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Newton's Method on the Double Pendulum

Newton's Second Law in 2-D: F = m3 = mx;X + my;y
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Ty mg my &

upper mass lower mass
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miXy = —Tysinf; + Tosinfy (1)

miys = T1cosfy — Torcosbr — mg

(2)

m2)'€2 = — T2 sin 92 (3)

mays = Tpcosbp — mpg  (4)
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The Lagrangian Method

miXy = —Tysinf; + Tosinfy (1)

myiy1 = TycosbBy — Trcosbr — mig x1 = Lisin6 (5)

(2) — _l,cos0; (6
MmoXo = — Tosin 6 (3) n 1cosfy (6)
Xp = x1 + Lo sin s (7)

mays = Tpcosbp — mpg  (4)

y2 =y1— Lacosfy (8)
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sin(61)(miyr” +mays" +mag+mig) = — cos(62)(mixy” +moxa")

sin(62)(may2" + mag) = — cos(02)(max2")
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sin(61)(miyr” +mays" +mag+mig) = — cos(62)(mixy” +moxa")

sin(62)(may2" + mag) = — cos(02)(max2")

.= —-g(2my +m,)sin 6, - m, gsin(8, —-26,) —2sin(6, - 6,) m, (6, L, + 6,* L, cos(6, - 6,))
=

Li(2m,+m, -mycos(20, —20,))

2sin(0, - 6,) (8,% L, (m, + m,) + g(m, + m,) cos 8, + 6,"2 L, m,, cos(f, - 6,))

8," =
2 Lo(2m,+m, —mycos(20, -20,))
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-g(2m, +m,)sin 6, -m, gsin(6, -26,) -2sin(6, - 6,)m, (0,* L, + w0, L,
o = cos(8; - 6))

Li(2my+my -mycos(28,-26,))

2sin(8,-6,) (w,* L, (m, + m,) + g(m, + m,) cos 8, + w,* L, m, cos(8, - 6,))
L =

Ly(2my+my—mycos(28,-26,))

By: Ryan Charles Gelnett



Derivation: Function for Motion .
¢ Newton’s Method on the Double Pendulum

The Lagrangian Method

The Lagrangian Method on the Double Pendulum

1 .
U= —mgh T = Emv2 v? = (L6)?
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The Lagrangian Method on the Double Pendulum

1 .
U= —mgh T = Emv2 v? = (L6)?

PE = —(my + my)gli cos 01 — magly cos by,

1 L1 : : .
KE = 5m1L§9§ + 5m2[L§¢9§ + 13602 + 211126165 cos(8; — 62)].
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The Lagrangian Method on the Double Pendulum

1 .
U= —mgh T = Emv2 v? = (L6)?

PE = —(my + my)gli cos 01 — magly cos by,

1 L1 : : .
KE = 5m1L§9§ + 5m2[L§¢9§ + 13602 + 211126165 cos(8; — 62)].
oL d (oL
L= KE — PE ——-——(=)=0
06 dt <aa>

By: Ryan Charles Gelnett



Derivation: Function for Motion .
¢ Newton’s Method on the Double Pendulum

The Lagrangian Method

L . . :
95 = muRy + maffs -+ molybf cos (61 - 62). (9)
1
d L . . . . .
% (887) = (m1+m2)/ft91+m2/1/202 cos (191 — 02)7m2/1/202 sin (91 — 92) (91 — 92) R
1
(10)
% = —/1g(m1 + m2)sin 01 — m2/1/26'.19.2 sin (91 — 02) . (11)
1
a—.l_ = m2/2292 + m2/1/291 cos ((91 — 92)7 (12)
00,
% <%> = m2/229"2—|—m2/1/29"1 Ccos (91 — 92)—!772/1/29-1 sin (91 — 92) (91 — 92) s
2
(13)
aa—eLz = m2/1/20-10-2 sin (61 — 62) — hmag sin 05. (14)
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Do my own type of pendulum??? multiple masses fixed to a mass
or initial stationary position with fixed angle between them
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The N-Link Pendulum

Y N k-1
K= g 2™k P= —me; I:ZJ" cos(f 1) + e cos(By i1 '}
. 2 k=1 i=1
* [( b cos(8) -1 )8, i—1 4T COS (B k—r ]Fi;,_,-__])
\i=1 /
k-1 2
0. + ( Lisiné )8 i1 +:;ain[H“_,)H,-_-_l) }
=1

N-Link KE N-Link PE

N-Link
Pendulum
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N
N k-1
K=Y Zm
Z 2’”' P= —me; I:ZJ" C(]\\[HJJ_|F+ij((]\\[l‘ﬁ‘;_]l}
k=1 i=1

k=1 -
* [( L costf 108, i1 +ri cos(fy ey ]F;;._;__l)

N-Link KE N-Link PE
On
m"‘/ PE = 7(!711 + mg)ng cos 01 — mpgls cos 03,
1 o 1 . . .
) KE = EmlLié)f + 5mz[Lief + L3563 + 2L1 L5616, cos(61 — 62)].
N-Link
Pendulum
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0, [radians]
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Thanks for coming!
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