
Cloud in a Bottle
Materials:

For this discrepant event you need:

1 litre pop bottle (clear)

cap for bottle

50 ml water

matches

air pump with needle nose attachment

duct tape

black construction paper

Safety Considerations:
Take care when using matches and ensure that all matches are extinguished before throwing out.

Safety goggles should be worn due to the nature of the high pressure being created in the bottle. 

Ensure that the bottle is held firmly when pumping in air and that the cap is screwed on and held tightly to avoid becoming a projectile when the pressure in the bottle is created.

Teaching Strategies:

The cloud in a bottle is an excellent visual discrepant event that allows students to physically see how clouds form based on specific pressure systems.  To begin this discrepant event have the materials laid out in front of you.  

1. To start the demonstration, have your empty, clear plastic bottle placed in front of you. We found that the effect is more pronounced if you place a dark piece of construction paper behind the bottle to really contrast the effect of the cloud in the bottle. 
2. Pour about 25 ml of water into the bottle. Light a match and place it inside the neck of the bottle, then while the match is still placed there, blow it out to allow some of the smoke from the blown out match to collect inside the bottle. 
3. Pour the remaining water (25ml) into the bottle. 
4. Screw the cap of the bottle on tightly. Ask the students what they think is going to happen to the smoke if we leave the bottle untouched but capped. What if the bottle was uncapped? See if there is a difference between the two answers.  We suspect that the students will guess that the smoke will just disappear in both situations, or in the capped situation, that the same amount of smoke will stay there, even if it is hard to see.
5.  A small incision or hole should be made in the center of the cap in order to fit a  needle nose pump (the same you would use to blow up a basketball) through. To create a sealed environment, we used duct tape (placed around the needle nose) to “seal” the needle nose pump attachment to the cap of the bottle.  At this point ask the students what they think will happen if we begin to pump air into the bottle. 
6. Once the students have predicted what will happen, slowly pump the sealed bottle full of air. Ensure that you tightly hold on to the cap and firmly onto the bottle. It is easier to ask a student to come up and pump the air in while you hold the bottle and cap tightly in place.  
7. Once the bottle is filled with air, ask the students to tell you what they observe is happening. The air in the bottle should become clear, so that no smoke appears to be present in the bottle at all. Ask the students why they think this is happening. We predict that they will probably think that the smoke has been pushed out of the bottle because it hasn’t been sealed tightly enough, but ensure them that this is not the reason why the air is clear (high pressure system). 
8. After the discussion on the clear air, quickly loosen the cap of the bottle so that the high pressure inside escapes. The bottle should quickly fill with a “cloud”.  Ask the students if they expected this to happen.  Ask them if they can guess why it happened or how?
The discrepant event should end with a clear instruction on what is a high and low pressure system, and how these systems affect cloud formation. 

In order to discuss environmental effects on cloud formation, you can perform the same discrepant event, but instead of water add something acidic, like vinegar or lemon juice, and see if the effects are any different. Also, you can add food colouring to the water to signify dust or mud in water systems and weather these affect the color of the cloud forming.

Connections to the Curriculum:

This event applies to some of the following lessons included in the Grade Ten Science Unit on Weather Dynamics. 

S2-4-02 GLO: D4, D5, E2, E3

This event may be used as an introduction to the formation of clouds and its effects on the weather. Further it can be used to explain the differences of low and high pressure systems present in the atmosphere and its effects on cloud formation.

Questions: What factors influence cloud formation? Do these factors change the weather dynamics felt? Seen?  How do clouds influence weather patterns? During what types of pressure systems are clouds generally observed?

S2-4-02 GLO: A2, D5, E1, E4

Cloud in a bottle can begin the discussion and investigation into the types and dynamics of severe weather systems experienced in Manitoba. The formation of clouds and the differing pressure systems can be discussed in relation to their role in the formation of tornadoes.

Questions: What causes a tornadoe? Do we typically see clouds before a tornadoe? What does it feel (or supposed to feel) like outside before a tornadoe occurs? Do tornadoes have clouds in them? What is a funnel cloud, and is it formed in a similar way?

S2-4-06 GLO: B2, B3, B4, C6
Students can discuss the relationship of severe weather systems and their effects on the environment.

Questions: Can clouds and what they are made up affect the different chemistries of specific habitats? Can clouds carry pollution? If there is no detritus or smoke in the air can a cloud still form? Do you think there were clouds before humans showed up? Why or why not? 

S2-4-07 GLO: A1, A4, D5, E3
Students can investigate the environmental changes that occur due to human and natural factors.

Questions: Do clouds carry pollutants? What is acid rain or more accurately acid “fog”? Can the combination of winds and clouds that carry pollutants spread these pollutants to other areas of the world? Do humans cause acid rain? Do increased CO2 emissions affect cloud formation? How? Will this increase in emissions contribute to global warming through reflectance?

Theoretical Background
Clouds form from the water that covers 70% of the Earth. Condensation or deposition of water above the Earth’s surface creates clouds. Millions of tons of water vapour are evaporated into the air everyday from oceans, lakes, rivers, and by transpiration from trees, crops and other plant life. As this moist air rises it encounters lower pressures, and expands, becoming cooler. As the air cools it can hold less water vapour and ultimately will become saturated (relative humidity of 100%). Some of the water vapour will condense into tiny water droplets that attach to particles in the air (e.g., dust particles) to form cloud. There are approximately one million cloud droplets contained in one rain-drop. Clouds are visual evidence of the presence of water in the atmosphere.

Clouds form using 4 different mechanisms:

1. Orographic uplift
· Occurs when air is forced to rise because of a physical barrier, eg. Mountain
· Air mass cools until saturated
· Development of clouds and heavy precipitation on Canada’s west coast                     are an example of this mechanism
2. Convectional Lifting
· If enough heating at ground level of surface air occurs, the air will rise, as it rises and sufficient cooling takes place it will form a cloud
· Occurs in interiors of continents and near the equator 
· Forms cumulus and cumulonimbus clouds which are associated with thunderstorms
3. Convergence/ frontal lifting
· Takes place when two masses of air come together
· One air mass is warm and moist, the other is cold and dry
· Cold air mass acts as a wall, pushes warm air mass up forcing it to cool and expand as it saturates forming a cloud
· Associated with cyclones in the mid latitudes and the trade winds at the equator
4. Radioactive cooling
· Occurs when sun isn’t supplying the ground and air with energy, e.g., at night
· Usually takes the form of fog
Clouds can be formed as a combination of one or more of these mechanisms.

Clouds play an active role in maintaining the Earth’s average temperature. Clouds both reflect sunlight, which cools the Earth, and trap heat in the same way as greenhouse gases, thus warming the Earth. Different types of clouds do more of one than the other. The net effect of clouds on climate change depends on which cloud types change, and whether they become more or less abundant, thicker or thinner, and higher or lower in altitude. The overall effect on climate change is now thought to be a lot less than previously thought.

Explanation of Disequilibrium in Students
· Students may not realize that clouds consist of dust and other particles of pollutants contained in the atmosphere, which are required to produce a nucleus for the water droplet.
· Students will most likely think that the ‘cloud’ is the remaining smoke from the match in the bottle rather then the vapour created from releasing pressure and the air becoming dense forming the cloud.
· Students may think when the pressure is added after cloud formation that the cloud is just pushed out of the bottle rather then the high pressure creating the particles to become less dense therefore causing the cloud to disappear.
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