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Juniata College

Air Mass and Convection Kit

Standards
3.5.7 C Describe basic elements of meteorology
1.2.8 A Read and understand essential content of informational texts and documents in all academic areas

Introduction and background

[image: image1.png]The Air Mass and Convection kit will help your students understand what air masses are, how they are formed, and how they are affected by changes in temperature and moisture.  It will also help your students understand what fronts are, how they are formed, and what effect convection currents can have on air masses.

Our weather is caused by the interaction of large bodies of air as they move over a particular area.  These large bodies of air are called air masses.


An air mass is a body of air with a similar temperature and humidity at any altitude throughout.  Air masses are usually large, covering hundreds of thousands of square miles and are characterized by the areas where they originate.  For example, any air mass originating between the poles and 60o latitude north or south is a polar (P) mass and is characteristically cold in temperature.  Air masses that originate between 25o north and south of the equator are usually warm and described as tropical (T) masses.  Air masses that form over the oceans are very high in moisture content and described as maritime (m) masses.  Those that form over land are lower in moisture content and called continental (c) masses.


The combination between temperature and moisture content gives four basic air masses:

cP (continental polar) – cold, dry air mass 

mP (maritime polar) – cool, moist air mass

cT (continental tropical) – warm, dry air mass 
mT (maritime tropical) – warm, moist air mass

The boundary where two different air masses meet is the area where most weather changes occur.  This area is called a front.  The temperature and humidity of an air mass determine its density. Air that is warm is less dense than cooler air because the air molecules are spread farther apart.  Therefore, warm air is lighter and will rise above cooler air.  If a warm air mass moves into an area of cold air, the leading edge of the warm air mass will rise above the edge of the cold air mass as it pushes it out of the way.  This leading edge is called a warm front.

The differing density of air masses may create convection currents in the atmosphere.  Air molecules that are above a source of heat will warm quickly.  As air molecules warm, they gain energy and spread apart, increasing the volume of the air mass and decreasing the density (Density = Mass/Volume).  As the density decreases, the air mass rises.  As molecules in a mass of air cool, they move closer together, decreasing the volume of the air mass and increasing the density.  The air mass then sinks in the atmosphere.  A convection current forms in the atmosphere when a cool, dense air mass moves toward a source of heat, becomes warmer and less dense, then rises and moves away from the heat source, then cools off again and sinks.

Guiding Questions

1. Explain what would happen if you filled up your bike tires to the maximum during a cold spring and the temperature increased tremendously overnight.

Materials


Pair of Convection Tubes

2 plastic containers, 120 mL (4 ½ oz.)


Pack of tea candles 


Piece of plastic tubing, 6” long, ½” bore

Funnel, 2 ¾” 



Stopwatch
Smoke sticks



Rubber band 

Ice cubes 



Small portable cooler or container for ice

Hot water



Plastic wrap
Matches or lighter 


Small beaker or cup of water

Black construction paper

Optional:


Flashlight 

Safety

1. Make sure that there is adequate ventilation when performing these activities.  Smoke sticks have a very pungent odor.

2. The teacher or other adult should light or oversee the lighting of the tea candle and smoke sticks.

Procedure

Activity 1:  Measuring Temperature Differences
1. Obtain the following materials:

2 Convection Tubes

hot water

Ice




1 tea candle

2 rubber bands


1 timer, stopwatch, or clock with a second hand

Plastic wrap


2 120 mL plastic containers

2. Fill one of the plastic containers with ice and the other with hot water.  Place a piece of plastic wrap on each container and secure it with a rubber band.

3. Inside the cylinder of each convection tube are two thermometers, one placed directly above the other.  Observe the temperature reading on each thermometer.  Record the initial temperature reading on the data tables on the next page, in the time “0” rows of the “Ice Container” and “Hot Water Container” tables.

4. Place the container of ice under one convection tube and the container of hot water under the other convection tube.  Each minute for 5 minutes, observe the temperature readings the two thermometers in each convection tube.  Record this data on the Ice and Hot Water tables.

5. After the 5 minutes are up, take the containers from underneath the convection tubes.  Light a tea candle and place it under the convection tube that was over the container of ice.  Record the initial temperature readings in the time “0” row of the “Tea Candle” table.  Every minute for 5 minutes, observe the temperature readings of the two thermometers and record this data.

6. After 5 minutes, take the candle from underneath the convection tube, extinguish the flame, and take the cylinders of both convection tubes off of their bases and allow them to sit undisturbed for 5 minutes before proceeding with the next activity.

7. Look at the data you collected for this activity and answer the questions that follow.

Data Table

Ice Container

	Time
	Lower Thermometer (Co)
	Upper Thermometer (Co)

	0
	
	

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	


Hot Water Container

	Time
	Lower Thermometer (Co)
	Upper Thermometer (Co)

	0
	
	

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	


Tea Candle

	Time
	Lower Thermometer (Co)
	Upper Thermometer (Co)

	0
	
	

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	


Questions

1. How did the hot container affect the temperature of the air in the tube?

2. How did the cold container affect the temperature or the air in the tube?

3. How did the tea candle affect the temperature of the air in the tube?

4. Was the temperature at the top of each tube affected more by the cold container or the hot container?  Why do you think this was the case?

5. What type of air mass do you think was represented inside the tube during each test?

Activity 2:  Observing Air Movement

Procedure:

1. Obtain the following materials:

2 Convection Tubes



1 funnel

2 120 mL plastic containers


2 rubber bands

1 smoke stick




plastic wrap

1 6” piece of plastic tubing


hot water

ice





1 cup or beaker of water

Optional:  flashlight & black  paper

2. Fill one of the plastic containers with ice and the other with hot water.  Place a piece of plastic wrap on each container and secure it with a rubber band.

3. Place one end of the plastic tubing on the nozzle of one of the convection tubes, and place the funnel on the other end of the plastic tubing.

4. Record the temperature from both thermometers inside this tube on the Data table.  Place the container of ice under the base of the convection tube.

5. Light one of the smoke sticks.  Blow out the flame so that the smoke stick is still smoldering.

6. Angle the opening of the funnel downward and hold the smoke stick in the funnel opening for about 2 minutes, so that the funnel and tube direct the smoke into the convection tube.

7. Observe the movement of the smoke inside the convection tube.  Record the movement of the smoke inside the convection tube and the final temperature of both thermometers on the data table.  NOTE:  If students have trouble seeing the smoke, place black paper behind the convection tube or shine a light down into the top of the tube.

8. Using the other convection tube, attach the tubing and funnel and repeat this procedure, using the container of hot water rather than ice.

9. Again, observe the movement of smoke inside the convection tube.  Describe the movement of the smoke inside the convection tube and record the final temperature of both thermometers on the data table.

10. Once you have observed the movement of the smoke over the container of ice and the container of hot water, extinguish the tip of the smoke stick in water and answer the following questions.

11. Take the cylinders off of both convection tube bases and allow them to sit, undisturbed beside the bases for 5 minutes before proceeding to Activity 3.
Data Table
	
	Ice
	Hot Water

	
	Thermometer

	
	Upper
	Lower
	Upper
	Lower

	Temperature
	
	
	
	

	Initial
	
	
	
	

	Final
	
	
	
	

	Movement of Smoke:
	
	


Questions

1. What type of air mass do you think the tube with ice represents?

2. What type of air mass do you think the tube with the hot water represents?

3. What happened to the smoke inside the tube with hot water?

4. What happened to the smoke inside the tube with ice?

5. According to your observations, which type of air mass is denser and contains sinking air?  Which type of air mass is less dense and contains rising air?

6. When a warm air mass and a cold air mass collide, does the warm air go up or down?  Does the cold air go up or down?

Activity 3:  Convection Current

Procedure:

1. Obtain the following materials:

2 Convection Tubes



1 smoke stick

1 120 mL plastic container


1 6” piece of plastic tubing

1 tea candle




ice

1 beaker or cup of water


Optional:  flashlight or black construction paper

2. Connect the convection tubes by placing an end of the plastic tubing on the nozzle of each convection tube.  Connect the convection tubes so that the numbers on the thermometers in each tube are facing you.

3. Fill the plastic container with ice and place it under one of the convection tubes.  Light the tea candle and place it under the other convection tube.

4. Using a match, light the smoke stick.  Blow out the flame so that the smoke stick is smoldering.

5. Place the smoke stick inside the top of the convection tube that is over the container of ice.  Hold it there for several minutes.  Observe the movement of the smoke inside the convection tubes.

NOTE:  If it is hard to see the smoke in the tubes, place black paper behind the convection tubes or shine a light down into the top of the tube that is over the tea candle.

6. Extinguish the tip of the smoke stick in water. Wait several minutes to allow the smoke inside the convection tubes to dissipate.

7. Cut off the wet tip of the smoke stick with a pair of scissors and relight the stick.  Blow out the flame so that the smoke stick is smoldering.

8. Place the smoke stick inside the top of the convection tube that is over the tea candle.  Hold it there for several minutes.  Observe the movement of the smoke inside the convection tubes.

9. Extinguish the tip of the smoke stick in water and answer the following questions.

Data 
First draw a picture of the equipment used in this activity.  Draw arrows showing the direction that the smoke traveled through the convection tubes.
Questions

1. Why did the smoke rise out of the “warm” convection tube?

2. Why did the smoke go down into the “cool” convection tube?

3. Scientists refer to the movement of smoke that you just observed as a convection current.  What is the common term for the movement of air from one place to another?

4. During the day at the beach, there is often a breeze blowing from the ocean onto the land.  How does this relate to what you just observed using the convection tubes?
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