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l = l(t)

ϕ
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x = l sinϕ

y = −l cosϕ
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l = l0 + a sinωt
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ẋ = l̇ sinϕ+ lϕ̇ cosϕ

ẏ = −l̇ cosϕ+ lϕ̇ sinϕ

l̇ = aω cosωt
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T =
1

2
m(ẋ2 + ẏ2) =

1

2
m(l̇2 + l2ϕ̇2)

=
1

2
ma2ω2 cos2 ωt+

1

2
m(l0 + a sinωt)2ϕ̇2
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U = mgy = −mgl cosϕ

= −mg(l0 + a sinωt) cosϕ
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L = T − U

=
1

2
ma2ω2 cos2 ωt+

1

2
m(l0 + a sinωt)2ϕ̇2 +mg(l0 + a sinωt) cosϕ
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∂L

∂ϕ
= −mg(l0 + a sinωt) sinϕ

∂L

∂ϕ̇
= m(l0 + a sinωt)2ϕ̇
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∂L

∂ϕ̇
= 2mωϕ̇(l0 + a sinωt) cosωt+m(l0 + a sinωt)2ϕ̈

%'�
 �� ���������� F = αv �� � �� ���
�
�� �� �
��
���
��

D =

v∫
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h(v) �v =

v∫

0

αv �v =
1

2
αv2 =

1

2
α(a2ω2 cos2 ωt+ (l0 + a sinωt)2ϕ̇2)
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∂ϕ̇
− ∂L

∂ϕ
+
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∂ϕ̇
= 0
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ϕ̈+
α

m
ϕ̇+

2ωϕ̇ cosωt+ g sinϕ

l0 + a sinωt
= 0
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