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m : (X + xcosf, —xsinb)
m : (X + & cos, —sin 6)
M : (X,0)
M : (X,0)

o

2Xicosf), V =—mgrsinb

—m(X?% + &% + 2X 4 cosb) + mgzsin 6
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1 o 1
£—2MX —I—2
Cd (0L —8—£:>m
dt |9z | Ox
y
d | 0L _(9_[,:>
Ldt |9X | 00X

(& + X cosh = gsinf

(M +m)X +micosf =0

=
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<

—m(X?% 4+ &% + 2X 3 cosb) + mgxsin 6

(i + X cosf) = mgsin 6

(M +m)X 4+ micosf =0

L. (M +m)gsiné
gj:
M +m — mcos? 6

5 _ mg sin 6 cos 0
" M+ m —mecos26
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. v
=Y, a=Y, @@=y ¢=y A/\A
1 1 - N

: : 1 : .
T = §m1Y2 + §m2(Y — )% + ims(y +7)°

m: 'R

V=—mig(L-Y)—=m2g(Y +1—y) —msg(Y +y)
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n=Y, a=Y, =y dg=19

1 : 1 . 1 :
T = §m1Y2 -+ §m2(Y — y)2 -+ §m3(Y + y)2

V=-mg(L—-Y)—m2g(Y +1—1y) — mag(Y + )

1 : 1 : 1 -
L = §m1Y2 + §m2(Y — y)2 -+ §m3(Y -+ y)2

+mig(L —Y)4+m2g(Y +1—y) +ms3g(Y +v)
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1 1

: : 1 .
L= —m1Y2 =+ —mg(Y — y)2 =+ —mg(Y + y)2

2 2 2
+mig(L —=Y) +mag(Y +1—y)+msg(Y +y)

d [oL] oL

dt gy | 0Y

m1Y +ma(Y — §) + m3(Y + §j) = —m1g + mag + masg
d [oL] _oc
dt |9y | Oy

—ma(Y — §j) + ms(Y + §j) = —mag + msg
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MY +ma(Y — i) + ms(Y +§j) = —maig + mag + mag

—ma(Y —§j) + ma(Y +§j) = —mag + msg

(M1 +ma +m3)Y + (—me +m3)ij = (—m1 + ma +m3)g

(=g +m3)Y + (ma + m3)i = (—ma + ma3)g

S m1 =m, mo = 2m, m3 = 3m

6Y +j = 4g .19 9
e = Y =9, =559
Y +5j)=g¢g 29 29
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:(l+x+ Lsinf,—L cosh)
. (& + L6 cos 0, LOsin 0)
(
(

T = §Mx'2 + §m(x2 + L?0° + 2L0 cos 0)

1
V = 51@:132 — mglL cos 6
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1 1 . .
T = -Mz*+ =m(i® + L*0° + 2L01 cos 0)

2 2
L. o
V:§kaz — mgL cos 6
N AL 2 2 ). L, 2
L:§Ma: +§m(x + L“0 —I—2L(9£CCOSH)—§]€ZE + mgL cos 6
d (0L] 0L
dt |0i| Ox

(M 4+ m)i +mLf cos® —mLH*sinf = —kx
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1 1 . .
T = -Mz*+ =m(i® + L*0° + 2L01 cos 0)

2 2
1
V = 5]{3:2 — mgL cos 6
N AL 2 2 ). L, 2
L:§Ma: +§m(x + L“0 —I—2L(9£CCOSH)—§]€ZE + mgL cos 6
d (0L] 0L
dt | 9| 00

mL?0 + mLi cosf — mL:i:/%sin 0 = —mL:i/’é/sin 0 — mglLsin 6
mL%0 + mLi cosf = —mglL sin 6
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(M +m)i +mLfcosd — mLO?sinh = —kx

_ mL?0 + mLi cosf = —mglL sin 6
00— 0

‘mLfcost — mLb. mL6? sin§ — mLH*0 — 0
-mLicost — mLZ, mgL sin® — mgL0

(M +m)& +mLl = —kz
—mlL <

)| LO+ i = —gb
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mmm U, — o

m: (({ +x)sinf, —(l + ) cos )

\
1

m : (&sinf + (I + )6 cos ¥,

[+ —icosf + (I + x)0 sin 0)
qd1 = &, C_ilzjjy q2:97 QZ:(Q
T = om(@® + (I +2)%0?)

1
V= §kx2 —mg(l + x) cosf

1 - 1
L= §m(j32 + (1 4+ 2)%6%) — 51@332 + mg(l + x) cos 6
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1 - 1
L= 5771(332 + (I 4+ 2)%6%) — 51@{1:2 + mg(l + ) cos 6

d [0L _8_£
dt |0z | Ox

mi = m(l + z)6% — kxz + mg cos 0

d [oC] oL
dt | 90| 06

m(l + )20 + 2m(l + )20 = —mg(l + x) sin 6
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(mi =m(l + z)0* — kx + mg cos 6

m(l + 2)%0 + 2m(l + z)0 = —mg(l + z) sin 6

-

00— 0
mg cos § — myg, mg(l + x)sinf — mg(l + x)0

~m .k

) | &= (I+2)0 —Ea:Jrg
~m(l+x) 3 . .
s | (I + )0 + 220 = —gb
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m : (({ + x) sin 6y cos ¢,
(I 4+ x) sin 0 sin ¢,
(I + x) cosby)

: X m : (x’sin@ocos¢—(l—|-33)$SiH908111¢7

& sin g sin ¢ + (I + x)¢ sin O cos &,

& cos fp)
> m o (2sinfgcos ¢ — (I + x)w sin by sin ¢,

1 sin Og sin ¢ + (I + x)wsin Oy cos ¢, 4 cos o)
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m : (£ sin 6y cos ¢ — (I + x)w sin O sin ¢,

Esinfpsing + (I + z)wsin by cos @, 4 cog 0o)
qi1 — X, q.l =T

r . 1
T = §m(a;2 + (14 2)*w?sin? 6y), V = §kx2 + mg(l + ) cos g

1 1
L= §m(:c2 + (I + 7)°w”sin” 0p) — 51“52 — mg(l + x) cos Og
d | 0L oL B Y
dt {5’:1‘:} 5, = M& =m(l+ z)w”sin" th — kz —mg cos
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2

sin” 0y — kx — mg cos 6

mi = m(l + x)w

k
i = (I + z)w?sin®fy — —x — g cos by
m

|w1§"

i = (I + x)w?sin® 6y — wiz — g cos

3

l

&4 (wg — w? sin? 6 )z = lw? sin® g — g cos Oy

03 Ol 88 = \/wg — w? Sin2 0o
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é m : (Rsin 6 cos ¢, Rsin 0 sin ¢, —R cos 0)
m : (RO cos 0 cos ¢ — R sin @ sin ¢,
RO cos @ sin ¢ + R sin 6 cos ¢,

— RO sin )

) M (RO cos 0 cos ¢ — Rwsin 6 sin ¢,
RO cosfsin ¢ + Rw sin 6 cos ¢,
—Rfsinb)
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m : (R cos § cos ¢ — Rw sin 0 sin ¢,

RO cos 0 sin ¢ + Rw sin 0 cos ¢, — RO sin 0)
d1 :97 q1 :0

1 .
T = §m(R292 + R*w?sin’0), V = —mgRcosf

1 :
L= §m(R26’2 + R*w?sin” #) + mgR cos 0

_ 0% 20 _ 2 2 . :
= | 52 —a$:>mR0 mR“w* sinf cosfd — mgRsin 6
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mR%20 = mR%w? sinf cos§ — mgRsin 6

+~mR? ) g
m— 9:w2SiHQCOS(9—ESiI19
2 g

WO—E
) 0 = w?sinfcos — w? sin b

60— 0
w? sin 6 cos 0 — w26 gSi]ﬂ@ — 29
’ R R

0 = w20 — w2 =0 + (W2 — w?)B = 0|3 Sblus ,3l5H = \/wg — w?
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7oLl 7+1 o - T
= —Mm17T1 - 1"1 + —Maly - T
2 171 1 222 2




r=r1é. €é.=cosbi+sinby

41 =T, 2 =

—

2 R =0

r=1€é.+1r0éy, €, = —sinbi+ coshj
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#5 R =0 dt |96~
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d - pr

E(,Lwﬁé) =0 =l = ur-f
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A <a,~=A(2gb+sinz¢) L
y = A(1 — cos 2¢) 2
0<¢o<m
G =¢, G =09
i =2Ad(1 + cos2¢), ¢ = 2A¢psin2¢

1 :
T = §m(x2 + %) = 4mA%¢*(1 + cos 2¢)

L=T—-V =4mA2¢>(1 + cos 2¢) — mgA(1 — cos 2¢)
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L = 4mA%p%(1 + cos 2¢) — mgA(1 — cos 2¢)
d {8£] e

dt (9| 09

% [SmAng(l + cos 2¢)} = —8mA2$2 sin 2¢ — 2mgA sin 2¢

8mA2p(1 + cos 2¢) — 16mA%¢? sin 2¢ =
—8mA2%¢? sin 2¢ — 2mg A sin 2¢

8mA%p(1 + cos 2¢) = 8mA2¢? sin 2¢ — 2mgAsin 2¢
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8mAZp(1 + cos2¢) = 8mA?$? sin 2¢ — 2mgA sin 2¢

% 4AP(1 + cos 2¢) = 4Ah? sin 2¢ — g sin 2¢

4AP2 cos® & = 4AP?2 sin ¢ cos p — g2 sin & cos ¢
+2cos ¢

—) 4Ad cosp = 4AP? sin ¢ — gsin ¢

(4A(g.b. Cosd — o’ sin o) = —gsin ¢ 42
) . = 4Aﬁsm¢:—gsiﬂ¢
dZSmgb ¢ cos ¢ — ¢* sin ¢
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n = sin ¢ d2 g

a2 T aan =Y
0 4A 2a




