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Each of the Apollo missions to the moon had a safety 

measure built into the spacecraft’s flight path: if for some reason 
the rockets failed to operate properly, the path of the craft was 
planned such that it would “slingshot” around the moon in a 
free-return trajectory, returning to earth “powered” only by the 
gravitational forces of the moon and the earth. 

 
In the Apollo 8 mission of 1968, the first to go to the moon, 

this flight path was adjusted slightly by three very short fuel  
burns measuring only a few minutes.  The first burn put Apollo 8 into an elliptical orbit around 
the moon and the second put it into a circular orbit.  Apollo 8 orbited the moon 10 times and then, 
after a third short burn, its trajectory was altered once more so that it could return to earth.  These 
fuel burns, as well as the initial flight trajectory, were planned with extraordinary precision long 
before Apollo 8 left the earth. 
 

Apollo 13 was launched in 1970, its crew expecting to be the fifth crew to orbit the moon and 
the third to land on it.  The explosion of an oxygen tank on the craft 56 hours into the mission at 
first disappointed the crew since they knew immediately that their lunar landing would have to be 
aborted.  Within minutes their disappointment changed to fear as they realized that their lives 
were in serious danger.  They hadn’t anywhere near enough fuel to turn around and head home.  
They had no choice but to continue their flight to the moon and return to earth using the free-
return trajectory.  Because of the escaping oxygen and debris, their flight path needed to be 
modified slightly throughout their trip, but essentially, their slingshot around the moon went as 
planned.  The survival of the Apollo 13 crew would not have been possible were it not for this 
safety measure. 

 
Your goal in this investigation is to create a free-return trajectory for an Apollo spacecraft—

one that will send it to the moon and return the craft safely to the earth without firing thrusters 
after the translunar injection—the initial firing of the thrusters. 

 
 
 
 


