
 
 

Lesson Plan for Water Rockets Demonstration 
Concepts: Momentum, aerodynamics, propulsion 

Applicable Classes: EPSS 9, ASTR 3 
Educational (for undergraduates) and Instructional (for TAs) videos available at: 

http://planets.ucla.edu/instructional-demos/ 

 
 

Materials:  
 
Balloon demo (optional): 

- balloon, string, drinking straw, flour (optional) 
 
Rocket demo: 

- empty plastic 2L bottle 
- card stock paper and regular paper 
- scissors, painter’s tape, modeling clay 
- water, funnel (for filling rocket) 
- string, rubber bands 
- rocket base, hose, dowel, and air compressor 

 
Teaching Plan:  
Introduction (5 minutes) 
 
Balloon demo (optional): 
 
First, thread drinking straw with string. Have two students hold the string taut 
horizontally. Blow up the balloon and fill with flour (optional). Tape balloon to 
drinking straw. Let go and watch the balloon move horizontally along the string.  
 
 
 
 
 
 



Accompanying Dialog:  
 
To begin, let’s start with a very simple rocket: an everyday party balloon! Here 
we’ve set up a balloon filled with air, representing a rocket filled with fuel. The 
balloon is attached to a drinking straw threaded with a string that will serve as a 
track for our rocket balloon. When we release the balloon, consider what will 
happen. What causes that to happen? 
*Pause for response* 
*Release the balloon– ensure that it moves smoothly* 
As you can see, the balloon moves away from it’s open end. Let’s try again, 
tracking the air that comes out of the balloon. 
*Repeat, with flour in the balloon/a tissue behind it* 
As the balloon is moving forward, you can see the air moving backwards. What’s 
happening? Well, the motion of the balloon is based on the same principle as 
that of all rockets: conservation of momentum. Momentum is equal to mass times 
velocity. What’s the momentum of our balloon and its air before we release 
them? 
*Pause for response* 
Before we release them, neither the balloon nor the air are moving, meaning that 
their initial velocities are zero. That means the initial momentum of each is also 
zero. The law of conservation of momentum states that a system’s total 
momentum will remain constant unless acted on by an outside force. In this case, 
the balloon and the air inside of it make up our system. Once we let go, we’ll 
assume there are no outside forces acting on the balloon or air, so the total 
momentum is conserved and their final momentum will equal their initial 
momentum. When the balloon is moving, its velocity is directed to the left, so its 
momentum is also to the left. This means that to keep the total momentum equal 
to zero, there must be some momentum directed to the right. Where is that 
momentum to the right coming from? 
*Pause for response* 
The air coming out of the balloon provides the momentum to the right. The 
balloon’s momentum will be equal in strength to the air’s momentum, but 
opposite in direction. The same principle applies to real rockets; as they 
consume their fuel, the exhaust is expelled behind them and the rocket is 
propelled forward. Given the large mass of most rockets, their fuel needs to 
provide a lot of momentum. How is that accomplished? What would happen if we 
let this balloon go in a vacuum? Would it still move? 
 
 
 
 



Concepts:  
 
Momentum: Momentum (P) is equal to mass (m) times velocity (V).   
Velocity: The direction and speed of an object together tells us its velocity. 
Conservation of Momentum: The law of conservation of momentum states that 
a system’s total momentum will remain constant unless acted on by an outside 
force. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Building the Rockets (20 minutes) 
 
Cut out card stock into nose cone and fin pieces (see shapes below). You can 
have your students try out different shapes and numbers of fins for their rockets. 
Have students secure fins to their rockets using painter’s tape. Before taping 
nose cone, place a small ball of modeling clay in the tip to stabilize its flight 
pattern.    

 
 
 
 
 

 
 

 
 
 
 
 

 
 Nose cone Fins  

 

Card Stock Cutouts 



Accompanying Dialog:  
 
Now that we understand the basics of rockets, we can move on to building our 
own. Rockets, unlike airplanes, are capable of reaching and moving in space. 
However, to get there they must make it outside of the Earth’s atmosphere. First, 
let’s consider what happens to our balloon rocket if it is released without being 
attached to the string. What direction will it go? 
*Pause for response* 
*Launch, ensuring balloon goes wild* 
As you can see, the balloon rapidly goes off-course, affected by variations in the 
air around it. Rockets must be designed to be stable against these effects. As a 
result, there are some common properties for rockets, such as the shape. Here 
we have the body of our rocket. 
*Hold up 2L bottle* 
We need to make some modifications for it be launch ready. First, the rocket 
needs to be able to move through the air with less resistance. Wind resistance, 
the force of air against a moving body, is stronger when it hits a large flat surface, 
and can be very strong when a body is moving quickly, as in the case of a rocket. 
How can we modify the shape of our rocket to do that? 
*Pause for response* 
Rockets are designed with a nose cone, which allows the rocket to cut through 
the air and reduces wind drag. This shape is similar to the nose of a dolphin or 
shark, which needs to be able to cut through water for speed. Second, the rocket 
needs some way to maintain it’s heading as it moves through the air. What can 
we add to our rocket to do that? 
*Pause for response* 
Nearly all rockets are equipped with fins, which help keep the rocket going 
straight. Unlike wings, which generate the lift to allow planes to fly, fins simply 
keep the rocket moving in a straight line, similar to fletchings on an arrow or fins 
on a shark. Together, a nosecone and fins increases the rockets stabilization, 
allowing it to be less affected by the atmosphere and continue on a straight path. 
*Have students add nose cone and fins* 
 
Concepts:  
 
Aerodynamics: Study of the motion of air, particularly when interacting with solid 
objects. Air drag is the force exerted on an object by the air moving around it. 
Objects with more aerodynamic designs reduce the amount of air drag being 
exerted on it.   
 
 



Launching the Rockets (15 minutes) 
 
Have students fill their rockets with water, ~ 1/3 of the bottle volume, and attach 
launch director (piece of paper with space for dowel insertion).  Next, set up air 
compressor by plugging in and running until at full capacity.  Place launch pad as 
far from compressor as is allowed by hose attachment. DO NOT ATTACH HOSE 
TO COMPRESSOR YET. 
 
Students can try their rockets one-by-one by placing the dowel through the rocket 
director and fitting the rocket nozzle to the rubber stopper on the launch pad.  
 
 
 

 
 
 
Next, secure the rocket by placing the rubber band attached to the string around 
the two metal brackets. 

 



Finally, attach the hose nozzle to the air compressor. When the water in the 
rocket bubbles and begins to spray out, have student pull string to release rocket.    
 
Accompanying Dialog: 
 
The last component of our rocket is the only one shared with the balloon– fuel. 
However, in this case we’re not going to use air. Instead, we’ll use water. Why is 
that? 
*Pause for response* 
Water is heavier than air and abundant, making it a good fuel for our rocket. In 
the case of a modern rocket, fuel is often some combination of solid propellant, 
similar to black powder, and liquid propellant, like liquid hydrogen. That’s 
hydrogen that is so cold it’s gone from gas to liquid. Of course, these fuels are 
significantly more dangerous than water. With our rocket fueled, it’s time to get it 
on the launch pad 
*Go to launch pad and install first rocket* 
Here we’ve placed our rocket on the launch pad. As you can see, there is a stick 
to guide the initial ascent in the direction that we want, similar to the string and 
straw for our balloon. Once the rocket it above the stick, it is moving more quickly 
and will be less affected by variations in the air. 
To launch the rocket, we will fill the rocket with compressed air before releasing it 
from the pad. What will that air do to the water fuel? 
Pause for response 
Alright, let’s try it out! 
*Launch rocket* 
 
Concepts:  
 
Propulsion: A means of creating force leading to movement. Must have a 
source of mechanical power and some means to generate the force (compressed 
air in this case).   
 
Conclusion (10 minutes)  
 
Rehash the concepts covered by the rocket demo. Discuss why some rockets 
may have launched more successfully than others.  
 
 
 
 
 
 


