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ୈ9ষ ճసʹؔΘΔྗɿྗͷϞʔϝϯτͱϕΫτϧ

ੵɹͦͷ2

9.1 ͸͡Ίʹɿ֯ӡಈྔͱճసͷӡಈํఔࣜ

• ճసΛҾ͖͢͜ىཁૉɿྗͷϞʔϝϯτʢτϧΫʣN = r × F

• ֯ӡಈྔͷఆٛɿ L = r × p ʢrɿ෺ମͷҐஔϕΫτϧɼpɿ෺ମͷӡಈྔϕΫτϧʣ

• ֯ӡಈྔ͸ϕΫτϧͳͷͰɼ͖޲ͱେ͖͞ʢ௕͞ʣΛ࣋ͭ

– ֯ӡಈྔͷ͖޲ɿճస࣠ͷ͖޲Λද͢ɽ

ͦͷճస࣠ΛӈͶ͡ͷਐΉ͖޲ͱͨ͠ͱ͖ʹɼӈͶ͕͡ճస͢Δํ޲ʹ෺ମ͸ճస͍ͯ͠Δɽ

– ֯ӡಈྔͷେ͖͞ɿ໘ੵ଎౓ͷ 2m ഒʢm ͸࣭ྔʣ

• ྗͷϞʔϝϯτʹΑͬͯɼ֯ӡಈྔ͕࣌ؒมԽ͢Δ ˠ ճసͷӡಈํఔࣜ dL

dt
= N

• ֯ӡಈྔอଘଇɿྗͷϞʔϝϯτ͕ͳ͍ɼ΋͘͠͸ଧͪফ͠߹ͬͯਖ਼ຯθϩͷͱ͖ɼ֯ӡಈྔ͸Ұ

ఆʹอͨΕΔʢN = 0 ͷͱ͖ɼL =Ұఆʣ

9.2 ֯ӡಈྔ

ྗͷϞʔϝϯτʢτϧΫʣr × F ͕ճసӡಈʹؔΘΔྔͰ͋Δ͜ͱ͸Θ͔Δ͕ɼ͜ΕΛՃ͑Δ͜ͱͰ

࣌ؒมԽ͢Δͷ͸ͲΜͳ෺ཧྔͳͷ͔ɽ

cf. ӡಈྔͷมԽͱྗ

ྗ F ΛՃ͑Δͱɼ෺ମͷӡಈྔ p ͕มԽ͢Δɽͭ·Γ

dp

dt
= F (9.2.1)

͕੒Γཱͭɽ͜Ε͕ຊདྷͷɼχϡʔτϯͷӡಈͷୈ 2๏ଇͰ͋Δɽӡಈྔ͸ p = mv ͷΑ͏

ʹ࣭ྔʹ଎౓Λ͔͚ͨ΋ͷͰ͋Γɼେ఍ͷ৔߹͸࣭ྔ͕Ұఆ஋ͳͷͰɼ

dp

dt
=

d(mv)

dt
= m

dv

dt
= F (9.2.2)

ͷΑ͏ʹɼඍ෼ͷ֎ʹ͘͘Γग़ͯ͠ॻ͍͍ͯΔɽ࣭ྔ͕ҰఆͰͳ͍৔߹ʹ͸͜ͷΑ͏ʹ࣭ྔ

Λඍ෼ͷ֎ʹग़͢͜ͱ͸Ͱ͖ͳ͍ɽ
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9.2.1 ֯ӡಈྔͷఆٛ

ྗͷϞʔϝϯτ r × F ΛՃ͑ͨ͜ͱͰมԽ͢Δ෺ཧྔΛ͚ͭݟΔͨΊʹɼӡಈํఔࣜm
dv

dt
= F Λ

ɽӡಈํఔࣜͷ྆ลͰ͏࢖ r ͱͷϕΫτϧੵΛऔΓ r × F ͷܗΛ࡞Δͱ

r ×m
dv

dt
= r × F (9.2.3)

⇔ m

(
r × dv

dt

)
= r × F (9.2.4)

ͱͳΔɽ m ͸ఆ਺ͳͷͰඍ෼ͷதʹग़͠ೖΕͰ͖Δ͜ͱΛ༻͍ͨɽ͜͜ͰϕΫτϧੵͷੑ࣭͔Β

d

dt
(r × v) = r × dv

dt
(9.2.5)

͕੒Γཱͭ͜ͱΛ༻͍Δɽͳ͓͜ͷࣜͷূ໌͸

d

dt
(r × v) =

dr

dt
× v + r × dv

dt
(∵ੵͷඍ෼ެࣜ) (9.2.6)

= v × v + r × dv

dt
(∵ v =

dr

dt
) (9.2.7)

= 0 + r × dv

dt
(∵ಉ͡ϕΫτϧಉ࢜ͷϕΫτϧੵ͸θϩ) (9.2.8)

ͷ௨ΓͰ͋Δɽͯ͞ɼ͜ͷ͜ͱ͔Βࣜ (9.2.4) ͸

m

(
r × dv

dt

)
= r × F ⇔ m

d

dt
(r × v) = r × F (9.2.9)

⇔ d

dt
(r ×mv) = r × F (9.2.10)

⇔ d

dt
(r × p) = r × F (9.2.11)

ͱมܗͰ͖Δɽ͜͜Ͱ m ͸ఆ਺ͳͷͰɼ਺ࣈͷ 1 ΍ 2 ͷΑ͏ʹඍ෼ͷத΍֎ʹग़͠ೖΕ͢Δ͜ͱ͕Ͱ

͖Δ͜ͱɼ·ͨӡಈྔ͕ p = mv ͱॻ͚Δ͜ͱΛͨͬ࢖ɽ

ͷࣜޙ࠷ (9.2.11) ΛݟΔͱɼ

ྗͷϞʔϝϯτ r × F ʹΑͬͯɼr × p ͱ͍͏෺ཧྔ͕࣌ؒมԽ͢Δ

͜ͱ͕Θ͔Δɽճసӡಈʹ͓͍ͯॏཁͰ͋Δͱ͑ߟΒΕΔ͜ͷྔ

r × p (9.2.12)

ͷ͜ͱΛ֯ӡಈྔͱݺͿɽ͜ͷྔΛ

L = r × p (9.2.13)

ͱ͠ɼྗͷϞʔϝϯτΛ

N = r × F (9.2.14)
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ͱॻ͘͜ͱʹ͢Δͱɼࣜ (9.2.11) ͸
dL

dt
= N (9.2.15)

ͱද͢͜ͱ͕Ͱ͖ɼ͜Ε͸ʮճసӡಈͷӡಈํఔࣜʯͱͰ΋ݺͿ΂͖΋ͷͰ͋Δɽ͜ͷํఔࣜ͸ɼ਺ࣜ

ͱͯ͠͸ฒਐӡಈͷӡಈํఔࣜ
dp

dt
= F ͱશ͘ಉ͡ܗΛ͍ͯ͠Δɽ͜ͷͨΊɼճసӡಈ΋͜Ε·Ͱͷฒ

ਐӡಈͱಉ͡Α͏ͳղੳํ๏Λ༻͍Δ͜ͱ͕Ͱ͖ΔɽฒਐӡಈʹݱΕΔ࣭ྔɼҐஔɼ଎౓ɼՃ଎౓ʹର

Ԡ͢Δ෺ཧྔ΋ଘ͢ࡏΔɽ࣍ճͷٛߨͰ͸֯ӡಈྔͷ෺ཧతҙຯͱ߹Θͤɼճసӡಈʹ͓͍࣭ͯྔͳͲ

ͷ໾ׂΛՌͨ͢෺ཧྔΛ঺հ͢Δɽ

9.2.2 ֯ӡಈྔͱ໘ੵ଎౓

֯ӡಈྔ L ͸ϕΫτϧྔ͕ͩɼͦͷ͖޲ͱେ͖͞͸ԿΛද͍ͯ͠Δͷ͔ɽ

ྫɿ౳଎ԁӡಈΛ͍ͯ͠Δ෺ମ

r

x

y
!"####$%&'
()*+,-'

∆t

ω∆t

1

2
r
2
ω∆t./012#3#'

ਤ 9.1: ౳଎ԁӡಈ͍ͯ͠Δ෺ମ͕࣌ؒ ∆t ʹඳ͘ઔܗɽ͜ͷ໘ੵ
1

2
r2ω∆tΛ࣌ؒͰׂΔ͜ͱͰ୯Ґ࣌

ؒ͋ͨΓͷ໘ੵɼ͢ͳΘͪ໘ੵ଎౓
1

2
r2ω ΛಘΔɽ

࣭ྔ m ͷ෺ମ͕ xy ฏ໘தͰɼ࠲ඪݪ఺Λத৺ͱͯ͠൒ܘ r ͷ౳଎ԁӡಈΛ͍ͯ͠Δɽ֯଎౓Λ ωɼ

t = 0 Ͱ r = (x, y, z) = (r, 0, 0) ʹ͍ͨͱ͢Δɽ͜ͷ৔߹ͷ֯ӡಈྔ͕Ͳ͏ͳΔ͔͑ߟΔɽ

෺ମͷҐஔϕΫτϧ͕ x ࣠ͱͳ֯͢͸ɼ࣌ࠁ t Ͱ͸ ωt Ͱ͋Δ͜ͱ͔Β

r(t) = (x(t), y(t), z(t)) = (r cosωt, r sinωt, 0) (9.2.16)

Ͱ͋Δɽ͜ΕΛඍ෼ͯ͠଎౓ v ΛٻΊɼͦΕʹ࣭ྔm Λֻ͚Ε͹ӡಈྔ p ͕

p(t) = mv = m
dr

dt
(9.2.17)

= (px(t), py(t), pz(t)) = (−mrω sinωt,mrω cosωt, 0) (9.2.18)
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ͷΑ͏ʹٻ·Δɽ͜ΕΒΑΓɼ֯ӡಈྔ͸

L = r × p =




r cosωt

r sinωt

0



×




−mrω sinωt

mrω cosωt

0



 =




0

0

mr2ω



 (9.2.19)

ͱͳΔ͜ͱ͕Θ͔Δɽ

ɼ֯ӡಈྔࠓ L = (Lx, Ly, Lz) ͸ɼz ੒෼͕ Lz = mr2ω Ͱɼx ੒෼ͱ y ੒෼͸θϩͰ͋Δɽ͜Ε͸ɼ

෺ମͷճసӡಈ͕ z ࣠Λճస࣠ͱͯ͠ɼxy ฏ໘಺Ͱ͍͖ͯىΔ͜ͱʹରԠ͍ͯ͠Δɽ

ճసํ޲͸ Lz = mr2ω > 0 ͳͷͰɼz ࣠ΛӈͶ͡ͷਐ޲ํߦͱͨ͠ͱ͖ʹɼӈͶ͕͡ճస͢Δ͖޲

Ͱ͋Δ͜ͱ͕Θ͔Δɽࠓͷճస͸ r = (r cosωt, r sinωt, 0) ͔ͩΒɼ࣮ࡍ xy ฏ໘಺ͰͦͷΑ͏ʹճస͠

͍ͯΔ͜ͱ͕Θ͔Δɽ΋͠ Lz < 0 Ͱ͋Ε͹ɼճసํ޲͸ͦΕͱ͖޲ٯͰ͋Δɽ

େ͖͞͸ |L| = mr2ω ͕ͩɼ͜Ε͸໘ੵ଎౓ͷ 2m ഒʹͳ͍ͬͯΔɽ໘ੵ଎౓ͱ͸ɼ෺ମͱݪ఺Λ݁

Ϳઢʢಈܘʣ͕୯Ґ࣌ؒ͋ͨΓʹʮ૟͘ʯ໘ੵͰ͋Δɽ͜ͷέʔεͷΑ͏ʹ౳଎ԁӡಈͳΒಈܘ͸ԁͷ

൒ܘͷ͜ͱͰɼ൒͕ܘ୯Ґ࣌ؒʹඳ͘ઔܗͷ໘ੵ͕໘ੵ଎౓ʹ͋ͨΔɽ

ਤ 9.1 ͸ɼ֯଎౓ ω Ͱ౳଎ԁӡಈ͍ͯ͠Δ෺ମΛද͢ɽ౳଎ԁӡಈ͍ͯ͠Δ෺ମͷಈܘ͸ɼ࣌ؒ ∆t

ͷؒʹ֯౓ ω∆t ಈ͘ɽΑͬͯઔܗͷ໘ੵ͸
1

2
r2ω∆t Ͱ͋Γɼֻ͔ͬͨ࣌ؒͰׂΕ͹୯Ґ࣌ؒลΓͷ໘

ੵ͕
1

2
r2ω ͩͱΘ͔Δɽ

ͳ͓໘ੵ଎౓ʹ͸ʮ଎౓ʯͱ͍͏ݴ༿͕͍͍ͭͯΔ͕ɼ໘ੵ଎౓͸୯Ґ࣌ؒ͋ͨΓͷ໘ੵͰ͋ͬͯɼ୯

Ґ࣌ؒ͋ͨΓͷ௕͞Ͱ͸ͳ͍ɽͭ·ΓMKSA ୯ҐͳΒ m2/s ͕໘ੵ଎౓ͷ୯ҐͰ͋ͬͯɼm/s Ͱ͸ͳ

͍ͷͰ஫ҙͯ͠ཉ͍͠ɽ

9.2.3 ໘ੵ଎౓ͱέϓϥʔͷୈ 2๏ଇ

έϓϥʔ͸ɼଠཅܥͷ࿭੕ʹ͸ҎԼͷ 3ͭͷ๏ଇ͕੒Γཱͭ͜ͱΛݟൈ͍ͨɽ

ୈ 1๏ଇ ࿭੕ͷيಓ͸ɼଠཅΛয఺ͷ̍ͭͱ͢ΔପԁيಓͰ͋Δɽ

ୈ 2๏ଇ ࿭੕ͱଠཅΛ݁Ϳಈ͕ܘඳ͘໘ੵ଎౓͸ҰఆͰ͋Δɽ

ୈ 3๏ଇ ࿭੕ͷެసपظͷ 2৐ͱɼެసيಓͷ௕൒ܘͷ 3৐ͷൺ͸શͯͷ࿭੕ʹ͍ͭͯҰ

ఆͰ͋Δɽ

͜ͷ͏ͪୈ 2๏ଇʹ໘ੵ଎౓ؚ͕·Ε͍ͯΔɽ͜Ε͸࿭੕ͷيಓ͸ਤͷΑ͏ʹପԁيಓͰ͋Γଠཅͱ

ͷڑ཭΍଎౓͸࣌ʑࠁʑมԽ͢Δ͕ɼͲͷ࣌ؒʹ͓͍ͯ΋ಈ͕ܘ୯Ґ࣌ؒʹ૟͘໘ੵ͸ҰఆʹͳΔͱ͍

͏΋ͷͰ͋Δɽਤ 9.2Ͱઆ໌͢Δͱɼ఺ A ͔Β఺ A’ɼ఺ B ͔Β఺ B’ɼ఺ C͔Β఺ C’ ʹҠಈ͢Δ·

Ͱʹ͸ͲΕ΋࣌ؒ ∆t ֻ͚͔ͩͬͨͱ͢Δɽ͜ͷͱ͖ʹಈ͕ܘඳ͘ઔܗ͸ͦ͜ܗҧ͏͕ɼ໘ੵ͕ಉ͡ʹ

ͳΔͱ͍͏͜ͱͰ͋Δɽ͜Ε͸ޙͰड़΂ΔΑ͏ʹɼ஍ٿ΍ଞͷ࿭੕͸ଠཅ͔Βສ༗ҾྗΛड͚ͯӡಈ͠

͍ͯΔ͜ͱʹΑΔɽສ༗Ҿྗ͸ʮத৺ྗʯͱݺ͹ΕΔλΠϓͷྗͰɼڑ཭ʹͷΈґଘ֯͠౓ʹ͸ґΒͳ

͍ɽ͜ͷΑ͏ͳྗͷԼͰ͸֯ӡಈྔ͕ҰఆʹͳΔͷ͕ͩɼ֯ӡಈྔͱ໘ੵ଎౓͸ఆ਺ഒͷҧ͍͔͠ͳ͍

ͷͰ໘ੵ଎౓΋ҰఆʹͳΔɽ
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ਤ 9.2: ࿭੕ͷެస͸໘ੵ଎౓ҰఆଇΛΈͨ͢ɽ఺ A͔Β A’ɼ఺ B͔Β Bɼ఺ C͔Β C ʟʹ͸ɼͲΕ

΋ಉֻ͚͔࣌ؒͩͬͯ͡Ҡಈ͍ͯ͠Δɽ

9.3 ճసͷӡಈํఔࣜͱ֯ӡಈྔอଘଇ

ճసͷӡಈํఔࣜ
dL

dt
= N (9.3.1)

ΛݟΔͱɼྗͷϞʔϝϯτʢτϧΫʣN ͕ͳ͍ͱ͖ɼ·ͨ͸ଧͪফ͠߹ͬͯਖ਼ຯθϩʹͳΔͱ͖ɼ

dL

dt
= 0 ⇔ L =Ұఆ (9.3.2)

ͱͳΔ͜ͱ͕Θ͔ΔɽจষͰ·ͱΊΔͱ

෺ମʹಇ͘ྗͷϞʔϝϯτʢτϧΫʣ͕ͳ͍ɼ·ͨ͸ਖ਼ຯθϩͷͱ͖ɼ෺ମͷ֯ӡಈྔ͸Ұ

ఆʹอͨΕΔ

ͱͳΔɽ͜ΕΛ֯ӡಈྔอଘଇͱ͍͏ɽ

έϓϥʔͷୈ 2๏ଇͰ͋Δ໘ੵ଎౓Ұఆଇ͕੒Γཱͭͷ͸ɼ஍ٿͳͲͷ࿭੕ʹଠཅ͔Βಇ͘ສ༗Ҿྗ

ͷϞʔϝϯτ͕θϩͰ͋Γɼ֯ӡಈྔ͕อଘ͢ΔͨΊͰ͋Δʢ֯ӡಈྔ͸໘ੵ଎౓ͷ 2m ഒͳͷͰm ͕

ҰఆͰ͋ΔݶΓɼ֯ӡಈྔ͕อଘ͢Δͱ͖໘ੵ଎౓΋อଘ͢Δʣɽ


