
AM 205 Group Activity Assignment

AM 205: Implementing a DAE solver to simulate the chaotic
double pendulum

Please submit a short write-up of the following two exercises by Monday, Nov. 15 at 5pm
ET. Please follow the same submission guidelines as for the homework - a separate PDF with your
written results, and your code.

Exercise 1: Implementing a DAE solver

The AM 205 group activities Github page provides a code framework for a DAE solver class (both
as a jupyter notebook and MATLAB script). Complete the DAE solver by implementing Newton’s
method to solve for each integration step following the algorithm discussed in session. Test your
solver by integrating the simple pendulum problem provided.

Optional: Instead of using the previous solution yk as the initial guess for Newton’s method to
solve for yk+1, we can construct a quadratic Lagrange interpolant p(t) from the solutions at tk−2,
tk−1, and tk and use ŷk+1 = p(tk+1) as an improved initial guess (after the start-up steps). For
fixed step size, the quadratic Lagrange interpolant at tk+1 turns out to be

ŷk+1 = yk−2 − 3yk−1 + 3yk. (1)

Measure the time it takes to integrate the simple pendulum problem with and without the improved
guess. You can also print out how many Newton iterations are performed at each integration step
to verify the faster convergence.

Exercise 2: Integrating the chaotic double pendulum

As seen in the session, the differential-algebraic equations which describe the double pendulum
are given by

x′1 = u1,

y′1 = v1,

u′1 = −λ1x1 − λ2(x1 − x2),

v′1 = −λ1y1 − λ2(y1 − y2)− g,

x′2 = u2,

y′2 = v2,

u′2 = −λ2(x2 − x1),

v′2 = −λ2(y2 − y1)− g,

0 = x21 + y21 − 1,

0 = (x2 − x1)
2 + (y2 − y1)

2 − 1,

(2)

with x1, y1, u1, v1, x2, y2, u2, v2, λ1, λ2 as our degrees of freedom in the system, and g = 9.80665 the
acceleration due to gravity.

a) Implement Eq. (2) and its Jacobian, then use your DAE solver from Exercise 1 to integrate the
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system on t = [0, 10] with step size h = 10−3 using the initial conditions

θ1 = 3π/4; θ2 = π/4,

x1 = sin θ1; y1 = − cos θ1,

x2 = x1 + sin θ2; y2 = y1 − cos θ2,

u1 = v1 = u2 = v2 = 0,

λ1 = 2µg cos θ1,

λ2 = µg cos θ1 cos(θ2 − θ1),

(3)

where

µ =
1

1 + sin2(θ2 − θ1)
(4)

Here, λ1 and λ2 have been determined consistently using the hidden constraint equations ob-
tained by repeated differentiation of the two algebraic constraints.

b) Plot the 2D trajectories (x1, y1) and (x2, y2) of the two pendulum bobs. If working in a jupyter
notebook, the script animate.py on the AM 205 group activities Github page also includes a
method animate_double_pendulum(sol), which can be used to visualize a movie of the double
pendulum system.
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