ASTR 415

Evan Shipley-Friedt

November 24, 2022

Problem Set #5

Write a program Lo integrate any number of conpled differential equations wsing the Enler
mizthod, fourth-order Runge-Kutta, and Leapfrog (note: Leaplrog only applies o special
coss).  You will be using this progrun in o lulure sssignment, so make sure iU's well
documented. Tt's reeommended that you use dounble precision throoghont.

L. Use your program Lo solve Lhe ollowing dilferealial oqualion for c{L):
'x

2

with initial conditions £(0) = 0, #{(0) = 1. Note the analytical solution is = sin(i).

+x=1{

() Integrate the equation for 0 < § < 15 using each of the methods, and sep mas
of 1, 0.3, 0.1, 0,03, and 0,01

(B) Plot your integration rosulis agninet the analytical solotion for ench case. | Hini:
do all the Euler plols on one page, with oo plol per Gmwesidop; Uhen all Ube
Leaplrog plots on another page, ote) Comment on the rsulis.

(£) Plot log |2 pemericat( 15)  Fenaen(15)] 08 o lunction of logl stepsize) in onch cose and
Remember you're integrating over many stops, pol jusd one.)
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2. Now try the two-dimensional ocbit describad by Uhe potenbial-

- :
Ellﬁ-lg

whorn wo e pescming unit mass for the particle in this potential. Show anslytically
Lhat the orbits are given by the coupled dilferential equations:

' o
di? (14222 4 HPPR
<y __ 2y

di? {l+:!.::'+ﬂfF5

and then reduce these to 4 coupled brst-order equations.

[a) Integrate this system for 0 < @ < 100 with the initial conditions = -~ 1y -~ 0,
& =0, § =0.1. Try this with Leapfrog and Runge Kuotta, and step sises of 1, 0.5,
0.25, and 0.1. Plot = w2 gy for these integrations.

{b) Plot the energy E = (#*+47)/2+%(z, y) a5 a function of time for your integrations.
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Energy for h=1

Problem 2 Energy
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