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S:9<@C2> N6@`_ ϕ
O−→A

a

x : VAx = VOx − aϕ̇ sin ϕ abc

y : VAy = VOy + aϕ̇ cos ϕ adce5;
VAx = 0 afc
VOy = 0 agc

J:3H^2>
VA = aϕ̇ cos ϕ ahc
VO = aϕ̇ sin ϕ aic

J62^;>8 <F?F I2324567 A 2 B ?@<A<9A B: C;6<2?@3D4:E 9<:E?; U;K B6:M
9?@3DK7C@42A8 <:

VA = −ωAzR = ωBzr = VB ajc
ωABz = 0 akc

J:3H^2>
VA = aϕ̇ cos ϕ = −ωAzR = ωBzr alc

b



m:N5@
ωAz =

−aϕ̇ cos ϕ

R
abnc

ωBz =
aϕ̇ cos ϕ

r
abbc

o@E5;> 9?:6:9<D I;4<6@ >@99 9<;6=4A OA_
S:9<@C2> N6@` ϕ

O−→A1
a/2

x : VOAx = VOx −
a

2
ϕ̇ sin ϕ abdc

y : VOAy = VOy +
a

2
ϕ̇ cos ϕ abfc

J:59<@C2>

(4) −→ (13)
(6) −→ (12)

J:3H^2>
VOAx =

a

2
ϕ̇ sin ϕ abgc

VOAy =
a

2
ϕ̇ cos ϕ abhc

J:93; C:KC;5;42A C ?C@56@< 2 93:=;42A B:3H^2>_

V 2

OA =
a2

4
ϕ̇2 abic

S:9<@C2> ?24;<2^;9?HW p4;6N2W 929<;>7_
S H^;<:> <:N:8 B;6C7E 9<;6=;4D 9:C;6L@;< B3:9?:; 5C2=;42;8 @ C<:6:E
9<;6=;4D 5C2=;<9A B:9<HB@<;3D4: B:3H^2>_

T =
1

2
m1V

2

OA +
a2

24
m1ϕ̇

2 +
1

2
m2V

2

A abjc
J:59<@C2>

(9)8(16) −→ 17

J:3H^2>
T =

a2

6
m1ϕ̇

2 +
a2

2
m2ϕ̇

2 cos2 ϕ abkc

d



]7^2932> :U:UV;44HW 923H_

Q =
∂(−FVOx − m1gVOAy − m2gVAy + M1ωAz + M2ωBz)

∂ϕ̇
ablc

J:59<@C2>_

(5)8(6)8(10)8(11)8(15) −→ 19

J:3H^2>
Q = −Fa cos ϕ−m1g

a

2
cos ϕ−m2ga cosϕ−

M1a cos ϕ

R
+

M2a cos ϕ

r
adnc

q6@C4;42; r@N6@4=@ dMN: 6:5@ _
d

dt

∂T

∂ϕ̇
−

∂T

∂ϕ
= Q adbc

J:59<@C2>
(18)8(20) −→ 21

J:3H^2>

a2

3
m1ϕ̈ + a2m2ϕ̈ cos2 ϕ − 3a2m2ϕ̇

2 sin 2ϕ =

= −Fa cos ϕ − m1g
a

2
cos ϕ − m2ga cos ϕ −

M1a cos ϕ

R
+

M2a cos ϕ

r
addc

f


