16.07 Lab II

Issued: Monday, November 2, 2009
Due: Monday, November 23, 2000

Introduction

In this sccond momencal laboratory exercise, you will batld upon the simmlation developed in the first lab.
Hoere, you will use your capability to change from the Earth-fixed inertial reference frame, to the Earth-Moon
rotating reference frames, in which the Earth and Moon are bxed o the frame of reference. Ths frame change
will help yon explore different orbital phenomena within the framework of the restricted three-body problem,
such as free-return trapectornies to the moon, the behavior of orbits i the Earth-Moon neighbor as well as
the behavior of spacceraft near the Lagrange points, both stable (L4, L5) and unstable (L1, L2). In the
restricted three-body problem, we consider the motion of three bodies, but do not consider the pravitational
force from the smaller body, the spacecraft, on the two large bodies, called the primanes.

In lab 1, you wsed the rdins of the carth and your length seale, and 1 day (24 hours) as your time scale.

This results in the following values for the important parameters of the system.

Table 1: Non-Dimensional Physical and Orbital Data
Mearth 11468

I greonmn 141
It-cdistance between moon amd carth B 265

rp-distance botwoeen carth and ongan 1324
ry-distance betwoeen moon amnd origin 29,53

{-rotation rate of coordinate system 230325

If vou woere snceesssful in getting the carth and the moon to remeain fixed inovoor rotating coordinate system by
adjsting shehtly the value of 2, you may place the carth and moon at these booed points and only consader
the motion of the spacceraft in the gravitational belds of the carth and moon in the rotating coordinate
system using this value of {1 (Sinee we are going to ignore the effects of the spaceeraft on the carth and
moon, we leave the carth and moon at these fixed positions.) If you did not obtain fixed positions for the

carth and the moon i the rotating coordinate system, get cracking. 1 don't think Lab 2 will behave withoot

this.



Problems

In the following problems, the itemes you must turn in cither the written answers to guestions, or roeguired
plots — are highheghted in bold. The ordering of these deliverables ino your report should mateh the ordenng

that appears below.

1.Earth Fixed Satellites

In this problem, we revizat the nestricted three-body problem simulation from Lab 1 Ouor ficst task s to place
a satellite in & cirenlar orbat at & radios 1R from the center of the carth of magnitode & = 20,45 The propor
cholee of boundary conditions for this caleulation s subtle. As shown in the bpure, 1nan mmertial coordinate
system, placing a satellite in carth orbit reguires matching the boundary condition with the rotation of the
carth-moon system about its center of meess. Consider for simmplicity only the insertion point directly beyond
the carth, on the line joiming the carth-moon centers, the hne of symmetry.

For a conntercloeckwise insertion, we would reguire a2 negative v velocity of mapnitude relative to s fooed

carth in an mertial fraome.
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Thercfore, when woe move into the rotating coordinate system in which the carth and moon are ixed inooar

coordinate systom, we obtain the following boundary conditions:
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where for a counterclockwise orbit with insertion point on the far side of the carth, the motial v oveloco-
ity s negative; for a clockwise rotation, the v welooity s posaitive.  Given the rotation of the carth, the
counterclockwise rotation wonld be profermed.

Your mission s to place a satellite in carth orbit at twice carth rdios wang the msertion point on the line
of symmetry at the far side of the carth from the moon. Do both the clockwise and counterclockwise
rotation. Verify that the orbits are circular to the accuracy of your calculations. Note that the
time reguired to complete an orbit = shghtly different for cach dicection. This bas to do with the rotation

of the coordinate systoem.

2A. Off to the Moon: First Attempt

MNow bepginning with the insertion of the satellite in a counterclockwise obit af twice the radios of the carth
from the back-side of the carth on the line of symmmetry. Begin to inecrease the magnmitude of the insertion
velocity above the magnitude required for a cireular orbit. It is useful to scale the velocity as v, = Ay pfrg
and focns on determining A for interesting motions. For cxample, what s A to "oscape” carth’s orbit; ths

15 clearly an upper imit on A, modified only slightly by the presence of the moon.



Run several cases from A = | to A < Acecape (Try A=1.36, 1.37, 1.38 and 1.39). What happens?
Now inscrt the spacccraft at »3(0) 2 and £3(0) = 1 where z1 is the position of the carth. Repeat your
calenlations for A = 139, Present 4 plots of your most interesting results. Interpret your results.
Doy you think voun can get to the moon thas wey?

28. Off to the Moon: Second Attempt

The best way to get to the moon, 15 to go there and try to get back to the carth. Then use the mnage thoeorem
and Hip the orbit to pet back to the meon ke the astromaats tossing cheeschureers, romember how well
that worked. Place a sstellite in a planar =, cdrealar clockemse orbit around the moon at 2 radins of .
The point of Insertion = on the far side of the moon on the hine of symmetry joimng the cartb-mooon. The
choioe of radius is up to you, but T had good lock with rem = L ARcarth, Tom = Heareh and rem = 2 # Hegrek
with the mesion cnding up in a parking orbat around the carth at i = 20 ppp, and 2 = 150, cop-
Verfy thal o crireular orbal resulls from ygouwr choree of mmalual condition.

MNow, defining the velocity for a cirenlar orbit of radins r,,, around the moon as v 0. Inerease the vwelocity
s v = A ¥ U 0. Tor different values of A, The notion of cscape velocity does not quite oxast for the moon;
von can cscape the moon but you will be back in the influence of the carth which s of course where you
want to b,

Mow, the poal is to increase A until the resulting orbit passoes close cnouph to the earth to be insertoed
into & parking orbit. You should be able to get the orbit from moon to carth at @ = 2« [0, and/or
= 1.5 een- Bun several casces and determine A which makes thas posable. Determine exactly what
(), yl(t)y ='(t), y'(t) are for the conditions at the point at which the orbit is tanpent to the
earth parking orbit at 2 earth radn from the center of the earth. Also, at what elapsed time
does the spacecraft arrive at this point on its return? Determine exactly what =(t), y(t), ='(t),
y'(t) are for the point at which the orbit is 1.5 earth radii from the center of the earth. Also,
at what elapsed time does the spacecralt arrive at this point? RRecall that vou are using | day as
vour time scale. Thercfore, the time obtained s the time in days regquired to "return”™ from the moon on a

frec-return trajectory.

.
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