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Some Comments on the Real Exam

• This exam covers all material related to meteorology. Specifically, this exam covers all of Part D of your course packet.

• The real exam will consist of 10 multiple-choice questions (worth 40 points), 5 to 7 essay questions (some divided into parts) and problems (the essay questions and problems are worth at total of 60 points).

• As usual, you will be allowed to bring in one 8.5 x 11 inch “cheat sheet.”

• As usual, you will take the multiple-choice part of the exam twice, once on your own and once with your group. You will receive 2 points for each right answer on the individual exam and 2 points for each right answer on the group exam.

• Be sure to bring the following items to the exam: 
Sliding Humidity Scale










Calculator

Part 1:  Modeling a Temperature Inversion in a Valley

Introduction:
In this activity, you will model the movement of air in a valley during a calm clear long night (the ideal conditions for forming a temperature inversion); under these conditions, the ground cools a great deal and quite rapidly, cooling the air near the ground.  In this activity, you will use water to model the air.  You will use a bowl to model the valley; the bottom of the bowl represents the valley floor; the sides of the bowl represent the mountain slopes surrounding the valley.  
Materials:
Large clear pyrex bowl


Lukewarm water


Large piece of white paper


Red and blue food coloring


2 eye droppers


crushed ice

Activity:
1.
Fill the glass bowl with warm water and place it on the white paper.  

2.
To make it easier to see the movement of the water during the activity, add a dropper full of red food coloring. Stir gently and let the bowl rest until the food coloring is thoroughly mixed and the water stops moving.  The water and bowl now represent the air on a warm sunny day.

3.
To model the cooling of the air during the night, have each member of the lab group hold some crushed ice inside the bowl at the surface of the water. Place a drop of blue food coloring on each clump of ice as close to the edge of the bowl as possible (the idea is to have the food coloring trace the cold water that is melting off of the ice).  The melt water from the ice represents air that is cooled by the rapidly-cooling ground.

4.
Hold the ice against the side of the bowl until it is almost completely melted.  Add blue food coloring as needed, so that you can continue to trace the water currents.

5.
Notice where the red water ends up and where the blue water ends up.

Questions:
1.
Using concepts you have learned in this class, explain any water currents you see during the experiment.


2.
Applying the model you just made to the real world situation of a valley surrounded by mountains, what kinds of air currents (winds) should occur on a cold clear night.  Why?


3.
At the end of the experiment, where is the water colder, at the bottom of the bowl or at the top of the water surface?  How do you know?  


4.
In a real world situation of a valley surrounded by mountains, temperature inversions--similar to the one you created in the bowl--typically form. Why is this situation called a “temperature inversion?”


5.
Complete the graphs below, showing the “temperature profiles” for the air under normal conditions and during a temperature inversion.
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6.
Suppose there is a city in the valley.  Will the resulting air pollution remain trapped in the valley or will it vent out of the valley?  Explain.


7.
What would it take to break up the temperature inversion and allow the air to mix vertically?  (Hint:  there are two ways to do it.)  

Part 2:  Making a Cloud you can Pour

Introduction:
You have made clouds several different ways. We chose to have each of you make a cloud using one of the particularly successful procedures invented by students who took this class in the past.
Materials:
1 gallon glass jug


crushed ice


#8 rubber stopper with hole drilled in it


bicycle pump with needle adapter made for inflating basketballs


matches

Activity:
1.
Cover the bottom of the bottle with crushed ice.  

2.
Add cold tap water until there is about an inch of ice water on the bottom of the bottle.

3.
Light a match and toss it in the bottle.  IMMEDIATELY cap the bottle.

4.
While holding down the cap, pump air into the bottle.  Continue pumping until you can't hold down the cap any longer and it “pops” off.

5.
Play with the resulting cloud, tipping the bottle back and forth.  Turn the bottle sideways and “pour” the cloud out.

Questions:
1.
Using the terms relative humidity, temperature, compaction and expansion, explain why the cloud formed. 


2.
Explain why the cloud “pours” down out of the bottle.

Part 3: Determining If, Why and Where Clouds Will Form in a Particular Situation


1.
The graph below shows a parcel of air with a temperature of 85°, located at the surface of the Earth; this graph also shows the temperature of the air at various heights above the ground. 
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a.
The parcel of air has a relative humidity of 50%. What is its dew point temperature? 


(Hint: use your sliding humidity scale)

b.
As this parcel of air rises, it expands and thus cools adiabatically. This cooling results in a 5.5°F temperature drop for every 1000 ft. rise in elevation. The parcel rises to 2000 ft. 

i.
What is the new temperature of the air parcel?

ii.
What is the new relative humidity of the air parcel? (Hint: use your sliding humidity scale)

c.
Will the air parcel continue rising? Why or why not?  

d.
To what elevation will this air parcel have to rise in order to form a cloud? Why?

e.
Will this parcel of air rise that high on its own, due to its natural buoyancy, or will it have to be forced to rise by a weather front, conditions on the windward side of a mountain range or  convergence of air? Explain the reasoning behind your answer. 

Part 4: Additional Essay Questions


1.
Explain why the prevailing winds in Hawaii are out of the east. Draw diagrams to illustrate your answer.


2.
Explain why afternoon thunderstorms are common in Florida but morning thunderstorms are rare.

Part 5: Multiple-Choice Questions


1.
The Earth's greatest deserts are located near 30° north and south latitude. This is probably because air is 
  and surface air pressure is  

 at those latitudes.

a.
sinking; high

b.
rising; high

c.
sinking; low

d.
rising; low

e.
moving eastward; highly variable


2.
In the experiment illustrated on the right, mercury has been placed in the beaker inside the Bell jar. A thin glass tube has been filled with mercury and then placed in the beaker of mercury as shown. 



If you pump the air out of the Bell jar, the level of the mercury in the glass tube will 
 because the pressure on the mercury in the beaker will 
.

a.
rise; increase.

b.
rise; decrease.

c.
fall; increase.

d.
fall; decrease.

e.
stay the same; stay the same.
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3.
Between 0° and 30° north latitude, surface prevailing winds are from the 
 because air that is trying to flow
 is deflected to the 
 due to the Coriolis effect.
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Note:  arrows match written directions (i.e. the visually-oriented can answer this question by choosing the correct arrow).


4.
You can lower the relative humidity of air by 
 the amount of water vapor in the air or by 
 the temperature of the air.

a.
increasing; decreasing.

b.
decreasing; increasing.

c.
increasing; increasing.

d.
decreasing; decreasing.

e.
increasing; you can't affect relative humidity by changing the temperature.


5.
Which of the following conditions can cause clouds to form?

a.
expanding air.

b.
high humidity.

c.
a lot of dust.

d.
a drop in air temperature.

e.
all of the above.


6.
When air descends (without exchanging any heat with the surrounding air), the pressure on the air 
 and the temperature of the air 
.

a.
increases; decreases.

b.
decreases; increases.

c.
increases; increases.

d.
decreases; decreases.

e.
increases; doesn't change.


7.
Does convection occur in the atmosphere?  Why or why not?

a.
No; because air expands when it rises. As a result, it cools and stops rising, halting the convection process.

b.
No; because the atmosphere is heated from above and convection occurs only if a fluid is heated from below.

c.
Yes; because, unlike solids (such as the Earth's mantle) or liquids (such as water), gases (such as the atmosphere) can convect even if they are heated from above.

d.
Yes; because the ground absorbs the sun's rays and heats up.  The warm ground then heats the air from below, causing convection.

e.
Yes, but it is rare and requires special circumstances such as a volcanic eruption or a man-made heater inside a room.


8.
A sea breeze (when the wind blows inland from the sea) occurs when the pressure of the 
 air above the water is 
 than the pressure of the 
 air above the land.

a.
cool; lower; warm

b.
cool; higher; warm

c.
warm; lower; cool

d.
warm; higher; cool


9.
 Clouds consist primarily of 

a.
smoke

b.
carbon dioxide

c.
ozone

d.
H2O vapor

e.
liquid water
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