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10.1 ͸͡Ίʹɿ

• ྗͷϞʔϝϯτʹΑͬͯɼ֯ӡಈྔ͕࣌ؒมԽ͢Δ ˠ ճసͷӡಈํఔࣜ
dL

dt
= N

• ࣭ྔͷΑ͏ͳɼճసӡಈΛʮมԽͤ͞ʹ͘͘͢Δʯ෺ཧྔ ˠ Ϟʔϝϯτੑ׳

• Ϟʔϝϯτ͕Ұఆͷ৔߹ɼճసͷӡಈํఔࣜ͸ੑ׳ I
d2θ

dt2
= N

• ม͠ܗͳ͍ͱཧ૝Խ͞Εͨ෺ମ = ߶ମ

• ԁ΍ٿͳͲɼରশੑͷ͍ߴ߶ମ͸ੑ׳ϞʔϝϯτΛʢίϯϐϡʔλʔΛ࢖ΘͣʹʣࢉܭͰ͖Δ

• ߶ମ͕ӡಈ͢Δͱճస΋൐͏͜ͱ͕ଟ͍ͷͰɼฒਐӡಈͷӡಈํఔࣜ ma = F ͱճసͷӡಈํఔ

ࣜΛ૊Έ߹Θͤͯղ͘͜ͱʹͳΔɽ

10.2 Ϟʔϝϯτੑ׳

͜Ε·Ͱ͸̍ͭͷ࣭఺͕ճసӡಈ͢ΔέʔεΛ͕͖ͨͯ͑ߟɼ࣮ݱʹ͸؍ཡंͷΰϯυϥͷΑ͏ʹ͍

ͭ͘΋ͷ෺ମ͕Ұ੪ʹճస͢Δ͜ͱ΋͋Δ͠ɼϘʔϧ΍౵ͷΑ͏ʹ࣭఺ͱ͍͏ΑΓେ͖͞Λ࣋ͬͨ෺ମ

͕ճస͢Δ͜ͱ΋͋ΔɽͦΕΒͷճసӡಈ͸ 1ମͷճసӡಈΛ଍͠߹Θͤͨ΋ͷʹͳΓɼੑ׳Ϟʔϝϯ

τͱ͍͏෺ཧྔ͕ॏཁʹͳΔɽ

10.2.1 ࣭఺ܥͷ֯ӡಈྔͱੑ׳Ϟʔϝϯτ

͜͜Ͱ͸؍ཡंͷΑ͏ʹ͍͔ͭ͘ͷ࣭఺͕Ұ੪ʹճస͢Δ৔߹Λ͑ߟΔɽਤ 10.1ͷΑ͏ʹɼN ͷ࣭ݸ

఺͕ճస࣠ʹ෇͚ΒΕͯճస͍ͯ͠Δͱ͠Α͏ɽ؍ཡंͷΰϯυϥͳΒͲΕ΋ಉ࣭͡ྔͰɼಉ͡ճస൒

ͳ͍ͬͯΔͩΖ͏͕ɼ͜͜Ͱ͸ΑΓҰൠతͳέʔεͱ࣭ͯ͠఺ͷ࣭ྔ͸ͦΕͧΕʹܘ m1,m2, · · · ,mN

Ͱ͋Γɼ࣭఺ͱճస࣠Λ݁ͼ͚͍ͭͯΔ๮ͷ௕͞͸ r1, r2, · · · , rN ͱ͢Δɽ๮͸ܰͯ͘৳ͼॖΈ͠ͳ͍

ͱ͢Δɽ

ͯ͞ɼܥͷճస͕࣠ z ࣠Ͱ͋Γɼxy ฏ໘ͷதͰ֯଎౓ ω =
dϕ

dt
Ͱճస͍ͯ͠Δͱ͢Δɽ͜ΕҎ߱ɼ

֯଎౓ ω ͸ҰఆͰͳͯ͘΋Α͍΋ͷͱ͠Α͏ɽ͜Ε͸ٞ࿦ʹຊ࣭తͰ͸ͳ͍͕ɼͲ͏ͤͳΒඇ౳଎ͳԁ

ӡಈ·ͰҰൠԽ͓͖͍͔ͯͨ͠ΒͰ͋Δɽ
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x

y

θ

m1

m2
m3

m4
· · · mN

r1

r2
r3

r4 rN

ਤ 10.1: N ɽಉ֯͡଎౓ܥΒΕͨ͛ܨͷ࣭఺͕ҟͳΔ௕͞ͷ๮Ͱݸ ω =
dϕ

dt
Ͱճస͢Δɽ

࣭఺ 1 ͕࣋ͭ֯ӡಈྔ͸ 1ͭͷ࣭఺ͷճసͷͱ͖Λߟࢀʹͯ͠

L1 =




0

0

m1r21ω



 (10.2.1)

ͱͳΔɽͲͷ࣭఺΋ಉ͡ճస࣠ʹ͍͍ͬͭͯ͘ΔͷͰɼ֯଎౓͸ͲΕ΋ ω Ͱ͋Δɽ͜ΕΑΓܥશମͷ֯

ӡಈྔ͸ɼ࣭఺ 1ɼ2ɼ· · ·ɼN ͷ෼Λશ෦଍ͯ͠

L = L1 + · · ·+L2 + · · ·+LN (10.2.2)

=




0

0

m1r21ω +m2r22ω + · · ·+mNr2Nω



 (10.2.3)

=




0

0(∑N
j=1mjr2j

)
ω



 (10.2.4)

ͱͳΔɽ͜͜Ͱ

I =
N∑

j=1

mjr
2
j (10.2.5)

ͱॻ͘͜ͱʹ͢Δͱ

L =




0

0

Iω



 (10.2.6)

ͱ͖ͬ͢Γ·ͱΊΔ͜ͱ͕Ͱ͖Δɽ͜͜Ͱಋೖͨ͠ I =
∑

mjr2j ͷ͜ͱΛੑ׳Ϟʔϝϯτ ͱݺͿɽ

ճసͷӡಈํఔࣜ΁͜ͷ݁ՌΛ୅ೖ͢Δͱ

dL

dt
= N ⇔ d

dt




0

0

Iω



 =




0

0

N



 (10.2.7)
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͕Θ͔Δɽ͜͜Ͱɼ͍ͯ͑ߟࠓΔΑ͏ͳճసʹඞཁͳྗ͸ xy ฏ໘಺Ͱಇ͘ྗͰ͋ΓɼͦͷྗͷϞʔϝ

ϯτ͸ z ࣠ʹฏߦͱͳΔ͸ͣͳͷͰ N ͸ z ੒෼ͷΈ࣋ͭͱͨ͠ɽ1 ࣜ (10.2.7) ͷ z ੒෼ͷΈऔΓग़͢ͱ

d(Iω)

dt
= N (10.2.10)

ΛಘΔ͕ɼࠓͷέʔεͷΑ͏ʹɼੑ׳Ϟʔϝϯτ I ͕ҰఆͳΒํఔࣜ (10.2.10) Ͱ I Λඍ෼ͷ֎ʹग़͢

͜ͱ͕Ͱ͖ͯ

I
dω

dt
= N (10.2.11)

ͱͳΔɽ͜Ε΋ճసͷӡಈํఔࣜͷҰͭͷදݱͰ͋Δɽ͜ΕΛม͢ܗΕ͹

dω

dt
=

N

I
(10.2.12)

ͱͳΔ͕ɼ͜ΕΛχϡʔτϯͷӡಈํఔࣜΛ଎౓ v Ͱॻ͍ͨ΋ͷ

m
dv

dt
= F ⇔ dv

dt
=

F

m
(10.2.13)

ͱൺ΂Δͱɼͦͬ͘ΓͳܗͰ͋Δ͜ͱ͕Θ͔ΔɽΑͬͯճసӡಈʹ͓͍࣭ͯྔ m ͱಉ͡ಇ͖Λ͢Δͷ͕

Ϟʔϝϯτੑ׳ I Ͱ͋Γɼ

Ϟʔϝϯτ͸ɼճసӡಈͷมԽͤ͞ʹ͘͞Λද͢ੑ׳

ͱ͍͑Δɽੑ׳Ϟʔϝϯτ͕େ͖͍࣭఺͕͋ܥΔͱɼ࠷ॳʹࢭ·͍ͬͯͨͳΒͳ͔ͳ͔ճసͤ͞ΒΕͳ

͍͠ɼ࠷ʹٯॳ͔Βճస͍ͯͨ͠΋ͷ͸ͳ͔ͳ͔ࢭΊΒΕͳ͍͜ͱΛද͢ɽ࣭ྔ͕େ͖͍ͱͳ͔ͳ͔ಈ

͖ग़͞ͳ͔ͬͨΓɼ͢Ͱʹಈ͍͍ͯΔ΋ͷΛࢭΊΔͷ͕େมͰ͋Δ͜ͱʹରԠ͍ͯ͠Δɽ

10.2.2 Ϟʔϝϯτͱ֯ӡಈྔอଘଇੑ׳

ࣜ (10.2.10)ͰྗͷϞʔϝϯτ N ͕θϩͷ࣌

d(Iω)

dt
= 0 ⇔ Iω =Ұఆ (10.2.14)

ΛಘΔɽ͜Ε΋֯ӡಈྔอଘଇͷද͠ํͷͻͱͭͰ͋Δɽ
1xy ฏ໘಺ͰͷΈಇ͘ྗ͓ΑͼҐஔϕΫτϧ͸ z ੒෼Λ࣋ͨͳ͍ͨΊ

F =





Fx

Fy

0



 , r =





x

y

0



 (10.2.8)

ͱॻ͚Δ͸ͣͰ͋ΔɽΑͬͯྗͷϞʔϝϯτ͸

N = r × F =





x

y

0



×





Fx

Fy

0



 =





0

0

xFy − yFx



 (10.2.9)

ͷΑ͏ʹɼz ੒෼͔࣋ͨ͠ͳ͍ɽલճͷ॓୊ʹ͋ͬͨ୯ৼΓࢠͷ৔߹ͷྗͷϞʔϝϯτ΋ಉ͡Α͏ʹͳ͍ͬͯΔͷͰ෮शͯ͠

ཉ͍͠ɽ
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͜ͷࣜΛݟΔͱɼྗͷϞʔϝϯτ͕ಇ͔ͳ͍ͱ͖ɼੑ׳Ϟʔϝϯτͱ֯଎౓͕൓ൺྫ͢Δ͜ͱ͕Θ͔

ΔɽϑΟΪϡΞεέʔτͷબख͕εϐϯΛ͢Δͱ͖ɼණΛऽͬͯճస࢝͠Ίͨޙ͸଍ͰණΛऽ͍ͬͯͳ

͍ͷʹճస଎౓͕ͲΜͲΜ଎͘ͳΔͷΛͨ͜ݟͱ͕͋Δਓ΋͍Δ͔΋͠Εͳ͍ɽ͋Ε͸֯ӡಈྔอଘଇ

͕੒Γཱ͍ͬͯΔ͜ͱ͔Β͘Δݱ৅Ͱ͋Δɽճస࢝͠ΊΔͱ͖ʹ͸࿹Λੑ׳ͯ͛޿ϞʔϝϯτΛେ͖͘

͠ɼͦͷޙͰ࿹ΛମʹҾ͖͚ͭͯੑ׳ϞʔϝϯτΛখ͘͢͞Δͱɼ֯଎౓͕ੑ׳Ϟʔϝϯτʹ൓ൺྫ͠

ͯେ͖͘ͳΔͷͰ͋Δɽ

10.2.3 ճసͷӡಈํఔࣜͷද͠ํ

֯଎౓͸֯౓ͷ࣌ؒมԽͰ͋ΔɽҰఆͷ଎౓Ͱճస͢Δ৔߹ʹ͸ɼ֯౓ͷมԽΛ∆ϕɼมԽʹֻ͔ͬ

ͨ࣌ؒΛ ∆t ͱͯ͠

ω =
∆ϕ

∆t
(10.2.15)

ͰࢉܭͰ͖Δ͕ɼҰఆͷ଎౓Ͱͳ͍৔߹ʹ͸ඍ෼Λͯͬ࢖

ω =
dϕ

dt
(10.2.16)

Ͱఆٛ͞ΕΔɽ͜ΕΛ༻͍Δͱճసͷӡಈํఔࣜ͸

I
dω

dt
= N ⇔ I

d2ϕ

dt2
= N (10.2.17)

ͱ΋ॻ͚Δɽͪΐ͏Ͳ͜Ε͸

m
dv

dt
= F ⇔ m

d2x

dt2
= F (10.2.18)

ͱಉؔ͡܎Ͱ͋Δɽ͞Βʹɼ֯Ճ଎౓

α =
d2ϕ

dt2
(10.2.19)

ͱ͍͏ྔΛఆٛ͢Ε͹

m
d2x

dt2
= F ⇔ ma = F (10.2.20)

ͱಉ༷ʹɼճసʹ͍ͭͯ΋

I
d2ϕ

dt2
= N ⇔ Iα = N (10.2.21)

ͱॻ͘͜ͱ΋Ͱ͖Δɽ͍ͭͰʹ͏ݴͱɼΦϦδφϧͷܗͰ͋Δ

dL

dt
= N (10.2.22)

͸ɼ
dp

dt
= F (10.2.23)

ͱಉ͡ܗΛ͍ͯ͠Δɽද͢෺ཧྔͦ͜ҧ͏͕ํఔࣜͷ͕ܗಉ͡ͳͷͰɼ͜Ε·Ͱʹֶशͨ͠ղ๏Λ׆༻

͢Δ͜ͱ͕Ͱ͖Δɽ
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10.3 ࿈ଓମͷੑ׳Ϟʔϝϯτ

࣭఺ͱ͕͍ͪɼେ͖͞Λ࣋ͭ෺ମͰม͕ܗͳ͍ͱۙࣅͰ͖ΔΑ͏ͳʮ͔͍ͨ෺ମʯΛ߶ମͱݺͿɽີݫ

ͳҙຯͰͷ߶ମ͕࣮ݱʹଘ͢ࡏΔΘ͚Ͱ͸ͳ͍͕ɼ߶ମͱۙͯ͠ࣅӡಈΛࢉܭͰ͖Δ΋ͷ΋ࢁ΄Ͳ͋Δɽ

߶ମ΋΋ͱΛͨͩͤ͹ࢠݪ΍෼ࢠͷΑ͏ͳ࣭఺ͷू߹ମͰ͋Δ͕ɼͪͨࢲͷखͷͻΒΛࡉ๔ͷू߹ମ

Ͱ͸ͳ͘ɼ׈Β͔ͳൽෘͱݟΔ͜ͱ͕Ͱ͖Δͷͱಉ༷ʹɼ߶ମ΋׈Β͔ͳ࿈ଓମ͕ݻ·ͬͨ΋ͷݟͳ͠

γϯϓϧͳ࿈ଓମʹ͍ͭͯ͸ɼίϯϐϡʔ͕ܗͱ͍ͬͨɼ֪ٿ΍ٿͳ͍ɽ2ಛʹԁ൘΍ԁபɼ͑ࢧࠩͯ͠

λʔͰ਺஋͠ࢉܭͳͯ͘΋ੑ׳ϞʔϝϯτΛ͢ࢉܭΔ͜ͱ͕ՄೳͰ͋Δɽ

ଊ͑ํ ࣭఺ͷू߹ମ ࿈ଓମ
੒ཁૉͷ࣭ྔߏ ֤࣭఺ mi ඍখ෦෼ dm = ρ(r)dV

཭ڑ੒ཁૉ͔Βճస࣠·Ͱͷߏ ֤࣭఺͔Βͷڑ཭ ri ඍখ෦෼͔Βͷڑ཭ R(r)

શ࣭ྔ M =
N∑

i=1

mi M =

∫

߶ମ
dm =

∫

߶ମ
ρ(r) dV

Ϟʔϝϯτੑ׳ I =
N∑

i=1

mir
2
i I =

∫

߶ମશମ
dm R2(r)

஫ɿ͜͜Ͱ ri ͸֤࣭఺ͱճస࣠ͱͷڑ཭Ͱ͋Γɼ࣭఺ͷҐஔϕΫτϧͷେ͖͞ |ri| ͷ͜ͱͰ͸ͳ͍ͷ

ͰؾΛ͚ͭΔ͜ͱɽ

10.3.1 Ͱ͸ѻΘͳ͍ʣٛߨ͸ল͘ɽࡉϞʔϝϯτʹ͍ͭͯ੒Γཱͭఆཧʢৄੑ׳

(1) ฏ࣠ߦͷఆཧɿ I = IG +Mh2 ! IG

͜͜ͰɼIG ͸ॏ৺पΓͷੑ׳ϞʔϝϯτɼM ͸߶ମͷ࣭ྔɽh ͸ॏ৺͔Βճస࣠·Ͱͷڑ཭Λද

͢ʢਤ 10.2ʣɽ͜ͷఆཧ͔Β͸ɼॏ৺पΓͷੑ׳Ϟʔϝϯτ͕࠷΋খ͍͜͞ͱ΋͑ݴΔɽ

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

h

ਤ 10.2: ೚ҙͷճస࣠पΓͷੑ׳Ϟʔϝϯτ͸ɼॏ৺पΓͷੑ׳Ϟʔϝϯτͷ஋ͱɼ࣠ؒͷڑ཭Ͱࢉܭ

͢Δ͜ͱ͕Ͱ͖Δɽ

2΋ͪΖΜ߶ମͷૉࡐͷੑ࣭Λௐ΂ͨΓ͢Δͱ͖ʹ͸ͦΕΛ͍ͯͬ࡞Δࢠݪ΍෼ࢠʹ஫໨͠ͳ͚Ε͹ͳΒͳ͍ɽ෺ཧͱ͸ʮԿ

ΛҎͯԿΛݟΔ͔ʯͰ͋Δɽ
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(2) ബ൘ͷ௚ަ࣠ͷఆཧɿ Iz = Ix + Iy

͜͜Ͱ Ix, Iy, Iz ͸ɼxy ฏ໘্ʹ͕ͨͬ޿ബ͍൘ͷɼx, y, z ࣠पΓͷੑ׳Ϟʔϝϯτʢਤ 10.3ʣ

z

x

y

ਤ 10.3: ബ൘ʹؔ͢Δੑ׳Ϟʔϝϯτɽx, y ࣠पΓͷੑ׳ϞʔϝϯτΛՃ͑ͨ΋ͷ͕ z࣠पΓͷੑ׳Ϟʔ

ϝϯτʹҰக͢Δɽ

10.3.2 ͍Ζ͍Ζͳ߶ମͷੑ׳ϞʔϝϯτʢٛߨͰ͸݁ՌͷΈѻ͏ɽূ໌͸࣍અҎ߱ʣ

ҎԼͷΑ͏ͳܗঢ়ͷ߶ମʹ͍ͭͯ͸ɼੑ׳ϞʔϝϯτΛ؆୯ʹٻΊΔ͜ͱ͕Ͱ͖ΔɽͲͷ߶ମ΋಺෦

ͷີ౓͸ۉҰͰภΓͳͲ͸ͳ͍΋ͷͱ͢Δɽ

(1) ࣭ྔ M , ൒ܘ a ͷे෼ബ͍൘ͷத৺Λ௨Γ൘ʹਨ௚ͳ࣠पΓͷੑ׳ϞʔϝϯτɿI =
1

2
Ma2ʢਤ

10.4ʣ

(2) ࣭ྔ M , ൒ܘ a, ͞ߴ h ͷԁபͷத৺Λ௨Γԁபʹฏߦͳ࣠पΓͷੑ׳ϞʔϝϯτɿI =
1

2
Ma2ʢਤ

10.4ʣ

ʢͭ·Γ (1)ͱಉ͡஋ʹͳΔɽཧ༝Λͯ͑ߟΈΑʣɽ

ਤ 10.4: ԁ൘ͱԁபɽͲͪΒ΋࣭ྔ Mɼ൒ܘ rɽ



10.3. ࿈ଓମͷੑ׳Ϟʔϝϯτ 83

(3) ࣭ྔ M , ൒ܘ a ͷ͍ࡉԁྠͷத৺Λ௨Γԁʹਨ௚ͳ࣠पΓͷੑ׳Ϟʔϝϯτ͓Αͼ࣭ྔ Mɼ൒ܘ

a ͷബ͍ԁப֪ͷத৺Λ௨Γԁபʹฏߦͳ࣠पΓͷੑ׳ϞʔϝϯτɿI = Ma2

ԁྠͷத৺Λ௨Γɼԁͷ࡞Δฏ໘ʹԊ͏࣠पΓͷੑ׳Ϟʔϝϯτ͸ (1) ͱಉ͡ I =
1

2
Ma2ʢਤ 10.5ʣ

ਤ 10.5: ԁྠͷத৺Λ௨Γɼԁྠͷ࡞Δฏ໘ʹਨ௚ͳճస࣠ʢࠨʣ͓Αͼԁྠͷ࡞Δฏ໘ʹԊ͏ճస࣠

ʢӈʣɽͲͪΒ΋࣭ྔ Mɼ൒ܘ rɽ

(4) ࣭ྔ M , ൒ܘ a ͷٿͷத৺Λ௨Δ࣠पΓͷੑ׳ϞʔϝϯτɿI =
2

5
Ma2ʢਤ ʣࠨ10.6

(5) ࣭ྔ M , ൒ܘ a ͷബ͍֪ٿʢத͕͔ΒͬΆͷٿʣͷத৺Λ௨Δ࣠पΓͷੑ׳ϞʔϝϯτɿI =
2

3
Ma2

ʢਤ 10.6ӈʣ

ਤ 10.6: ɽͲͪΒ΋࣭ྔ֪ٿͱٿ Mɼ൒ܘ rɽ

(6) ࣭ྔ M , ௕͞ 2a ͷ͍ࡉ๮ͷத఺Λ௨Γ๮ʹਨ௚ͳ࣠पΓͷੑ׳ϞʔϝϯτɿI =
1

3
Ma2ʢਤ 10.7ʣ

ਤ 10.7: ௕͞ 2a ͷ๮

(7) ࣭ྔ M , ลͷ௕͕͞ AB= a, AD= b Ͱ͋ΔΑ͏ͳബ͍௕ํܗ ABCD ͷ൘ʹ͍ͭͯɼ

a. ൘ͷத৺Λ௨Γ௕ํܗͷล ABʹฏߦͳճస࣠ʹؔ͢Δੑ׳ϞʔϝϯτɿI =
1

12
Mb2ʢਤ ʣࠨ10.8

b. ൘ͷத৺Λ௨Γɼ൘ʹਨ௚ͳճస࣠पΓͷੑ׳ϞʔϝϯτɿI =
1

12
M(a2 + b2)ʢਤ 10.8ӈʣ
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!" #"

$"%"

a

b

!" #"

$"%"

a

b

ਤ 10.8: ௕ํܗͷੑ׳Ϟʔϝϯτ

10.3.3 ࣼ໘Λస͕Δ߶ମͷՃ଎౓

θ

x

ϕ

a

ਤ 10.9: ࣼ໘Λస͕Δ߶ମ

ਤ 10.9ͷΑ͏ʹɼ֯౓ θ ͷࣼ໘Λ࣭ྔ M , ൒ܘ a ͷ߶ମ͕׈ΒͣʹʢεϦοϓͤͣʹʣస͕Γམͪ

Δͱ͢Δɽ͜͜Ͱ߶ମͱͯ͠͸ɼٿɾԁபɾ֪ٿɾԁப֪ͷ 4ͭΛ͓ͯ͑ߟΓɼͦΕΒͷੑ׳Ϟʔϝϯ

τΛ·ͱΊͯ I ͱ͓ͯ͘͠ɽॏྗՃ଎౓ͷେ͖͞͸ g ͱͯ͠ɼͦΕΒͷՃ଎౓Λͯ͠ࢉܭΈΔɽ

߶ମͷӡಈํఔࣜΛཱͯΔͨΊʹɼ·ͣ߶ମʹಇ͘ྗΛ͑ߟΔɽ͜ͷ৔߹ɼ߶ମʹಇ͘ྗ͸Ԗ௚Լ޲

͖ͷॏྗ Mg ͱɼࣼ໘Լͷਨ௚ྗ߅ Nɼͦͯࣼ͠໘͔Βͷ੩ࢭຎྗࡲ F ͕͋Δɽ͜͜Ͱຎྗࡲ͸ಈຎ

Ͱ͋Δ͜ͱʹ஫ҙͯ͠΄͍͠ɽ߶ମ͸εϦοϓɼͭ·ΓۭճΓͤͣʹճసͯ͠ྗࡲຎࢭͰ͸ͳ͘੩ྗࡲ

͍ΔͷͰࣼ໘ͱ͸ʮ͕ͬͪΓʯ͔Έ߹͍ͳ͕Βస͕͍ͬͯΔ͔ΒͰ͋Δɽ

ͯ͞ɼਨ௚ྗ߅ͱॏྗͷ͏ͪࣼ໘ʹਨ௚ͳ੒෼͕௼Γ߹͏͔Β

N = Mg cos θ (10.3.1)

͕੒ΓཱͭɽҰํɼ߶ମʢͷॏ৺ʣͷࣼ໘ํ޲ͷӡಈํఔࣜ͸

Mẍ = Mg sin θ − F (10.3.2)

ͱͳΔɽ΋͠੩ࢭຎྗࡲ F ͕ͳ͍৔߹͸ɼ߶ମ͸స͕ΒͣʹεϦοϓ͠ͳ͕Β׈Γ߱Γ͍ͯ͘͜ͱʹͳ

Δɽ͜͜Ͱ x ࣠͸ࣼ໘ʹԊͬͯԼ͖޲Λਖ਼ʹऔͬͨɽ
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͜ͷӡಈํఔࣜҎ֎ʹɼ߶ମΛճసͤ͞ΔݪҼͰ͋ΔྗͷϞʔϝϯτͷେ͖͕͞ Fa Ͱ͋Δ͜ͱɼ͓

ΑͼͦΕΛ͏࢖ͱ͜ͷ߶ମͷճసͷӡಈํఔ͕ࣜ

Iϕ̈ = Fa (10.3.3)

΋੒Γཱͭɽ͜͜Ͱ ϕ ͸࠷ॳͷঢ়ଶ͔Βଌͬͨɼ߶ମͷճసΛද֯͢౓Ͱ͋Δɽ·ͨɼਤΑΓ߶ମ͕ࣼ

໘ʹԊͬͯਐΜͩڑ཭ x ͱɼ߶ମͷճస֯ ϕ ͷؒʹ͸ x = aϕ ͷ͕ؔ͋܎Δ͜ͱ΋Θ͔Δɽ

͜͏ͯ͠ಘΒΕͨࣼ໘ํ޲ͷӡಈํఔࣜɾճసͷӡಈํఔ͓ࣜΑͼ xͱ ϕ ͷؔࣜ܎Λ͏࢖ͱ ẍ ͸

g,M, θ, I Λͯͬ࢖

ẍ =
M

M + I
a2

g sin θ (10.3.4)

͕ಋ͚Δɽʢˠ॓୊ʣ͜ͷ݁Ռ΁ٿɾԁபɾ֪ٿɾԁப֪ͷੑ׳Ϟʔϝϯτͷ஋Λ୅ೖ͢Ε͹ͦΕͧΕͷ

৔߹ͷՃ଎౓͕ٻ·Δɽ3 ·ͨɼຎ͕ࡲͳ͍৔߹ʹ͖܏ θ ͷࣼ໘Λ׈Δ࣭఺ͷՃ଎౓΋ٻΊɼൺֱ͢Δ͜

ͱ΋ՄೳͰ͋Δɽ

10.4 ๏ʢϑϩʔνϟʔτʣࢉܭϞʔϝϯτͷੑ׳ɿ࿈ଓମͷߟࢀ

Λۤखͱ͢Δਓ͸ଟ͍͕ɼͦΜͳʹ͍ͨͨ͜͠ͱͰ͸ͳ͍ɽΑ͏͸ࢉܭϞʔϝϯτͷੑ׳

ඍখ࣭ྔ dm ͱͦͷඍখ࣭ྔ͔Βճస࣠·Ͱͷڑ཭ R(r)

ΛٻΊɼ্ͷදʹ͋Δఆٛʹैͬͯੵ෼͢Δ͚ͩͰ͋Δɽ ͦ͜Ͱ࣮ࡍʹ

1. ඍখ࣭ྔΛٻΊΔ

2. ճస࣠·Ͱͷڑ཭ΛٻΊΔ

3. ੵ෼͢Δ

ͱ͍͏ 3ͭͷεςοϓʹ෼͚ͯઆ໌͠Α͏ɽ

Ϟʔϝϯτ͕ੑ׳Ϟʔϝϯτͷྫʹ΋ॻ͍͕ͨɼԁபͱബ͍ԁ൘ͱͰ͸ͲͪΒ΋ੑ׳3 I = 1
2Ma2 ͱͳΔɽͳͥಉ͡ͳͷ

Έͯཉ͍͠ɽͯ͑ߟ͔
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εςοϓ̍ɿඍখ࣭ྔΛٻΊΔ

ʹΘͬͨΑ͏ڭͰߍຊ͔Β࢝ΊΑ͏ɽதֶجຊதͷج

ʢ࣭ྔʣʹʢີ౓ʣʷʢମੵʣ

Ͱ͋Δɽ਺ࣜͰॻ͚͹ M Λ࣭ྔ, ρ Λີ౓ɼV Λମੵͱͯ͠

M = ρ× V (10.4.1)

Ͱ͋Δɽͨͩ͠෺ମ΋৔ॴʹΑͬͯೱ͔ͬͨΓബ͔ͬͨΓ͢Δ͔΋͠Εͳ͍͔ΒɼҰൠతʹ͸ີ౓͸ ρ(r)

ͱ͓ͯ͘͠΂͖ͩΖ͏ɽͭ·ΓҐஔϕΫτϧ r = (x, y, z) Ͱࢦఆ͞ΕΔ఺ (x, y, z)ʢҐஔϕΫτϧͷઌ

Δͱ͜Ζʣͷີ౓͕͍ͯ͠ࢦ͕ ρ(r) = ρ(x, y, z) ͱ͍͏͜ͱͰ͋Δɽ

࣍ʹ఺ (x, y, z) ͷपลʹͱͯ΋খ͍͞ྖҬΛͯ͑ߟɼͦͷମੵΛ dV ͱ͠Α͏ɽͦͷྖҬ͕ඇৗʹখ

͍͞ͳΒɼͦͷதͰີ౓͸΄ͱΜͲมΘΒͳ͍͸͔ͣͩΒɼͦͷྖҬͷ࣭ྔ͸ʮີ౓ʷମੵʯͱͯࠩ͠

ͳ͍ͩΖ͏ɽͭ·Γ͑ࢧ͠

dm = ρ(r) dV (10.4.2)

Ͱ͋Δɽ΋͠߶ମͷશ࣭ྔ M ΛٻΊ͚ͨΕ͹͜ͷྔΛ߶ମશମʹΘͨͬͯ଍্͛͠Δɼͭ·Γੵ෼͢

Ε͹Α͘

M =

∫

߶ମશମ
dm =

∫

߶ମશମ
ρ(r) dV (10.4.3)

ͱ͢Ε͹Α͍ɽͱ͜ΖͰ͜ͷࢉܭΛ͢Δͱ͖͸߶ମͷܗঢ়ʹΑͬͯศརͳ࠲ඪΛબͼ

• σΧϧτ࠲ඪͰ͸ dV = dxdydz

• ඪͰ͸࠲ۃݩ3࣍ dV = r2 sin θdrdθdϕ

• ඪͰ͸࠲ԁபݩ3࣍ dV = rdrdθdz

ͷΑ͏ʹҟͳΔඍখମੵૉΛ͜͏࢖ͱʹͳΔɽ4

͜͜Ͱ஫ҙ͠ͳ͚Ε͹ͳΒͳ͍ͷ͸ɼ߶ମͷܗʹΑͬͯɼҧ͏ີ౓Λ͍ͯͬ࢖ΔՄೳੑ͕͋Δ͜ͱͰ

͋Δɽͱ͍͏ͷ΋ɼ͜͜·Ͱ͸ʮີ౓ʯͱͯ͠

ີ౓ =୯Ґମੵ͋ͨΓͷ࣭ྔ =
࣭ྔ M

ମੵ V
(10.4.4)

Ͱఆٛ͞ΕΔମੵີ౓Λ͖ͨͯͬ࢖ɽ5 ͔͠͠෺ମͷܗʹΑͬͯ͸ʮ୯Ґ໘ੵ͋ͨΓͷ࣭ྔʯ΍ʮ୯Ґ௕

͋ͨ͞Γͷ࣭ྔʯͷํ͕ॏཁͳ͜ͱ΋ଟ͍ɽྫ͑͹ಋઢΛͯ͑ߟΈͯཉ͍͠ɽಋઢΛ 2m ങ͏ͱ͍͏ͷ

͸Θ͔Δ͕ɼಋઢΛ 2m3 ങ͏ͱ͍͏ͷ͸͋·Γฉ͍ͨ͜ͱ͕ͳ͍ɽ΋ͪΖΜಋઢͷஅ໘ੵ͕Θ͔͍ͬͯ

Ε͹௕͞ͱֻ͚ͯମੵ͸ग़ͤΔ͕ɼԿ͔໘౗ͩɽ͕ͬͪ͜ചΔଆͰͦΜͳ͜ͱΛͯͬ͘ݴΔ٬͕དྷͨΒ

ுΓ౗͔͢ԥΓ౗͔ͨ͘͢͠ͳΔɽͲͬͪͷํ͕ޮՌతʹ౗ͤΔ͔͸ͱ΋͔͘ɼಋઢͷΑ͏ͳࡉ௕͍෺

ମʹؔͯ͠͸ 1cm ͋ͨΓͲͷ͘Β͍ͷॏ͞ͳͷ͔ͱ͔ɼ1m ͋ͨΓ͍͘Βͳͷ͔ͱ͍ͬͨʮ୯Ґ௕͋͞
4ͳͥ͜͏ͳΔͷ͔ɼ͜ΕΛٻΊΔͷʹ͏࢖ϠίϏΞϯͱ͸Կͳͷ͔ʹ͍ͭͯ͸෺ཧ਺ֶͷʮॏੵ෼ʯͰ঺հ͞ΕΔͱ͏ࢥɽ
5࿩Λ؆୯ʹ͢ΔͨΊʹີ౓͸Ұఆͱ͍ͯ͠Δɽ
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ͨΓͷྔʯ͕ॏཁͳͷͩɽ͜ͷʮ୯Ґ௕͋ͨ͞Γͷ࣭ྔʯͷ͜ͱΛઢີ౓ͱ͍͏ɽҰ༷ͳ෺ମʢͲ͜Ͱ

΋ۉҰͰɼΪϡοͱ٧·͍ͬͯΔͱ͜Ζ΍εΧεΧͷͱ͜Ζ͕ͳ͍෺ମʣͳΒ

ઢີ౓ λ =୯Ґ௕͋ͨ͞Γͷ࣭ྔ =
࣭ྔ M

෺ମͷ௕͞ L
(10.4.5)

Ͱ͋Δɽ

ઢີ౓ʹٯ λ(x) ͕༩͑ΒΕ͍ͯͯɼ͔ͦ͜Βશ࣭ྔΛٻΊ͚ͨΕ͹ඍখ࣭ྔΛ෺ମʹԊͬͯੵ෼͢

Ε͹Α͍ɽ͜ͷ৔߹ɼҐஔ x ʹ͓͚Δઢີ౓Λ λ(x) ͱ͢Δͱͦͷ͘͘͝͝෇ۙͰ͸ઢີ౓͸Ұఆͱݟ

ͳͤΔͩΖ͏͔Βɼͦͷ෇ۙʢx͔Β x+ dxͷลΓʣͷඍখͳ௕͞ dx ͷ࣭ྔ͸

dm = λ(x)dx (10.4.6)

ͱͳΔ͸ͣͰ͋Δɽ͜͜Ͱ෺ମʹԊͬͯ x ࣠Λுͬͯ͋Δͱͨ͠ɽ͋ͱ͸͜ΕΛ

M =

∫ L

0
λ(x)dx (10.4.7)

ͷΑ͏ʹ෺ମʹԊͬͯੵ෼͢Ε͹શ࣭ྔ͕ٻ·Δɽ͜͜Ͱ෺ମ͸ x = 0 ͔Β x = L ·Ͱ৳ͼ͍ͯΔ΋

ͷͱͨ͠ɽ

ฏ΂͍ͬͨ൘ͷΑ͏ͳܗΛͨ͠΋ͷ΋ಉ༷Ͱɼ͜ͷ৔߹͸ʮ୯Ґ໘ੵ͋ͨΓͷྔʯ͕ॏཁʹͳΔɽ1m2

͋ͨΓԿ kgͳͷ͔ɼͱ͔Ͱ͋Δɽ6ʮ୯Ґ໘ੵ͋ͨΓͷ࣭ྔʯ͸໘ີ౓ͱ͍͍ɼҰ༷ͳ෺ମͳΒ

໘ີ౓ σ =୯Ґ໘ੵ͋ͨΓͷ࣭ྔ =
࣭ྔ M

෺ମͷ໘ੵ S
(10.4.8)

ͰٻΊΔ͜ͱ͕Ͱ͖Δɽ

໘ີ౓ʹٯ σ(x, y) ͕༩͑ΒΕ͍ͯΔͳΒɼ఺ (x, y) ʹ͓͚Δີ౓͕ σ(x, y) ͱ͍͏͜ͱ͕ͩɼͦͷ

఺ͷۙ͘͘͝ʹඍখͳྖҬΛ͑ߟɼͦͷ໘ੵΛ dS ͱ͢Ε͹ͦͷඍখ෦෼ͷ࣭ྔ͸

dm = σdS (10.4.9)

Ͱٻ·Δɽ͜ΕΛ෺ମશମʹΘͨͬͯੵ෼͢Ε͹શ࣭ྔ͕

M =

∫

෺ମͷ໘ੵ
σdS (10.4.10)

ͷΑ͏ʹٻ·Δɽ͜͜Ͱ dS ͸࠲ඪ͝ͱʹҧ͍ͬͯͯɼ

• σΧϧτ࠲ඪͰ͸ dS = dxdy

• ඪͰ͸࠲ۃݩ2࣍ dS = rdrdθ (rɿಈܘɼθɿ֯౓)

Ͱ͋Δɽ

6ฏ΂͍ͬͨ΋ͷͱ͑ݴ͹ώϥϝͷ୯Ґ໘ੵ͋ͨΓͷ࣭ྔ͸Ͳͷ͘Β͍ͳͷͩΖ͏ɽΧϨΠͱಉ͘͡Β͍ͩΖ͏͔ɽϚϯϘ

΢Ͱ͸Ͳ͏ͩΖ͏ɽͲ͏Ͱ΋͍͍͕ɼϚϯϘ΢Λਖ਼໘͔Β͍ͨݟͱ͏ࢥͷ͸Զ͚ͩͰ͸͋Δ·͍ɽ
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εςοϓ̎ɿඍখ෦෼͔Βݻఆ࣠·Ͱͷڑ཭ΛٻΊΔ

࣮͸͜ͷ෦෼͕ੑ׳ϞʔϝϯτͷࢉܭͷΩϞ͔΋͠Εͳ͍ɽͨݟ໨͚͔ͩΒ͏ݴͱੑ׳Ϟʔϝϯτͷ

͏࢖Δ͚͔ͩͩΒ͋·Γ಄Λ͢ࢉܭͯͬैʹΔ͕ɼ͋Ε͸໿ଋ͑ݟ͸ॏੵ෼ͷͱ͜Ζ͕Ұ൪೉͘͠ࢉܭ

ඞཁ͕ͳ͍ͷͩɽͦΕʹҾ͖͑׵ɼ͜ͷεςοϓͷࢉܭ͸ཱମͷద౰ͳஅ໘Λ͑ߟͳ͚Ε͹ͳΒͣɼ೴

ϞʔϝϯτͳͲʣɽੑ׳Δʢྫ͑͹ԁபͷɼத৺Λ௨Βͳ͍Α͏ͳ࣠पΓͷ͕͢ؾΛ͔͘Α͏ͳ׼͕

Δ߶ମத͍ͯ͑ߟͱʹ͠Α͏ɽҎԼͰ͸͜͏࢖͸Ұൠ࿦͕ͳ͍ͷͰɼ۩ମྫΛʹࢉܭ೦ͳ͕Β͜ͷ࢒

ͷ೚ҙͷ఺Λ P ͱ͍ͯ͠Δɽඞͣࣗ෼ͰਤΛඳ͖ͳ͕ΒಡΜͰΈΔ͜ͱɽ

ྫ 1: ࣭ྔ M , ൒ܘ a ͷे෼ബ͍൘ͷத৺Λ௨Γ൘ʹਨ௚ͳݻఆ࣠

→ P ͷ͔࣠Βͷڑ཭͸ rɽΑͬͯ R = rɽ

ྫ 2: ࣭ྔ M , ൒ܘ a, ͞ߴ h ͷԁபͷத৺Λ௨Γԁபʹฏߦͳݻఆ࣠

→ P ͷ͔࣠Βͷڑ཭͸܎ؔʹ͞ߴͳ͘ rɽΑͬͯ R = rɽ

ྫ 3: ࣭ྔ M , ൒ܘ a ͷ͍ࡉԁྠͷத৺Λ௨Γԁʹਨ௚ͳݻఆ࣠

→ ԁྠͷ൒ܘ͸ a ͰɼP ͸౰વྠͷ্ɽΑͬͯ R = a

ྫ 4: ࣭ྔ M , ൒ܘ a ͷٿͷத৺Λ௨Δݻఆ࣠

→ P(x, y, z)͸࠲ۃඪͰ (r sin θ cosϕ, r sin θ sinϕ, r cos θ)Ͱද͞ΕΔɽ z ࣠Λճస࣠ͱ͢Δͱʢٿ

Ͱ͋Ε͹x, y, z࣠ͷͲΕΛճస࣠ʹͱͬͯ΋݁Ռ͕มΘΒͳ͍ͷ͸໌Β͔ʣɼͦ ͷڑ཭͸ R = r sin θ.

ྫ 5: ࣭ྔ M , ൒ܘ a ͷബ͍֪ٿʢத͕͔ΒͬΆͷٿʣͷத৺Λ௨Δݻఆ࣠

→ P ͸൒ܘ a ͷٿͷද໘্ɽΑͬͯલ໰Λͯͬ࢖R = a sin θɽ

ྫ 6: ࣭ྔ M , ௕͞ 2a ͷ͍ࡉ๮ͷத఺Λ௨Γ๮ʹਨ௚ͳݻఆ࣠

→த఺Λݪ఺ͱͯ͠๮ʹԊͬͯ x࣠ΛுΔɽ໌ Β͔ʹ࠲ඪ xʹ͋Δ Pͱճస࣠ͱͷڑ཭͸ R = |x|ɽ

εςοϓ̏ɿੵ෼͢Δ

͜ͷεςοϓͰ͸ॏੵ෼Λ͠ͳ͚Ε͹ͳΒͳ͍͜ͱ͕ଟ͍ͷͰϏϏͬͯ͠·͏ਓ΋ଟ͍ͩΖ͏ɽ͔͠

͠ɼ࣮͸͜ͷεςοϓ͕Ұ൪ػցతͳͷͰָͳͷͰ͋Δɽੵ෼ͱ͍͏ԋࢉ͸ͦͷ͘Β͍ߴ౓ͳಓ۩ͩͱ

͍͏͜ͱͩɽϚελʔ͠ͳ͍ͳΜͯબ୒ࢶ͸͋Γಘͳ͍ɽ͜͜Ͱ͸εςοϓ̎Ͱ͋͛ͨྫΛ࣮͠ࢉܭࡍ

ͯΈΑ͏ɽ

ྫ 1: ࣭ྔ M , ൒ܘ a ͷे෼ബ͍൘ͷத৺Λ௨Γ൘ʹਨ௚ͳ࣠पΓͷੑ׳Ϟʔϝϯτ

→ ໘ঢ়ͷ߶ମͳͷͰ໘ີ౓Λ͑ߟΔͱ σ =
M

πa2
ɽ

ඍখ࣭ྔ͸͜ͷ σ Λͯͬ࢖ dm = σdS = σrdrdθʢԁܗͳͷͰ ʣɽͨͬ࢖ඪΛ࠲ۃݩ2࣍
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P ͷ͔࣠Βͷڑ཭͸ R = r ͳͷͰ

I =

∫
dmR2 =

∫
σrdrdθ r2 =

∫
σr3drdθ

= σ

∫ a

0
r3dr

∫ 2π

0
dθ =

M

πa2
· 1
4
a4 · 2π =

1

2
Ma2 (10.4.11)

ྫ 2: ࣭ྔ M , ൒ܘ a, ͞ߴ h ͷԁபͷத৺Λ௨Γԁபʹฏߦͳ࣠पΓͷੑ׳Ϟʔϝϯτ

→ ౵ঢ়ͷ෺ମͰத͕٧·͍ͬͯΔͷͰମੵີ౓Λ͑ߟΔͱ ρ =
M

πa2h
ɽ

ඍখ࣭ྔ͸͜ͷ ρ Λͯͬ࢖ dm = ρdV = ρrdrdθdz ʢ౵ঢ়ͳͷͰ ʣɽͨͬ࢖ඪΛ࠲ԁபݩ3࣍

P ͷ͔࣠Βͷڑ཭͸܎ؔʹ͞ߴͳ͘R = r ͳͷͰ

I =

∫
dmR2 =

∫
ρrdrdθdz r2 =

∫
ρr3drdθdz

= ρ

∫ a

0
r3dr

∫ 2π

0
dθ

∫ h

0
dz =

M

πa2h
· 1
4
a4 · 2π · h =

1

2
Ma2 (10.4.12)

ྫ 3: ࣭ྔ M , ൒ܘ a ͷ͍ࡉԁྠͷத৺Λ௨Γԁʹਨ௚ͳ࣠पΓͷੑ׳Ϟʔϝϯτ

→ ྠঢ়ͷ Δͱ͑ߟ෺ମͳͷͰઢີ౓Λݩ1࣍ λ =
M

2πa
ɽ

ඍখ࣭ྔ͸͜ͷ λ Λͯͬ࢖ dm = λdx ʢྠʹԊͬͯ x ࣠Λऔͬͨʣɽ

P ͔Β࣠·Ͱͷڑ཭͸ R = a ͳͷͰ

I =

∫
dmR2 =

∫ 2πa

0
λdx a2 =

M

2πa
· 2πa · a2 = Ma2 (10.4.13)

ྫ 4: ࣭ྔ M , ൒ܘ a ͷٿͷத৺Λ௨Δ࣠पΓͷੑ׳Ϟʔϝϯτ

→ Δͱ͑ߟΔͷͰମੵີ౓Λ͍ͯͬ·ঢ়ͷ෺ମͰத͕٧ٿ ρ =
M

4
3πa

3
ɽ

ඍখ࣭ྔ͸͜ͷ ρ Λͯͬ࢖ dm = ρdV = ρr2 sin θdrdθdϕ ʢٿঢ়ͳͷͰ ʣɽͨͬ࢖ඪΛ࠲ۃݩ3࣍

P ͷ͔࣠Βͷڑ཭͸ R = r sin θ ͳͷͰ

I =

∫
dmR2 =

∫
ρr2 sin θdrdθdϕ(r sin θ)2 =

∫
ρr4 sin3 θdrdθdϕ

= ρ

∫ a

0
r4dr

∫ π

0
sin3 θdθ

∫ 2π

0
dϕ =

M
4
3πa

3
· 1
5
a5 · 4

3
· 2π =

2

5
Ma2 (10.4.14)

͜͜Ͱ sin 3θ = 3 sin θ − 4 sin3 θ ΑΓ

∫ π

0
sin3 θdθ =

∫ π

0

(
3

4
sin θ − 1

4
sin 3θ

)
dθ =

[
−3

4
cos θ +

1

12
cos 3θ

]π

0

= · · · = 4

3
(10.4.15)

Λͨͬ࢖ɽ

ྫ 5: ࣭ྔ M , ൒ܘ a ͷബ͍֪ٿʢத͕͔ΒͬΆͷٿʣͷத৺Λ௨Δ࣠पΓͷੑ׳Ϟʔϝϯτ

ղ͖ํͦͷ̍
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→ Δͱ͑ߟঢ়͕ͩബ͍֪͔͠ͳ͍ͷͰฏ΂͍ͬͨ෺ମͱಉ༷ʹ໘ີ౓Λٿ σ =
M

4πa2
ɽ

ඍখ࣭ྔ͸͜ͷ σ Λͯͬ࢖ dm = σdS = σa2 sin θdθdϕ ʢٿͷද໘Λද͢ඍখ໘ੵૉΛͨͬ࢖ʣɽ

P ͷ͔࣠Βͷڑ཭͸ R = a sin θ ͳͷͰ

I =

∫
dmR2 =

∫
σa2 sin θdθdϕ(a sin θ)2 =

∫
ρa4 sin3 θdrdθdϕ

= ρa4dr

∫ π

0
sin3 θdθ

∫ 2π

0
dϕ =

M

4πa2
· a4 · 4

3
· 2π =

2

3
Ma2 (10.4.16)

ղ͖ํͦͷ̎

ྫ 4ͷ໰୊ΛԠ༻͠ɼ֎൒ܘ a, ಺൒ܘ b ͷٿΛ͑ߟΔɽͭ·Γྫ 4ͷٿͰɼͦͷத৺͔Β൒ܘ b

ͷٿΛ͘Γ͵͍ͨ΋ͷΛ͑ߟɼޙ࠷ʹ b → a ͷݶۃΛऔΔ࡞ઓͰ͋Δɽ͜ͷ৔߹ɼີ౓͕

ρ =
M

4
3π(a

3 − b3)
(10.4.17)

ͱͳΔ͜ͱͱɼr ͷੵ෼ൣғ͕ 0 ͔Β a Ͱ͸ͳ͘ b ͔Β a ·ͰʹͳΔ͜ͱʹؾΛ͚ͭΕ͹Α͍ɽ

Αͬͯ·ͣް͞ a− b ͷްΈ͕͋Δ֪ٿͷੑ׳Ϟʔϝϯτ͸

I =

∫
dmR2 =

∫
ρr2 sin θdrdθdϕ(r sin θ)2 =

∫
ρr4 sin3 θdrdθdϕ

= ρ

∫ a

b
r4dr

∫ π

0
sin3 θdθ

∫ 2π

0
dϕ =

M
4
3π(a

3 − b3)
· 1
5
(a5 − b5) · 4

3
· 2π (10.4.18)

=
2

5
M

a5 − b5

a3 − b3
(10.4.19)

ͱٻ·ΔͷͰɼްΈͷͳ͍֪ٿͷੑ׳Ϟʔϝϯτ͸

lim
b→a

2

5
M

a5 − b5

a3 − b3
= lim

b→a

2

5
M

(a− b)(a4 + a3b+ a2b2 + ab3 + b4)

(a− b)(a2 + ab+ b2)
(10.4.20)

=
2

5
M

5a4

3a2
=

2

3
Ma2. (10.4.21)

ྫ 6: ࣭ྔ M , ௕͞ 2a ͷ͍ࡉ๮ͷத఺Λ௨Γ๮ʹਨ௚ͳ࣠पΓͷੑ׳Ϟʔϝϯτ

→ ๮ঢ়ͷ Δͱ͑ߟ෺ମͳͷͰઢີ౓Λݩ1࣍ λ =
M

2a
ɽ

ඍখ࣭ྔ͸͜ͷ λ Λͯͬ࢖ dm = λdx ʢ๮ʹԊͬͯ x ࣠Λऔͬͨʣɽ

๮ͷத఺Λ x ࣠ͷݪ఺ͱ͢Δͱ P ͔Β࣠·Ͱͷڑ཭͸ R = |x| ͳͷͰ

I =

∫
dmR2 =

∫ a

−a
λdx |x|2 = 2λ

∫ a

0
x2dx = 2 · M

2a
· 1
3
a3 =

1

3
Ma2. (10.4.22)

ଞʹ΋ฏ࣠ߦͷఆཧ΍ബ൘ͷ௚ަ࣠ͷఆཧΛ͏࢖ͱ؆୯ʹٻΊΒΕΔੑ׳Ϟʔϝϯτ΋͋ΔɽͲͷྗ
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