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[bookmark: _Toc212627739]Torch Tube | Investigation 1
Description
Using a Torch Tube, start exploring the idea of compressed air and what it can do!
Materials
· Fire Piston  
· Cotton ball 
· Dowel 
· Goggles
Procedure
1) Unscrew the top of the fire piston, removing the plunger and set it aside. 
2) Tear off a small piece of cotton (about the size of a pencil eraser) from the cotton ball. 
3) Spread the fibers a bit so that there is plenty of air around them and drop the cotton cluster into the open tube. 
4) Push the fibers into the base of the tube with a dowel being careful not to compress the fibers. 
5) Screw the plunger back onto the tube. 
6) Show your friend how the plunger can move up and down in the inner tube.  
7) Ask your friend to predict what will happen if the plunger is pushed down hard. 
8) Put on a pair of goggles and try it. 
My Results
In the space below, write your answers to the following questions.
1. What did you notice? Was your friend's prediction correct?  


2. What would happen if you did it slowly?


Explanation
Although the inner tube appears empty except for the cotton, there is in fact a lot of air inside. Air is made of gas particles that are in constant random motion. They bounce around constantly colliding with one another, and there is empty space between each of the particles. This means it is possible to squish them together. When this happens, they are compressed, and they bump into each other and the walls of the tube more frequently. Because the volume of space is reduced so quickly, the pressure increases very rapidly as does the temperature of the gas - enough to ignite the cotton fibers in flames. If it were pushed slowly, the heat would dissipate in the air and to the surroundings. Adiabatic compressions like from the Fire Piston are quick, so there is no time for the heat to escape from the gas, and the cotton auto ignites. Cotton will ignite at 210C (378F), which was exceeded by the achieved 260C (500F) inside the tube. As the volume of space goes down, the pressure of the particles goes up (Boyle’s Law). This is a similar principle with how a diesel engine works.
Vocabulary
· Particles
· Compressed
· Volume 
· Pressure







Parents and Educators: use #CuriousCrew and #CuriosityGuide to share what your Curious Crew learned! 


[bookmark: _Toc212627740]Cold Compression | Investigation 2
Description
Using a can of air duster, start exploring the ideas of compressed gases and what they can do!
Materials
· Can of air duster 
· Digital thermometer 
· Goggles 
· A friend
Procedure
1) Show your friend a can of air duster and ask them what it would be used for. 
2) Put on goggles and spay it away from you. 
3) While spraying, take a reading of the can with a digital thermometer. 
My Results
In the space below, write your answers to the following questions.
1. What do you notice about the temperature of the can? Why do you think this is?


2. Look at the warning label, what does it say? Why do you think it gives this warning?


Explanation
When the can continues to spray, the digital thermometer indicates that it keeps getting colder. When room temperature gas particles escape through a valve, they get slightly cooler. You may have noticed this with a valve on a bicycle. But why is the can so much colder? It has to do with the kind of gas in the can. It is not “air” but difluoroethane in both gas and liquid state. When difluoroethane gas is compressed to 6 times atmospheric pressure, it liquifies. The can is ready when half the contents are liquid, and the other half is gas. As soon as the valve is open, gas under pressure starts to escape and the liquid contents vaporize. This lowers the temperature of the liquid and the can a lot! You may have noticed the caution about spraying the can upside down as that would spray out the liquid contents which instantly vaporizes on contact. Some gases will not liquify when compressed like helium, nitrogen, oxygen, and argon, while other gases do liquify when compressed include ammonia, chlorine, methane, liquified petroleum (propane or butane).   


Vocabulary
· Particles
· Compressed
· Volume 
· Pressure
· Difluoroethane



Parents and Educators: use #CuriousCrew and #CuriosityGuide to share what your Curious Crew learned!



[bookmark: _Toc212627741]Syringe Squeezing | Investigation 3
Description
Using a syringe, start exploring what happens when you compress air!

Materials
· 12 ml syringes or 60ml 
· A friend
Procedure
1) Pull the plunger so that the inner rubber seal is at the 12. 
2) Place your thumb over the open end of the syringe and slowly press it until the plunger is at 6. 
3) What do you notice? 
4) Try pushing the plunger into 4 ml. 
5) What do you notice now? 
6) While keeping the syringe closed, let go of the plunger. 
7) What do you notice?
My Results
In the space below, write your answers to the following questions.
1. What did you notice during this experiment?



2. What do you think this experiment is trying to prove?





Explanation
When the syringe is open to the atmosphere, the air particles can bounce in and out colliding with each other and the walls of the syringe. That force is described as 1 atmosphere which equals 14.7 pounds per square inch. It gets increasingly difficult to press the plunger the further you go because the particles are hitting more frequently. When the volume of the syringe is half its starting size, at 6 ml, the pressure has now doubled, 2 atmospheres. At 4 ml the volume is 1/3 its original size, which means the pressure is up to 3 atmospheres, making it very difficult to push and keep closed. If you could press it into the 3 ml mark, you would have achieved the equivalent of 4 atmospheres. When the plunger is released, the air particles push it back open. If the syringe were an inch wide, 4 atmospheres would equate to about 60 pounds of pressure per inch. This smaller syringe is about 1/3 that size so that would equate to 20 pounds if you made it to the 3 ml mark.  

Vocabulary
· Particles
· Atmosphere
· Compressed
· Volume 
· Pressure








Parents and Educators: use #CuriousCrew and #CuriosityGuide to share what your Curious Crew learned!


[bookmark: _Toc212627742]Little Softie | Investigation 4
Description
Using a syringe, start exploring the power of compressed air!
Materials
· 60 ml syringes 
· Soft objects (mini-marshmallows, pom-poms, foam)
Procedure
1) Pull the plunger out of the syringe and set it aside. 
2) Place one small object inside the syringe. 
3) Put the plunger back in and set it at the 60ml mark. 
4) Seal the end with your left thumb. 
5) Press the plunger in with your right hand. 
6) What do you notice? 
7) What happens if you pull the plunger slowly out?
My Results
In the space below, write your answers to the following questions.
1. What did you notice during this experiment?



2. What do you think this experiment is trying to prove?




Explanation
When the syringe is open to the atmosphere the air particles can bounce in and out colliding with each other and the walls of the syringe. That force is described as 1 atmosphere which equals 14.7 pounds per square inch. It gets increasingly difficult to press the plunger the further you go because the particles are hitting more frequently. When the volume of the syringe is half its starting size, at 6 ml, the pressure has now doubled, 2 atmospheres. At 4 ml the volume is 1/3 its original size, which means the pressure is up to 3 atmospheres, making it very difficult to push and keep closed. If you could press it into the 3 ml mark, you would have achieved the equivalent of 4 atmospheres. When the plunger is released, the air particles push it back open. If the syringe were an inch wide, 4 atmospheres would equate to about 60 pounds of pressure per inch. This smaller syringe is about 1/3 that size so that would equate to 20 pounds if you made it to the 3 ml mark.
Vocabulary
· Particles
· Atmosphere
· Compressed
· Volume 
· Pressure







Parents and Educators: use #CuriousCrew and #CuriosityGuide to share what your Curious Crew learned!



[bookmark: _Toc212627743]Bouncy Bag | Investigation 5
Description
What happens when air is compressed? Let’s find out in investigation 5!
Materials
· Ziplock bag 
· Plush toy 
· Small weight 
· A friend
Procedure
1) Partially inflate the Ziplock bag by blowing air into it and sealing it closed. 
2) Lay it on the floor or table. 
3) Put a soft plush toy on one half of the bag. 
4) Aska a friend to predict what will happen when a weight is dropped on the other side of the bag. 
5) Try it. What do you notice?
My Results
In the space below, write your answers to the following questions.
1. Was your friend's prediction correct? Why or why not?



2. What do you think this experiment is trying to prove?



Explanation
Once the bag is inflated, the captured air particles are equally distributed throughout the bag, applying equal pressure to all parts of the bag. Although the plush toy sinks in the bag a bit, it eventually holds still indicating that there is still equal pressure throughout the bag. When the weight is dropped, its kinetic energy is transferred into the bag, squishing it and reducing the total space in the bag. That energy transfers to the particles compressing them and increasing their collision force transmitted throughout the bag. That pushing energy transfers back into the plush toy which gets launched up in the air.  
Vocabulary
· Particles
· Atmosphere
· Compressed
· Volume 
· Pressure
· Force










Parents and Educators: use #CuriousCrew and #CuriosityGuide to share what your Curious Crew learned!




[bookmark: _Toc212627744]Tubular Pressure| Investigation 6
Description
What happens when air is compressed? Let’s find out in investigation 6!
Materials
· Water tube 
· A friend 
· A mat
Procedure
1) Partially inflate the water tube and leave it on the floor. 
2) Ask a friend to lie down on one half. 
3) Place a mat on the floor beside their half of the tube. 
4) What do you notice? 
5) What would happen if a second person were to fall on the empty side of the tube. 
6) Try it. What do you notice?
My Results
In the space below, write your answers to the following questions.
1. What happened when a second person fell on the tube? Why?



2. What do you think is happening with the air inside the tube?





Explanation
Once the tube is partially inflated, the captured air particles are equally distributed throughout the tube, applying similar pressure to the inner walls. When your friend lies down on it, they sink in, so the volume of air has been reduced, and the pressure increases slightly. The tube eventually holds still indicating that there is again equal pressure throughout the tube. When a second person falls on the tube, their kinetic energy causes an abrupt pressure-change in the tube. As the tube gets squished under the second person, that energy transfers to the particles compressing them and increasing their collision force and frequency transmitted throughout the remaining space of the tube. Because energy is conserved, that pushing force transfers back to the tube walls and into your friend who gets launched up in the air.  

Vocabulary
· Particles
· Atmosphere
· Compressed
· Volume 
· Pressure
· Force





Parents and Educators: use #CuriousCrew and #CuriosityGuide to share what your Curious Crew learned!


[bookmark: _Toc212627745]Making a Compressed Air Car | STEM Challenge
Description
Are you ready for a STEM challenge? Try making your own compressed air car using the power of compressed air!

Materials
· Car body: foam, cardboard, bottles, milk cartons: popsicle sticks 
· Wheels and axles: K’nex wheels, straws & wooden skewers, pop tops, CDs 
· Air tank: balloons 
· Air release: straws, plastic tubing 
· Rubber bands 
· Hot glue 
· Tape
Procedure
1) Design the Compressed Air Car using assorted materials. 
2) Build the car and redesign it as necessary. 
3) Blow up the balloon through the exhaust tubing and watch it roll. 
4) Try competing with friends in Compressed Air Car races.
My Results
In the space below, write your answers to the following questions.
1. Describe the materials you used to make your car. 



2. Which cars are the fastest? What makes one car faster than the others?



Explanation
When the balloon is inflated, the number of colliding air particles has increased in the volume of space, thereby increasing the pressure and the temperature in the system. Be careful not to over inflate the ballon as that both adds weight as well as risks the balloon’s integrity. When the inflated ballon is opened to the atmosphere, the particles rush out, escaping with a lot of force. This imbalanced exit action causes a reaction of the car moving in the opposite direction. This relates to Isaac Newton’s third law of motion that states “every action produces an equal and opposite reaction.” By keeping the overall mass down, the car will be able to move with greater speed and over a longer distance.  

Vocabulary
· Particles
· Atmosphere
· Compressed
· Volume 
· Pressure
· Force
· Newton’s third law








Parents and Educators: use #CuriousCrew and #CuriosityGuide to share what your Curious Crew learned!



[bookmark: _Toc212627746]Pressure Relief| Investigation 8
Description
Learn more about what happens when air is under pressure!
Materials
· Balloon 
· Balloon pump 
· A friend 
· Goggles 
· Ear plugs 
· Air compressor
Procedure
1) Ask a friend to blow up a ballon. 
2) Pinch the balloon closed and ask them to describe what is happening with the particles inside. 
3) What happens with you old the balloon but let go of the neck.   
4) Put on goggles and use the pump to blow up the balloon.  
5) Ask them what will happen if they keep inflating it. Try it. 
6) Read the gauge on the air compressor. 
7) Put in some ear plugs and notice the force with which the particles escape when the valve is open.
My Results
In the space below, write your answers to the following questions.
1. What is happening with the particles inside the balloon?


2. Draw what you think the particles in the balloon look like.



Explanation
When a container has been pressurized with gas, the number of colliding particles has increased in the volume of space, thereby increasing the pressure and the temperature in the system. The material of the container must be strong enough to contain the pressurized particles, otherwise, it could fail like the exploding balloon did. When a container with compressed gas is opened to the atmosphere, the particles rush out, escaping with a lot of force and colliding with particles outside the container. The electric air compressor functions by pushing a lot of air particles into a tank compressing them closely together and storing them at very high pressures. When the particles are released, the forceful energy can be used for many different tool applications. The tank is a very rigid metal to withstand high compressed air pressure. The compressor may drip as the released air cools down. This is because any water vapor captured in the tank condenses and drips out.  


Vocabulary
· Particles
· Atmosphere
· Compressed
· Volume 
· Pressure




Parents and Educators: use #CuriousCrew and #CuriosityGuide to share what your Curious Crew learned!



[bookmark: _Toc212627747]Rocket Man| Investigation 9
Description
Learn more about what happens when air is under pressure!
Materials
· Pasco water bottle rocket 
· One- or 2-liter bottle 
· Bicycle pump with gauge 
· Water
Procedure
1) Take the materials outdoors in an open field. 
2) Fill the bottle ¼ to 1/3 full of water 
3) Connect the valved stopper to the neck of the bottle and invert the bottle into the stand. 
4) Lock the neck of the bottle in place with the locking pin. 
5) Pump the bottle up no higher than 50 pounds per square inch. 
6) Stretch out the launch cord, count down, and pull out the locking pin. 
7) What did you notice?
My Results
In the space below, write your answers to the following questions.
1. What is happening with the particles inside the bottle?



2. Draw what you think the particles in the bottle look like.




Explanation
In order for the rocket to lift off the ground, there must be an imbalance of forces in which the action of material exiting the rocket causes a reaction of the rocket moving in the opposite direction. This relates to Isaac Newton’s third law of motion that states “every action produces an equal and opposite reaction.”  The energy from the rocket comes from a propellant.  In this case, the propellant is pressurized air and water.  By pumping air into the bottle, the proportion of air molecules increases as do their collisions with one another and against the water.  By stopping at 50 pounds per square inch that far exceeds the normal pressure of 14.7 pounds. When the stopper is removed, the pressurized air and water quickly shoots out of the narrow nozzle, picking up even more velocity and thrusting the rocket into the air.
Vocabulary
· Particles
· Force
· Atmosphere
· Compressed
· Propellant
· Pressure








Parents and Educators: use #CuriousCrew and #CuriosityGuide to share what your Curious Crew learned!
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