Traveling to Mars
Developed by Aaron Titus [image: E:\Inetpub\wwwroot\compadre/PICUP/images/exercises/thumbnail7.png] In a contemporary, yet classic survival story, The Martian documents the struggle of astronaut Mark Watney to withstand the barrage of life-ending threats thrown by Mars. Although science fiction, author Andy Weir weaves physics, astronomy, botany, engineering, and chemistry into the book. One of the topics Weir deftly describes is the challenge imposed by traveling to Mars.
This set of activities focuses on the rocket’s orbit around the Sun, the “ideal” time to launch a rocket, and the initial conditions needed for the rocket to arrive at Mars. Students will determine the time between possible launches to Mars and the time required for the rocket to travel to Mars after launched. ## Exercises ### Exercise 1
Write a simulation of Mars and Earth orbiting the Sun. You can neglect the interaction of Earth and Mars and only calculate the gravitational force by the Sun on each planet.
For the initial positions and velocities of the planets in your simulation, use JPL’s Horizons web interface. Here are the instructions for using Horizons.
1. Change the Ephemeris Type to “Vector Table” and click the “Use Selection Above” button to submit the change.
1. Change other settings too until you get the settings shown below (with the particular time span you are interested in).
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horizons
1. Click the button “Generate Ephemeris.” Record the initial position vector and velocity vector in Cartesian coordinates for Mars. Note the units because you might use meters and seconds in your simulation.
1. Change the “Target Body” to Earth and repeat. Record the initial position vector and velocity vector in Cartesian coordinates for Earth. We will do a 2D simulation, so set the z-components of the position and velocity to zero.
Run your simulation and use it to determine the time (in days) between Mars oppositions, as shown below.
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In Exercise 2, you will find the best time (i.e. best relative positions of Earth and Mars) to launch the rocket from Earth. Do you think the best time (best positions of Earth and Mars) is when they are in opposition as shown above? After Exercise 3, you will be able to judge your answer.
Exercise 2
You will eventually add a rocket to the simulation you wrote in Exercise 1, and you will find the direction of launch and day of launch that takes the rocket to Mars. However, we must first decide on the initial speed and position we should give the rocket.
To find the initial speed, we will assume:
· at some distance (of our choosing) from Earth, the boosters have burned out and we will call this the initial position of the rocket. Let’s choose an altitude equal to a geosynchronous orbit which is  (a distance  from the center of Earth).
· near Earth, during the launch, the rocket must reach a speed greater than the escape speed. Earth’s escape speed is 11 km/s. To leave Earth and not return, the rocket will have to reach a speed of at least 11 km/s sometime after takeoff.
· our rocket had a speed of 11.5 km/s when it was near Earth’s surface and its final booster burned out; this was at such a high altitude that air resistance is negligible.
Using these assumptions and the Energy Principle, find the speed of the rocket when it is at an altitude of . What other assumptions did you make?
Exercise 3
Depending on the particular orbit, it can take from 130 to 330 days to reach Mars. For NASA’s Mars missions, the average travel time is approximately 225 days, or about eight months. This is a long time, so you should definitely pack snacks and movies. The Mayflower took just over two months to cross the Atlantic. The journey to Mars is about four times longer than the Pilgrims’ journey from Europe to North America.
We will not model the rocket as its boosters are firing. Instead, we will set the initial velocity of the rocket as 5 km/s at a distance of 5.6 earth radii () from the center of Earth. (This is an altitude of  from Earth.) Then we will try various launch days and launch directions for the rocket at this distance from Earth.
In writing your simulation, use the following assumptions:
1. The initial position of the rocket is  from the center of Earth. You can place the rocket at any point around Earth because the distance from Earth is small compared to the entire orbit of the rocket. Where on Earth it is launched should have a small effect.
1. The speed of the rocket at an altitude of 4.6 Earth radii is 5 km/s. You can set the direction to be any direction you choose. Let this be the rocket’s initial velocity. This speed is chosen because it ensures that the rocket was able to escape from Earth and is sufficiently far from Earth at the beginning of the simulation.
1. The thrusters are off during the entire flight. The net force on the rocket is the gravitational force by the Sun, Earth, and Mars.
Find a direction for the initial velocity of the rocket and find a day to launch (using the initial positions of the planets in Exercise 1) such that the rocket travels to Mars. Your program will have to compute orbits for the rocket, Earth, and Mars. You will have to try many different combinations of launch day and launch direction. Use trial and error, but learn from each trial to improve your guesses.
Also, think about what it means to “arrive at Mars.” Does it have to collide with Mars or merely get close enough that rocket boosters could conceivably change the orbit of the rocket?
Exercise 4
Try different initial velocities and different days for the launch. Can you find more than one velocity and day that will give an orbit that will work?
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HORIZONS Web-Interface

‘This tool provides a web-based fimited interface to JPL's HORIZONS system which can be used to generate ephemerides for
solar-system bodies. Full access to HORIZONS features is available via the primary telnet interface. HORIZONS system news
shows recent changes and improvements. A web-interface tutorial is available to assist new users.
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