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Newton’s Method on the Double Pendulum

Newton’s Second Law in 2-D: ~F = m~a = mẍi x̂ + mÿi ŷ
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Newton’s Method on the Double Pendulum
The Lagrangian Method

m1ẍ1 = −T1 sin θ1 + T2 sin θ2 (1)

m1ÿ1 = T1 cos θ1 − T2 cos θ2 −m1g
(2)

m2ẍ2 = −T2 sin θ2 (3)

m2ÿ2 = T2 cos θ2 −m2g (4)

x1 = L1 sin θ1 (5)

y1 = −L1 cos θ1 (6)

x2 = x1 + L2 sin θ2 (7)

y2 = y1 − L2 cos θ2 (8)
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m1ẍ1 = −T1 sin θ1 + T2 sin θ2 (1)
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Newton’s Method on the Double Pendulum
The Lagrangian Method

sin(θ1)(m1y1”+m2y2”+m2g+m1g) = − cos(θ2)(m1x1”+m2x2”)

sin(θ2)(m2y2” + m2g) = − cos(θ2)(m2x2”)
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The Lagrangian Method on the Double Pendulum

U = −mgh T =
1

2
mv2 v2 = (Lθ̇)2

PE = −(m1 + m2)gL1 cos θ1 −m2gL2 cos θ2,

KE =
1

2
m1L

2
1θ̇

2
1 +

1

2
m2[L21θ̇

2
1 + L22θ̇

2
2 + 2L1L2θ̇1θ̇2 cos(θ1 − θ2)].

L = KE − PE
∂L

∂θ
− d

dt

(
∂L

∂θ̇

)
= 0.
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∂L

∂θ̇1
= m1l

2
1 θ̇1 + m2l

2
1 θ̇1 + m2l1l2θ̇2 cos (θ1 − θ2) , (9)

d
dt

(
∂L

∂θ̇1

)
= (m1+m2)l21 θ̈1+m2l1l2θ̈2 cos (θ1 − θ2)−m2l1l2θ̇2 sin (θ1 − θ2)

(
θ̇1 − θ̇2

)
,

(10)
∂L
∂θ1

= −l1g(m1 + m2) sin θ1 −m2l1l2θ̇1θ̇2 sin (θ1 − θ2) . (11)

∂L

∂θ̇2
= m2l

2
2 θ̇2 + m2l1l2θ̇1 cos (θ1 − θ2) , (12)

d
dt

(
∂L

∂θ̇2

)
= m2l

2
2 θ̈2+m2l1l2θ̈1 cos (θ1 − θ2)−m2l1l2θ̇1 sin (θ1 − θ2)

(
θ̇1 − θ̇2

)
,

(13)
∂L
∂θ2

= m2l1l2θ̇1θ̇2 sin (θ1 − θ2) − l2m2g sin θ2. (14)
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Newton’s Method on the Double Pendulum
The Lagrangian Method

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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Chaos Theory
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Chaos Theory
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Initial Conditions for when the Duoble Pendulum Flips
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Questions? I

Eric W. Weisstein.

Double pendulum, 1996-2007.

Eric W. Weisstein.

Euler-lagrange differential equation, 1996-2007.

Earthquake Protection Systems.

Triple pendulum isolator, 2020.

Erik Neumann.

Double pendulum, 2004-2016.

Grant Sanderson.

The lagrangian, 2021.

By: Ryan Charles Gelnett
The Lagrangian and The Problem of N Connected Pendulums



Derivation: Function for Motion
An Analysis

Questions & Bibliography

Questions? II

David Moran.

‘The Lagrange Method’, Introduction to Classical Mechanics with
Problems and Solutions.

Harvard, 2007.

António M. Lopes & J. A. Tenreiro Machado.

Dynamics of the n-link pendulum: a fractional perspective.

International Journal of Control, 1 - 9., 90:6, 2017.

Matt Guthrie.

The origin of the lagrangian, 2013.

António M. Lopes & J. A. Tenreiro Machado.

The N-link pendulum: Embedding nonlinear dynamics into the
multidimensional scaling method.

Harvard, 2016.
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Questions? III

Jeremy S. Heyl.

The Double Pendulum Fractal.

University of British Columbia, 2008.

Thanks for coming!
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