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Hot Air Balloons
Name: UTeach Outreach
Length of lesson: 
PhET Simulation: 50 minutes – 1 hour 

Balloon Construction: 30 minutes 
Balloon Launch: 30 minutes
Description of the class:  6th Grade Science
Source of the lesson: UTeach Outreach
Resources used: “Diagnosing and Dealing with Student Misconceptions: Floating and Sinking,” Yue Yin, Miki K. Tomita, and Richard J. Shavelson, Science Scope, April/May 2008. 
TEKS addressed:

§112.20. Science, Grade 6, Beginning with School Year 2010-2011.

(b)  Knowledge and skills.

(2)  Scientific investigation and reasoning. The student uses scientific inquiry methods during laboratory and field investigations. The student is expected to:
(E)  analyze data to formulate reasonable explanations, communicate valid conclusions supported by the data, and predict trends
(3)  Scientific investigation and reasoning. The student uses critical thinking, scientific reasoning, and problem solving to make informed decisions and knows the contributions of relevant scientists. The student is expected to:

(A)  in all fields of science, analyze, evaluate, and critique scientific explanations by using empirical evidence, logical reasoning, and experimental and observational testing, including examining all sides of scientific evidence of those scientific explanations, so as to encourage critical thinking by the student;

(B)  use models to represent aspects of the natural world such as a model of Earth's layers;
(C)  identify advantages and limitations of models such as size, scale, properties, and materials;

(9)  Force, motion, and energy. The student knows that the Law of Conservation of Energy states that energy can neither be created nor destroyed, it just changes form. The student is expected to:

(A) investigate methods of thermal energy transfer, including conduction, convection, and radiation;

(B)  verify through investigations that thermal energy moves in a predictable pattern from warmer to cooler until all the substances attain the same temperature such as an ice cube melting; 
§112.20. Science, Grade 8, Beginning with School Year 2010-2011.

(2)  Scientific investigation and reasoning. The student uses scientific inquiry methods during laboratory and field investigations. The student is expected to:

 (E)  analyze data to formulate reasonable explanations, communicate valid conclusions supported by the data, and predict trends
(3)  Scientific investigation and reasoning. The student uses critical thinking, scientific reasoning, and problem solving to make informed decisions and knows the contributions of relevant scientists. The student is expected to:

(A)  in all fields of science, analyze, evaluate, and critique scientific explanations by using empirical evidence, logical reasoning, and experimental and observational testing, including examining all sides of scientific evidence of those scientific explanations, so as to encourage critical thinking by the student;

(B)  use models to represent aspects of the natural world such as an atom, a molecule, space, or a geologic feature;

(C)  identify advantages and limitations of models such as size, scale, properties, and materials;
(6)  Force, motion, and energy. The student knows that there is a relationship between force, motion, and energy. The student is expected to:
(C)  investigate and describe applications of Newton's law of inertia, law of force and acceleration, and law of action-reaction such as in vehicle restraints, sports activities, amusement park rides, Earth's tectonic activities, and rocket launches.
NSES (1996) Grades 5-8 - Content Standard B
· A substance has characteristic properties, such as density, a boiling point, and solubility, all of which are independent of the amount of the sample.

· Heat moves in predictable ways, flowing from warmer objects to cooler ones, until both reach the same temperature.

NSES (1996) Grades 5-8 – Content Standard A
· Use appropriate tools and techniques to gather, analyze, and interpret data. 

· Develop descriptions, explanations, predictions and models using evidence. 
I. Prior Knowledge Assumed

1. Students have a conceptual understanding of density. 

2. Students have a basic understanding of the units atmosphere and Kelvin.

II. Overview  

In this lesson, the students build and launch hot air balloons. They also use an online computer simulation to replicate the launch conditions their hot air balloon will experience. Through use of the computer simulation, students explore how temperature, volume and pressure can influence the flight of their hot air balloon. Students are introduced to the concept of buoyancy as it relates to the flight of their hot air balloon both in the computer simulation and outside when they launch their balloons. 

III. Performance or learner outcomes 

The student will be able to

· Describe how hot air balloons rise and determine the conditions necessary to keep a balloon afloat by using a computer simulation.
· Explain the principle that warm air expands when heated and how heat is transferred through convection.

· Construct and launch a hot air balloon.
· Generalize the relationships between temperature, volume and pressure.

IV. Resources, materials and supplies needed for each class

Per pair:

· 1 computer

· 1 glue stick

· a few meters of string

· 12 sheets of extra large non-flammable tissue paper

· templates/patterns (petal shaped)

· 1 manila folder or similar weighted paper for opening ring

Per class:
· hot air balloon launcher

· hand-held blow dryer

· Ping-Pong ball

V. Supplementary materials needed for each class and worksheets

· “Hot Air Balloon Construction” sheet

· “Balloons and Buoyancy PhET” sheet

· “Hot Air Balloons! Our Hot Air Balloon Experiment” sheet
· “Show off what you know!” Assessment 
VI. Advanced Preparation

· Have hot air balloon templates cut

· Have teacher and student computers set up to http://phet.colorado.edu/en/simulation/balloons-and-buoyancy
· Record current air pressure and temperature for launch area to give to students during PhET simulation portion of the lesson.
VII. Background Information
College Level

Gravity is a force that pulls things toward the ground, and gravity is always “on.”  But if you let go of the string on a helium balloon, it goes up instead of down.  Therefore there must be some other force acting on the balloon to push or pull it upward, and whatever that force is, it much be stronger than gravity.  We often see the same effect in water:  if you hold a piece of wood, or Styrofoam, or a swimming pool float toy under water and then let go, it moves up.  Gravity works in water just as much as it does in air, so here again there is some force pushing or pulling upward more strongly than gravity is pulling down.

This upward push, whether we see its effects in water or in air, is called “buoyancy.”  Buoyancy is a force that pushes objects upward against the pull of gravity.  How strong this buoyant force is depends on two things:  the density of the fluid (water or air, for example), and the density of the object we’re studying (a helium balloon or a hot air balloon or a hollow plastic pool toy, for example).  If the density of the object is less than the density of the fluid, there will be a net upward push by the fluid against the object, forcing it to move upwards.
The density of a material (this can be a solid, liquid, or gas) is simply the mass of the material divided by its volume.  One milliliter of water weighs about one gram, so water has a density of one gram per milliliter.  Anything with a density greater than that will sink in water, and anything with a density less than that will float.  If you submerge such an item, it will rise back to the surface against the pull of gravity.  At atmospheric pressure and room temperature, air has a density that is about 1/1000th that of water (0.001 g/mL).  Anything with a density less than that will “float” in air, or be pushed upward by the more dense air that surrounds it.  An object at the Earth’s surface is essentially at the bottom of a giant container full of air.  If it’s released from the bottom of the container, it will rise until the density of the surrounding air is equal to its own density.  We don’t ordinarily see many things that have a density less than that of air, but helium balloons and hot air balloons are two of them.  But how can a hot air balloon, which can easily carry 1000 pounds of passengers and equipment, have a density less than that of air?  
The answer is in the hot air.  When something is heated – regardless of whether it is a solid, liquid or gas – it will expand.  If an object expands, that means it takes up more space, or has more volume, than it did before.  Since it has the same mass but now has a greater volume, its density (mass/volume) decreases.  The density of the hot air balloon is the mass of the entire balloon – this includes the nylon balloon material, the air within it, the gondola, the passengers, and the heating engine and fuel – divided by the volume of the entire thing.  The density of the gondola and its contents is clearly greater than the density of air, but the density of the heated air inside the balloon is less than the density of the cooler surrounding air.  The overall result is that when the air inside the balloon is heated to a high enough temperature, the entire balloon apparatus as a whole becomes less dense than the surrounding air, and buoyancy wins out over gravity.  The balloon rises.
The air inside a hot air balloon expands when it is heated, but the balloon itself does not.  If you’ve ever seen pictures of hot air balloons taking off, or even ridden in one yourself, you know that the balloon is already fully inflated when the hot air balloon is on the ground.  The balloon itself doesn’t expand as the balloon rises, because the hot air balloon has a hole in the bottom that allows heated air to escape.  So when the air inside the balloon is heated, it expands and some of it escapes from the balloon.  This means that the more you heat the air inside the balloon, the more it expands and the more escapes, leaving less mass of air inside the balloon.  So the difference between a hot air balloon on the ground and one in the air is that the one in the air has a lower mass than the one on the ground, but they both have the same volume, and therefore the one with heated air has a lower density. 

When something is cooled, it will contract.  Cooling the air inside a hot air balloon allows more air to enter through the hole in the bottom, increasing the mass of the hot air balloon.  This increases the density.  When the overall density of the hot air balloon and its passengers and cargo is equal to that of the surrounding air, gravity and the buoyant force are equal, and the balloon will stop rising.  When the density of the balloon becomes greater than that of the surrounding air, gravity pulls down more strongly than the buoyant force pushes up, and the balloon begins to sink.
One common misconception is the notion that “heat rises.”  Heat is a form of energy and is not an object that can rise or fall.  The reason people believe this misconception is that when things are heated they expand and become less dense, and less dense things rise when their surroundings are fluid and more dense than the object itself.  The reason the liquid in a thermometer rises with temperature is that the liquid is trapped in a closed glass tube, and when it is heated it expands, but the only place it can expand to is up the tube.  If you hold the thermometer upside down and heat it, the fluid inside doesn’t rise, it expands as always further into the tube.

Elementary Level
Air is easy to ignore, because we can’t see it, smell it, or taste it.  It’s not very often that we hear air moving, and when we feel air we don’t really experience air as an object, but instead as an invisible force.  But air is matter, which means it is made up of particles that have mass and take up space, just like any other object around you.  A book has weight, and so does air.

Gravity is a force that pulls all things towards the ground.  Interestingly, a helium balloon floats up. Why does this happen, if gravity is pulling down? There must be some other force acting on the balloon! This force is called the buoyant force. It depends on two things: the density of the fluid and the density of the object of study. For this lesson, the fluid of study is air. 

If an object sinks or floats in a fluid is dependent on the object’s physical property of density. Density is the mass of an object divided the object’s volume. If the density of the object is less than the density of the fluid (air, in our case), then the object will float. 

Besides helium balloons, another example of objects that float in air are hot air balloons. Just as the name implies, hot air balloons depend on “hot” air. What is hot air? Whenever anything is heated it expands. This is true regardless of its state. When air is heated, the particles speed up and start spreading out.  As it expands, the same amount of air takes up more space than it did at a lower temperature.  Since the overall mass (or weight) of these air particles remains the same but the volume increases, the density of the air mass decreases.  If the density of an air mass is less than that of the neighboring air masses, the less dense air will rise as it is pushed upward by denser air masses. For a hot air balloon, its mass is everything it is composed of. When the air inside the balloon is heated, the entire balloon becomes less dense than the surrounding air causing the buoyant force, which opposes gravity, to be greater than gravity. This causes the balloon to rise. 

Often students learn that “heat rises.” However, heat is not an object so it can’t rise or fall. The reason students believe this misconception is because when things are heated they expand, like described above, and become less dense. As stated above, less dense things rise when their surrounding fluid (air) are more dense than the object. 
VII. Possible Misconceptions

· Heat rises.

· Heat is a form of energy, not a physical object that can rise or fall.  Heating air causes it to spread out and become less dense.  The warmer, less dense air rises because colder, denser air pushes it out of the way.  Gravity continues to pull down on warm air, but the cold air pushes it up with more force than gravity pulls it down, causing it to rise.

· Air has no mass (or no weight)

·  We don’t feel the weight of the air on top of us because the air particles are pushing up with the same pressure they’re pushing down giving a net force of zero.

· Weight determines if an object will sink or float. 
· An object’s density and the density of the fluid surrounding it determine if it will sink or float. 
· Heavy objects always sink and light objects always float.
· An object’s density and the density of the fluid surrounding it determine if it will sink or float. 
· All objects with air inside them always float.
· Density determines if an object will sink or float.
· A hot air balloon rises because the balloon expands when it is heated.
· Density determines this. 
VIII.
Vocabulary and Definitions
College Level:

· Density: mass per unit volume
· Buoyancy: a force exerted by a fluid that opposes the object’s weight

· Pressure: force per unit area applied in a direction perpendicular to the surface of an object

· Volume: the quantity of three-dimensional space enclosed by some closed boundary

· Celsius: a scale used to measure temperature. It gives a relative temperature measurement. 

· Kelvin: a unit used to measure temperature. It is an absolute temperature measurement. 
· Thermal Energy: a form of kinetic energy that is transferred by heat. It is the energy resulting from the movement of particles. 

· Convection: usually occurs in fluids (like water and air). It is the transfer of thermal energy through movement of particles from one location to another. 
Middle School Level: 

· Density (densidad): mass per unit volume

· Buoyancy (flotabilidad): the ability to float

· Pressure (presión): force applied per unit area

· Volume (volumen): the amount of three dimensional space occupied by an object

· Celsius (Celsius): a scale used to measure temperature. It gives a relative temperature measurement. 

· Kelvin (Kelvin): a unit used to measure temperature. It is an absolute temperature measurement. 
IX.
Safety Considerations
· Use a clear area and caution when launching the balloons. 
· If using an indoor launcher, the air can become very hot! Use caution.
X.          Question of the Day

· What makes a hot air balloons stay in the air? 
FIVE-E ORGANIZATION

	Engagement 
	
	Time: 5 minutes

	What the Teacher Will Do
	Probing Questions
	Student Responses

Potential Misconceptions

	Before we start our investigation for today, I am going to show you a quick demonstration. 
I am going to turn this dryer on and off (without the Ping-Pong ball). Turn dryer on and off. Hold up Ping-Pong ball. Turn to your neighbor and share a prediction about what you think will happen when the hair dryer is turned on and the Ping-Pong ball is put on top. 

Place Ping-Pong ball on top of hair dryer and turn on high heat. Ping-Pong ball should float. Allow several students to hold the hair dryer. 
Excellent those are great observations! The air molecules are pushing on the Ping-Pong ball causing it to float. 
Today, we’re going to do the work of scientists as you explore what air is and how air can keep objects afloat. Our Question of the Day is “How does a hot air balloon stay in the air?” 

Post Question of the Day on the board.

We are going to start our investigation today by construction a hot air balloon. Tomorrow we will use a computer simulation to help us understand what is happening to the air particles inside our balloon. Later we will put our hot air balloons to the test and see if they fly using only air.
	1. What do you predict will happen when the hair dryer is turned on? 

2. What is happening? 

3. Why do you think this is happening?
4. Based on what you just observed with the Ping-Pong ball, what information do you know about air?  


	1. The Ping-Pong ball will float. The Ping-Pong ball will fly across the room. The Ping-Pong ball will fall to the ground.

2. The Ping-Pong ball is floating!
3. The air particles are pushing the ball up.
4. Moving air can keep things afloat. Moving air can keep things in the air. 


	EXPLORATION PART 1: BALLOON CONSTRUCTION
	
	TIME: 30 minutes

	What the Teacher Will Do
	Probing Questions
	Student Responses
Potential Misconceptions

	Begin hot air balloon construction. Demonstrate how to begin the balloon construction. Form groups of three. Pass out materials to each group. Allow groups 30 minutes to complete their construction pausing to describe construction steps, if needed. 
	
	


	Exploration Part 2: PhET simulation
	
	Time: 30 minutes

	What the Teacher Will Do
	Probing Questions
	Student Responses

Potential Misconceptions

	Have laptops or computers ready for students to begin simulation portion of lesson. Load simulation on teacher computer (to be projected to class) and hide simulation. Pair students.  Pass out job cards.
Now we are going to use a computer simulation to see what is happening inside a hot air balloon. Each person will have a job role. 
One person will be the Driver and will be responsible for operating the computer. The other person will be the Navigator and will be responsible for guiding the Driver.
Pass out laptops.

Look at your screen and make a few observations about what you see. Explore the controls of the simulation and be prepared to “share out” what you have discovered. 

Give students five minutes to explore. After five minutes, instruct students to put their computers at half-mast. 

Select a few students to share what they have discovered. Note that the following should be introduced at this time by the students: 

1. Add heat function

2. Pump the handle

3. Scuba diver can be moved

4. Layer tool

Those are excellent observations! I am passing out an investigation sheet for you to complete. Work as a team with your partner! 

Pass out “Balloons and Buoyancy PhET Sheet”.

The final challenge with our investigation is to get the balloon to float above the bottom of the container but not touch the ceiling 

You will need to vary the amount of gas and temperature to match the average conditions expected for launch. Today the temperature is ______. In Kelvins this is ________. The atmospheric pressure is 1 atm. Please write these values on your activity sheet. Write these values on the board. 

Give students 30 minutes to complete their investigations.
Possible Probing Questions while students explore: 
 
	1. What does the driver of a car do?

2. What does a navigator do? 

3. What does the computer simulation show that is different from the demonstration with the Ping-Pong ball?

4. What is happening when you pump the handle? What is different?

5. What patterns do you observe about the balloon’s movements?

6. What is changing inside of the container when you pump the handle? 

7. What changes do you observe when you add heat?

8. When heat was added what happened to the pressure? 

9. What changes do you observe when you change the volume of the container? Note: don’t tell the students to drag the “scuba diver” allow them to explore on their own. 
10. What is happening to the dials as you change the volume of the container? 

11. How are you going to make the lid pop off? 

12. Which parameter is responsible for blowing the lid off? 

13. Is it possible to get a high temperature without high pressure? How? 

14. Is it possible to get a high pressure without high temperature? How?
15. Where are most of the molecules? 

16. Why do you think this is so?

17. What do you notice when you move the “Layer tool” up and down? 
18. What happens when you add heat to the balloon? 
19. What changes do you observe in the balloon as you add heat?
20. What happens if the temperature or pressure changes (add/remove heat, adjust volume)?
21. How can you compensate?
	1. Control the steering wheel, pedals, drives. 
2. Point out where to go.

3. It shows the molecules move around. There are controls we can use. 

4. Molecules are now bouncing all over the place and the balloon moves around a lot at first then stays in the bottom near the corner.
5. The balloon is bouncing around randomly. Note: If students respond that the balloon is “floating,” ask to clarify whether it is consistently floating upward or moving up and down. 
6. The pressure and temperature increase.

7. The molecules are moving faster when heat is added and slower when it is removed.
8. When the temperature rises, the pressure rises. 
9. When the volume is smaller, the pressure and temperature are higher.
10. The pressure and the temperature are changing.

11. Try different combinations of volume, pressure and temperature. 

12. Students may answer temperature or pressure. If students answer temperature or both, ask them if there is a way to separate the two effects. Possible combinations include, 5 atm and 1000K; 2.66 atm and 372 K. 
13. Sort of. With only a few molecules in the container, raising the temperature will only slowly raise the pressure. 
14. Yes. Simply pumping in more molecules without adding heat will raise the pressure enough to blow the lid while still at a low temperature. 

15. There are more molecules in the bottom of the container. (If the students cannot see this, add more by pumping the handle.)
16. Students will answer gravity or settling. Either is acceptable.
17. The pressure is higher at the bottom of the container and lower at the top. 
18. The balloon rises and hovers more in the center of the container. 
19. There are less molecules in the balloon when the heat is high. 
20. Higher temperature makes the balloon sink lower. 
21. You have to add or remove heat to the balloon when the conditions change.


	Explanation
	
	Time: 10 minutes

	What the Teacher Will Do
	Probing Questions
	Student Responses

Potential Misconceptions

	Let’s discuss our conclusions we can form after our investigations. 

We saw when we used our simulation that when heat is added to the container the air particles moved faster. Faster moving particles have more kinetic energy than slower moving particles. If necessary, show on simulation. 
When heat was added, the pressure and the volume increased. In our simulation, when we added heat to the container, the pressure increased. 
Density is the mass of a material divided by its volume. So, we said that the volume increased as we heated up the container, let’s discuss what we can say about the density of the air. 
We know the volume increased and the mass stayed the same.
Hotter air is less dense than cooler air because the particles spread out and occupy a larger volume. If the volume of our balloon increases as we heat it but the mass remains the same, because we have the same amount of air particles, the density must decrease. If necessary, discuss the formula for density. 
Right! Gravity keeps the balloon at the bottom of the container before heat is added. Gravity always pulls downward or towards the center of the Earth. 

Write the term “buoyancy” on the board. 

There is a buoyant force exerted on all sides of an object in a fluid (such as our balloon). 

At the bottom of the container gravity is stronger than the buoyant force. 

As the balloon rises, the buoyant force must be stronger than gravity to make the balloon rise. 

Because gravity pulls more on the air around the balloon than on the air inside the balloon, the air outside will flow around the balloon just like water flows over an object that floats when released underwater. The cooler, denser air pushes the balloon up and out of its way because gravity pulls the air towards the center of the earth. 

Our balloon and the balloon in the simulation had a hole in the bottom. 

That’s true because there was a hole the air particles were able to move in and out of the balloon. 

Pull up simulation put 50 heavy species in the container. Add heat to the balloon and watch the balloon move up and down. 
Right, the particles move in and out causing the balloon to bounce up and down. 

Thermal energy is present inside of our balloon. 

In our hot air balloon, convection is happening. Convection occurs when thermal energy is transferred through the movement of particles from one location to another. Further, the air moving in and out of the balloon forms convection currents. The heated air expands and is replaced by the cooler air. The cooler air is then heated and the process repeats again.  

That’s right! Without a heat source our balloon will float down. When people fly hot air balloons they can return to the ground by turning off the heat source or releasing some of the heat from the balloon through flaps that open on the sides. 

Weather patterns are influenced by convection currents. Heating and cooling systems for homes also are examples of convection currents. 
	1. How does the movement of air particles change when it is heated up? 
2. How does the kinetic energy of the air change? 
3. How did the pressure change when the balloon was heated up? 

4. How did the volume of our balloon change when it was heated up? 

5. What is density? 

6. If we didn’t pump the handle, what could we say about the mass of the air in the container? 

7. What conclusions can we form about the density of the air inside the balloon when it is heated? 

8. What keeps the balloon at the bottom of the container before you added heat? 
9. In what direction does gravity always pull on the Earth? 

10. What causes the balloon to float once heat is added?
11. What happened to the molecules of gas inside the balloon when heat was added? 

12. What does “buoyancy” mean? 

13. What fluid is our balloon floating in?

14. If the balloon is sitting on the bottom of the container, which is stronger, gravity or buoyancy? 

15. If the balloon rises, what does that tell us about the forces then? 

16. In the simulator container, where were most of the molecules? 
17. Where in Earth’s atmosphere is air pressure the highest?
18. How did having a hole in the balloon affect how it floats? 

19. When was the balloon the least dense? At the top of the container or the bottom? How do you know?

20. What do you notice about what is happening to the particles inside the balloon? 

21. What is type(s) of energy are present in the balloon?  

22. How can thermal energy be transferred?
23. What type of heat transfer happens in our hot air balloon?  

24. How could we make the balloon come down? 

25. Why is it important to learn about air?  Convection currents? Hot air balloons? 


	1. They move faster and spread out. 

2. It increases. 

3. The pressure increased. 

4. The balloon got bigger. The volume increased. 

5. Mass divided by volume. 

6. It stayed the same. 

7. The air is less dense when it is heated because the air particles spread out. 

8. Gravity.

9. Down. Towards the center of the Earth. 

10.  The density of the air! [MC: Heat rises, air is pushing it up] Press for more details. 
11. The increased pressure pushed more molecules out. 

12. Students will likely relate this to things floating.

13. Air. 

14. Students should recognize that gravity is stronger. 

15. The buoyant force must be stronger than gravity to make the balloon rise. 

16. Most were at the bottom. 

17. Near the surface of the Earth. 
18. The air particles could move in and out. 

19. At the top of the container because it needed to be less dense to float. 

20. They move in and out. When the balloon is at the top there are fewer particles inside. At the bottom when it is dense there are more particles.  

21. Kinetic. Thermal.

22. Conduction, convection and radiation. 

23. Convection. 

24. Cool it down. Turn off the heat. 

25. To fly them. To understand how air behaves. 


	Exploration Part 3: Hot Air Balloon Launch
	
	Time: 50 minutes

	What the Teacher Will Do
	Probing Questions
	Student Responses

Potential Misconceptions

	Now, we will finish constructing our balloons. 

Begin or finish balloon construction. Monitor students as they construct the balloons. Pass out “Hot Air Balloons!” Students may work on this as others launch their balloons. 
Once students complete construction, launch hot air balloons either outside or inside with hot fan. 
As students launch the balloons, possible probing questions include 
After all students have launched their balloons, return to the Question of the Day. 

Let’s go back to our Question of the Day. I want you to talk with your partner for five minutes and develop an answer to the Question of the Day based on your experiences. 

Allow several students to share their answers for the Question of the Day. Make sure students mention the terms: temperature, density and buoyancy. 
	1. What could happen if there was a hole in the top of our hot air balloon? How would that affect its flight? 

2. What is the difference between room temperature air and hot air? 

3. What happens to the average speed of the air particles as they are heated up? 

4. What happens to the energy of air particles when they are heated? Why?

5. Why is hot air used to launch our balloons? 

6. What makes hot air different from colder air? How could this be an advantage for our hot air balloon launch?

7. How would the flight of the hot air balloon change if we launched our balloons on a windy day?

8. Recall what we saw with the simulation, when heat was added, what happened to the location of the air particles?

9. How is gravity affecting the motion of our balloon? 

10. How are our hot air balloons different from a larger hot air balloon?

11. What changes would we have to make if we wanted to launch a hot air balloon that was heavier? 
12. What causes our balloon to sink after it has been in flight for a while? 

13. How could we compensate for its “sinking”?

14. Do you think it would make a difference how large our balloon is if we used another fan? Why?
15. How does the volume of an object affect its density? I am not looking for an equation!
16. What makes a hot air balloon stay in the air? 
	1. Some air may leak out. It may not float. 

2. Room temperature air is at lower temperature than hot air. The particles in room temperature air move more slowly. 

3. They speed up. 

4. The energy of the air particles increases. 

5. Hot air is less dense which causes the balloon to rise. [MC: heat rises]
6. Hot air has more energy and it expands this causes it to be less dense and rise. Because it rises it can make our hot air balloon rise, too. 

7. It might drift sideways. It depends. 

8. They spread out. 

9. It pulls the hot air balloon down. 

10. They have less volume. 

11. We might have to provide more hot air, so that it would expand to fill the balloon. 
12. Some of the air escapes. It sinks due to gravity.
13. Provide more hot air. 

14. Maybe. It depends. (look for an answer where students use the terms: pressure, volume and temperature) 
15. As the volume increases the density decreases. 
16. Example explanation: The air inside the balloon is heated, causing the density of the air to decrease and expand. Because the balloon is less dense than the surrounding air, the balloon will rise due to buoyancy. If the air inside the balloon is cooled, it will contract becoming denser causing it to sink. 


	Elaboration
	

	Time: 10 minutes

	What the Teacher Will Do
	Probing Questions
	Student Responses

Potential Misconceptions

	If time permits, explore the effects of buoyancy in other environments. Adjusting the PhET simulation can simulate these. 

Over the Himalayas, there is very little air. Let’s think about what would happen to our hot air balloon if it happened to fly over the Himalayas. Use your simulation to verify your ideas!

You may have noticed that at extremely low pressures (like what is found above the Himalayas) it is nearly impossible to generate enough lift to keep the hot air balloon up in the air. 
Only a few people have been able to fly over the Himalayas. It was very challenging! Because there is such low pressure, all travelers must wear oxygen masks.
On the Moon there is no atmosphere. Without an atmosphere there would be no buoyant force so our hot air balloon wouldn’t work. 
	1. Could you use a hot air balloon to fly over the Himalayas where there is very little air? Explain. 

2. What about on the Moon? The Moon does not have an atmosphere, so would a hot air balloon work? Why?
	1. Students may give a variety of answers. Use the simulator to verify these. At extremely low pressures found at these altitudes, it is nearly impossible to generate enough lift.

2.  Students should recognize that without any outside atmosphere, there is no buoyant force. 


	Evaluation
	
	Time: 30 minutes

	What the Teacher Will Do
	Probing Questions
	Student Responses

Potential Misconceptions

	Pass out “Show off what you know!”  
	
	


Question of the Day

What makes a hot air balloon stay in the air? 

Name: _________________________

Balloons and  Buoyancy PhET Sheet
1) What is the initial air pressure? What does that tell you?

__________________________________________________________________________________

2) Make the lid pop off and use the table below to record your findings.
	Trial #
	Pressure  at time of lid popping off (atm)
	Did you increase or decrease the size of the box?
	Temperature at time of lid popping off (K)
	What was your method?

	1
	
	stayed the same

increased

decreased
	
	

	2
	
	stayed the same

increased

decreased
	
	

	3
	
	stayed the same

increased

decreased
	
	


2) a) Find three ways to make the temperature increase inside the simulation, if the same amount of air particles are present. 

How can you make sure the same amount of air particles are present?
___________________________________________________________________________________

	What did you do?
	As temperature increased pressure….
	As temperature increased the density of the air….

	
	stayed the same

increased

decreased
	stayed the same

increased

decreased

	
	stayed the same

increased

decreased
	stayed the same

increased

decreased

	
	stayed the same

increased

decreased
	stayed the same

increased

decreased


b) In a complete sentence summarize what happens the temperature increases in the simulation
___________________________________________________________________________________

___________________________________________________________________________________
3) Challenge: Now, the simulator is your hot air balloon! In our experiment, we will be heating the inside of the hot air balloon. You want to make sure that your balloon floats above the bottom of the container. You DO NOT want your balloon to touch the ceiling. Use the stopwatch and make sure your balloon can float for 30 pico-seconds. Think about how you can keep the simulation to have similar conditions to Earth (**hint** Does gravity change on Earth?)
Current Launch Conditions


[image: image8]
Explain your methods for keeping your balloon floating for 30 picoseconds. Include any issues or problems that you had and what you did to fix them. 

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

Fill in the table with your observations

	As the hot air balloon was heated the molecules moved….
	As the hot air balloon was heated the kinetic energy of the molecules inside the balloon…
	As the hot air balloon was heated the thermal energy of the molecules inside the balloon…

	at the same speed

faster

slower
	stayed the same

increased

decreased
	stayed the same

increased

decreased


Name: _______________________________

Hot Air Balloons! Post-lab
Important Equations 


1. Air is constantly moving. 

a) When air heats up, how does the movement of the air particles change? 

b) How does the kinetic energy of the air change? 

2. Draw diagrams for the three situations below. Show the air by drawing dots representing air particles.


	Draw a picture of a rubber balloon before it is blown up.
	Draw a picture of a rubber balloon filled with cold air.
	Draw a picture of a rubber balloon with the same amount of air, heated up.


3. Let’s study Pictures 2 and 3. 

a) Did the mass of the air in the balloon change? 

b) Which balloon has a larger volume? 

c) How has the density of the air inside the balloon changed? Hint: look at the equation for density above. 

d) How does the pressure, volume and temperature change? Hint: look at the equation for temperature above. 
Our Hot Air Balloon Experiment

1. Imagine a hot air balloon is filled with room temperature air. 

a) Is there any difference between the air inside and outside the balloon? Explain.

b) Describe the forces inside and outside the balloon. 

2. Hot air balloons can’t expand once filled. Explain what would happen if we increase the temperature of the air inside of our hot air balloon.

3. Pressure is a force applied to an area. 


a) Does the area of our balloon change? 

b) How is the force of the hot air inside our balloon different from the force of the air outside of our balloon?

4. All objects (air included) tend to move towards a state of balanced forces. 

            a) What is the difference between a balanced and an unbalanced force? 


            b) What can we expect to happen for pressure of the air inside and outside the balloon?

5. Since the hot air balloon is open at the bottom, the air can move into and out of the balloon. 

a) How would the air move in our hot air balloon after it is removed from the fan? 

             b) What has happened to the amount of the air in the balloon by heating it? 

6. How has the density of the air inside the balloon changed by heating it? 

Name: __________________________
Show off what you know!

1. If you heat up the air inside a hot air balloon, the molecules inside

a) speed up and move closer together.

b) slow down as they heat up.

c) speed up and move further apart.

d) all move upwards.



2. The buoyant force, which causes a balloon to rise, opposes what force?
a) Gravity
b) Friction
c) Static Electricity
d) Weak force



3. There are many examples of convection besides hot air balloons. Which of the following is an example of convection?  
a) Placing a frying pan on the stove. 
b) Electromagnetic waves traveling through space.

c) Heated air in the atmosphere expanding and becoming less dense then being replaced by cooler air. 
d) Sunlight.



4. In the picture on the right, what force is stronger gravity or buoyancy? 
a) Gravity.
b) Buoyancy.
c) They are the same.
5. Why do we have hot air balloons instead of cold air balloons?
Name: __KEY_______________________

Balloons and  Buoyancy PhET Sheet
1) What is the initial air pressure? What does that tell you? 
____________0, that there is nothing in the chamber________________________________
2) Make the lid pop off and use the table below to record your findings. Be sure to work as a team!
	Trial #
	Pressure  at time of lid popping off (atm)
	Did you increase or decrease the size of the box?
	Temperature at time of lid popping off (K)
	What was your method?

	1
	6.04
	stayed the same

increased

decreased
	556
	Added light particles and heated

	2
	7.01
	stayed the same

increased

decreased
	1012
	Added heavy particles and heated

	3
	6.00
	stayed the same

increased

decreased
	552
	Expanded the volume, added heavy and light particles of gas and heated


3) a) Find three ways to make the temperature increase inside the simulation, if the same amount of gas particles are present. 

How can you make sure the same amount of air particles are present

_Pump same amount of times, use the tool to adjust to the same amount of particles____________
	What did you do?
	As temperature increased pressure….
	As temperature increased the density of the air….

	Added heavy particles, added heat
	stayed the same

increased
decreased
	stayed the same

increased

decreased

	Decreased the volume 
	stayed the same

increased

decreased
	stayed the same

increased

decreased

	Changed particles from light to heavy, but kept total number the same
	stayed the same

increased
decreased
	stayed the same

increased

decreased


b) In a complete sentence summarize what happens when the temperature increases in the simulation.

____As temperature increases the pressure increases until the lid pops off.______________________
___________________________________________________________________________________
4) Challenge: Now, the simulator is your hot air balloon! In our experiment, we will be heating the inside of the hot air balloon. You want to make sure that your balloon floats above the bottom of the container. You DO NOT want your balloon to touch the ceiling. Use the stopwatch and make sure your balloon can float for 30 pico-seconds. Think about how you can keep the simulation to have similar conditions to Earth (**hint** Does gravity change on Earth?)

Current Launch Conditions


[image: image9]
Explain your methods for keeping your balloon floating for 30 picoseconds. Include any issues or problems that you had and what you did to fix them. 

_I decreased the amount of particles in the box, cooled the box, and expanded the volume to bring my conditions close to that of the launch conditions______________________________________

________________________________________________________________________________
Fill in the table with your observations

	As the hot air balloon was heated the molecules moved….
	As the hot air balloon was heated the kinetic energy of the molecules inside the balloon…
	As the hot air balloon was heated the thermal energy of the molecules inside the balloon…

	at the same speed

faster

slower
	stayed the same

increased

decreased
	stayed the same

increased

decreased


Important Terms:


Kelvin (K): a unit for measuring temperature


Atmosphere (atm): a unit for measuring pressure





Today the temperature is _________. In Kelvins this is __________. The atmospheric pressure is _______. 





Temperature = Pressure x Volume 





Density = mass/volume 





3





2





1





Important Terms:


Kelvin (K): a unit for measuring temperature


Atmosphere (atm): a unit for measuring pressure





Today the temperature is __100 F__. In Kelvins this is ___311____. The atmospheric pressure is __1 atm_. 
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