
������� ��������	
�� 
����� 	 �����
	������� 	������ 	 ������� ���������

�������� ���� ����
�� !"# $%

&' ()*+ ,--. /%

012332 456 76869:;<= 5<>:69>9? 5@A;96B<CDE>;F96G 76869:; BAH6H5I J>K @;<5BA8LK?=A96I
@< =>;H6BA8L9<G @8<5B<5H6D M6N96G 76869:; 9AOF<:6H5I = KA7>@8>966 5 =>;F96C 6 BAH6H5I @< @8AO5H69B> CA55<G m1 P 5B<8LKIQ>G @< R<;6K<9HA8L9<G@8<5B<5H6D SA:6T5? 76869:;<= R D UA55A =>;F9>OR< 76869:;A m2

D V 96N9>CT 76869:;T @;68<N>9
C<C>9H M D W<5HA=6HL T;A=9>96> :=6N>96I 565H>OC?D XA <J<JQ>99TY B<<;:69AHT @;69IHL TR<8 @<O=<;<HA 5@A;96BA ϕ D

Z [\]^_`_a` b]c\]_d]
e;A=9>96> fAR;A9NA =H<;<R< ;<:A :8I KA:A99<G 565H>C? 6C>>H =6:g

d

dt

∂T

∂ϕ̇
−

∂T

∂ϕ
= Q. hij

4J<JQk99TY 568T JT:>C 65BAHL BAB 5TCCT =B8A:<= B<95>;=AH6=9?F6 9>B<95>;=AH6=9?F 568D W<<H=>H5H=>99<P
Q = −

∂Π

∂ϕ
+ Q̃.

i



lAB6C <J;AK<CP :8I ;>m>96I KA:An6 9><JF<:6C< =?;AK6HL B69>H6n>O5BTY 6 @<H>976A8L9TY o9>;R66 BAB pT9B766 <J<JQk99<G B<<;:69AH? 6
5B<;<5H6

T = T (ϕ̇, ϕ), Π = Π(ϕ).
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vOx = vCx − Rω3z sin π
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− 2Rϕ̇ sin ϕ − Rω2z sin 0 = 0,

vOy = Rω3z cos π
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+ 2Rϕ̇ cos ϕ + Rω2z cos 0 = 0.
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ω2z = −2ϕ̇ cos ϕ.
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Q̃ = −2M(1 + cosϕ).
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(2µ(ϕ)ϕ̇) − µ′(ϕ)ϕ̇2 = Q,
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2µ(ϕ)ϕ̈ + µ′(ϕ)ϕ̇2 = −2M(1 + cos ϕ) − 2m2gR cos ϕ,

µ(ϕ)ϕ̈ +
1

2
µ′(ϕ)ϕ̇2 + M(1 + cosϕ) + m2gR cos ϕ = 0.
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µ(ϕ) =

[
3m2(cos ϕ)2 + 2m1(1 + cosϕ + sin ϕ)2

]
R2

µ′(ϕ) = [−3m2 sin(2ϕ) + 4m1(1 + cos ϕ + sin ϕ)(cos ϕ − sin ϕ)] R2.
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