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Modeling Air-Powered Rockets 
By Christopher DiCarlo 

Students at Innovation Academy Charter School in Tyngsboro, Massachusetts learn Physics in 
the context of systems thinking and modeling tools.  Each lesson becomes a more authentic and engaging 
experience when the classroom moves outside.  In this project, students learn about the forces acting on a 
paper rocket. Using Insight Maker, a free online stock-flow modeling program, they model those forces 
over time during a simulated flight.  Students then take the lessons they learned from the simulation and 
attempt to build a rocket that will fly as high as possible.  On “Launch Day” students take their rockets 
outside and record their flight with an iPad.  From the video, students can generate behavior over time 
graphs of height and velocity of the rocket and compare them to their predictive model.  The last step is to 
go back and revise their model to get a better understanding of what actually happened during the launch.  

Early in the class, the modeling tools help students solve simple motion problems.  A single flow 
leading into a stock can be used to solve problems involving how far an object travels while moving at a 
fixed speed.  Students then learn that the same model can be used to solve acceleration problems 
involving how fast an object travels if it accelerates at a fixed rate.  Students realize that velocity appears 
in both models and that the two separate models can be more useful if we connect them.  Doing this 
results in a general accelerated motion model that can be used to solve most kinematics problems in 
Physics (Figure 1).   

Figure 1: Students build complexity by combining simple models 

As students learn about forces and Newton’s Laws, they can add new variables for force and 
mass to their models to calculate the acceleration and improve their models even more.  Since gravity 
forces are dependent on the mass of an object, yet another addition can be made.  The gravity force is 
constant for objects close to the surface of the Earth which makes it simpler to analyze mathematically, 
but drag force is a highly dynamic force that both depends on and affects the speed of the object.  This 
circular feedback relationship between drag force and  speed makes it impossible to properly analyze with 
high school level mathematics, but adding this relationship to our model is no more difficult than adding 
any other force.  The addition of the drag force competes the  model, which are now able to accurately 
simulate a rocket flight.  
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Figure 2: Completed Stock-Flow Diagram 

In order to simulate the rocket flight, students are shown an example rocket and they discuss what 
can be changed while still keeping their rocket compatible with the launcher.  They have the most control 
over the mass, frontal area, coefficient of drag, and initial velocity.  They try several simulations with 
each of these variables at high and low levels to determine which adjustments help the rocket go the 
highest.  They then use what they have learned to inform their decisions in building their own rockets.  
For instance, many students try to streamline the fins of their rocket so they pass through the air more 
efficiently, while others focus on giving their rocket an airtight fit to the launcher to maximize the initial 
velocity.  Once they have completed building their rockets, they go back to their models and attempt to 
predict how high they will go based on how they were made.    

On “Launch Day” students take their rockets outside and launch them.  A launcher made out of 
PVC pipe is used to store the air pressure from a bicycle pump until it is released by a valve sending the 
rocket up into the air.  Students record the flight of their rocket on an iPad while their classmates sight the 
rockets through an inclinometer to determine the maximum height of the rocket.  Video Physics by 
Vernier Software and Technology aids in analysis of Videos from the iPad.  Using a known distance 
visible in the frame of the video, such as the height of a flagpole, students can track the rocket through its 
flight frame by frame to create graphs of height and velocity over time (Figure 3).   
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Figure 3: Results of Video Physics Analysis. Courtesy of Maya Hegde. 
 

With their flight results in hand, students go back to their models and compare their predictions to 
the actual flight.  Insight Maker can take in the data from their video analysis and present it on the same 
graph as their simulation results.  This enables students to manipulate the inputs to the program to make a 
better fit with the data.  In the process they learn a little more about the forces that govern its flight.  Some 
inputs were well known, but others like coefficient of drag were not, so this was a good place to start in 
trying to get their model to mimic the actual data.  When changing the values of the model inputs is not 
enough, students added to the model to account for something that they had not anticipated.  For instance, 
one group had a typical straight flight going up but on its way back down it spun sideways greatly 
increasing its frontal area and therefore drag force.  These students were able to create another frontal area 
variable that was only active when the rocket was coming back down.   
 

 

 
Figure 4: Comparison of initial model (left) and revised model (right) with measured position data.  
Courtesy of Maya Hegde 
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 The visual nature of the graphs, models, and videos captured make this project a natural fit for a 
poster presentation of student work.  Students summarize the steps of the project showing their 
simulation, building, testing and revising the model (Figure 5).  Students present these posters at an open 
“Exhibition Night” at the school giving students a chance to share their work with people outside the 
classroom.  When the weather cooperates, exhibitors set up posters and launch  rockets outside as part of 
the presentation.   
 

 
Figure 5: Student Work at Exhibition Night 
  
 Through this project students also learn a practical application of stock-flow modeling.  They 
learn that while models can be used to make predictions, their accuracy is dependant on the inputs and 
structure of the model.  Making a useful and accurate model is an iterative process that includes 
evaluation and revision.  Modeling also requires a strong understanding of the underlying system and it 
can reinforce important curricular concepts with engaging content. 
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