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State of Washington — Pacific Northwest

Florid Economy - No State Income Tax
~ 8 Million Residents
Maritime Ports: 1 Day Closer to Asian

Markets than those in CA

~45% of Jobs in WA are Related to
International Trade

Affordable Renewable Energy Available to
Companies e.g. BMW (Mainly Hydro, Wind)

Leader in Sustainable Biofuels, Hydrogen
Institute for Northwest Energy Futures
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https://wsuwp.tricities.wsu.edu/inef/
https://wsuwp.tricities.wsu.edu/inef/

WSU: Original WA Land-Grant University
Transformlng Lives, Driving Global Innovation
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Post-graduate: <47 PhD Programs,
*66 Master’'s Programs
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WSU Europe Global Engagement Mission Goals

» Graduating internationally-minded diverse students for leadership Iin
multicultural global societies, by expanding student exchanges for
Study & Research abroad

» Establishing international partnerships to advance knowledge more
effectively than allowed by the resources of any single institution

» Securing domestic & transatlantic funding to support international
research collaborations and provide students with research-&-study-
abroad fellowships that remove financial barriers

» Integrating education and research within international initiatives
supported by domestic & transatlantic extramural funding
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Python Meeting the Cosmos and Differential Systems

Object-Oriented Python Programming in

Computational Astrodynamics

Analytics Drift

(_ CLASSES, ( oBJECTS )

-
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( INHERITANCE ) (_ABSTRACTION )
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Solar System and Initial-Value System
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State Vector / Array - Jacobian
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Astrodynamics System — N-Body Problem
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Sample Model for One Celestial Body

rdr
at = Uy z 4
d;; = rwj + ?”wq% sin” 0 — Ci]g\l er
dg
< at ¢ 0 .
dw VW cos 6 \Ee |
d—f’ = =2 r > - 2Wgwo sin 6 |
do | y
a = \)(Nl )
dwe o Urws 5 . ¢
= T2 - wy, sin @cos 0
\ X

WASHINGTON STATE Welcomes You

UNIVERSITY Begruldt Sie Vous Accueille



Differential Equations Reflected in Python

dr
dt
dv, GM
m 'rw9+7w¢)bm - —-

)
d_gb

dt
wy UrWg cosf
— ) ~2
dt r Y sin
df

dt

Wo

Wh

dwg

e

2 sin feos §
.

WASHINGTON STATE Welc.(.)mes. You Wita C'Q_
UNIVERSITY Begrul3t Sie Vous Accueille




import math
import numpy as np
from  scipy.integrate import solve 1vp

import matplotlib.pyplot as plt
import matplotlib.animation as animation
from collections import deque

def main():

= Baseline class objects

my_ diff_sys = Differential_ System()

my_ solution = Differential_ System_Solver()
my_data_mngmt = Output_Data_File_Management()
my_plot = Plot()

I oo oo oo oo o oo O o O o O 5 O 5 o e 5 e o 1 5 5 0 5 1 0 ) 1 e ) o o e o o

# object utilization
my_solution.solve_sys( my_diff_sys )

my_data_mngmt.set_data( my_solution.data )
my_data_mngmt.save_matrix( )

my_plot.set_labels( my_diff_sys.labels )
my_plot.chart_it( my_solution.data )

# animation

coordinates = Define_Points ( my_solution.cart_coord )
coordinates.point_coordinates()

action = Perform_Animation( my_diff_sys.delta_t,
my_diff_sys.info, coordinates )
action.set_up_animation()




v i@ main.py v |4 Differential_System_Domain y B DﬁE‘I’E‘ﬂtim S)rstem

I3 Differential_System_Domain — [ time_set_form - _Iﬂft_

[d Differential_System — [ init_cond

~ [ computational_parameters

I3 Differential_System_Solver — [ time_set

[3 Output_Data_File_Management I~ [ Differential_System_Solver - iﬂTt_EDﬂd_fDrm

Input Data File Management ..
B Tnput_Data_File_Manag = _init_

B Fo — [0 ode_sys_rhs

, — [ solve_sys
Define_Points - .
4 pefire. ~ [ jacob_rhs

I3 Perform_Animation — [0 data_matrix

)
)
)
)
)
)
)
)




class Differential System Domain( object ):

rr

self.labels [ "Differential System Solution”, "time"”, "values"]

self.time_set form()

Differential System Domain._ init ( self )

self.computational parameters()
selLf.init_cond_form()




np.zeros( self.numb_of eq, dtype

initial conditions

3.173312775112640E+00
2.5939123531952030E-062
2.129419344727240E+00
1.756346981419310E-01
1.562460620249420E+00
-3.718348831566720E-63

float )




NASA Horizons System

Horizons Web Application

Save/Load Settings...

1 Ephemeris Type: |Vector Table v

2 Target Body: Jupiter
3 Coordinate Center: Sun (body center) [500@10]

L Time Specification: Start=2026-6-9 10:26:00 TDB , Stop=2026-6-10 10:26:00, Step=1 (days)

5 Table Settings: defaults
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def ode sys rhs( self, t, q ): # implement the differential equations in this function
# parameters may be specified through the self.param[] dictionary

np.zeros( self.numb_of eq, dtype = float )

self.param




Differential Equations Reflected in Python

dr
dt
dv, GM
m 'rw9+7w¢)bm - —-
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dt
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def jacob _rhs( self, t, q ): # implement the differential-equation jacobian in this function
# parameters may be specified through the self.param[] array

np.zeros( ( self.numb_of eq, self.numb_of eq ), dtype = float )
self.param

# dq_dt[ © ]

Jjac_mtrx[
Jjac_mtrx[
Jjac_mtrx[
Jjac_mtrx[
Jjac_mtrx[
Jjac_mtrx[

000006

e
1
%]
0.
e
%]

# dg dt[ 1 ] =q[ @ ] * (g[ 3] * math.sin( q[ 4 ] ) )**2 - GM / q[ © ]1**2. + q[ @ ] * q[ 5 ]**2.0e

jac_mtrx[ = 3 ] * math.sin( g[ 4 ] ) )**2.©6 + 2.6 * GM / g[ © ]1**3.© + gq[ 5 ]**2.@©
Jjac_mtrx[
Jjac_mtrx[
Jjac_mtrx[ q
jac_mtrx[ (
jac_mtrx[ = q

[
[

3 ] * math.sin( q[ 4 ] )**2.0
gq[ 3 1**2.@ ) * math.sin( g[ 4 1 ) * math.cos( q[ 4 ] )
5 ]
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I3 Differential_System_Domain — [ time_set_form - _Iﬂft_
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I3 Differential_System_Solver — [ time_set

[3 Output_Data_File_Management I~ [ Differential_System_Solver - iﬂTt_EDﬂd_fDrm

Input Data File Management ..
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)
)
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solve sys( self, diff _sys ):

self.diff_sys = diff_sys

time range, time = diff_sys.time_set()

g in = diff _sys.init_cond()

print( ‘.. .working... ")

self.comp_sol = solve ivp( diff_sys.ode sys, time_ range, g _in,
method = ‘Radau’|, t_eval = time, dense_output
atol = 1.0e-13, rtol = 1.Qe-13, jac = diff_sy

self.data _matrix()




Summary

> Solar System and Initial-Value System

A\

Astrodynamics System — N-Body Problem

A\

Python Program Architecture — Libraries & Classes

Python Inheritance

Initial State for International Celestial Reference Frame

Differential System & Jacobian Class Methods

VW

SciPy Differential Solver Class
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