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Ordinary Differential Equation

* Double Pendulum

Ay
% O\ L1 T2
: /561 — ll Sin 61
|
i < Y1 — —ll COS 91
i Lo = ll sin (91 + 12 sin 92
|
| Y2 = —1l{ cos By — Iy cos 8-
i
1 . . 1 . .
L = §m1(93% +7) + §m2(x§ + 15) + migli cos 01 + mag(ly cos 01 + s cos 63)
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Ordinary Differential Equation

* Double Pendulum

r : 4 :
r1 = l1sin 64 x1 = (107 cos 0
< Y1 — —l; cos 91 < 3]1 — llél sin (91
r9 = [y sinfy + [ sin 65 To = llél cos b1 + lgé’g cos 65
\yQ = —ly costy — Iz cos b \gg = llé’l sin 04 lgég sin 0o
1 242 , 1 202 | 1242 ) [
L = §m1l191 —+ §m2(1191 + 1292 + 2Z1126192 COS(Hl o 92))

+mq gly cos 01 + maog(ly cos B + 5 cosbs)
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Ordinary Differential Equation

* Double Pendulum

1 , 1 . . .
L= Sl + Sma(307 + B3 + 20115010 cos(6, — 02)

+mq gly cos 01 + mog(ly cos Oy + I cos )
4oLy _ ot
dt \ 96,/ 96,
4oLy _ ot
dt \ 96, ) 905
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Ordinary Differential Equation

* Double Pendulum

1 , 1 . . .
£ =SB0 + Sma(B307 + B3 + 20115010 cos(6 — 02)

+mq gly cos 01 + mog(ly cos Oy + I cos )

d (oL\ oL
dt \ 96, ) 00:

d : ‘
E[(ml + mg)lfﬁl + molyl20 C03(91 — 92)]

= —mglllgélég Siﬂ(@l — 92) — (m1 + m2)911 sin (91
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Ordinary Differential Equation

* Double Pendulum

1 , 1 . . .
£ =SB0 + Sma(B307 + B3 + 20115010 cos(6 — 02)

+mq gly cos 01 + mog(ly cos Oy + I cos )

d (oL\ oL
dt \ 96, ) 00:

(m1 —+ mg)l%(91 -+ mglllgég 608(91 — 92) — mglllgég((g.l — 92) Siﬂ(@l — 92)

= —mglllgélég Siﬂ(@l — 92) — (m1 + m2)911 sin (91
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Ordinary Differential Equation

* Double Pendulum

1 , 1 . . .
£ =SB0 + Sma(B307 + B3 + 20115010 cos(6 — 02)

+mq gly cos 01 + mog(ly cos Oy + I cos )

d /0L oL
dt 86’1 0(9 1

(m1 —+ mg)l (91 -+ mgl l292 608(91 — 92 mgl ZQHQX/ 92 SlIl(Hl — 92)

— —mglll;/HQ SlIl (91 — 92 (m1 + mg)gll sin (91
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Ordinary Differential Equation

* Double Pendulum

1 , 1 . . .
£ =SB0 + Sma(B307 + B3 + 20115010 cos(6 — 02)

+mq gly cos 01 + mog(ly cos Oy + I cos )

d (oL\ oL
dt \ 96, ) 00:

(m1 -+ mg)l%91 —+ mglllgég COS((91 — (92) -+ mglllgég sin(@l — 92)

— —(m1 -+ mg)gll Sin (91

M. Reza Mozaffari Physics Group, University of Qom Lecture-25



Ordinary Differential Equation

* Double Pendulum

1 , 1 . . .
£ =SB0 + Sma(B307 + B3 + 20115010 cos(6 — 02)

+mq gly cos 01 + mog(ly cos Oy + I cos )

d (oL\ oL
dt \ 96, ) 00:

= —(m1 + ma)gly sin 0,
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Ordinary Differential Equation

* Double Pendulum

1 , 1 . . .
£ =SB0 + Sma(B307 + B3 + 20115010 cos(6 — 02)

+mq gly cos 01 + mog(ly cos Oy + I cos )

d (oL\ oL
dt \ 96, ) 00:

(mq + mg)llél 1+ MmiglyBs cos(f, — 03) = —m212é§ sin(f; — 03) — (mq + my)gsin 64
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Ordinary Differential Equation

* Double Pendulum

1 , 1 . . .
£ =SB0 + Sma(B307 + B3 + 20115010 cos(6 — 02)

+mq gly cos 01 + mog(ly cos Oy + I cos )

d (oL\ oL
dt \ 96, ) 905
d

E[mglgéz + m21112é1 cos(61 — 02)]

— mglllgélég Sin(91 — 92) — mgglz Sin 92
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Ordinary Differential Equation

* Double Pendulum

1 , 1 . . .
£ =SB0 + Sma(B307 + B3 + 20115010 cos(6 — 02)

+mq gly cos 01 + mog(ly cos Oy + I cos )

d (oL\ oL
dt \ 96, ) 905

mglgéz -+ mzlllgél COS((91 — (92) — mglllgél ((91 — (92) Sin(Hl — (92)

— mglllgélég Sin(91 — 92) — mgglz Sin 92
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Ordinary Differential Equation

* Double Pendulum

1 , 1 . . .
£ =SB0 + Sma(B307 + B3 + 20115010 cos(6 — 02)

+mq gly cos 01 + mog(ly cos Oy + I cos )

d (oL\ oL
dt \ 96, ) 905

mglgéz -+ mzlllgél COS((91 — (92) — mglllgél ((91 —/fg/)sin(ﬁl — (92)

— mglllgé .2 Sin(91 — 92) — mgglz Sin 92
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Ordinary Differential Equation

* Double Pendulum

[ = %mllfé% + %mzagéf 1202 4 20,106, 65 cos(8y — 0))
+mq gly cos 01 + mog(ly cos Oy + I cos )
d (6’£> oL
dt \ 96, ) 905
mal205 + molilafy cos(0; — 02) — malilab? sin(0; — 0s) = —mogls sin 65
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Ordinary Differential Equation

* Double Pendulum

[ = %mll%éf + %mzagéf 1202 4 20,106, 65 cos(8y — 0))
+mq gly cos 01 + mog(ly cos Oy + I cos )
d (6’£> oL
dt \ 96, ) 905
mgl%ég -+ m2l1l291 cos(f1 — 03) — mglllgﬁf sin(fy, — 02) = —my g12 sin 65
Mololy + migli6q cos(f; — 02) — m2l16’% sin(f; — 02) = —mog sin 65
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Ordinary Differential Equation

* Double Pendulum

1 , 1 . . .
£ =SB0 + Sma(B307 + B3 + 20115010 cos(6 — 02)

+mq gly cos 01 + mog(ly cos Oy + I cos )

d (oL\ oL
dt \ 96, ) 905

/m/é/lgég —I—/m§719.1 cos(0, — 05) —7%2[16’% sin(f; — 05) = —mgg sin 65

lgég -+ llél COS(@l — 92) — l16’% Sin(Hl — (92) — —( sin 92
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Ordinary Differential Equation

* Double Pendulum

1 , 1 . . .
£ =SB0 + Sma(B307 + B3 + 20115010 cos(6 — 02)

+mq gly cos 01 + mog(ly cos Oy + I cos )
d (oL 6’_£
dt \ 96, ) 905

lgég —F llél COS(@l — (92) — l19% Siﬂ(@l — 92) — gsin (92
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Ordinary Differential Equation

* Double Pendulum

1 , 1 . . .
£ =SB0 + Sma(B307 + B3 + 20115010 cos(6 — 02)

+mq gly cos 01 + mog(ly cos Oy + I cos )

r(ml + mg)llél -+ mglzég COS((91 — (92) = —mglgég sin(@l — (92) — (m1 -+ mg)g sin 04

\llél COS(@l — (92) —+ lgég = l1(9% sin(@l — 92) — gSiH (92

(m1 -+ mg)ll mglg 608(91 — 02) (91 _ —mglgég S.in(é’l — 92) — (m1 + mg)g sin 91
ll COS(@l — (92) l2 (92 l10% sin(@l — 92) — g sin 92
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Ordinary Differential Equation

* Double Pendulum

(m1 —+ mg)ll m2l2 COS((91 — 02) 91 _ —mglgég S.in(Hl — (92) — (m1 —+ mg)g sin 61
ll COS(@l — (92) 12 (92 l19% Siﬂ(@l — 92) — g sin (92

—(2m1 —+ mg)g sin 91 — mMag Sil’l(91 — 2(92) — 2m2 Sin((91 — 92)[129% + l1(9% COS((91 — (92)]
l1(2m1 + Mo — Mo COS<291 — 2(92))

=

2sin(01 — 02)[(m1 + ma)ligcos 01 + (m1 4+ m2)l10? + malsb? cos(61 — 65)]

0, =
: l2(2m1 + Mo — Mo COS(291 — 292))
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Ordinary Differential Equation

* Double Pendulum

(m1 —+ mg)ll m2l2 COS((91 — (92) 91 _ —mglgég S.in((91 — (92) — (m1 —+ mg)g sin 61
ll COS(@l — (92) 12 (92 l19% Siﬂ(@l — 92) — g sin (92

—(2m1 + ma)gsin 01 — magsin(0; — 20) — 2mo sin(fy — 62)[lows + l1w? cos(61 — 05)]
l1(2m1 + Mo — Mo COS(291 — 292))

Wy =

e 2sin(01 — 02)[(m1 + ma)li1gcos O + (m1 + ma)liw? + molows cos(61 — 05)]
2 12(2m1 + Mo — My COS(291 — 292))
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