
AST 2000 - Part 3
Preparing For The Journey

Welcome to Part 3 of the AST2000 Satellite Project. In this part you are going to simulate the
trajectory of your satellite as it traverses your star system, and design a simple model for your star
system’s habitable zone. Finally, you are going to plan the journey from your home planet to a
destination of your choosing.

•

GOALS

∇ Write a generalized orbital trajectory simulation.

∇ Create a simple model of your solar system’s
habitable zone.

∇ Choose your satellite’s destination planet and plan
its journey.

SIMPLIFICATIONS AND ASSUMPTIONS FOR
THE JOURNEY

⊗ While in space, the satellite is allowed to freely ad-
just its angular orientation without the use of fuel.

⊗ The duration of a boost is incredibly insignificant
when compared to the duration of the entire jour-
ney. We may therefore regard them as instanta-
neous.

⊗ We invoke all assumptions from Part 2 such that
we can use our simulated orbits. Specifically, we
will also ignore the z-axis.

CHALLENGES

A. Simulating the Satellite’s Trajectory

The goal of this challenge is for you to develop a pro-
gram that simulates your satellite’s trajectory through
the solar system. You are not going to simulate a specific
trajectory here! Design the program such that you can
simulate any and all trajectories, provided initial time
t0 and initial satellite conditions r0 and v0. During a
trajectory, your satellite is not able to accelerate using
its rocket engine (more details in later challenges). Your
program’s structure should be reminiscent of this:

input output

initial time (yr)

initial position (AU) final time (yr)

initial velocity (AU/yr) final position (AU)

simulation time / no. time steps final velocity (AU/yr)

time step length

The trajectory of the satellite is given by Newton’s
Second Law of Motion. The net force on the satellite is
equal to the gravitational effects from the star and all of
the planets:

mr̈ = −GmMs

|r|3
r−

N∑
i=1

GmMi

|r− ri|3
(
r− ri

)
(1)

where m and r are the mass and position of the satellite
respectively, Ms is the mass of the star, and Mi and ri
are the mass and the position of planet i. Simulate the
trajectory using your favorite integration method.

B. The Habitable Zone

Relevant theory is described in Lecture Notes 1D.

1. We begin by assuming that the star is a stable black
body. Use L = FA twice to find an expression
for the flux received from your star at an arbitrary
distance r.

2. Once you arrive at your destination, your lander
unit will require a source of electric power. To run
the electric instruments on your lander, you need to
produce 40 W of electric power using solar panels.
The solar panels installed on your lander unit have
an efficiency of 12%.

You may disregard the day-night cycle, this is ac-
counted for in the 40 W figure. You should also
ignore the atmosphere on the planet; assume the
flux incident on the planet is equal to flux incident
on the lander unit.

Use your expression to find a formula for the min-
imum solar panel area necessary for your lander to
function.

3. Find an expression for the total energy received by
a planet with radius R at a distance r from your
star. You can assume the light rays received by the
planet are parallel.

4. Assume the planets in your solar system are black
bodies with stable temperatures; i.e., the net flow
of energy out of the planets is zero. Use your ex-
pression for the total energy received by a planet
and Stefan-Boltzmann’s law to derive a model for
the surface temperature of the planets in your solar
system.

http://www.uio.no/studier/emner/matnat/astro/AST2000/h18/undervisningsmateriell_h2018/forelesningsnotater/part1d.pdf
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5. Use your new temperature model to estimate the
temperature of each planet in your solar system.

Our model for the habitable zone is based on
whether liquid water can be found on the surface.
Assuming liquid water can only exist when the sur-
face temperature is within the range 260 − 390 K
(± ≈ 15 K), calculate the boundaries for the hab-
itable zone. Which planets are within the zone?

C. Choose your Destination

It is now time to choose your destination! Please note
that you are not forced to travel to a planet within the
habitable zone. Furthermore, we advise not travelling
to gas giants (unless you enjoy high-velocity dust storms
with very little visibility); their heavy gravity and thick
atmospheres make it very difficult to land. It is also
difficult to record cool landing videos on gas giants. [1]

Revisit the SSView application described in part2! It
is much easier to visualise your journey if you can see
the planetary orbits scaled relative to one-another. You
can also access additional information on each planet by
exploring SSView.

Once you have chosen your destination, use the
formula you derived in question 2 in challenge B to
calculate how large your landing unit’s solar panels
need to be. (The size may be ridiculously large for
planets farther out in the solar system. This may be
disregarded.)

Before continuing, you need to inform the
group teacher of the AST2000SolarSystem
planet index of your chosen destination.

D. Generalized Launch Codes

Before you continue to the final challenge, you first
need to generalize your program from challenge F in Part
1 in which you calculated the satellite’s position and ve-
locity, as seen from the solar system’s frame of reference,
at the moment the launch was complete.

As the solar system’s frame of reference used AU units,
your program also had to switch from SI units to AU
units. In the challenge we forced you to launch at t = 0,
but this will no longer be a requirement going forward.

Your task is therefore to use the planetary orbits from
Part 2 in order to generalize the launch sequence to an
arbitrary time t. What’s more, you are also allowed to
launch from any position on the surface of your planet
(our launch site technicians work very fast). You should
be able to use the exact same mathematics, program
structure, etc.

Note that you may still ignore air resistance during the
launch, and that the launch is always directed radially
outwards.

E. Plan your Journey

Do not spend a lot of time perfecting this
challenge! When we launch the satellite in Part
5, you will need to adjust your original plan with
correctional boosts.

With your destination decided, your final task is to
design a plan that will bring the satellite to your desti-
nation. Your “plan” will consist of a launch command
and a unique set of boost commands:

→ Your launch command should specify the initial
time of launch and the initial position of launch.

→ A boost command should be interpreted as:
“A specific boost at a specific time.”

The time-duration of a boost (i.e. an acceleration with
the rocket engine) is miniscule compared to the time-scale
of the journey. For this reason we are going to ignore the
time spent accelerating and assume that all boosts occur
instantaneously in the solar system’s frame of reference.
After performing a boost, the satellite will be given a new
velocity, but remain at the same position.

Figure 1 below shows an example of how a journey
might look like, the commands for such a trip would look
something like:

t = 1.2 yr : launch from r0 = rplanet + (R, 0)

t = 1.3 yr : boost ∆v = (0.1, 0) AU/yr

where R is the radius of the planet. Note that the
numbers are not to scale, this is just for illustra-
tive purposes.

Inbetween the commands, the satellite will do nothing:
the only thing acting on the satellite is the net gravita-
tional force from the star and all the planets. Recall your
program from challenge A: use this program to simulate
the motion of your satellite inbetween boosts. (This is
why you wrote the program.)

x

y

FIG. 1. An illustration of how the journey might look like:
The inner orbit belongs to your home planet, the blue posi-
tions represent t = 1.3 yr (when the satellite performs the
boost) and the red positions represent t = 2.1 yr (when the
satellite arrives at the destination). The thick dashed line
connecting the two orbits is the satellite’s trajectory.
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Furthermore, remember to take the accuracy of your
simulations into account when planning your journey!
For each trajectory, note down the number of time
steps/the time step length you used in your simulation.

In addition to developing the commands, you also need
to know how much fuel each boost will require. In Part
1 you designed a program that calculates the amount of
fuel burnt during a boost - use this program here. In case
you run out of fuel, return to your programs from Part
1 and readjust the amount of fuel you bring with you.
Note that you may need to adjust other parameters as
well: the amount fuel you bring with you may have an
effect on whether or not your launch is successful.

Finally, the satellite needs to get sufficiently close to
the destination so that you are able to perform an orbital
injection maneuver. This distance l is given by:

l = |r|
√

Mp

10Ms
(2)

where |r| is the distance from the satellite to the star,
Mp is your destination planet’s mass and Ms is the mass
of your star. If you are wondering where this equation
comes from, see the next challenge.

F. The Dominant Gravitational Force

This is optional for those working alone.

Say a satellite is close to a planet in your solar system.
Let the gravitational force from the planet on the satellite
be k times larger than the gravitational force from the
star on the satellite. Prove that the satellite is a distance

l = |r|
√

Mp

kMs
(3)

from the planet, where the variables are the same as in
equation (2).

As you have probably already noticed, equation (2)
is simply equation (3) with k = 10. What this means
is that we consider the satellite to be sufficiently close
to the destination when the gravitational force from the
planet dominates the gravitational force from the star by
a factor of 10. Performing an orbital injection maneuver
is easier for higher values of k.

SELF-EVALUATION

There are no verification methods in this part, you
need to evaluate your own work! Try plotting the trajec-
tory or printing some relevant figures. Do your results
seem physically plausible?

With the exception of the distance criteria in challenge
E, there are no restrictions or requirements regarding
your decisions and results.

START WRITING

Once you have finished and are satisfied with this part,
it is time to take a step back and look at the project as a
whole. If you have not started writing your reports, you
should definitely do so. Most of the method sections are
independent from each other and can be written with lit-
tle regard to the composition of your report. You should
also begin to produce a concrete plan regarding your re-
port’s structure, layout, etc.

FIG. 2. Orbitally motivational, trajectory-planning duck.
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AST 2000 - Part 3
Tips, Hints & Guiding Questions

I. IN GENERAL

It is very important that the code you develop for chal-
lenge A is written with such generality that it can be used
for any trajectory. You will use the same code in Part 5.

II. HINTS FOR SOME OF THE CHALLENGES

A. The Trajectory Simulation

In order to access the positions of the planets at an ar-
bitrary time t, you need to interpolate your planetary or-
bits. Figure 3 shows a linear interpolation of four points.
You can easily accomplish this type of linear interpola-
tion via the Python library scipy.interpolate (it’s fast
and safe).

x

y

FIG. 3. An example of linear interpolation inbetween four
points.

B. Calculations on the Habitable Zone

→ Remember that for a stable black body, the sur-
face temperature is constant and given by Stefan-
Boltzmann’s law.

→ Efficiency:

ε ≡ energy out

energy in
(a)

→ In question 3, the light rays incident on the plane-
tary surface are parallel. As the planetary surface
is curved, it is generally very difficult to find the
distribution of light across the surface. But do we
actually need to take the curvature into account?
Consider figure 4: what area of light flux is lost?

FIG. 4. An illustration of the area covered by parallel light
rays when incident on a planet’s surface.

[1] For more information on the difficulties associated with
landing on gas giants, check out the Kerbal Space Pro-

gram.
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