Chapter 1- Student Copy
Balloon Experiment

You will be able to: Learn why the balloon with the water does not break when set on fire, while the balloon without water breaks. 


1. Open SMDP, select Gas-cold from the Ice Breaker folder. 

You see the layer of green particles representing the rubber of the balloon and the blue particles above it, representing gas. 


2. Press Start.

Watch how the particles in the gas and in the rubber differ in their motion.

3. Switch display particles to trajectories.

Q1.1: What is the difference between the motion of particles in the gas and in the rubber? 

4. Press Pause when the trajectories fill the screen. Watch the graph of kinetic and potential energies of the green and blue molecules. Their kinetic energies have

    similar values.

Q1.2: why are the green and blue particles in different states of matter? Clue: Press Show additional parameters 

5. Open experiment Gas-hot. Display particles by relative kinetic energies. Press Start and Pause immediately when the graph fills the screen.

You see that the particles in the rubber are violet and blue, while in the gas they are red and green. Thus, the average kinetic energy of the particles in the rubber is much higher than in the gas. The graph of kinetic energy shows that the average kinetic energy of green particles is about 0.4, while the average kinetic energy of the blue particles is 0.1. 

6. Take and save snapshots of the graph and the screen. Name the screen shot "Gas-hot". 

The gas particles move slowly and rarely collide with the rubber particles. When they do collide, their kinetic energy changes such that gas particles become faster while rubber particles become slower. However, these collisions are rare. Therefore, the kinetic energy of the green particles decreases very slowly.

7. Switch Display particles by: to type and watch the simulation for about 20 time units. 

The kinetic energy of the green particles is now sufficient to overcome the potential barrier of their attraction and their order starts to break down. At some point, the layer of rubber breaks apart - the balloon explodes!

8. To quickly observe the breakdown, switch the iterations between displays to 500. Reset the experiment and press Start. When the graph fills the screen (in about 200 time units), press Pause. Take and save a snapshot of the screen and graph.

You see that the kinetic energy of the gas slowly grows while the kinetic energy of green particles decreases, but the rate of decrease of the temperature of the green particles is much smaller than that of the gas. This is because the heat capacity of gas is smaller than that of solid rubber. In gas, all heat is spent to increase the kinetic energy temperature. In the solid, heat is spent also to increase the potential energy of attraction of the particles (break chemical bonds). Now we will simulate the balloon filled with liquid. 

9. Open experiment liquid-cold . Switch Iterations between displays to 5. 

In this experiment, the layer of solid rubber is covered by a layer of liquid and there are some gas molecules on top of the liquid.

10. Switch Display Particles by: to trajectories.

See the difference between the particle motion in the three states of matter.

Q1.3: Why are the blue particles now in the liquid phase? 

11. Watch the particles by potential energy.

You see that the particles in the liquid have intermediate potential energy of about 1, so the kinetic energy of their motion is enough to move them out of the position of absolute minimum corresponding to the positions of particles in the solid, but not enough to completely separate them from each other. However, some of the particles break away in the gaseous phase. Now let us put our balloon over flames.

12. Open experiment liquid-hot. Switch Display Particles by to relative kinetic energy and press Start. Press Pause when the graph fills the screen. Compare this graph with the graph for gas-hot that you saved in the snapshot gallery. 

At the beginning, the kinetic energy fluctuates around 0.5, so it is even higher than that in the gas-hot experiment. However, it soon reduces to 0.3.

13. Switch Display Particle by to type and press Start. Watch how quickly the liquid particles collide with the rubber and exchange their kinetic energy due to the high density of particles in the liquid. 

Q1.4: What happens to the rubber and liquid? 

14. Reset the experiment to repeat this process quickly. Switch the Iterations between Displays to 500 and press Start. When the graph fills the screen, press Pause. Take a snapshot and compare it to the corresponding graph for gas-hot.

Now the temperature of the green particles drops incredibly fast and the temperature of the blue particles does not increase at all.

Q1.5: The overall temperature decreases and becomes lower than in the gas-hot experiment. Why? 

Q1.6: So why does the rubber in the water-filled balloon survive the fire? 
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