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Abstract
The ubiquitous Wacky Waving Inflatable Arm Flailing Tube Man can
be modeled more simply as a Wacky Waving Inflatable Flailing Tube
(W2 IFT). One way of approaching this is treating the W2 IFT as an npendulum where each mass has on it a torsion spring that exerts a restoring force on the mass directly above it. For n masses, the equations of
motion are tricky to get analytically. We began by modeling a double
pendulum with the restoring torsion springs, and then used SymPy to get
equations of motion for 4 and 10 masses. Most of our analysis was done
on the 10-mass system. Possibly chaotic behavior was modeled, as well
as more unexpected behavior such as standing waves and filtering.

Introduction
The Wacky Waving Inflatable Arm Flailing Tube Man, known and adored by all,
is not only a feast for the eyes; it is also a physical system with many interesting
features. Modeling such a thing as a simplified Wacky Waving Inflatable Flailing
Tube (W2 IFT) is a task that could be approached many different ways. We have
opted here to treat the W2 IFT as an upside-down n-pendulum with torsion
springs. This choice comes with some challenges. One of which is the nature
of the equations of motion when n masses are used in general. We have opted,
more practically, to use a finite number of masses. Models using 2, 4, and 10
masses are discussed.
A real Tube Man exhibits a unique characteristic: The pressure from the fan
below is not high enough to keep the tube fully inflated, and some air always
flows out the top, so the tube starts to fall over and a “kink” forms somewhere
along its length. Pressure builds up below the kink, causing it to travel up the
tube until it gets to the top, where the air can escape. This behavior was the
most elusive aspect of modeling the W2 IFT as an upside-down pendulum. One
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way in which this could possibly be done would be to model each torsion spring
with a spring constant varies as a function of the angles above it:
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This turns out to be incredibly computationally cumbersome. Instead, we have
opted to fix the different spring constants, ki .
We began by looking at the 2, 4 and 10 mass pendulums with torsion springs
having various spring constants ki . No upward force or drive were given to the
pendulums; only initial angles and velocities could be varied. We then looked
at what the system did when driven and damped. Finally, we examined some
interesting properties that can be demonstrated with this simulation, namely
creating a standing wave with uneven anti-node spacing, and filtering out high
frequencies.
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Double pendulum with torsion springs

The two masses are both m, the length of both rods is l, and we have designated
the angles from the vertical axis for each mass φ1 and φ2 . We will define the
difference between the angles, φ2 − φ1 ≡ φd . The Lagrangian of this pendulum
can be written

L=


 


1 2 
ml (sin φ1 φ˙1 )2 +(cos φ1 φ˙1 )2 + (sin φ1 φ˙1 +sin φ2 φ˙2 )2 +(cos φ1 φ˙1 +cos φ2 φ˙2 )2
2


 1
+ mgl cos φ1 + (cos φ1 + cos φ2 ) − k1 φ21 + k2 (φ2 − φ1 )2
2

and it yields the equations of motion:
ml2 (2φ¨1 + cos φd φ¨2 − sin φd φ˙2 φ˙d ) = ml2 φ˙1 φ˙2 sin φd − 2mgl sin φ1 − k1 φ1 + k2 φd
ml2 (φ¨2 + cos φd φ¨1 − sin φd φ˙1 φ˙d ) = −ml2 φ˙1 φ˙2 sin φd − mgl sin φ2 − k2 φd
where we have taken advantage of the trigonometric identities
cos φ1 cos φ2

=

sin φ1 sin φ2

=

sin φ1 cos φ2

=


1
cos(φ1 + φ2 ) + cos(φ1 − φ2 )
2

1
cos(φ1 − φ2 ) − cos(φ1 + φ2 )
2

1
sin(φ1 + φ2 ) + sin(φ1 − φ2 )
2

These equations of motion were solved using odeint in Python. The result,
not surprisingly, was lacking in wackiness, as we see in Figure 1. More masses
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were needed, and the springs weren’t springy enough. This was remedied in the
4 and 10-mass models.
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Generating equations of motion for more masses

Finding the equations of motion for a pendulum with torsion springs that has
greater than 2 masses is something best left to a program like SymPy in Python.
This is not as complex as one might think. Equations are generated fairly quickly
from only a few lines of code using the sympy.physics.mechanics package. The
bottleneck comes from converting the output of SymPy to the ODE solver,
numpy.integrate.odeint. This could be automated rather simply, but we favored
doing this by hand, as 10 masses were plenty for our purposes.
The first step is generating the kinetic and potential energies for each mass.
The spring potential is given quite simply in terms of our coordinates φi
k0 4
φ
2 0
ki
Usi =
(φi − φi−1 )4
2
where we made our spring potential a “deeper” fourth order shape as opposed
to the second order of a standard spring. This ain’t your granddaddy’s Tube
Man!
Kinetic and gravitational potential energy are defined in terms of Cartesian
coordinates to allow linear height and velocity addition:
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so
Ti =

m 2
(ẋi + y˙i 2 )
2

and
Ugi = mgyi
A Lagrangian can be formed in the usual way, T − U . This is fed into
sympy.physics.mechanics.lagrangesmethod which returns a solution of the form
Mi = V
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Figure 1: Time steps (a), angle VS time (b), and Y VS X (c) of the 2-mass
pendulum given m = 1, k1 = k2 = 100, and initial angle φ = 0.1π
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where M is a 2N by 2N

1
0

0

 ..
.

matrix and V is a 2N vector. M looks like

0 0
...
0

1 0
...
0


0 1
...
0


.. ..
. . M2N −1,2N −1 M2N −1,2N 
0 0 0
M2N,2N −1
M2N,2N

The top left quadrant is the identity matrix, the top right and bottom left are
zero matrices, and the bottom right gives the what we call Mmatrix .
Using numpy.linalg we can solve this system for a solution vector, S. This is
fed into odeint as a system of first order differential equations and it returns a
numeric solution, θi (t)
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4-mass pendulum

The 4-mass pendulum code included a single value of k for all the masses. As it
was an intermediate step on the way to more masses, we did not find it necessary
to allow different k’s for each mass. Figure 2 shows plots of time steps (a), angle
VS time (b), and Y VS X (c) of the 4-mass pendulum given m = 1, k = 200, and
initial angular velocity ω = 0.3π rad/s. Figure 2a shows directly the object’s
motion: We see it fall to the right and snap back all the way to the left.
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10-mass pendulum

When we took the model up to 10 masses, we also made each spring constant
vary independently. Different combinations of spring constants lead to different
behaviors, but any assignment of constant values for ki will fall short of the
desired “traveling kink” behavior, because this requires the spring constant to
grow with the angle above it.
Accepting the fact that this model does not yet represent the W2 IFT in
some essential ways, we can explore some other unusual aspects of the system
we have built. Figure 3 shows a situation in which the pendulum starts at an
initial overall angle of π2 , the spring constants ki decrease by 10 as we move up
the pendulum (k0 = 200, k1 = 190, etc.), and we give the first mass an initial
angular velocity φ˙1 = 0.3π. The resulting motion is indeed wacky. 3b shows
the individual masses oscillating at high frequencies, while the overall pendulum
oscillates at a much lower frequency, creating what looks like a kind of envelope.
3a shows our pendulum whipping back and forth after being stretched like a
catapult. 3c appears to be chaotic, but we cannot say for sure without more
analysis.
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Figure 2: Time steps (a), angle VS time (b), and Y VS X (c) of the 4-mass
pendulum given m = 1, k = 200, and initial angular velocity ω = 0.3π rad/s.
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Figure 3: Time steps (a), angle VS time (b), and Y VS X (c) of the 10-mass
pendulum given m = 1, k = 200, and initial angular velocity ω = 0.3π rad/s.
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Other Behaviors

An interesting behavior we were able to model is a standing wave. To do this
we turned off the springs and flipped gravity to simulate hanging. Because the
resonant frequency of a rope is a function of tension, and tension is a function
of height, the distance between the nodes is not constant as it would be in a
horizontal rope. We could hit a higher harmonics if we had more masses, but
the difference in spacing and interesting shape simulates that of a hanging rope
quite well, at least visually. This is shown in Figure 4.
We were also able to use the tube man to demonstrate low pass filtering. If
a high frequency is fed in, each successive mass feels less vibration. At a low
frequency vibrations are transmitted quite easily. In these figures we used the
hanging configuration with a small drive and damping.
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Conclusion

Although the modeled behaviors did not carry the characteristics we were aiming for in modeling the W2 IFT, the spirit of the Tube Man carried us to other
strange and interesting physical realms. Order and chaos. Balance and imbalance. The savage beauty of nature manifest in search of the elusive Tube
Man.
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Figure 4: Angle vs Time (a), angle VS time (zoom) (b), and time slices (c) of
the 10-mass pendulum given m = .1, k = 0, a low amplitude drive, ω = 7 and
some light damping
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Figure 5: Angle vs frequency of the 10-mass pendulum given m = .1, k = 0
some light damping, and low amplitude drive of ω = 30 (a), and ω = 3(b)
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