
AST 2000 - Part 5
Satellite Launch

Welcome to Part 5 of the AST2000 Satellite Project. This is the moment you’ve been waiting
for! You are now going to launch your satellite and travel to your destination from Part 3.

•

GOALS

∇ Make relevant calculations that will guide you on
your journey.

∇ Launch your satellite and travel to your
destination.

HELPFUL THEORY

1. Entering a Stable Orbit

In the event that you finally arrive at your destination,
you wil need enter a stable orbit. [1] In general, the more
circular the orbit is, the more stable it will be.

Let v0 denote the satellite’s current velocity and v±
denote the velocity corresponding to a circular orbit. The
sign of v± denotes whether the satellite traverses the
circular orbit counterclockwise (+) or clockwise (-). The
orbital injection maneuver (∆v)inj is given by

(∆v)inj = v± − v0 (1a)

v± = ±eθvstable (1b)

where eθ is the tangential unit vector relative to the
planet (see Lecture Notes 1B) and vstable is given by
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Here, G is the gravitational constant, Mp is the mass of
the planet, m is the mass of the satellite and r is the
distance from the satellite to the center of the planet.

2. Trajectory corrections

As you probably experienced in Part 3, a simulated
orbital trajectory is very dependent on the numerical ac-
curacy of your simulation. As for real space probes, there
may be several unknown systematic errors such as small
astronomical bodies (moons, etc.) not accounted for, un-
certainties in planetary orbits, etc. For this reason, your
satellite’s actual trajectory will likely deviate from the
simulated one. This deviation is in many cases signifi-
cant enough for your satellite to miss its destination if
you follow your plan from Part 3.

In order to reach your destination you will need to per-
form trajectory corrections. The idea is for you to follow
your plan from Part 3, but perform correctional trajec-
tory corrections as illustrated in figure 1: using your ori-
entation software from Part 4, you will need to compare
your satellite’s simulated position with your satellite’s ac-
tual position. Then correct the trajectory with a small
boost or go back to part 3 and adjust your planned tra-
jectory and boosts slightly using the updated information
about your correct position.

∆v

FIG. 1. Trajectory corrections. The actual trajectory (black)
deviates from the planned trajectory (red), then a trajectory
correction (∆v) is used to prevent the trajectory from drifting
further away (blue).

CHALLENGES

All simplifications and assumptions with respect to the
solar system and satellite from previous parts are also
pertient in this part.

A. Are you Able to Take a Picture of Your
Destination?

We are going to start Part 5 with a simple calculation:
your satellite has been equipped with a camera whose
resolution is limited by the camera’s number of pixels.
It is commonly said that an object is resolved when it
appears as more than one pixel on the resulting image.
Assume that the camera has pixel dimensions P ×P and
field of view F×F , where P and F are measured in pixels
and degrees. Let R denote the radius of the planet and
show that the distance from the satellite to the planet
must be at least:

L <∼
RP

F
(3)

in order for the camera to resolve the planet.

http://www.uio.no/studier/emner/matnat/astro/AST2000/h18/undervisningsmateriell_h2018/forelesningsnotater/part1b.pdf
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B. Shootin’ up dat Sat fo’ Realzies

You are now (finally) going to launch your satellite and
begin your journey towards your destination. Use your
plan from Part 3 as a starting point. Use your orientation
software from Part 4 to correct your satellite’s actual
trajectory in favor of your simulated trajectory.

Satellite Commands

In Part 3 you were asked to derive a set of satellite
commands of the form:

At time t, perform boost ∆v.

To give commands to your actual satellite you
need to use the method send satellite from the
AST2000SolarSystem. Note that in order to use
send satellite you need to have run methods
engine settings and mass needed launch in the same
program. The actual commands for your satellite are
given using a command file, all available commands are
described in a separate document.

Your task is to generate a command file that success-
fully places you in a stable orbit about your destination.

Visuals

In case you wish to use the satellite’s camera during
the journey you can assume that P ≈ 1000 and F = 70◦.
Use this as a guide to decide whether or not your planet
is visible on camera. This is not to say pictures of your
star are worthless, everything in space is generally quite
pretty. Take as many pictures as you like!

C. Orbit stability

This is optional for those working alone.

This challenge assumes that your satellite is orbiting
your destination planet.

1. A very short time after performing the orbital injec-
tion maneuver, orient the satellite and determine:

r : The distance from the satellite to the center
of the planet.

vr : The radial component of the satellite’s
velocity with respect to the planet.

vθ : The angular component of the satellite’s
velocity with respect to the planet.

2. Assume a two-body system and use your values for
r, vr and vθ in order to determine:

a : The semi-major axis.

b : The semi-minor axis.

ε : The eccentricity.

P : The orbital time period.

→ : The apoapsis.

→ : The periapsis.

Note that apoapsis and periapsis is the same as
aphelion and perihelion, except the latter techni-
cally only applies for orbits around the Sol.

3. Let the satellite do a couple of orbits and check if
the values are consistent.

VERIFICATION/CONFIRMATION

In order to verify that your satellite has successfully
entered a stable orbit, try to perform an orientation a
couple of years later. Is the satellite still in orbit? You
can also try to record a video of your destination a couple
of years later, you will immediately notice whether your
satellite is still in orbit or not.
(Hint: planet missing or satellite asplode.)

WRITING

Once you’ve finished this part, it will be time to write
about your progress thus far. At the very least you should
complete the method sections for all the parts before you
move on to the next challenge. It is very difficult to write
up the entire project during the final weeks.

FIG. 2. Trajectory-planning, motivationally oriented, orbital
duck. Launched.
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AST 2000 - Part 5
Tips, Hints & Guiding Questions

I. IN GENERAL

This part is by far the part whose length varies the
most from student/group to student/group depending on
their solar system, their plan from Part 3, etc. The key
thing to remember is that this is in many ways a rep-
etition of Part 3. Your best bet is to follow your plan
from Part 3 by correcting your actual trajectories using
the orientation software. If done correctly, Part 5 should
not take too much time. Be thorough from the start!

II. HINTS FOR SOME OF THE CHALLENGES

A. Camera Resolution

To find L you first need to find the angular size of a
pixel, then use the small angle approximation for tan θ
in order to express θ in terms of R and L.

B. Describing your Final Orbit

Remember that Lecture Notes 1B introduces analytical
expressions for r, vθ, vr and various other quantities. No
advanced calculations are needed here, keep it simple. [2]

[1] Lithobraking does not count as valid arrival, by the way.
[2] In the KISS principle we trust.

http://www.uio.no/studier/emner/matnat/astro/AST2000/h18/undervisningsmateriell_h2018/forelesningsnotater/part1b.pdf
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