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Discrepant Events

Density: Hot Vs. Cold 

Description

The following experiment will demonstrate an example of why warm air (water) rises, and cold air (water) sinks. The demonstration involves heat, cold, and water.

Curriculum

Senior 2 Cluster 4: Weather Dynamics

- S2-04-01
Illustrate the composition and organization of the hydrosphere and the atmosphere.



- S2-4-02
Outline factors influencing the Earth’s radiation budget.

- S2-4-03
Explain effects of heat transfer within the atmosphere and hydrosphere on the development and movement of wind and ocean currents

Materials
1. Two empty medium sized flasks

2. Artificial food coloring (red and blue)

3. Cold and Hot water

4. Aluminum foil sheet

5. Clear tub to hold water spillage.

6. Water supply: hot and cold

7. Toothpick (to illustrate the flow of the water movement)

8. Alcohol

Safety

Take care when using the hot/warm water so not to burn your hands. We recommend using a glove to handle the flask containing hot/warm water. Keep the alcohol solutions away from any open flames to prevent an explosion/fire.
Procedure
DISCREPANT EVENT #1 
COLD OVER COLD

1.  Fill one of the flasks with cold water and drop some blue food coloring in it.

2.  Fill the other flask with cold water also and drop the red food coloring into it. 

3. Place the aluminum foil firmly on top of the flask with cold blue water in it.

4. Hold the aluminum foil over the flask and flip the red flask upside down on top of the blue water flask so the openings are together.

5. Ask the students to predict what will happen when I flip the flask upside down and remove the aluminum foil?

They should reply that the two colors will mix together.
6. Carefully, pull the aluminum foil away from between the flasks.

7. Observe what happens to the colors of the water.

8. Ask the students why they think this happened?

This is because the densities of the cold water in both flasks are the same.
DISCREPANT EVENT #2
HOT OVER COLD (ICE ADDED ON TOP) & TOOTHPICK

1.   Fill one of the flasks with cold water and drop some blue food coloring in it.

2.   Fill the other flask with hot water and drop the red food coloring into it.

3.   Break a toothpick into several small pieces and place into the blue flask

4. Place the aluminum foil firmly on top of the flask with hot/red water in it.

5. Hold the aluminum foil over the flask and flip the red flask upside down on top of the blue water flask so the openings are together.

6. Ask the students to predict what will happen when I flip the flask upside down and remove the aluminum foil?

They should reply that the two colors will mix together.
7. Carefully, pull the aluminum foil away from between the flasks.

8. Observe what happens.

9. Ask the students why they think this happened?

This is because the densities of the cold and hot water in both flasks are different.
10. Now, add snow/ice on top of the red flask, cooling down the red/warm flask on the top.

11. Now ask the students what will happen when the red/hot flask cools down with the snow/ice on top

They should reply that the colors will mix because the warm water on top is being cooled down, thus achieving the same density as the cold water below it.
12. Observe what happens to the toothpick and the colors of the water.

DISCREPANT EVENT #3
ALCOHOL OVER COLD WATER

1. Fill one of the flasks with cold water and drop some blue food coloring in it.

2.  Fill the other flask with room temperature alcohol and drop the red food coloring into it. 

3. Place the aluminum foil firmly on top of the flask with alcohol in it.

4. Hold the aluminum foil over the red flask flipping it upside down on top of the blue water flask so the openings are together.

5. Ask the students to predict what will happen when I flip the flask upside down and remove the aluminum foil?

They should reply that the two colors will mix together.
6. Carefully, pull the aluminum foil away from between the flasks.

7. Observe what happens to the colors of the alcohol and cold water.

8. Ask the students why they think this happened?

This is because the densities of the cold water and alcohol in both flasks are different. The alcohol’s density is lower than the cold water.


DISCREPANT EVENT #4
HOT WATER OVER ALCOHOL

1.   Fill one of the flasks with alcohol and drop some blue food coloring in it.

2.   Fill the other flask with warm water and drop the red food coloring into it. 

3. Place the aluminum foil firmly on top of the flask with warm water in it.

4. Hold the aluminum foil over the red flask flipping it upside down on top of the blue alcohol flask so the openings are together.

5. Ask the students to predict what will happen when I flip the flask upside down and remove the aluminum foil?

They should reply that the two colors will mix together.

6. Carefully, pull the aluminum foil away from between the flasks.

7. Observe what happens to the colors of the water and alcohol.

8. Ask the students why they think this happened?

This is because the densities of the hot water and alcohol in both flasks are different. The alcohol’s density is lower than the hot water and the alcohol should naturally rise to the top mixing the colors together

Explanation how the event will create disequilibrium for the student

When we mix cold water with cold water, the red and blue will mix together and this will follow the logical impression of what the student’s would expect to happen. We will not tell them that the temperatures are the same. This will set the students up for the next experiment which will create a discrepant event for them.


When we mix hot water on top of the cold water, the red will not mix with the blue. There will be a sharp contrast between the red flask and the blue flask, thus confounding the students. As the students witness this event, it will cause disequilibrium for them and they will wonder what was done differently from the first experiment. Their curiosity and inquisitiveness will be at its peak and this is our opportunity to explain how this discrepant event occurs. Now, as we add snow and ice to the red/hot flask, the students will begin to comprehend that the densities of the water are equalizing, and therefore the colors will mix as the water densities become the same.


When we add red dyed alcohol over the blue dyed cold water the students will witness the effects of alcohol and water and how they interact. Alcohol is naturally less dense than water and therefore will remain in the top flask and not intermix with the water. The students will not be aware that the differences between alcohol and water are so great in their densities. In the next experiment, this explanation will be further explained as we turn to hot water over alcohol.


When we add red dyed hot water over blue dyed alcohol there will be a very fast mixing of the two. The blue alcohol will naturally rapidly rise to the top mixing the colors due to the lower density of the alcohol and the higher density of the hot water.

Throughout all of these experiments, students will have learned that water’s density can change according to the temperature of the water. Alcohol on the other hand, usually contains a lower density than water and will therefore float on top of the water. Attached is a chart containing the densities of water at different temperatures. Notice how small miniscule differences in water temperatures will affect the densities. Warmer water is just slightly less dense than cold water and will remain on top of the cold during the discrepant event.

	Temp
( °C )
	Density
pure
water 
( g/cm3 )
	Density
pure water
( kg/m3 ) 
	Density
tap
water
( g/cm3 ) 
	Density
pure
water
lb/cu.ft 
	Specific Gravity
4°C reference
	Specific
Gravity
60°F
reference

	0 (solid)
	0.9150
	915.0
	-
	-
	0.915
	-

	0 (liquid)
	0.9999
	999.9
	0.99987
	62.42
	0.999
	1.002

	4
	1.0000
	1000
	0.99999
	62.42
	1.000
	1.001

	20
	0.9982
	998.2
	0.99823
	62.28
	0.998
	0.999

	40
	0.9922
	992.2
	0.99225
	61.92
	0.992
	0.993

	60
	0.9832
	983.2
	0.98389
	61.39
	0.983
	0.985

	80
	0.9718
	971.8
	0.97487
	60.65
	0.972
	0.973

	100 (gas)
	0.0006
	see steam tables ... 
	-
	-


Theoretical Background


In weather dynamics, warm and cold air do not mix initially.  Density is the ratio of the mass of an object to its volume.  When water is cold, it is denser than warm water and takes up more volume.  As a result, the cold water is heavier and falls to the bottom, while the warm water rises to the top.  Furthermore, cold air is dense and is at a higher pressure, while, warm air is less dense and is at a lower pressure.  In relation to weather, warms air rises and cold air sinks, because air has weight.  This is due to the air parcel rising and expanding as pressure decreases and cools because energy is used when air expands.  Air tends to move from high pressure to low pressure due to a pressure gradient which is a difference in air pressure.


At the microscopic level, water at a higher temperature have particles that move faster than water at a lower temperature.  These particles are in constant motion and collide with one another.  In a liquid state they are fluid in nature because the particles are not confined to specific locations, therefore, atoms and molecules are close together in a random pattern and interact with one another.  At higher temperatures, particles have higher kinetic energy to overcome forces of attraction between the particles.  Therefore, at lower temperatures, cold water does not have enough kinetic energy as the particles in the warm water and move at different speeds.


When using alcohol on top of water, the alcohol stayed on top because it is less dense than water.  Therefore, the alcohol stays on top.  Another factor is that some alcohols are more soluble in water than others.  In our case, the alcohol was not totally soluble in water and did not mix.


In a more practical sense, density can be described as hardwood floor being installed in a house.  When it is cool, the particles in woods is condensed and takes up less volume and there are spaces between the boards.  When the house warms up, the particles in woods expands and takes up more volume and spaces become filled by the wood expanding.  Therefore, due to different densities, the cold and hot water do not mix and therefore remain separated.  
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