Name:____________________


Period:_____

Adiabatic Heating & Cooling (Station 1)
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Adiabatic Heating means to change the temperature of a material without adding any heat.  For example, it gets hot without putting it on the stove.  If you spread out a material, you will also spread out its heat and its temperature will drop.  If you compress a material, the heat gets more concentrated and the temperature goes up.

Start Data Studio on your laptop.

· Create Experiment

· Attach the thermometer into the first port.  
· Select the temperature sensor (the top one) from the list.

· Double-click the thermometer and set the sample rate to be 5 seconds.  You must choose the “slow” setting. 
· Set the thermometer to measure degrees Celsius.
· Attach the pressure sensor into the second port and select the pressure sensor (absolute) from the sensor list.
· Select Data Table as your display type.  (Drag the table into the center of the screen.)

Go Mobile!

· Unplug the power jack from the black box- make sure that the battery light is still lit.

· Click “Experiment”, then “Disconnect for logging”.  This lets the box record data while not connected to the computer.

· Click “no” when it asks “do you want to save.” 

· Click “no” when it asks “do you want to print.” 

· Disconnect the computer cable from the back of the black box.

· Place the entire box and probes on the platform of the vacuum table.

· Make sure that it all fits inside the glass dome.

· Press the “logging” button on the front of the black box.  It will blink slowly for 10 seconds before starting to collect data.

· Place the dome over the equipment and turn the pump on.

· When the dial on the pump hits “70” turn the pump off.

· Unscrew the screw at the base of the jar to let air back into the chamber.

· Remove the glass dome.

· Press the “logging” button to stop data collection.

· Reconnect the computer cable.

· Click “experiment” then “connect to interface”.

· Click and drag both of the “Run #1’s” into the data table to view your data.

Record your data on the chart below.  Then make a graph with the two lines vs. time.
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1. When the air is sucked out of the chamber the remaining air expands to fill the chamber.  What happens to the pressure as air expands?

2. When you open the screw that lets air back in, the air inside gets compressed by the entering air.  What happens to the pressure as air is compressed?

3. Describe what happens to the temperature as the pressure increases.

4. Describe what happens to the temperature as the pressure decreases.

5. As you rise into the atmosphere, what happens to the air pressure?

6. As air rises into the atmosphere, what should happen to its temperature?

7. As we all know, hot air rises.  But as the air rises, what will happen to the temperature of the hot air?

8. What is the relationship between expansion and compression with temperature?

9. Why do you think the temperature changes when you expand or compress the air?
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Name:____________________


Period:_____

Air Pressure (Station 2)

Air Pressure, or Barometric Pressure, is the weight of the air above you.  It is measured and expressed a few different ways.  You have probably heard of air pressure expressed as “pounds per square inch” (lbs/in2). For example, some bicycle tires have a pressure of 40 lbs/in2.  This means that on every square inch there is a force equal to 40lbs pushing on the tire.


In meteorology, barometric pressure is measured in 2 ways: millibars and “inches”.  “Inches” refers to “inches of Mercury” (sometimes “inches of Hg”)  which is how high air pressure would push mercury up a tube.  On the nightly news, air pressure is given in inches.  Normal air pressure is about 29 inches.

Normal air pressure at sea level was given the value of about 1 bar when the system was invented.  If you double the pressure it is 2 bars.  But air pressure doesn’t change by entire bars so one bar was divided into 1000 smaller pieces called millibars.

On a weather map, barometric pressure is put into a “code” to save space.  The code is simply the last 3 digits of the pressure without the decimal point.  For example:

1012.5 125

996.4 964

987.0 870

1000.0 000

1004.0 040

On the accompanying map, draw isobars.  Connect points of equal air pressure (make isobars) with an interval of 4.0 millibars (040) starting at 000 and going up and also down by 040.  The list of isobars you are to draw are on the map in Canada.

· Find the highest pressure on the map and label it with a large “H”.

· Find the lowest pressure on the map and label it with a large “L”.

Questions
1. Calculate the pressure gradient (you have to convert from code to regular air pressure) between CPR, Wyoming and MIL, Wisconsin in mb/miles.

2. Calculate the pressure gradient gradient (you have to convert from code to regular air pressure) between LIT, Arkansas and PIT, Pennsylvania in mb/miles.

3. Which of the last two gradients (CPR, Wyoming and MIL, Wisconsin & LIT, Arkansas and PIT, Pennsylvania) has the steepest gradient?

4. What do you notice about the spacing of the isobars in those two regions (CPR, Wyoming and MIL, Wisconsin & LIT, Arkansas and PIT, Pennsylvania)?

5. Wind flows from high pressure to low pressure.  What general direction will the wind flow across the US on the day this map was made?

6. Sinking air creates high pressure because it pushes down on the surface as it sinks.  What kind of temperatures (hot or cold) will make high pressure?

7. Based only on the air pressures on this map, where would you expect the highest temperatures and the lowest temperatures?

8. Rising air makes clouds.  Sinking air does not. Based only on the air pressures on this map, where would you expect to find clouds on this map, and where would it be clearest?

Name:____________________


Period:_____
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Rain Cloud Formation (Station 3)

When water evaporates, it turns into water vapor.  Water vapor is water in the gaseous state and is invisible.  If you see steam or water droplets, what you see is water vapor that has re-condensed into liquid water droplets.

Whenever water condenses, it needs a surface to condense onto.  Dew forms on blades of grass and hoods of cars.  In the air where there are no surfaces, water will condense on any small solid object floating in the air.  The Condensation Nuclei are critical to cloud formation.  If there are no condensation nuclei, a cloud will not form no matter how moist the air is.

Snow

If frost was frozen drops of dew, then frost will be frozen bumps of water- which it is not.  If dew freezes it will form frozen dew.  So what is frost?  Frost is water vapor the goes directly from water vapor into frozen water- it skips the liquid phase.  This process is called Sublimation.  At ground level frost forms on surfaces that are below freezing.  In the air, it will form a snow flake.

Making Snow Procedure 

(only if dry ice is available)

Warning: Dry Ice is colder than 100(F below zero.  It is cold enough to cause instant frostbite.  “It is cold enough to burn”.  DO NOT TOUCH THE DRY ICE

· Wet the sponge inside the bottle bottom with water.

· Hang a paper clip from the string attached to the sponge.

· Turn the bottle upside down and place the bottle bottom on top so that the paper clip hangs inside the bottle.

· Stand the bottle, upside down, inside the plastic pot and place the whole thing into the Styrofoam cooler.

· Carefully add the dry ice around the bottle.  Do not worry about any dry ice that spills into the cooler.

· Close the lid and allow it to chill.  Check it every once in a while.

Cloud Making Procedure

· Fill a 2-liter bottle with only a few drops of water and swish around a little.

· Cap with a “sports cap” (The ones I’ve been bugging you to bring in.) and make sure that the top is closed.

Phase I- No Condensation Nuclei

· Squeeze the bottle very tightly for two seconds (1-Mississippi, 2-Mississippi) and release.

· Observe what happens inside, but do not record your observations yet.

· Squeeze and release a few times just like the first.

Phase II- With Condensation Nuclei

· Set up the bottle the same as before except this time open the sports cap and squeeze the bottle to push out some air.

· Have your partner light a match, wait a few seconds and then blow it out.

· Suck a little smoke into the bottle through the sports cap.  When the bottle is filled with air and a little smoke, close the cap.

· Squeeze for 2 seconds and release.  Observe what happens.

· Repeat squeezing a few times.  Observe what happens.

Cloud Research

Go to the following web site and answer the questions below:

http://vortex.plymouth.edu/cloud.html

1. Which category of cloud makes rain?

2. What are the puffy clouds during fair weather called?

3. Which type of cloud produces heavy rain and lightening?

4. A halo around the moon may be caused by the ice crystals in what type of high altitude cloud?

5. How high can a cumulonimbus cloud get?

6. This type of cloud will often make a gray rainy day.

Lab Questions

7. What happened in the bottle with no condensation nuclei?

8. What happened in the bottle with condensation nuclei?

9. When you squeeze a bottle you increase the pressure.  Does a cloud like high pressure or low pressure?

10. When you squeeze a bottle you also increase the temperature.  Does a cloud like high temperatures or low temperatures?

11. As compared to the ground, what are the temperatures and pressures like high in the sky?

12. In and on your “frost bottle” are places where water froze.  What does the ice look like where drops of water froze?

13. What does the ice look like where the water sublimed from water vapor directly into solid water?

14. Using the microscope camera, find a good patch of frost on the thread and sketch it below.  Do not leave the top off too long or the frost will melt.

Name:____________________


Period:_____

Dew Point Temperature (Station 4)
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Dew Point Temperature is the temperature at which condensation takes place if you were to cool the air.

Dew is a droplet of water that forms on the surfaces of cool materials.

Condensation is the process of changing water vapor into liquid water. 

Start Data Studio on your laptop:
· Create Experiment

· Attach the thermometer into the first port.  

· Select the temperature sensor (the top one) from the list.

· Double-click the picture of the thermometer and set the thermometer to measure degrees Celsius.

· Double-click “Digits” as your display type.
· To start collecting data, hold down the “Alt” button  and press “M.”
· Fill a large beaker half-way with water room temperature water from the fish tank (no fish in it).  Pour out half of the water.

· Add an ice cube, mix the water, check the outside of the beaker for condensation.

· After you mix the water and the ice melts, add another cube.

· Continue, adding ice, one cube at a time, until you see water droplets form on the outside of the beaker.

· Record the temperature of the water- this is the current dew point temperature.

· Go to the weather station in the rear of the room and record the current outside temperature in Degrees Celsius.


Get a piece of graph paper and graph the following data for a day where the air temperature is 83(F.  Make one line for relative humidity (RH) and another for dew point temperature.  The left vertical axis will be in % for the RH and the right vertical axis will be in (F for the DPT.

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	RH%
	example
	DPT

	R.H. (%)
	44
	49
	55
	61
	66
	72
	79
	86
	93
	100
	
	use graph paper
	

	DPT ((F)
	60
	64
	66
	70
	74
	75
	78
	81
	82.5
	83
	
	123456789
	


Questions

1. According to the graph, what happens to the Dew Point Temperature as the Relative Humidity goes up?

2. When the Relative humidity gets to 100% on the day the data was taken (air temperature = 83(F), how high did the Dew Point Temperature get?

3. If the air temperature was 56(F one day and the Relative humidity was 100%, what would the Dew Point Temperature probably be on that day?

4. Describe the relationship between Dew Point Temperature/Air Temperature and Relative Humidity.
5. Considering your answer to question 4, would you describe today’s conditions as being dry or humid?

Name:____________________


Period:_____

Evaporation & Relative Humidity (Station 5)

Procedure 1: Evaporation and surface area

1. Cut 2 pieces of paper towel 2 meters for each.

2. Label one as “crumpled” and the other as “flat”.

3. Crush the towels into 2 loose balls.

4. Thoroughly soak each ball.

5. Crush the balls some more to get the excess water out.

6. Weigh each ball separately on the electronic scale.  BE SURE TO REMOVE ANY WATER ON THE SCALE BETWEEN WEIGHINGS.



Do not mix up the towels.

7. Leave the “crumpled” towel on the counter still balled up.

8. Spread out the “flat” towel so that it loosely lies on the counter.  Do not flatten and stick it to the counter.

9. Allow the water to evaporate for the majority of the period.  Go on to the next procedure and come back to this later.

Later that day…

10. Weigh the mass of each towel (they do not have to be completely dry).  You may re-crumple the “flat” towel just do not wring out any water.



11. Calculate the difference in mass for each towel from start to finish.




Procedure 2: Evaporation & Temperature.

Start Data Studio on your laptop:
· Create Experiment

· Attach the thermometer into the first port.  

· Select the temperature sensor (the top one) from the list.

· Double-click the picture of the thermometer and set the thermometer to measure degrees Celsius.

· Double-click “Digits” as your display type.

· To start collecting data, hold down the “Alt” button  and press “M.”


1. Using the temperature probe, measure the air temperature in the room.

2. Place the temperature probe into the beaker of room-temperature water and measure that temperature.

3. Using a rubber band wrap the thermometer tip with a piece of gauze.

4. Dip the tip into the room-temperature water and remove.  DO NOT SHAKE THE THERMOMETER.

5. Wait 30 seconds and measure the temperature of the wet, gauze-wrapped thermometer.

6. Hang the gauze-wrapped thermometer from the ring stand clamp.  Point the olde fashioned hair dryer thing at the gauze and turn on the fan but not the heat.  Let it blow on the thermometer for 30 seconds.

7. Record the new temperature.


Procedure 3: Evaporation & Temperature Revisited

Repeat the last procedure from step 4 but do all the steps inside the glass tank.  The tank has water in it and is closed so that the humidity is near 100%.


Questions

1. If the two paper towels changed their mass, what about them changed so that they got lighter?

2. Which one lost the most mass and why?

3. What does “surface area” have to do with the first procedure?

4. When water evaporated from the thermometer what happened to the temperature?

5. According to the answer to the last question, when water evaporates what does it take with it (besides water)?

6. Compare the results of procedure 2 & 3.  Would the wind cool you more on a dry day or a humid day?

7. A fan only moves air of the same temperature around.  How then does it make you feel cooler?

Name:____________________


Period:_____

Pressure Gradient, Wind Speed & Cloud Cover (Station 6)

You will need the “Saturday September 26, 1964 weather map for this activity.

Write the equation for gradient below:

Using the main map, calculate the barometric pressure gradients between the following cities.  Show all work.  

Notes:

· The scale of the map is approximately 70 miles per cm.

· Use the closest station models to the cities listed.

· On a weather map, barometric pressure is put into a “code” to save space.  (See your reference tables pg 13 for the location of the air pressure code.)  The code is simply the last 3 digits of the pressure without the decimal point.  For example:

1012.6 126

996.5 965

987.0 880

1001.0 010

1005.0 050

Information on reading wind speed on a weather map is located in the map key and also on page 13 of your Handy Dandy Earth Science Reference Tables.
1. Columbus, OH & Huron, SD.  FOR ALL GRADIENTS: convert code into the real barometric pressure,

2. Columbus, OH & Houston, TX

3. Houston, TX & Grand Rapids, MI

4. New Orleans, LA & Midland, TX

5. Helena, MT & Fargo, ND

Fill in the chart below:

	
	Paired cities above with the highest gradient.
	Paired cities above with the lowest gradient.

	Names of cities
	
	

	Gradient
	
	

	Approximate wind speed in between the two cities
	
	


6. According to this chart, what is the relationship between gradient and wind speed? (Consult your reference tables pg 13 for the key to wind speed.)

7. Find an “L” (Low pressure center) on the map.  What is the pattern of wind directions in the area surrounding the L? (inward, outward/ clockwise, counterclockwise)

8. Find the H near the East Coast.  There are several station models near the innermost isobar.  Why do the two cities closest to the highest pressure have calm winds?

9. Pick any 4 stations near the L.  Describe the amount of clouds in the area as indicated by the circles of the station models.

10. Pick any 4 stations near the H.  Describe the amount of clouds in the area as indicated by the circles of the station models.

11. According to the last two questions, which type of pressure is associated with “bad weather”?

Name:____________________


Period:_____

Phases of Water (Station 7)

Take Lab 6-3 from your lab book.

Modifications to the lab:

· Fill the beaker completely with ice and no water.

Start Data Studio on your laptop:
· Create Experiment

· Attach the thermometer into the first port.  

· Select the temperature sensor (the top one) from the list.

· Double-click the picture of the thermometer and set the thermometer to measure degrees Celsius.

· Double-click “Digits” as your display type.

· To start collecting data, hold down the “Alt” button  and press “M.”

· Set the measuring rate (double click the thermometer picture) to 30 seconds.

· Set the hot plate to “high”.

· Select the Data Table Display.

· You may use the probe to mix the ice/water.  NEVER USE A GLASS THERMOMETER TO STIR.

· Make sure the thermometer never touches the hot plate surface.

· Do not let the thermometer rest on the bottom of the beaker.

· Occasionally touch the mouse pad to prevent the computer from going to sleep.  If it does go to sleep, press the power button once and wait for it to wake up.
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