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Gravitation Simulation Lab     Name: _________________________________ 
 

 

Go to the University of Colorado PHET web site and run the “My Solar System” gravitation simulation at 

https://phet.colorado.edu/sims/my-solar-system/my-solar-system_en.html . Set the “accurate-fast” slider to its middle position. 

Check the “system-centered” and “show traces” boxes. Then, use the program to set up the following situations and answer the 

following questions. Please note that we are not using physical units for our measurements of time, distance, and velocity in 

this program. The numbers just show the relative magnitudes of our measured properties. 

 

Kepler’s First Law. 

 

Choose 2 bodies. Give them the following settings: 

 

 

 

 

 

The yellow object is the star, and the pink object is the orbiting planet. Hit ‘Start’ to run the program. What happens when the 

planet has no initial velocity? Why did this motion happen? 

__________________________________________________________________________________________ 

 

__________________________________________________________________________________________ 

 

Hit stop, then ‘Reset’, then add a little velocity in the y-direction for body #2 by changing its Vy to 50. 

 

 

 

 

 

Run the program again. Our goal now is to get the planet to orbit the star. Giving the planet a small velocity was not enough to 

get it to orbit without crashing into the star. Keep increasing body #2’s initial velocity until you get a decent elliptical orbit. 

Record the Vy  value that made the orbit elliptical. Next, keep increasing Vy until the orbit is nearly circular. Finally, increase 

the Vy until body #2 escapes body #1’s gravity. Record these values. 

 

Your values: 

Orbit shape Initial Vy for body #2 

Elliptical  

Circular  

Escape  

 

Kepler’s first law states that any object that orbits another object due to gravity will have an elliptical orbit. Remember that 

circles are just special ellipses (with eccentricity of 0). Therefore, we have now validated Kepler’s first law. 

 

Go back to your elliptical orbit values. Turn on the grid option. Turn on the tape measure option. We will now measure your 

elliptical orbit eccentricity. 

 

 

 

 

 

 

 

 

 

 

 

Body Mass X Y Vx Vy 

1 (Star) 1000 -220 0 0 0 

2 (planet) 20 -90 0 0 0 

Body Mass X Y Vx Vy 

1 (Star) 1000 -220 0 0 0 

2 (planet) 20 -90 0 0 50 

https://phet.colorado.edu/sims/my-solar-system/my-solar-system_en.html
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Measure the following values for your elliptical orbit and fill in the next two tables with your values. 

 

 

 

 

 

Measurement variable value 

Total width at widest part w  

Perihelion distance p  

 

 

 

 

 

 

 

 

Do the following calculations: 

Divide width by 2 to get semimajor axis value a=w/2  

Subtract p from a d=a-p  

Divide d by a to get eccentricity e=d/a  

 

 

Kepler’s Second Law 

 

Let’s give our 2 bodies coordinates that will simulate a comet orbit. Move the accuracy/fast bar to the highest accuracy setting. 

Create a 2 body system with the following settings: 

 

 

 

 

 

 

Run the program, paying careful attention to the comet’s speed at perihelion and aphelion. What do you notice? 

___________________________________________________________________________________ 
 

___________________________________________________________________________________ 
 

Kepler’s Third Law 

 

Notice that there is a time value that shows the run time of the program in the lower right corner of your screen. Run the comet 

orbit from above and stop the program when the comet reaches the starting point (1 complete orbit). Record the time, T, for one 

complete orbit. Also record the perihelion distance and the aphelion distance for your comet. Remember that the semimajor 

axis value, ‘a’, is the average of the perihelion and aphelion distances. If Kepler’s 3rd Law is valid, then 𝑎3/𝑇2 will be the same 

for any orbit around this star. Fill in the following table with your measurements on the comet orbit. 

 

 

Measurement (Comet orbit) Variable Value 

Orbital period  T  

Perihelion distance p  

Aphelion distance x  

Semimajor axis 
𝑎 =

𝑝 + 𝑥

2
 

 

Kepler’s 3rd law ratio for this orbit 𝑎3

𝑇2
 

 

Body Mass X Y Vx Vy 

1 (Sun) 1000 -200 0 0 0 

2 (Comet) 10 150 0 0 80 

w=2a

a

p

d

x
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Next, change your comet’s velocity until the orbit is nearly circular like a planet. Repeat the measurements, but now the 

semimajor axis is just the radius of the circle. 

 

Measurement (planet orbit) Variable Value 

Orbital period  T  

Diameter of the circular orbit D  

Radius of the circular orbit r  

Semimajor axis 𝑎 = 𝑟  

Kepler’s 3rd law ratio for this orbit 𝑎3

𝑇2
 

 

 

Are your two values for 𝑎3/𝑇2 roughly the same? These measurements are not very accurate, so we will be happy if they are 

the same order of magnitude. Hint, write them in scientific notation with only 1 decimal place. 

 

________________________________________________________________________________________ 
 

 

Gravitational Slingshot 

 

Hooray! You have now seen Kepler’s three orbital laws in action. Before we leave this fun simulation program, let’s see a 

useful way to “harness” gravity for space exploration. When space probes are sent out to the far parts of the solar system, they 

do not leave earth with the velocity (or fuel) needed to reach their destination in a reasonable time. Instead, they use the 

gravitational force to transfer some momentum and kinetic energy from a planet to themselves. Both momentum and kinetic 

energy are related to velocity. The more velocity the object has, the more kinetic energy and momentum. 

 

For this simulation, choose 3 bodies, with these initial settings: 

 

Body Mass X Y Vx Vy 

1 (Sun) 200 1 0 0 0 

2 (Jupiter) 10 131 55 -55 115 

3 (space probe) 1 -6 -128 80 0 

 

Run this simulation and assume that the turquoise object is the space probe, while the purple object is a large planet (like 

Jupiter).  

 

How is the probe's motion different before and after the planetary encounter? What happens to its kinetic energy? What do you 

think happens to Jupiter? 

 

______________________________________________________________________________________________________ 
 

 

Binary systems 

So far, all of your systems have had body #1 mass very large compared to the other body masses. This arrangement simulated 

having a planet orbiting a star or a small moon orbiting a planet. Let’s see what happens when we play with a 2 body system 

mass distribution. First, set up the following 2 body system: 

 

Body Mass X Y Vx Vy 

1 (Star) 200 0 0 0 -1 

2 (Exoplanet) 10 140 0 0 140 

 

This system consists of a star that has a very massive planet orbiting. Run the program. What do you notice about the motion of 

the yellow star?  
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____________________________________________________________________________________________________ 

 

This motion is called “wobbling” and is detectable even if the star is far away and the planet is not able to be seen directly. It is 

one of the ways that exoplanets are found. 

 

Next, set up a 2 body system where the masses are closer in value. This experiment simulates two stars that orbit each other, 

which is called a Binary Star. 

 

Body Mass X Y Vx Vy 

1 (Star 1) 1000 -10 0 0 -120 

2 (Star 2) 800 140 0 0 150 

 

Do you see how the two stars are now orbiting each other around a common point in space? That point in space is the center of 

mass of the two objects. This type of orbit would also be seen in a dwarf planet/moon system where the moon is almost as large 

as the planet, like Pluto and its moon Charon. 

 

 

 

Challenge 

 

Three or more bodies in orbit are much less stable than just two bodies in orbit. It is quite easy to set up a system where the 

planets collide. For your last simulation, set up a three body system. The rules are: at least 2 of the objects must have mass of 

500 or greater, the third object cannot have a mass less than 100. Give your planets initial positions and velocities that create a 

system with orbits that do not collide for a minimum time of T=150. 

 

Your values: 

 

 

 

Body Mass X Y Vx Vy 

1      

2      

3      


