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Abstract I hate to call out Rachel ‘RayGunn’s impressive work in theoretical breakdancing and
the development of the sportification and gender inclusion of the art, but her recent set showed
there is an immense gap in the development of applied breakdancing missing in her research. She
crashed HARD, like offbeat, no flow, janky power moves strung together. That was no Olympic
performance. No disrespect to Raygunn’s crew but their theoretical breakdancing framework is no
cypher when thrown down to applied breakdancing research! In this paper, we’ll go through the

physics assumptions of where she went wrong.
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1 Introduction

We love Raygunn. Supporting breakdancing as a
gender inclusive sport has inspired many [1, 2].
Unfortunately, a closer look at her applied work
[3] has shown that many of her invented moves
only work in the lab [4] in simulation [5] or just
on paper [6]. For example, as shown in [7], her
head spinning techniques applied a negligibly zero
coefficient of friction and many of her moves were
tested in a vacuum to validate the estimated in-
ertial moments [8]. In order to close the gap of
the cutting edge of theoretical break dancing, this
paper will correct those dangerous assumptions
ending in disastrously lame performances.

2 False Assumptions

Breaking is a very real sport based in science. No
matter how much time a B-boy or B-girl spends
estimating the required escape velocity to perfect
a floor flip spin, it will land you on the left side
of the judge if you use the wrong assumptions.

2.1 Air Resistance

Outside of aeronautical engineering, it is com-
mon to ignore air resistance for cheater reasons.
As shown in post battle analysis or the Colorado
Breakdance regional finalists tanking in the Mi-
ami nationals due to a sharp increase in air den-
sity [9], the air resistance of your moves can make

a world of difference. As proposed in [10], the ad-
ditional force or torque required per move should
be estimated using the equation’s below where Cy
is the coefficient of drag, and p is the air density,
and all the letters should be self-explanatory since
everyone uses Greek letters the same in physics
and breaking since the dawn of the free body dia-
gram. If Raygunn just applied the equations and
figure below, she may have been able to execute
a real power move.

1
Fy= iCdpAUQ (1)

1
Td = §CdpAr2w2 (2)

2.2 A Break Dancer is not a sphere

Just like cows [11], it is never safe to assume
that a break dancer can be modeled as a sphere
no matter how easy that makes the inertial mo-
Whether it’s an I-beam,
a Crunchwrap supreme [12], or a breakdancer,
there is an enormous difference between a point
load and a distributed load. Unfortunately for
some of Raygunn’s theoretical calculations, her
irregular non-spherical body shape was not prop-
erly handled while estimating spin escape velocity
calculations.
estimating the inertial moments of a stick figure

mentum calculations.

It’s more work but at a minimum
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Fig. 2: Non-Spherical Break Dancer with Distributed
Loads.

2.3 Friction-less Surfaces

The final false assumption causing Raygunn’s
theoretical breakdancing framework to fall flat
was ignoring friction. Just because a B-boy or
girl is wearing nylon, or the cardboard is real fresh
and salted with high grade breaking salt it don’t
mean that the friction is zero. Even if Raygunn
had a correct calculation of horizontal or inertial
momentum during a slide or spin, she ignored the
kinetic coefficient of friction which caused her ini-
tial velocities to be underestimated. Below is a
list of useful breakdancing specific static and ki-
netic coefficients of friction measured in [14] to be
multiplied by the normal force.

Table 1: Various Coefficients of Friction for inquiring
minds

3 Coriolis Effect

Unfortunate for the majority of Australian break-
ers everywhere and competitive basketball spin-
ners [15], the Coriolis effect will completely re-
verse the natural spinning resistance of any spin
move. If Raygunn really wanted to determine
the correct offset force to her Australian invented
move, she would have reversed the direction of the
Coriolis down under using the air density of sec-
tion 2.1 to estimate the air mass m, and v is her
tangential velocity and €2 is her angular velocity.
Using the equation below, Raygunn could have
solved for the Coriolis force and reversed direc-
tions. Now I'm not gonna assume that she used
a southern hemisphere Coriolis direction in the
northern hemisphere, but stranger things have
happened.

F,. =

—2(Q2 x v) (3)

4 Gyroscopic Stability

A lot of B-boy and B-girl fans can’t believe we can
do what we do while spinning so fast but bro, we
can ONLY do what we do because we’re spinning
so fast. By the power of gyroscopic stability, we
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can make our bodies do whatever we want when-
ever we want as long as we have enough rota-
tional inertia. That’s the conservation of angular
momentum my homie. Thankfully due to the de-
cision of the IOC to boot the Russians and ban
MEMs and fiber optic gyroscopic stability’s, all
the B-boys and girls have to stabilize and solve
for angular positions the ol fashion way by turn-
ing their bodies into a flywheel and use the pre-
cession effect.

It’s great that Raygunn applied the gyroscopic
stability equations from [16], unfortunately she
left out the majority of precession effects of irreg-
ular bodies. Unlike spinning a rigid body wheel
with negligible losses, break dancers are a collec-
tion of connected segments similar to a robotic
exoskeleton. As discovered in [17], one can cheat
the spin by leaning forward or backward to re-
verse direction or modify the axis of rotation us-
ing the kinetic energy from your own body rather
than relying on gravity or surface traction.

To begin the angular momentum L of a rigid body
rotating in three dimensions is given by:

L=1Iw 4)

where L € R? is the angular momentum vector,
I € R3*3 is the moment of inertia tensor, and
w € R3 is the angular velocity vector. The mo-
ment of inertia tensor I for a rigid body in three
dimensions is:

Imx Ia:y Ixz
I= Iym Iyy Iyz (5)
Iz;t Izy [zz

where the diagonal elements I, Iy, I, represent
the moments of inertia about the principal axes,
or as we like to call it the stik thang, and the
off-diagonal elements represent the products of
inertia. Now the gyroscopic effect, or precession
as we call it on the floor, occurs when an external
torque 7 is applied to the rotating dancer, leading
to a cha-change in angular momentum my homie:

=1 (6)

The rate of precession €2, is related to the torque
crankin down on ya by that sweet ass equation

T +wxL

Q,=1"'7 (7)

Okay, now this one’s gonna be real quick. The
equation of motion for the break dancer’s body,

considering the full three-dimensional rotation, is
given by:

dL
= —+4+wxL 8
T ®
Stability is achieved when the gyroscopic preces-
sion counteracts any destabilizing torques or bad
vibes with

Q, - 7>0 (9)

For a break dancer, this condition ensures that
even in tha thack of a wack ass power move the
dancer remains stable during a dope ass spin.

Now sometimes you may assume the dancer’s
body is modeled as a uniform cylinder spinning
about the vertical axis (z-rizza-rizza-axis). The
moment of inertia tensor I which simplifies to:

smR2 0 0
I=| 0 $mR* 0 (10)
0 0 mL?

where m is the mass, R is the radius, and L is
the length of the cylinder if ya knows what I’
sayin. Now I get the feeling Raygunn may have
stopped there but it totally changes, like real deal
changes when the dancer extends their arms or
legs, the moment of inertia increases. The con-
tribution from an extended limb which can be
approximated as:

2
mlimbLlimb 0 0
2
Ly = 0 Mimb L 0
0 0 Izz,limb

(11)
where Mmijmp is the mass and Ly, is the length
of the limb. Now we can find the total angular
momentum for the dancer to be

Liotal = Ihody@ + Y _ Tlimb iwlimb,i (12)

(2

Ya dig? Now maybe some lazer light show may
let some new younger dancers take advantage of
that fat Sagnac effect but this is how ya do it old
school

5 Results and Discussion

K. so. you can clearly see in the figure below that
if you go at it with all your theoretical Buulll-shitz
then ya well your tightness meter’s basically zero
no matter how beast mode you go. Now if you
adjust for Re-Al-a-T baby, like we talked about in
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Fig. 3: Yo look at how bad this is oh sheeeet.
this paper; now you won’t be perfect, but you’ll
be the best B-boy or girl you ever can be.

6 Conclusion

Man,

Raygunn just sucks man. Just like use air

resistance, friction, you better damn well not be

callin

me a sphere!
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