
5.	  Slide your rocket onto the PVC pipe. Aiming 
the rocket in a safe direction, stomp in the middle 
of the 2-liter bottle.

6.  The rocket will fly so fast that you will find it 
difficult to follow it. But, it will travel only a few 
meters. It will twist in mid-flight and quickly lose 
energy, falling to the ground. The challenge in this 
activity is to get the rocket to fly far—much farther.

7.  To recharge the launcher, blow hard into the 
PVC pipe. This will re-inflate the bottle, which 
will be good for 40 to 50 launches, provided that 
you don’t stomp on the end of the bottle. If several 
people are going to be re-inflating the launcher, 
use some antibacterial wipes to clean the pipe. 
There are several things that you can do to get a 
longer range:

•	 Add fins. Use index cards to cut one or more fins. 
Students often make two mistakes when adding 
fins. They make them much bigger than they need 
to be, thus slowing down the rocket by giving it 
more drag. Or, they place the fins in the middle of 
the rocket, where wings would go on a plane. Fins 
provide directional stability through drag; they slow 
the back of the rocket to keep it behind the front 
of the rocket. To get great distance (more than 120 
feet, or 36 meters), you need the smallest fins that 
provide directional guidance. Determining the 
optimal size of fins is an engineering exercise that is 
a great learning experience.

•	 Add a nose cone. Roll a sized piece of paper into 
a cone and tape it onto the top of the rocket. A 
symmetric nose cone will add a few meters to 
your rocket.

•	 Add weight. This seems counterintuitive, but 
adding a few paper clips will usually increase the 
range of a rocket. Kids can keep adding paper 
clips until their rocket doesn’t go farther. This is 
another introduction to engineering, where good 
design requires a balance between conflicting 
effects. Too much weight will ground the rocket 
and not enough will cause it to run out of energy 
in mid-flight.

continued on next page ➣
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Learning Moments 
For best overall results, have the class work in 
teams of two or three. Show them how to make 
a rocket, but don’t mention fins, weights, or nose 
cones. Let them come up with ideas for these. 
Challenge them to add design elements to their 
rockets so they fly far.

As they launch their rocket the first few times, 
ask each team:

•	 “What did your rocket do?” If they don’t 
know, have them repeat the launch, knowing 
that you will ask the same question again.

•	 “Why did your rocket do what it did?” Have 
them look at their rocket to see what feature 
might have caused the effect they saw. Emphasize 
that design features cause flight effects.

•	 “What one feature will you change?” Change 
only one variable at a time and record what the 
impact of that change is. This is how science 
moves forward. Changing two or more variables 
at once will mean you won’t know which one 
was responsible for the impact and you won’t 
know which one you should change further.

•	 After addressing your questions, send them 
to make the one change and to try their 
rocket again.

This basic launcher works well, but it doesn’t 
allow you to measure angles of launch, and 
it requires you to kneel on the ground during 
launches. A better launcher involves an hour 
of work. Use a 2-x-4-inch (5-x-10-centimenter) 
board or other material to build a foot that 
can support a 4-foot-long (1.2-meter-long) 
pine board vertically. Mount a protractor (or a 
photocopy of a protractor) on the upper end of 
the launcher. Drill a hole through the center of 
the protractor that the 2-inch-long (5-centimeter-
long) bolt can fit through. Drill a hole through the 
2.5-inch (6-centimeter) PVC pipe so you can bolt 
the pipe to the board. Hot-glue the launch tube 
(3/4-inch, or 2-centimeter, PVC, 10 inches, or 
25 centimeters, long) on the inside of the larger 
PVC pipe. Bolt the larger diameter PVC pipe to 
the board and secure with two nuts or a wing 
nut. Now, you can adjust and measure the angle 
of launch.

By adding a protractor to the launcher, students 
can measure the launch angle and compare it to 
the distance rockets travel. They can graph this set 
of data (fourth grade and above) and explain what 
the graph shows. As an incentive to draw the 
graph, promise that they can try to launch their 
rocket over the school or some large object at 
whatever angle they want, based on their graphs.

Pneumatic-blast Rockets (continued)

As teams improve their rockets, have them record 
their rocket’s name and the distance it flies on the 
blackboard. This will motivate everyone to work 
harder. In this simple activity they experience a 

scientific investigation. They build models and 
test them. They observe and relate their 
observation to physical features on the rocket. 
They make changes and repeat the experiment. 
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Rocket-powered History:

Rocket Man
Robert Goddard was the rocket man. He started work on rockets in 
1899 when he was seventeen years old. At the time people didn’t 
think rockets could fly in space. He proved them wrong.

Goddard developed solid-fueled rockets and 
devices to control the flight of rockets. He 
was also the first person to launch a liquid 
fuel rocket. In the course of his research, he 
was awarded more than 200 patents for 
his inventions. In an era when few people 
believed in Goddard or his work, he kept 
working and helped launch the age of 
space exploration.
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Rockets move as they release fluids contained 
under pressure inside. Space rockets burn fuel, 
and this combustion releases the energy to 
propel them. Hot, expanding gases escape 
from the back of the rocket and push the 
rocket forward.

Safer and easier to use in the classroom is the 
approach of using pumps to raise the pressure 
of air and to store the compressed air in 
containers. Water rockets, which are often used 
in scholastic science events, are powered by 
air pressure. Increasing the pressure inside the 
rocket by pumping transforms muscular energy 
into pressure. When the rocket is launched, the 
air pressure is released, and the escaping air and 
water push the rocket upward.

Science stores sell an inexpensive version of 
the water rocket made of plastic. The pump 
that comes with a toy water rocket sucks in air 
through the small hole in the back of the 
pump. Pushing the handle inward compresses 
the air, raising the pressure. This pushes a steel 
ball up inside the valve, letting air escape the 
pump and flow into the rocket. Increasing 
pressure in the rocket eventually limits how 

much air can be forced in. Pulling back on 
the catch releases the rocket. The rocket flies 
because the pressure inside forces water and 
air out the opening. The downward force of 
the water pushes the rocket upward.

What role does the water play in these water 
rockets? Try firing a water rocket without water. 
It will barely lift off. Completely fill the rocket, 
with water leaving no room for air, will give 
a similar result. Thus, there is some optimum 
level of water. Air pushes the water out of the 
rocket, but it is the water (which has a thousand 
times more mass per volume than air) that 
provides the change in momentum (mass times 
velocity) that propels the rocket.

So if escaping water is what propels the rocket, 
why do you need air? Water is incompressible; 
you can’t squeeze it into a smaller volume. 
No matter how hard you pump, you won’t get 
more water into the rocket once it’s full. Air, on 
the other hand, is highly compressible. So you 
can squeeze more and more into the rocket, 
building the pressure inside the rocket to push 
out the water.

Powered by Pumps

Chapter  4



The simplest pump compresses a fluid and operates 
without valves. To demonstrate compression and 
the work it can do, launch a spud.

Materials
•	 Potatoes

•	 Electrical conduit tubing (EMT)

•	 1/2-inch-diameter (1.25-centimeter) dowel

Hardware stores carry electrical conduit (EMT). 
You can purchase it in lengths of 8 feet (2.4 meters) 
and cut it with a hacksaw, or ask the store to cut it 
for you.

Procedure
1.  Use a length of pipe that is an inch shorter than 
the dowel. A 3- to 4-foot (1- to 1.3-meter) length 
is good. Hold a potato on top of one end of the 
tubing, with the other end of the tubing on a hard 
surface. Whack the potato onto and into the pipe 
with the flat of your hand. A few whacks will force 
a piece of the potato into the pipe. When the pipe 
comes through the potato, stop. Pull the potato, 
now with a cylindrical hole punched through it, 
off the pipe. Turn the pipe upside-down and repeat 
the procedure.

2.  A cylinder of potato should now be wedged 
in each end of the pipe. Force one cylinder a bit 
farther into the pipe using the dowel. Hold the 
dowel, now barely sticking into one end of the 
pipe, and the pipe in one hand, and invert the 
apparatus. Now rest the dowel on the ground. To 
hold the base of the dowel in place, put it against 
the instep of one foot.

Try This:

Potato Rockets

70    Chapter 4:  Powered by Pumps



3.  Grab the pipe with your other hand. Aiming the 
pipe at a 45-degree angle elevation and away from 
people and breakable stuff, pull the pipe downward 
as quickly as possible. With a resounding 
“kurwop,” the potato rocket will fly 30 to 50 feet 
(9 to 15 meters). You launched the piece of potato 
that was in the upper end of the pipe. The piece 
of potato in the lower end of the tubing, which 
serves as wadding, fell limply. Repeat launching the 
potato until it is consumed with holes.

Explanation
You’ve demonstrated a simple pump. The potatoes 
make an almost airtight seal, trapping the air 
molecules inside—between the two pieces. By 
pushing the bottom cylinder of potato upward with 
the dowel, you compressed the air inside the tube. 
Decreasing the volume increased the pressure. 
(That’s Boyle’s Law—pressure times volume is a 
constant, given that temperature is constant. So as 
the volume decreases, the pressure increases.) As 
the dowel and bottom potato moved upward, air 
pressure inside the tubing increased. Eventually, 
the force of air pressure exceeded the frictional 
forces holding the upper potato in place, and out it 
came.

An air pump compresses air, forcing the molecules 
closer together and raising the pressure. It converts 
mechanical energy (a person working to operate 
the pump or a motor) into higher pressure and 
heat. (Feel a bike pump after you’ve filled a tire 
and you’ll notice it is hotter than it was before 
pumping.) Pushing down the handle of a bike 
pump forces the air inside into a smaller volume 
at the distant end. The raised pressure opens a 
valve letting the air escape into the inner tube or 
basketball, provided that the pressure is higher 
than the pressure inside the tube or ball. The valve 
stem in an inner tube lets air at higher pressure in 
and prevents air from escaping.

On the return stroke, pulling up on the pump 
handle reduces the pressure and that allows a valve 
in the pump to open so more air can enter. In this 
type of pump system, there are two valves: one 
letting air out of the pump into the tire or ball, and 
one letting air into the pump. There are other types 
of pumps for compressing or moving other fluids; 
David Macaulay’s book, The Way Things Work, 
gives explanations and illustrations.
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Materials
•	� Discarded hand pump from a container of

hand cream or liquid soap

•	 Pocket knife

•	 Pair of pliers

•	 Food coloring

•	 Water

Procedure
1.  Remove the pump from the bottle and rinse 
it to get rid of any of the product. To see how it 
works, mix a few drops of a dark food color in a 
glass of water. Hold the pump’s tube in the colored 
water and depress the pump once.

2.  Nothing happens when you press on the handle, 
but when you release it, the colored water moves 
up the tube. However, nothing comes out the end. 
Pump it again to see the water rise farther up the 
tube. Now you have pumped water up to the top of 
the pump, and when you push on the handle again, 
colored water squirts out.

3.  That’s not the experiment. That was getting 
ready to do the experiment. When you are ready 
to cut open the pump, ask the class what they 
expect to find inside and write their ideas on the 
board. When a few ideas have been expressed, start 
cutting. (Of course, you could do all the cutting in 
advance and show the parts to the class. But, that 
would not be nearly as interesting as seeing you 
take it apart.)

Try This:

Take Apart a Pump

4.  The hardest part is cutting away the plastic 
collar that attaches the pump to the plastic bottle. 
Cut through one side of the collar and break it 
open with the pliers. The collar doesn’t contribute 
to the pumping action, so it doesn’t matter if you 
destroy it. Try pumping the colored water again to 
see that the pump still works without the collar.

5.  Pull off the handle. Yank upward; it requires a 
good tug to free it. It is hollow so the hand cream 
or soap can travel through it and out the exit hole.

6.  Pull off the plastic tube that extended into the 
bottom of the bottle. It is held in place by friction, 
so it comes off easily.

7.  Use pliers to extract the plastic plunger that was 
attached to the handle. This can be hard to do, but 
keep tugging. When it is out of the way, look inside 
the tube to see if you find what you thought would 
be there.

This activity involves cutting 
with a knife and so requires adult 
supervision.

IMPORTANT SAFETY NOTE
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Explanation
Now you can get a good idea of how the pump 
works. When you press on the handle, it pushes 
on the plunger and it compresses the spring. The 
steel ball sits at the bottom of the pump. Nothing 
happens. The steel ball covers the hole and stops air 
or liquids from going down the tube.

When you release the handle, the spring pushes 
it and the plunger back up. The reduced pressure 
inside the plastic housing draws some of the water 
(or liquid product) up the tube. Stated differently, 
atmospheric pressure presses the water into the 
tube when there is lower pressure inside the 
tube. The steel ball slides out of the way to let the 
liquid enter the chamber and then falls back to 
the bottom. When you press again on the handle, 
the steel ball prevents the liquid in the chamber 
from escaping back to the bottle. But because there 
is less room in the chamber, the liquid has to go 
somewhere. It goes up the center of the plunger 
and out the hole in the handle.

You have just reverse-engineered a pump and 
found out how engineers design things to blow 
liquid products out of containers. Compare the 
findings to the predictions. Scientists are often 
wrong in their predictions. What’s important is 
that the experience leads to better understanding.
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Rocket-powered Application:

Water Pistols
Water pistols are pumps too. Pushing the 
trigger pumps water into the two white tubes 
that squirt it out. The best water pistols for 
disassembly are those held together with just 
a few screws.



You’ve probably launched a balloon on a string; a 
rocket on a string is the same idea but with higher 
pressure and a rigid rocket. You can store quite a 
bit of pressure in a small plastic bottle, enough to 
propel the bottle impressively. The two problems to 
overcome are how to control the path of the rocket 
and how to pressurize it and release it.

Materials
•	 Nylon string

•	 1-liter water bottles with caps

•	 Drill and bits

•	 Bike pump with pressure gauge

•	 Inflating needle (used for basketballs/footballs)

•	 Straws

•	 Silly Putty®

•	 Safety glasses

Model To Make:

Rocket on a String

This activity requires the use of 
safety goggles by all participants.

IMPORTANT SAFETY NOTE

Procedure
1.  Making the rocket is easy. Drill a hole in the lid 
of a 1-liter soda bottle. Use a drill bit that will just 
barely admit the inflating needle. To size the drill 
bit, do a test on a scrap of wood. Hold the lid in 
a vice while drilling. After drilling, screw the lid 
back on the bottle.

2.  This rocket can fly far, so make the test range at 
least 50 feet (15 meters) or even farther. Secure one 
end of string to an immovable object. Before tying 
the other end to an equally immovable object, 
thread the string through a straw. Then, use a cinch 
knot to tension the string as much as you can and 
secure it.

3.	  Tape the rocket to the straw, making sure it is 
aligned with its long axis parallel to the string. If 
the nozzle is pointing away from the axis of the 
string, the rocket will spin around the string rather 
than traveling far. Which way should the cap be 
facing? Make sure that everyone agrees that the 
bottom of the bottle (not the cap) should be facing 
toward the long expanse of the string.
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4.  Wrap a gob of Silly Putty around the base of the 
inflating needle. With the needle attached to the 
pump hose, insert it into the opening in the bottle. 
Press the needle against the cap, compressing the 
Silly Putty to make a good seal. Have someone 
pump while you hold the needle; you will need to 
hold the bottle in one hand and the inflating needle 
in the other.

5.  At some pressure (probably around 40 PSI) 
the seal will fail and air will escape as fast as it is 
pumped into the rocket. You’ll hear a “pop” and the 
hiss of escaping air, and this will clue you to release 
the rocket.

6.  Kids could test their rockets at different pump 
pressures, with and without fins (or air brakes/ 
parachutes), and with different-sized bottles and 
see how far they travel. Because of the variability of 
each launch, students will need to conduct several 
tests at each pressure and average the distances 
traveled. With good control of the launch pressure, 
students could collect enough data to warrant 
graphing pressure vs. distance.

Explanation
Unlike the pneumatic-blast rocket, this is a true 
rocket. Gases under pressure inside the rocket 
exhaust from the rear of the rocket to propel 
it forward. The string provides the guidance 
system, keeping the rocket traveling in the 
desired direction.
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This model uses the same approach to storing 
and releasing energy as does the “Rocket on a 
String” activity. However, it provides the additional 
challenge of designing and building a car chassis 
and aligning the wheels so the car travels in a 
straight line. Students can work in teams of two 
or three.

Materials
•	 1-liter water bottles with caps

•	 Drill and bits

•	 Bike pump with pressure gage

•	 Inflating needle (used for basketballs/footballs)

•	 Silly Putty

•	� 2-inch (5-centimeter) wood wheels (available 
from www.craftparts.com)

•	� 1/4-inch (.6-centimeter) dowels (available
from www.craftparts.com)

•	 “Fat” straws

•	 Cardboard

•	 Scissors

•	 Hot-glue gun

•	 Coping saws

•	 Masking tape

•	 Scissors

Model To Make:

Rocket Cars

Procedure
1.  Students cut chassis from cardboard boxes and 
glue pieces of “fat” straw to the bottom, making 
sure that they are parallel to each other. They cut 
axles (from dowels) long enough to pass through 
the straws with room enough to attach wheels. It 
is easier to connect one wheel to each axle, slide 
the axles through the straws, and then attach the 
second wheel. Of course, they don’t have to use two 
wheels per axle. Some could try one wheel per axle 
or more than two wheels.

2.  Before adding the engine (water bottle), they 
should test their cars. With a push, does the car 
roll far? If not, the wheels might be rubbing on 
the chassis or the axles might be rubbing on the 
straws. Does it travel in a straight line? It’s easier 
to fix these problems now, before working on 
the propulsion.
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3.  They can tape or glue the bottle to the chassis. 
The challenge is to get the bottle aligned with the 
direction that car will travel. If it is pointed off to 
one side, the car will spin around, doing wheelies.

4.  You or they can drill holes in the lids. They 
screw on the lids and are ready for testing.

5.  The floor surface has a lot to do with the success 
of these cars. Too slippery, and the cars can easily 
veer out of control. Too much friction, and the cars 
won’t go far. Try the different surfaces available to 
see which works best.

6.  Mark the start line with a piece of masking 
tape. You might mark intervals along the intended 
direction of travel to make measuring easier and 
quicker, but have each team of students measure 
the distance traveled for each run—measuring 
either from the start line or from the interval 
markers you established.

7.  Have teams try to maximize the range of their 
cars. Encourage them to innovate new designs and 
solve each new technical problem. Later, have them 
report how they were able to get their cars go far.

When each team has had the chance to test and 
improve their cars, have them test the cars at 
different air pressures. They will need to test them 
at least three times at each pressure and average 
the distances, starting at 5 PSI and going in 5-PSI 
increments to the highest pressure they can obtain 
(probably 40 PSI).

Learning Moments 
As teams line up to launch their rocket 
cars, ask them what direction their car will 
travel and what direction the escaping air 
will travel. They should know that the car 
would travel in the direction opposite to its 
airflow. This gives you an opportunity to 
state Newton’s Second Law of Motion: If the 
car nozzle directs the air backward, the air 
pushes the car forward. 
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On a warm day, water rockets are the best way to 
learn science. Every launch elicits “Ahs” and “That’s 
neat,” and the spray of water cools the launchers. 
Just watching and understanding what happens is 
a great experience. Even better is to engage in the 
challenge of keeping your rocket in the air for the 
longest time.

These rockets demonstrate Newton’s Third Law of 
Motion. Rockets are propelled by ejecting mass 
out the back. The forward force is the reaction to 
this backward force. The force is proportional to 
the exhaust velocity multiplied by the rate that 
mass is ejected. Water, which has a mass density 
1,000 times larger than air, provides the high mass 
required for large thrust. Air, which is highly 
compressible, provides the mechanism for storing 
energy (pressure) and pushing out the water. 
Getting the right proportion of water to air is 
critical to achieving the highest launches.

Materials
•	 2-liter bottles

•	 Bike pump with pressure gauge

•	 Launcher

•	 Water

•	 Stopwatch

•	 Cardboard (cereal boxes)

•	 Duct tape

•	 Scissors

•	 Safety glasses

You can make a very durable launcher from 
components found at a hardware store and using 
plans found in Fantastic Flying Fun with Science 
by Ed Sobey (see the References at the end of this 

Model To Make:

Water Rockets

book). Or, you can purchase a launcher from a 
science supply house, such as The Science Source 
(www.sciencesource.com), at very low cost.

Empty 2-liter bottles are the standard for the 
rocket, but you can also use smaller bottles. 
These bottles appear to be safe up to pressures of 
about 125 PSI, but it is a good idea not to inflate 
them higher than 80 PSI. 60 PSI sends a rocket 
impressively high, so you might use that as an 
upper limit.

This activity requires the use of 
safety goggles by all participants.

IMPORTANT SAFETY NOTE

78    Chapter 4:  Powered by Pumps



continued on next page ➣

Procedure
1.  A bare bottle will fly high but will tumble. 
To get it flying higher, add fins, a nose cone, 
and weight. To keep it in the air longer, add a 
parachute. Students can cut fins from empty cereal 
boxes and duct-tape them onto the rockets. The 
larger the fins are, the more control and drag they 
provide. The engineering challenge is to minimize 
the drag while getting enough control. Fins set at 
a uniform angle to the rocket will cause it to spiral 
(roll), like a football. Such fins add drag (deflect 
air) but can help stabilize the direction of flight.

2.  Although counterintuitive, adding weight helps 
a rocket go higher. An easy way to add weight is 
to tape a small, water-filled balloon to the top of 
the rocket. Plastic bags make good parachutes. 
The trick is how to attach a parachute so it deploys 
as the rocket is coming down (and not when it is 
going up). It will take some experimentation to 
develop the right technique.

3.  Pour some water into an empty bottle. We 
recommend filling a bottle about 1/4 to 1/3 full. 
Then set the rocket on the launcher.

4.  With a rocket mounted on the launcher, have 
one person sit on the ground ready to pull on 
the launch lanyard. Another stands by the pump. 
At your signal the pumper begins, calling out 
pressures every 10 PSI. When the specified limit is 
reached, have the pumper step back and then have 
the launcher pull.

5.  Occasionally, a misfire will occur. The rocket 
could be off-center on the launcher or the seal 
between the bottle and the inflating hose might 
have slipped. Doing nothing will let the pressure 
escape, allowing you to re-set the rocket and 
try again.

6.  To demonstrate the role that water plays, do two 
tests after having launched a few rockets. Launch 
one bottle that is completely full of water. It won’t 
go very high, probably not more than 10 feet (3.3 
meters). Then try one that has no water; it will go 
higher, but not nearly as high as rockets partially 
filled with water.

7.  You can test for the height of launches or for 
the time in the air. Estimating the height is tricky. 
A rough measurement would be to launch in 
front of a tall building and comparing the rocket’s 
apogee to some mark on the building. This will 
give you a four-story measurement or a three-story 
measurement. Use a stopwatch for measuring time. 
Without parachutes rockets will stay in the air 
for about the same period, which makes precisely 
starting and stopping the watch critical.

It takes discipline to safely launch 
water rockets with a group of 
students. They must stay at least 
10 feet (3.3 meters) back from 
the launcher and be sitting on the 
ground, not standing up. There can 
be no messing around. Launching 
occurs only when you give the 
command, assured that everyone 
is in a safe position. The person 
operating the pump must heed the 
upper pressure limit.

IMPORTANT SAFETY NOTE
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8.  Students can measure the height or time aloft as 
they vary any of several factors. Height vs. pressure 
is the first to explore. The quantity of water is 
another. With a scale, they could compare weight 
added (water balloon weight) to height. They 
could also measure the surface area of uniformly 
shaped fins. There are many different science fair 
projects or class projects that involve experiment 
design, data collection and analysis, graphing, and 
reporting, and kids will love to do them.

Explanation
This is a true rocket. Pressurized air forces the 
water out of the mouth of the bottle. The force 
propelling the rocket upward is related to the time 
rate of change of the mass being ejected. The larger 
the mass (which is why water is used and not 
just air) and the faster it is ejected (due to higher 
pressure), the higher the rocket will fly.

Learning Moments 
One phenomenon to note is the formation 
of fog inside the rocket bottles. Under 
pressure, water is vaporized inside the bottle. 
Upon launching, the pressure inside rapidly 
drops and the water vapor condenses into 
droplets—fog. By squeezing a launched 
bottle you can force puffs of fog out of the 
bottle. Have students think about where the 
fog comes from or how it forms.

As a student operates the pump, ask him 
where the energy comes from that flies 
the rocket. It should be obvious to this 
worker that he is supplying the energy. 
Continue by asking where he got the energy 
and by pointing out that nearly everything on 
our planet gets it energy (ultimately) 
from the sun.

Water Rockets (continued)
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People love to make and launch rockets, and this 
launcher is perfect for a large, indoor space. Pump 
rockets take the same form as in pneumatic-blast 
rockets, except pump rockets use a smaller-
diameter launch tube and rocket fuselage. To launch 
these, kids push down on the handle of a pump.

Although it takes longer to build and is more 
expensive than the pneumatic-blast rocket, the 
pump rocket offers some advantages. You don’t 
need to collect 2-liter bottles and you don’t 
have to inflate the bottle between each launch. 
For one group of students, the pneumatic-blast 
launcher is the way to go, but for a larger group 
or a continuous flow of people (say, a science day 
celebration or a permanent activity in a science 
museum), the pump launcher is a better choice.

Materials
For the rocket:
Refer to the Pneumatic-blast Rocket activity on 
page 63 for materials and directions on how to 
make the rockets. This rocket differs in that you 
wrap the paper around a smaller pipe—in this 
case, 1/2-inch-diameter (1.25-centimeter) CPVC. 
Students can try using a full sheet of plain white 
paper or a partial sheet (1/4, 1/3, or 1/2 sheet). As 
with the pneumatic-blast rocket, students add fins, 
weight, and a nose cone.

For the launcher:

•	�2-foot-x-2-foot (0.6-meter-x-0.6-meter) sheet of 
5/8-inch or 3/4-inch plywood for the base

•	�2 x 4 (stud) to lift the base off the ground,
8 feet (2.4 meters) long

•	�1-inch-x-10-inch (2.5-centimeter-x-
25-centimeter) pine board for the plunger 
and launch tower, 6 feet (1.8 meters) long

•	1/2-inch CPVC pipe, 8 feet (2.4 meters) long

•	2-inch PVC pipe, 4 inches (10 centimeters) long

Model To Make:

Pump Rockets

•	Vinyl tubing 5/8-inch ID, 3/4-inch OD, 4 feet

•	Plastic fitting for vinyl tube (see photo above)

•	�4-inch-diameter ABS sewer pipe, 20 inches
(50 centimeters) long

•	4-inch end cap for the ABS pipe

•	4-inch hole saw

•	�3/4-inch-diameter PVC pipe, schedule 40,
30 inches (75 centimeters) long

•	�3/4-inch-diameter PVC pipe end caps (flat),
3 of them

•	3/4-inch-diameter PVC pipe “T”

•	Rubber shelf liner (comes in rolls)

•	Shelf brackets to support the launch tower

•	Drill and bits

•	Protractor

•	PVC cement

•	Bolts, nuts, and screws

•	Stapling gun

•	Safety glasses

This activity requires adult supervision 
and the use of safety goggles.

IMPORTANT SAFETY NOTE
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Building the Launcher
The launcher requires working with wood and 
spending some time in a hardware store scratching 
your head. If, after reading the directions for 
building the launcher, your head is spinning, 
go to Kelvin.com for a comparable, slightly 
smaller, launcher.

The launcher is a large pump made from a 4-inch 
(10-centimeter) ABS sewer pipe. Hardware stores 
sell these in short lengths and you need a 20-inch 
(50-centimeter) length. You will anchor this pipe to 
a wood base so the pipe stands vertically.

The plunger mechanism is cut out of a piece of 
pine board using a 4-inch hole or circle saw on 
a high-speed drill. Use 3/4-inch-diameter 
(0.625-centimeter-diameter) PVC for the handle.

1.  Construct a base by screwing lengths of 2 x 4 
lumber into the edge of the plywood sheet. This 
will elevate the base and make it easier to attach 
the launch tube.

2.  Cut two 4-inch-diameter (10-centimeter-
diameter) circles from the end of the pine board. 
Screw one into one end of the ABS sewer tube. Bolt 
the launch tube through the wood circle into the 
center of the base. 

3.  Cut a hole for the plastic fitting and screw it 
in place.

4.  Bolt the second 4-inch-diameter (10-centimeter-
diameter) wood circle to a flat end cap (3/4-inch-
diameter, or 0.625-centimeter-diameter PVC). The 
end cap fits onto a 24-inch (60-centimeter) length 
of PVC pipe. You can hold the end cap on the PVC 
pipe either with PVC cement or with a small screw. 
Using a screw will make it possible to make repairs 
to the plunger.

Pump Rockets (continued)
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Procedure
Show students how to create a fuselage by rolling 
paper around a 12-inch (30-centimeter) length of 
the CPVC pipe. Let them figure out how to add fins, 
weight, and nose cones from paper, index cards, 
and paper clips. They need to experience launching 
their rockets a few times to understand how best 
to push the handle—a slow, long stroke or a fast, 
short stroke.  Once they have mastered the art 
of launching, have them focus on learning 
through experimenting.

Have them measure and record their launch 
distances along with the launch angle. Insist that 
they make one change to their rocket between 
each test. That is, if they are adding fins, insist that 
they don’t also change the launch angle until they 
have made at least one test at the previously used 
launch angle.

Encourage teams to share information with each 
other on what works well and what doesn’t work at 
all. Although teams and individuals will be vying 
to create the rocket that flies farthest, they should 
understand that the rocket launch is a scientific 
inquiry in which the goal is for everyone to learn 
and help each other learn.

5.  Drill a hole through the ABS end cap that 
allows the PVC pipe to slide through. Slide the 
plunger into the launch tube and fit the ABS end 
cap on the top of the tube. Add the PVC “T” 
to the top of the PVC pipe. Insert two 4-inch 
(10-centimeter) lengths of pipe into the “T” for 
handles and add PVC caps to the ends.

6.  The launch tower gets the fast-moving rockets 
up away from eyes and allows you to set the angle 
of the launch. Use shelf brackets to attach the 
remaining part of the pine board onto the base. 
Glue a protractor to the top of the board and drill a 
5/16-inch-diameter hole through the center of the 
protractor’s base. Bolt the short section of 
2-inch (5-centimeter) PVC pipe through this hole. 
Glue an 18-inch (46-centimeter)length of the 
CPVC pipe to the inside of the PVC pipe so one 
end of the CPVC pipe extends about 4 inches 
(10 centimeters). Connect the vinyl tubing to the 
short end of the CPVC pipe. You’re ready to test.

7.  You may find that your launcher works great 
without further work. If, however, it doesn’t 
develop enough compression, cut gaskets from 
rubber shelf liner. First try a gasket for the bottom 
of the wood circle plunger. Glue a piece of rubber 
in place and cut it so it extends a bit beyond the 
edge of the wood circle. If this doesn’t seal well 
enough, cut a 3/4-inch-wide (0.625-centimeter-
wide) strip of the rubber and glue it to the edge of 
the wood plunger. Hold it in place with staples and 
rubber bands.
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Dynamite! That’s probably what comes to 
mind when you think of blowing up stuff. You 
might think of other types of explosions too, 
such as the hundreds of explosions occurring 
each second inside your car’s engine or the 
explosion of a firecracker.

Chemical explosions occur when chemicals 
are added to each other or heat is applied to a 
material to start a chemical reaction. What is 
unique about explosives is that they burn or 
react quickly. The reaction gives off heat and 
a gas. The gas takes up much more space than 
did the original chemicals and forms a pressure 
wave that radiates in all directions at the speed 
of sound.

One of the most powerful explosives is 
nitroglycerin (pronounced “ny truh GLIHS 
uhr ihn”). When it explodes, the hot gases 
generated take up 3,000 times as much space 
as the unexploded nitroglycerin did. Usually 
nitroglycerin is mixed with other materials to 
make it safer to handle.

Now let’s look at some implosions and 
explosions you and your students can try safely.

Implosions and Explosions 
Even Your Mother Will Like

Chapter  5



Rocket-powered History:

The Dynamite Prize
Imagine being a neighbor of Alfred Nobel. If you had lived 
close to him you would have thought of him as a mad and 
dangerous scientist. Nobel studied how to blow up things safely. 
Ascanio Sobrero invented nitroglycerin in 1846, but few people 
used it because it was too dangerous. You couldn’t always tell 
when it would explode. Nobel wanted to find a way to use 
nitroglycerin safely.

As he experimented with different chemicals, Nobel created a 
lot of explosions. Some were planned and some were accidents. 
People thought he was dangerous because he was always blowing 
up things. But after he invented dynamite in 1867, which made 
explosions much safer, Nobel gained respect—and money.

Dynamite made Nobel rich. Dynamite helped people solve problems 
in mining and construction, and they bought lots of it. We might 
say that Alfred Nobel was the father of safe blow-ups.

Some people used dynamite to hurt others and that disturbed 
Nobel. So he set aside $9 million of his earnings to give awards 
each year to honor scientific discoveries and inventions and great 
writing and to promote world peace. The annual awards, the Nobel 
prizes, are for accomplishments in physics, chemistry, physiology 
or medicine, literature, and peace. A sixth prize, for the study of 
economics, was added in 1969. Nobel not only 
gave the world a great invention; he used his 
profits from that invention to recognize the great 
accomplishments of others.
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There is nothing like hands-on experience to help 
understand a subject—say, for instance, explosions. 
Explosions are sudden releases of pressure that 
we experience through sound and shock waves 
that you can feel. This activity helps students 
understand what an explosion is.

Materials
•	Straws

Procedure
1.  Grab the straw at each end by holding it 
between your thumbs and forefingers. Roll your 
hands in a circle to get the straw to pinch itself. 
Don’t let it wrap around your fingers. Make three 
or four circles with your hands, leaving 1 inch or so 
(2 to 3 centimeters) of the straw left untwisted.

2.  Have someone flick the straw as hard as he or 
she can to make it explode. To get a great flick, 
have the student hold a forefinger against a thumb 
and press hard. Then, as fast as the flicker can, 
he or she lets the forefinger fly into the straw. 
Kaboom!

3.  If the straw doesn’t explode, either the flicker 
didn’t flick hard enough, or the straw holder, that’s 
you, let air out of the straw. First, ask another 
student to try flicking the straw. If that doesn’t 
bring a satisfying sound, try a new straw. Make 
sure you wrap the straw tightly around itself and 
then call in the new flicker.

Try This:

Explode a Straw

Explanation
The result of this experiment is that you got a neat-
sounding explosion. Look for the hole in the straw 
where it burst. All the air you trapped inside the 
straw came out here and the sudden release of air 
created a sound wave. Kaboom!

The trick to exploding the straw is building up the 
pressure inside the straw so a flick will rupture it. 
When you started twisting the straw, you sealed 
the ends so the air inside couldn’t escape. With 
each additional twist, you compressed the air 
inside the straw, forcing it into the smaller space 
in the middle. By compressing the air in the straw, 
you raise its pressure, which is the force per area.

continued on next page ➣
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Think about pressure for a second. If you were 
wearing snowshoes, you could walk on fresh 
powder snow. Your weight would be spread over a 
large area so the pressure, or weight per area, was 
low enough so you didn’t sink deep into the snow. 
Take off the snowshoes and stand on a pogo stick, 
with all your weight concentrated on a small area, 
and you’d sink through the snow. In each case your 
weight (the force) was the same, but the pressure 
you exerted was different.

In the exploding straw you forced more air into 
a small space and all those molecules of air 
pushed against the side of the straw increasing 

the pressure. The sudden flick quickly raised the 
pressure to the point at which it exceeded the 
strength of the straw. You heard the escaping air as 
an explosion.

Another type of explosion occurs when you use 
the engine in a car or bus. In your car’s engine, 
gasoline is mixed with air and compressed by 
the piston. A spark from the spark plug explodes 
the mixture, which releases heat and gas. The 
explosion drives the piston down and as it moves, 
the piston turns the crankshaft. From there the 
power is transferred to the driving wheels, and 
down the highway you go.

Explode a Straw (continued)
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Rocket-powered Applications:

Air Bags
Here’s an explosion that can protect you in an accident: the air bag 
in your car. Today most cars come equipped with airbags that blow 
up to protect you in case of a collision. Ask kids if they know what 
a car’s air bag is and what it does. See if they know where the air 
is stored that will inflate the bag if you’re in an accident. Can they 
find a tank of compressed air under the hood?

That’s a trick question, because the air isn’t stored. When sensors 
in your car detect a collision (a very rapid deceleration or change 
of speed) they send an electric pulse to a device that explodes. The 
device explodes a chemical, sodium azide, which releases nitrogen 
gas. The nitrogen fills the air bag that pops out of the steering 
wheel or dashboard to protect you from the collision. All that 
occurs in less than 0.05 seconds.

A fraction of a second after it has filled, the bag deflates. It 
happens so quickly that people don’t have time to see it. 
Now, that’s a fast blow-up!

The bag spreads the force of the collision over 
a larger area, so you are less likely to bump your 
head or chest and sustain an injury. Even with 
air bags, you need to wear seat belts.
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These are safe explosive devices used as party 
favors. Yank on the string to cause a loud explosion 
and a shower of paper streamers.

Materials
•	Party poppers, available at party stores

•	Safety glasses

Procedure
1.  Hold up a party popper to see if students 
recognize what it is. Ask them how it works. What 
causes the large pop and the streamers to fly out?

2.  After putting on your safety goggles, aim the 
popper away from people. Hold the base in one 
hand and the string in the other.

3.  Give the string a sharp yank, and watch the 
popper explode!

Try This:

Party Poppers

Explanation
The mouth of the popper is covered with a circle 
of cardboard that holds the streamers inside. A 
second cardboard circle inside forms the other 
boundary for the streamers. Beneath the second 
circle is a small charge of explosives that is ignited 
by the friction of being pulled through the tiny 
opening with the string.

The tiny amount of explosives in a party popper 
is able to launch several streamers and produce a 
bang heard throughout a large room. If you buy a 
party popper, be sure to use it safely by pointing it 
away from yourself and other people.

This activity requires that you 
wear safety goggles.

IMPORTANT SAFETY NOTE
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Carbide cannons are popular noise makers sold in 
hobby stores and through magazine and Internet 
ads. Calcium carbide, a compound of carbon and 
calcium, is mixed with water to form acetylene gas 
which is very explosive. A spark ignites the gas, 
producing a resounding “wahoomph!” 

Materials
•	 Carbide cannon

•	 Calcium carbide

•	 Water

•	 Safety glasses

Procedure
Follow the directions that come with the cannon. 
Do not fire the cannon indoors. Wear safety 
goggles and keep everyone away from the cannon. 
The noise is very loud.

Try This:

Carbide Cannons

Rocket-powered Applications:

Explosives at Home
Luckily for us there aren’t many 
things at home that could combine to 
explode. However, there is one pair of 
chemicals in your kitchen that react 
quickly to give an explosive launch to 
a rocket: vinegar and baking soda.
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This activity requires that you 
wear safety goggles.

IMPORTANT SAFETY NOTE

Explanation
Mixing the calcium carbide with water causes a 
chemical reaction that forms calcium hydroxide, 
CA(OH)2, and acetylene gas (C2H2). A spark 
causes a second reason, the oxidization of the 
acetylene, that results in carbon dioxide (CO2) 
and water (H2O) and a large release of energy—
an explosion. The white precipitate is calcium 
carbonate (CaCO3)—the same material used as 
an antacid. It forms when the calcium hydroxide 
combines with carbon dioxide.

A similar reaction occurs in internal combustion 
engines where a fuel (gasoline or diesel is mixed 
with oxygen (about 20 percent of air is oxygen). A 
spark or pressure powers the reaction that drives 
the engine.



Materials
•	 Vinegar

•	 Baking soda

•	 1-pint plastic container with snap-on lid

•	 Facial tissue

•	 Safety glasses

Procedure
1.  Do this experiment either outside or in a sink 
where clean-up will be easy. Pour a half-cup (125 
cubic centimeters) of vinegar into the plastic 
container. Dump two heaping teaspoons of baking 
soda onto a tissue and fold the tissue over to hold 
the soda. The tissue slows down the reaction so 
you have time to get the lid on the container.

2.  When you are ready to seal the lid on the 
container, drop in the tissue packet with baking 
soda. Finish sealing the container (quickly!) and 
stand back.

Try This:

Baking Soda Rockets

Explanation
Kabomb! It took a few seconds for the chemical 
reaction to produce enough gas to blow the lid off. 
The reaction continued, making more gas, and if 
you are fast enough you might get the lid back on 
for a second try.

Vinegar is an acid and baking soda is a base. When 
mixed, they react with each other to produce a gas, 
carbon dioxide. Bakers use this chemical reaction 
to leaven or blow bubbles into cakes and breads. 
Without a leavening agent, your birthday cake 
would be as flat as a pancake.

In the plastic container the reaction took place 
quickly. The carbon dioxide gas increased the 
pressure inside the container until the force was 
greater than the force holding the lid on: “Houston, 
we have a baking soda-vinegar lift-off!”

This activity requires the use of 
safety goggles by all participants.

IMPORTANT SAFETY NOTE
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This is a great demonstration with opportunities 
for experiments. Students will ask you to repeat 
this demonstration over and over.

Materials
•	 Clear film canisters

•	 Alka Seltzer® or its generic equivalent

•	 Water

•	 Safety glasses

The film canisters must be ones that have the 
top clip into the inside of the canister. The black 
canisters with lids that snap around the outside 
don’t work.

Try This:

Film Canister Rockets I

Procedure
1.  Start on a surface that is happy to get wet, and 
with lots of overhead room. These rockets can fly 
20 feet (6.5 meters) high. Fill the film canister one-
third to one-half full of water. If you’re not already 
wearing safety glasses or goggles, put them on now. 
Students need to see you taking safety precautions 
so they understand the importance of protecting 
their eyes.

2.  Drop in a third of an antacid tablet and quickly 
snap on the lid. Invert the canister and stand back.

It takes a few seconds for the rocket to blast off. 
When it does, it moves so quickly it will be difficult 
to follow it in flight.

This activity requires the use of 
safety goggles by all participants.

IMPORTANT SAFETY NOTE

continued on next page ➣
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Explanation
The antacid tablet reacts with water to create 
carbon dioxide gas. Although the liquid (water) 
and solid (tablet) fit comfortably in the canister, 
their reaction generated a gas that raised the 
pressure inside. As more gas was generated and the 
pressure rose, eventually the force (pressure times 
surface area) exceeded the frictional forces holding 
the lid in place. The pressure sent the canister 
skyward and a pressure wave to your ear: “pop.”

Learning Moments 
The sudden release of pressure downward 
launched the rocket upward, against the pull 
of gravity. Have students explain this in their 
own words.

Chemical reactions, like vinegar and baking 
soda or Alka Seltzer and water, result in a 
change in the materials. In the examples, a 
liquid and solid combined to make a gas. 
The molecules of each substance broke apart 
and their atoms formed a different molecule. 
Unlike physical reactions, you can’t reverse 
chemical reactions.

Film Canister Rockets I (continued)
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Materials
•	 An empty soda can

•	� Tongs that will let you hold the can when
it is very hot

•	 Stove or hot plate

•	 Water

•	 Sink or basin filled with ice-cold water

•	 Safety glasses

Procedure 
1.  Fill a sink or basin with cold water and toss in 
two or three handfuls of ice. Let the temperature 
stabilize for several minutes.

2.  Put approximately 2 tablespoons of tap water in 
the can and place it securely on the stovetop.

3.  Turn on the stove to high heat so, in a few 
minutes, the water inside will boil. When you see 
water vapor rising out of the can, you know the 
water is boiling and it’s time to implode the can.

4.  Engage the class with a question about what 
is happening. In front of their eyes is a series of 
energy transfers that define the industrial age. 
It was steam power that replaced animal and 
human power, made manufacturing and rapid 
transportation possible, and changed the world. 
The heat is raising the water temperature to the 
boiling point—the temperature can’t go above 
this point (without an increase in pressure, which 

Try This:

Implode a Can

is impossible in an open container). That is, the 
energy level of the water is rising—it is measurable 
as the water temperature rises. At the boiling point, 
water molecules are so energetic that some break 
the attractive bonds of their neighbors, become a 
gas (water vapor), and escape into the air above 
the water. The can is now filled with hot gas (water 
vapor) instead of a gas at room temperature.

As the gas molecules inside gained energy, they 
moved more rapidly and some left the can through 
the opening. The hotter, more energetic molecules 
inside the can took up a greater volume and 
pushed other molecules out.

You saw “steam” or actually condensed water vapor 
as the steam encountered cool air outside the can. 
Where, by the way, did the energy come from to 
heat the water and convert it into a gas? The heat 
came from the hot plate, which by now is red hot, 
giving off energy as light as well as heat. It got 
hot when the switch was turned on and electrical 
power traveled through the highly resistive heating 
coil. Where did the electrical power come from? 
Check with your local utility, but unless your 

continued on next page ➣
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Wear safety goggles at all times 
during this activity. 
This demonstration requires heating 
water to boiling, so it also requires 
keeping students a safe distance away.

IMPORTANT SAFETY NOTES



community uses nuclear power, it came from the 
sun. Sunlight powered the hydrological cycle that 
put water behind the dam for hydropower and it 
powered the plants that became coal, oil, and gas.

5.  By now, the can will be hot enough and the ice 
bath cool enough to continue. Pick up the can with 
tongs, dump the boiling water into a sink (not the 
one with the cold water), and immediately turn the 
can upside-down and plunge it into the ice water. 
Kapomph! The can is history.

Explanation
It happened so fast that it probably startled you. 
What makes this experiment especially dramatic 
is that you changed water into steam and back into 
water. By heating the water in the can so it boiled, 
you changed it from a liquid to a gas (steam). The 
gas took up much more room than the liquid did, 
so it forced its way out of the can, taking air with 
it. Letting the water boil for a few seconds empties 
it of most of the air, leaving water and water vapor 
(steam) inside.

When you dunked the can, now filled with 
water vapor, into the ice bath, the vapor quickly 
condensed, or changed back to the liquid state. 
This change reduced the pressure inside the can so 
much that atmospheric pressure outside collapsed 
the can. Like we said: “Kapomph!”

So what?

Changing water between liquid and gas states 
is not just a fun demonstration; it is what drives 
many engines. Long before gasoline and diesel 
engines, steam engines were the principal way 
to get power to do a job. Some cars had steam 
engines. Today steam engines (turbines) are used 
in power plants generating electricity, whether 
fueled with nuclear fuels or fossil fuels. Many ships 
use steam engines for power.

In steam engines fuel provides the source for heat 
that boils water into steam. The steam expands and 
pushes either a turbine or piston that can drive a 
generator to produce electricity or power wheels 
or a ship’s propeller to give motion. The steam is 
condensed and fed back into the boiler, where it 
repeats the cycle.

You can see antique farm steam engines on display 
at county and state fairs. They hiss and whistle and 
rock around so you’d think they won’t last, but they 
keep chugging along providing power from steam.

Implode a Can (continued)
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Match heads ignite quickly and you can use them 
to make a tiny rocket. Before launching a match, 
let’s think about how it works. To light a safety 
match, you have to drag the match head across the 
striking surface. The match head has a chemical 
that ignites at about 360°F (180°C). When you 
rub it across the striking surface (made of red 
phosphorus and sand), the friction generates 
enough heat to raise the temperature high enough 
to ignite. The head burns for only a second or so, 
but during that time ignites the wood or paper 
stick. The stick requires a temperature higher than 
450°F (232°C) to burn. So we ignite the chemicals 
by generating heat through friction, and they burn 
hot enough to ignite the wood or paper. All that 
science happens in lighting a match.

Materials
•	 Matches

•	 Paper clip

•	 Aluminum foil

•	 Straight pin

•	 Safety glasses

•	 Tape

Try This:

Rocket Matches

Procedure
The trick to making a rocket out of a match is 
capturing the hot gases and venting them in the 
direction opposite to the intended flight. By having 
the gases vent backward, they will propel the 
rocket forward, into the air.

1.	  Cut a piece of aluminum foil about 1 by
1/2 inches (2.5 centimeters by 1.3 centimeters). 
Place a match on the foil so the head is in the 
center and the longer dimension of the foil is 
perpendicular to the match. Lay the pin on top 
of the match so the sharp end touches the head 
of the match.

2.	  Fold the foil over the match, first folding down 
from the top and then folding around the sides. 
Compress the foil to eliminate any openings that 
will let the gases out. Use your thumbnail to crease 
the foil along the edges of the pin.

3.  Slide the pin out backward. This opens up the 
exhaust channel for the gases.

This activity involves matches and 
flame. Make sure all participants are 
wearing safety glasses, that there is 
adequate adult supervision, and that 
the area is cleared of combustibles.

IMPORTANT SAFETY NOTE

continued on next page ➣
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4.  Bend the paper clip into a launcher. Hold the 
larger loop on a flat surface and pull up on the 
end of the smaller loop. Tape the larger loop to the 
surface. Angle the smaller loop about 45 degrees 
above the surface to give maximum flight.

5.	  Launch the rocket outside, away from anything 
that could catch fire. Wear safety glasses or other 
eye covering.

6.  Place the match-rocket on the launch stand 
with the foil-covered head pointing up. Light a 
second match and hold it under the foil, ensuring 
that you and everyone else are out of the way. You 
will see a small wisp of smoke come out of the vent 
you made in the aluminum foil, and then “swish,” 
the rocket will take off.

Explanation
You made a chemical rocket. The chemical 
reaction occurs when the match head burns and 
this generates heat and gases. The hot gases take 
up more room and, because they are confined 
to a small space, pressure builds. The gases vent 
through the hole where the pin was, so they vent 
to the rear with enough force to launch the match 
forward as much as 10 feet (3 meters).

Try some experiments with your match-rocket. 
Would two vents work better than one? Can you 
get two matches in one rocket? Does a two-match 
rocket go farther? How do wooden matches 
compare to paper matches in their ability to 
rocket? Does it travel farther if you use a smaller 
piece of aluminum foil (less weight)? Hey, now you 
are a rocket scientist!

Rocket Matches (continued)
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After demonstrating how film canister rockets 
work, challenge students to make their own 
rockets and launch platforms to get the greatest 
horizontal distance.

Materials
•	 Clear film canisters

•	 Alka Seltzer® or its generic equivalent

•	 Water

•	 Cardboard

•	 Scissors

•	 Tape

•	 Measuring spoons

•	 Safety glasses

Procedure
Teams need to make a launch platform from which 
they can launch their rockets. Launching their 
rockets straight up won’t give them any significant 
horizontal distance, so they will need to make a 
launcher that holds the rocket at an angle. They can 
make a platform out of cardboard or other material 
and test it at different angles.

Once they have a launcher that holds the rocket 
at the optimal angle, they can experiment to find 
the optimal quantity of water and tablet. They can 
measure the distance from their launcher to the 
landing and record the distance along with the 
quantities of water and tablet they used. Students 
could add fins and other rocket features in a quest 
to get longer launches.

Model To Make:

Film Canister Rockets II

Ensure that all participants are wearing safety 
glasses when experimenting. Separate each team so 
they aren’t launching rockets toward each other.

Learning Moments 
Another experiment to try is to launch 
vertically with the heaviest payload possible. 
They can tape pennies or washers to the top 
of the canister and see how many the rocket 
can lift at least 1 foot (30.5 centimeters) 
above the table.

A different line of inquiry would be to test 
how long the reaction takes. Chemical 
reactions occur at different rates depending 
on the temperature, so students could time 
the reaction (starting with the addition of 
the tablet and ending with liftoff) with 
water of different temperatures. Hot tap 
water to ice water makes a wide enough 
temperature range.

They could also test liquids other than water. 
Would a carbonated beverage or acidic liquid 
(vinegar) produce a larger explosion and 
higher launch?

Film Canister Rockets II    99

This activity requires the use of 
safety goggles by all participants.

IMPORTANT SAFETY NOTE
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Explosion Science

	 http://muller.lbl.gov/teaching/Physics10/chapters/1-Explosions.htm 

	 http://www.newton.dep.anl.gov/askasci/chem00/chem00033.htm

International Aerospace Hall of Fame

	 http://www.allstar.fiu.edu/aero/iahf.htm

International Space Hall of Fame

	 http://www.spacefame.org/inductee.html

Rocket History

	 http://www.allstar.fiu.edu/aero/Rock_Hist1.html 

	 http://sln.fi.edu/tfi/programs/g-scouts/history.html 

	 http://www.spaceline.org/rockethistory.html

Rocket Science

	 http://au.encarta.msn.com/encyclopedia_761577900/Rocket_(physics).html 

	 http://dept.physics.upenn.edu/courses/gladney/mathphys/subsubsection3_1_3_3.html 
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The X-Prize

	 http://www.xprize.org/

Water Rockets

	 http://ourworld.compuserve.com/homepages/pagrosse/h2oRocketIndex.htm 

	 http://www.seeds2learn.com/rocketSoftware.html 
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Glossary

Aerodynamic whistle  A type of whistle that makes sounds by 
vibrating air without movement of the whistle itself.

Aerosol  Droplets of a liquid carried by a gas.

Bernoulli effect  Faster-moving air has lower air pressure. Blow 
across a strip of paper and the paper rises, pulled up by the 
lower pressure associated with the moving air.

Boyle’s Law  Robert Boyle discovered the relationship between 
the volume of a gas and its pressure. Pressure and volume are 
inversely related. Increasing the pressure decreases the volume.

Charles’s Law  Jacques Charles discovered the relationship between 
the volume of a gas and its temperature. The law states that the 
volume of a gas is proportional to its absolute temperature.

Condensation  Water droplets that form when humid air is either 
cooled or undergoes a drop in pressure. Dew forms on grass 
when moist air near the ground cools.

Density  The weight of a substance per volume that it occupies. 
For equal volumes of air and water, the water will weigh more. 
Water has greater density than air.

Explosion  A violent bursting outward, which occurs when pressure 
builds very quickly inside an object.

Fuselage  The body of an airplane. Take off the wings, engines, tail, 
and landing gear, and what’s left is fuselage.

Hooke’s Law  Robert Hooke discovered that the force required to 
stretch an elastic body is proportional to the deformation of 
that body.
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Hydraulic  Systems used to move or raise things that use fluids 
under pressure. Hydraulic lifts are used at gas stations to 
raise cars.

Implosion  A violent collapse inward, which occurs when 
pressure is much greater outside a container.

Newton’s Laws of Motion  Sir Isaac Newton discovered the three 
laws of motion that bear his name:

First Law of Motion  Objects moving at a fixed velocity 
remain at that velocity unless subjected to an 
external force.

Second Law of Motion  Applying a force to an object causes it 
to accelerate at a rate dependent upon its mass and in the 
same direction as the force. F = ma, where F is the force, 
m is the mass, and a is the acceleration.

Third Law of Motion  Every force has an associated reaction 
that is equal to the measure of the force and in the 
opposite direction.

Pressure  A measure of the amount of a force exerted on an area. 
In a basketball, the air pressure is about 10 pounds per square 
inch. For each square inch of surface area, the force exerted by 
the air is 10 pounds.

Vapor  The gaseous state of a substance that typically exists as a 
liquid or solid. Water vapor is water in a gaseous state.

Vulcanization  A process, discovered by Charles Goodyear, of 
strengthening rubber that made it usable in a wide variety 
of products. Goodyear turned a laboratory accident into 
his life’s crowning achievement when heating a mixture of 
rubber and sulfur. He named the process after the Roman 
god of fire, Vulcan.
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A
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air bags, how they work, 89
author, about, vi

B
baking soda rockets, 92
balloons

balloon rocket boats, 48–49
balloon rocket cars, 44–46, 47
balloon thermometer, 32
blow-up, 17–19
great balloon trick, 19–20
in the fridge, 33
incredible shrinking, 32
latex, 16
launch a balloon rocket, 40–41
let it go, 22
make it squeal, 21
pop a balloon I, 23
pop a balloon II, 24–25
rocket dust, 43
two-stage balloon rockets, 42

balloons, helium-filled, 37
can you give me a lift, 39 

balloons, hot air
first, 36
inflating, 34
making, 35–36

C-D
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chemical explosions, how they occur, 85
competitions, rocket, 6
design philosophy, 2–3
dome roofs, inflated, 28

E
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L
launcher, building a, 82–83
laws of physics, rocketry-related

Bernoulli effect, 53
Boyle’s Law, 71, 102
Charles’s Law, 32, 102
Hooke’s Law, 17, 102
Newton’s Laws of Motion

First Law of Motion, 103
Second Law of Motion, 77, 103
Third Law of Motion, 22, 49, 78, 103

learning, model for, 4–5

M
match, launching a, 97–98
models, balloon powered, 15–28

air pressure, used to elevate, 27
air pressure, used to lift, 26
balloon rocket boats, 48–49
balloon rocket cars, 44–47
blowing up a balloon, 17–18
cold air, effects of, 33
equalizing air pressure (demonstration), 19–20
helium-filled balloons, 37
hot air balloons, 34–36

how to make, 35–36
inflating, 34
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launching a balloon rocket, 40–41
lift from (demonstration), 39
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pop a balloon, 23–25
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rocket dust, 43
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work applications of, 20
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chemical explosions, the nature of, 85
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party poppers, 90
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straw, exploding a, 87–88

models, gravity powered, 11
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flute, making a two-reed, 55–57
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jet, defined, 51
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pneumatic-blast rockets, 63–67
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