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The Elastic Problem (Simple Harmonic

Motion)
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The Pendulum Problemith some assumptions)

AWith position vector of point masd (i Qb @ ¢ B —
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The Pendulum Problemith some assumptions)

Defining force of gravity d® & "® & Qb édH —
& "Qi "Sand tension of the string 46 b
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Derivation of Equations of Motion

Am = pendulum mass

Amg,ing= SPriNg mass

Al =unstreatchedspring length
Ak = spring constant

Ag = acceleration due to gravity
AF, = pretension of spring

Ar. = static springtretch, i ——
Ar, = dynamic spring stretch
Ar = total spring stretch i




Derivation of Equations of Motion
-Polar Coordinates
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Derivation of Equations &otion

-Rigid Body Kinematics
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Derivation of Equations of Motion
-RigidBody Kinematics

Ra = RE0 | RO x(REN X T |+ [ FaN kT |+ AT+ 2 RN x M
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Derivation of Equations &otion
-Lagrange Equations

T = ém(f + (£ + .-rﬁég). Kinetic Energy

Viz, EJ = —m.glif + I;'I cos f + %}.,_rg Potential Energy

L=T-V = %m(i‘g + (£ + I]Eé‘g) + mg(f + ) cosf — éﬁf:i‘:‘ﬂ.



Derivation of Equations of Motion
-Lagrange Equations
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mi = m(f + z)0° + mg cos b — kx,

dt

4 (m(f + I]Eé) = —mg(f + z)sind
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Elastic pendulurm therealworld
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Elastic pendulum in the reabrld — Spring
Swinging




Elastic pendulum in the reabrld
-Bungee Jumping




Trivial Cases

ASystem nointegrable

Alnitial condition without elastic potential
AOnly vertical oscillation

Alnitial condition with elastic potential



Equilibrium States
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Turning things Iinto a handy system:




Some regimes make familiar shapes!
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T TS Initial Conditions:
e X=1;Vx=0:

Y = 0Vy=0;

Z=1.1Vz=0Q

Parameters:
w=3;9=9;1=1

So motion stays in the XZ plane
Positive Z is vertical.

Ml Motion is shown to be relatively
changeless over 50s



What happens if we shake things up?

File Edit View Inset Tools Desktop Window Help

Ode ROV EL- (2|08 | ad

© =l

00:00:00 RECORDING

" C\Users\Corey\Documentsh... — =

= e v (AR m
3 1 ~

4 Initial conditions and time .
5 £

6 — totalTime = 50;

7 - stepsPerSec = ;

: X=1.1; V’x = ;[%
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10 — Z=1.1; Vz =10
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Initial Conditions
X=1.1 Vx=0;

Y =0;Vy=0;
Z=11Vz=(Q
Parameters:
w=3;9=9;1=1,;
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lal Conditions:
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take a c¢cl oser |
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Now look at the XY plane again.

Is it the swivel that is causing the pendulum kR
to avoid the center? il
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Awesome they almost meet!

(Quasiawesome)
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Initial Conditions:

x0=0.01;
xdot0=0.00;
y0=0.00;
ydot0=0.02
zprime0=0.1;
zdot0=0.00
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