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ǼʌȓȜȣıȘ� �Į� ǲıĲȦ (x, y, z) ȠȚ țĮȡĲİıȚĮȞȑȢ ıȣȞĲİĲĮȖȝȑȞİȢ ĲȠȣ ıȫȝĮĲȠȢ țĮȚ ĮȢ ȠȡȓıȠȣȝİ ıĳĮȚȡȚțȑȢ
ıȣȞĲİĲĮȖȝȑȞİȢ (R, θ,φ) Įʌȩ ĲȚȢ ıȤȑıİȚȢ

x = R VLQ θ FRVφ, y = R VLQ θ VLQφ, z = R FRV θ.

Ǿ șȑıȘ ĲȠȣ ıȫȝĮĲȠȢ İȓȞĮȚ r = Rêr�

ǹʌȩ ĲȘȞ êr = VLQ θ FRVφı̂+ VLQ θ VLQφ̂+ FRV θk̂ ȕȡȓıțȠȣȝİ

∂êr
∂θ

= êθ,
∂êr
∂φ

= VLQ θ êφ.

Ǿ ĲĮȤȪĲȘĲĮ ĲȠȣ ıȦȝĮĲȓȠȣ İȓȞĮȚ

υ =
dr

dt
= R ˙̂er = R

(
∂êr
∂θ

θ̇ +
∂êr
∂φ

φ̇

)
= R(θ̇êθ + VLQ θφ̇ êφ).

�L� + ȁĮȖțȡĮȞȗȚĮȞȒ İȓȞĮȚ
L = T =

1

2
mR2(θ̇2 + VLQ2 θφ̇2).

�LL� ǲȤȠȣȝİ įȪȠ İȟȚıȫıİȚȢ (XOHU�/DJUDQJH

∂L

∂θ̇
=

∂L

∂θ
⇒ d

dt
(mR2θ̇) = mR2 VLQ θ FRV θ φ̇2 ⇒ θ̈ − VLQ θ FRV θ φ̇2 = 0

∂L

∂φ̇
=

∂L

∂φ
⇒ d

dt
(mR2 VLQ2 θ φ̇) = 0.

�LLL� ǻȚĮĲȘȡİȓĲĮȚ Ș ʌȠıȩĲȘĲĮ
J := VLQ2 θ φ̇.

�ȕ�
f = −λυ = −λR(θ̇êθ + VLQ θφ̇ êφ).

ǲȤȠȣȝİ ĲȚȢ ȖİȞȚțİȣȝȑȞİȢ įȣȞȐȝİȚȢ ĲȡȚȕȒȢ

Q′
θ = f · ∂r

∂θ
= Rf · ∂êr

∂θ
= R(f · êθ) = −λR2θ̇

Q′
φ = f · ∂r

∂φ
= Rf · ∂êr

∂φ
= R VLQ θ(f · êφ) = −λR2 VLQ2 θ φ̇.
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d

dt
(mR2θ̇) = mR2 VLQ θ FRV θφ̇2 − λR2θ̇ ⇒ θ̈ +

λ

m
θ̇ − VLQ θ FRV θ φ̇2 = 0

d

dt
(mR2 VLQ2 θφ̇) = −λR2 VLQ θ φ̇ ⇒ d

dt
(VLQ2 θ φ̇) = − λ

m
VLQ2 θ φ̇.

�


