
Physics 331 Problem 5 — due Friday, December 10, 2004

The Journey to Mars
We have planned a journey to Mars along the following scenario. The mission will

be assembled in geosynchronous Earth orbit and depart at local midnight (i.e. when the
spacecraft is on the opposite side of the Earth from the Sun). This means the journey itself
begins at a position

x0 = (Re + ρ)× [cos(φe) x̂ + sin(φe) ŷ] ,

where ρ = 4.22 × 107 meters is the radius of geosynchronous orbit and φe is the angle of
Earth in our solar-system coordinates on departure day d∗. The spacecraft is at x0 after
firing its engines and has a velocity (in the inertial reference frame) of

v0 = v0 × [− sin(φe) x̂ + cos(φe) ŷ] ,

where v0 = 3.60× 104 m/sec.
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Figure 1: Plan for the Martian Journey

The departure date will be denoted by day d∗ numbered from Jan 1, 2000 (even though
dates under consideration are in 2002). You must write a program which calculates the
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trajectory of the spacecraft from x(t = 0) = x0 beginning on an arbitrary departure date
until it crosses the orbit of Mars:

|xf | = Rm = 2.279× 1011 m .

You wish to know 1. on which day does this occur, and 2. how close is Mars,

∆ = |xf − xm(tf )| .

Your program should include the gravitational pulls of the Sun, Earth and Mars. In other
words it should solve the differential equation

ẍ = −GMs
x

|x|3 + GMe
xe(t)− x

|xe(t)− x|3 + GMm
xm(t)− x

|xm(t)− x|3

where xe(t) and xm(t) are the positions of Earth and Mars at t seconds. Note that t =
86,400× d where d is the day-number, since there are 86,400 seconds in a day.

The calculation should be performed for the following tentative departure dates:

a. March 15, 2002, d∗ = 805

b. April 10, 2002, d∗ = 831

c. April 30, 2002, d∗ = 851

Please e-mail the following to my address kankel@mithra.physics.montana.edu:

1. The durations for each flight (in days) and distance of approach ∆.

2. A copy of the program(s) you wrote.

3. A copy of the command(s) used to run your program, which should let me know what
size time-step you have taken, and which solution algorithm you used.

4. A comment on the reliability of 1.

i Mass Mi (kg) Orbital radius Ri (m) Orbital Period Pi (days)
Sun 1.99× 1030 – –

Earth 5.94× 1024 1.496× 1011 365.256
Mars 6.42× 1023 2.279× 1011 686.980

Table 1: Some useful quantities
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