







September 2000

An “Ideal” Experiment

Materials:  

One clear plastic bottle, two liquids, matches, a pencil, and a flashlight

Procedure:

A.  Pour about half a cup or so of liquid A into the clear plastic bottle.  While one person holds the bottle on its side with the cap off, have another person carefully add smoke inside the bottle by lighting a match, blowing it out, and holding the smoking end inside the bottle for a few seconds before capping it.  Once the bottle is capped, swish the liquid around inside the bottle for five to ten seconds, then squeeze the bottle, turn out the lights, and shine a flashlight through the air inside the bottle (not through the liquid at the bottom).  

Predict, Revise, Explain:

Predict what will happen when you squeeze the bottle and shine the flashlight through it, versus what will happen when you release your hold on the bottle to return it to its original shape.

Revisions:

Explanation:
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B.  Repeat the procedure for A., this time using liquid B and adding the pencil inside the bottle before adding the smoke.

Predict, Revise, Explain:

Predict what will happen when you squeeze the bottle and shine the flashlight through it, versus what will happen when you release your hold on the bottle to return it to its original shape.

Revisions:

Explanation:
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Cloud In A Bottle Synopsis

This quick, easy experiment demonstrates the concepts of temperature, pressure, and moisture as it relates to our atmosphere.  When a bubble of air expands it cools.  With enough moisture in the air, (swishing water around) the bubble can easily reach its dewpoint temperature, or the temperature at which the relative humidity is 100%.  

The atmosphere can be tough to understand because so many things are happening at once, and they’re all related to each other.  However for this experiment, dewpoint temperature can be thought of as a measure of moisture just as air temperature is a measure of heat.  So there are two factors to think about when considering the pressure of air- heat and moisture content.

Warm air rises and cold air sinks.  Warm air is less dense than cold air.  Therefore, if warm air had its way, it would want to move up into the atmosphere so it can expand and cool, and if cold air had its way, it would compress and warm as it sinks to the surface, since the atmosphere naturally wants to balance itself out.  (like hot air balloons)

Moist air is less dense, or more “buoyant” than dry air.  In other words, given two bubbles of moist air and dry air at the same temperature, the moist air will want to float and the dry air will want to sink.  Evaporation = cooling and condensation = warming, so cloud formation keeps bubbles of air warmer for longer than dry air bubbles.

Side note:  Areas of High pressure on weather maps are usually associated with cooler, dryer, and therefore more dense air- hence it has a higher pressure and the air wants to sink.  Areas of Low pressure are usually associated with warmer, more moist, and therefore less dense air- hence it has a lower pressure and the air wants to rise.  

The added moisture we introduced by swishing the water around inside the bottle raised the dewpoint temperature of the air inside, making it easier for the air temperature to cool down to the dewpoint temperature and thus allow clouds to form.  Clouds form when invisible water vapor molecules attach themselves to smoke, dust, and other “Cloud Condensation Nuclei” that serve as the core of what soon becomes cloud droplets.  
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Without these “Cloud Condensation Nuclei”, water vapor molecules would not be able to form cloud droplets on their own unless the relative humidity were more like 400%.  So without help, clouds would never form unless the air temperature in the atmosphere were more like 350 degrees F, so let’s hear it for dust, yay! ( We cannot see individual cloud droplets, but they reflect light really well so when they form in large groups within a given bubble of air, we see the bubble of air as a cloud.  It then takes about one MILLION cloud droplets to combine to form ONE, visible raindrop.  

So when we add smoke and water to the air inside the bottle, we are introducing the ingredients necessary to form a cloud.  Those ingredients are naturally found in air, but we added to what was already inside the bottle so it would be easier for us to make a cloud.  Note:  capped bottle = constant volume  When we squeeze the bottle, we are compressing the air inside, causing the molecules to bounce off of the bottle and each other more often, which = more energetic which = warmer.  When we release the bottle, the bubble of air expands and therefore cools to its dewpoint, so a cloud forms.  This is what happens in our atmosphere when relatively warm, moist air rises up through the atmosphere.

Keep in mind that this is an “ideal” case.  When the air temperature is the same as the dewpoint temperature, or when the relative humidity is 100%, it is not guaranteed that clouds will form.  

On clear days when the air is very stable (High pressure), the cooler, more dense air will settle near the surface.  If that cool air reaches its dewpoint, the water vapor molecules will attach to the rough edges of grass, blacktop, etc. to form dew or- if the dewpoint/air temperature falls below 32 degrees F- frost.  Fog, or clouds at the ground, will tend to form when the air at the surface is warmer than what is directly above it.  Dew and frost will occur in the more stable situation when cool air has sunk beneath warm air.

Scientists need to figure out what matters, in an experiment.  The pencil, for example, was an “extra” piece of information that didn’t matter in this case. 

Weather questions?    I’m at:   cduvall@rci.rutgers.edu

Christopher Duvall   Meteorologist, Rutgers University

http://climate.rutgers.edu/stateclim/
My weather web site with tornado pics:    http://www.geocities.com/CapeCanaveral/Lab/5134/

