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FORMULATING THE PROBLEM

Pendulum
Mass (m)
Length (1)

Oscillating Pivot
Amplitude ( A)
Frequency (¥ )
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FORMULATING THE PROBLEM

Forces Acting on the Pendulum
Gravity
Force of the pivot
[Friction]
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EQUATION OF MOTION

Newtonos Second Law

£
Linear motion: d?x
F=ma = >
dt
Circular motion: "
t=1 ad -2
_ _ dt
Equation of Motion
d*g 1d
[total =1 2 A
y ¥
dt v
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TORQUES E
Gravity:
l gy =T FsSIN
{ gy =MAlsin
Oscillating pivot:
Force:  y(t) = Acosm) Ad
_d7y(t
d3t/2( ) = = w’ Acos( ) v

F=ma midi/(t) =/ Aos(wi)

Torque: =rFsin «

= ml nAcos( tysin

4

pivot

p|vot




EQUATION OF MOTION

d%g d® ¢
[total grav plé‘ot h? ITFI:2 F
,d’q . .
ml F—mglsmq -mg W Acos( wysin
d’g ég WA 2.
v QT —lcos(wt) gmq %

|

Gravity Pivot

! term term
) For example:
g g=9.81m.¢
| =19cm

d’q g d’g . g h =3

2749 P > t7q 9 |
dt® | dt® | w, =7.19 rad.§
gt) =exp(pt)  g(t)=sin( yt)
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PHYSICAL |INTUITION

e WA 2.
T g —Tcos(W) §in g 4
é u

|

Pivot term
(dominates for
largev al ues of ¥)

F = s/ Acos(ut)

Inertial (lab) F.= Tw/A
frame
|F1|:|F2|
o t =rFsin ¢
Noninertial
frame __, Q> ¢
of pendulum
( p ) \ f2>

Butikov, EugeneOn the dynamic stabilization of an inverted penduldm. J. Phys., Vol. 69, No. 7, July 2001
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REPARAMETERIZATION

Reparameterize:

Let:

5 t
[= 1 4-L
27,
d’g éw; A g.
- & -—CO0S N €
arz € g o) gnag
o 2, A
d= o | e="—
Ew |
d’ q+[0’ +eos( Jsin - &
dt?
For small value® f ginqo

2
%ﬂd +eos( )t 4
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Mathieu's Equation
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STABILITY

d2
FZ+[a’ +eos( )t
3 7
: / i Regular Pendulum
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unstable

Smith, Blackburn, et. al. Matlab Plot

Stability and Hopf bifurcations in an inverted
pendulumAm J. Phys. 60 (10), Oct 1992 o




Our values of U and

A _jinch 0.013m
=— = 0067 '
© [ 19cm 0.19m (fixed)
d:% _ 719 [2: 0.001] (depends on
W[5 Hz; 200Hzf ¥)

Stability condition:
(approximating A <<1)

Aw_ e 5
L w, Jd
d.° 2.2 310°

w.° 24.2 Hz
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HOW WE BUILT IT
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WHY THE DRIVER DIDN @ WORK

(2maf)* > 2gl
a = .00635m
f=20Hz

_ (2maf)?
max 2g

[ = 3cm
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HOW WE BUILT IT




