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Materials: 

 Notepads  

 Pencils 

 1 Ozobot per team 

 1 box of Ozobot markers 

 1 Ozocode chart   

 White Kraft paper   
 

Escape Velocity 
  
Present the Challenge - Participants need to develop a plan for escaping the atmosphere and 
achieving orbit. 
 
Mission for the Day:  

1. Allow participants to pick another story 
character from pictures, introduce the character 
using the character sheets  

2. Refresh on the story by asking participants how 
the character from (1) could better help the 
characters get out of Disce 

3. Explore Newtons’ Cannon and trajectories 

4. Use Ozobots to replicate an orbital trajectory 

5. Write a story on the impact of seeing Earth 
from outer space 

 
Activity Challenge #2: Use ozobots to design a plan 
for escaping the planet, replicating the expected 
motion to achieve orbit around the planet.   
 

Escape Velocity & Ozobot Orbits 
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Use ozobots to first map easy trajectories, and add challenges to maximize distance and 
outcomes.  Modeling/computing before performing the experiment 
 
Advanced challenge: Calculate the escape velocity of any aircraft to achieve orbit     
 
Instructions:  Ideation: (a) participant teams discuss how objects can achieve orbit. What objects 
might they need if there is nothing but extreme environments outside our atmosphere?  
 (b) Challenge participants to figure out how to arrive at escape velocity using Newton’s 
cannon; online simulation or use image of Newton’s cannon and discuss force vs. pull of gravity 
on trajectories 
 (c)  Use ozobots to map orbital trajectories. 
Mission Resources: 
Newton’s Cannon – interactive simulation 
NASA Newton’s Cannon 
NASA Satellite Orbits 
Explanation of Newton’s Cannon 
Newton’s Cannon wiki 
YouTube video 
Zero G Plane - what happens in orbit 
 
As our mission faces leaving Earth, we wonder what it takes to leave Earth’s atmosphere, into 
orbit.  Using Newton’s Cannon, each student learns about gravity and what it takes to escape 
its pull.  From a ridiculously high mountain someone fires a cannon and learns by experience 
what it takes to make a projectile go into orbit and into space.  As the cannon shots with more 
and more power, the cannon ball falls further and further away from the base.  Eventually, 
Newton argued, enough power will allow the ball to go into around the Earth into free fall, that 
is, into orbit.   
 If you were riding on the cannonball, you would feel Earth’s gravity pull you toward its 
center but it would be compensated by the power delivered by the cannon.  You would be 
‘forever’ falling.  If you were next to the cannon ball, you would be floating next to each other, 
that is, not moving with respect to each other (brief entry into Galilean relativity) and falling 
without hitting the ground.  Furthermore, the higher up the atmosphere we fire the cannon, the 
less energy it would be needed to propel the projectile into orbit.  This entails the concept of 
microgravity as well. 
 
Physics and Math Challenge: advance to escape velocity 
Now the participants are ready to calculate the escape velocity of our spaceship. 
This can be an advanced activity.  The escape ‘velocity’ is the speed needed to break free 
(Queen’s I want to break free playing in the background?) from the gravitational pull of an 
object that keeps the spaceship bound.  It is the result of the balance between the kinetic 
energy of the spaceship and its gravitational potential energy.  This is a great opportunity to 
introduce the basics of motion if not done already, particularly the fundamentals of linear 
relative motion (see Appendix B) and to discuss in turn relative escape velocity. The escape 
velocity is: 
 

 
 
Using a visual where a very large body is using (sun) compared to something very small (our 
model planet of 1 kg) we can see the relation between a higher mass (of the planet or object 
we try to pull away from) and a higher/lower speed.  Similarly we see the inverse relation 
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http://galileoandeinstein.physics.virginia.edu/more_stuff/flashlets/NewtMtn/NewtMtn.html
https://spaceplace.nasa.gov/how-orbits-work/en/
http://spaceplace.nasa.gov/geo-orbits/en/
http://www.eg.bucknell.edu/physics/astronomy/astr101/specials/newtscannon.html
http://en.wikipedia.org/wiki/Newton's_cannonball
http://www.youtube.com/watch?v=51mxBkwwSB8
http://science.nasa.gov/science-news/science-at-nasa/fluid/zero-gplane/
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(square root) between a higher/lower speed and a lower/higher radius, distance between the 
spaceship and the center of the planet.  An important mathematical and physical lesson can be 
learned here to understand basic equations and how to ‘read’ them.  Give them G, M, r and 
have them calculate the escape velocity for various planets, including earth (41 km/s, 25,000 
miles/h). 
 
Escape velocity module 
Escape velocity vs. Orbit velocity 
Escape velocity wiki 
YouTube on Escape Velocity 
uTube on Escape and Orbital velocity 
Gravity assist 
 
A. Newton’s Cannon 
Media: Play the video of the Newton’s Cannon from the History Channel 
Online option: allow teams to explore Newton’s cannon using the interactive simulator online 
Newton’s Cannon – interactive simulation 
 
Offline option: review printouts of the trajectories of the Newton’s Cannon. Have students discuss 
the amount of force from the cannon vs. the force of gravity at different points on the diagram. 
(2) What about too much force from the cannon? The ball will fly off into space, have students 
replicate too much force on the sheet. 
 
B. Ozobot Orbits 
Media: Play the video of the Trajectory of the Juno probe 
Discuss: how the trajectory for the probe for the characters in the story needs to be more like 
Newton’s Cannon, sending the probe around and around the Earth 
 
(1) Uniform circular motion: using the Ozobot guide on circular motion to explore velocity (a 
vector of direction and speed) and trajectory 
 
Reference: Orbital Trajectory Image 
(2) Place a ball (or one of paper) at a point on a table or clean flat floor. If the distance from 
the 1st burn to the 2nd burn is 2 feet in the image, have teams create a line for the Ozobot to 
follow to scale the trajectory on the image. Program the Ozobot to follow the route stopping at 
the equivalent point of the 1st burn but on the final orbit trajectory. (3) have teams continue the 
line programming so that the Ozobot follows the 1st and 2nd burn trajectory and then rotates 
around the Earth 3 times. 
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http://en.wikipedia.org/wiki/Gravity_assist
http://galileoandeinstein.physics.virginia.edu/more_stuff/flashlets/NewtMtn/NewtMtn.html

