟϧͷܗΛͨ͠ೖΕ෺ͷதΛ׈Δ෺ମͷಈ͖Λ x Өͨ͠΋ࣹʹ޲ํ࣠

ͷͱಉ͡ʹͳΔɽ෺ମ͕ӡಈͰ͖Δൣғ͸ U(x) ≤ E Λຬͨ͢͜ͱ͔Β−A ≤ x ≤ A ʹͳ

Δɽ͜Ε͸ಈ͖࢝Ίͨͱ͖ʹ͍࣋ͬͯͨྗֶతΤωϧΪʔ E = 1
2kA

2 Λ௒͑ͯӡಈ͢Δͱ

͸Ͱ͖ͳ͍͔ΒͰ͋Δɽ

Ґஔ x ʹ͓͍ͯ෺ମ͕ड͚Δྗ͸͹Ͷͷ෮ྗݩ −kx Ͱ͋Δ͕ɼ͜Ε͸อଘྗ F ͱϙςϯ

γϟϧ U ͷؔ܎ F = −dU
dx Λ͍ࢥग़͢ͱɼਤ 6.4 ͷάϥϑͷ઀ઢͷ͖܏ʹͳ͍ͬͯΔ͜ͱ

ʹ΋஫ҙͯ͠΄͍͠ɽ


