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Chapter 17 - Air Pressure and Wind

Factors Affecting Wind (p. 472–476)

In Homework Assignment #10, you found out that wind is caused by horizontal (sideways)
 differences in air pressure. We now focus on how the Coriolis effect acts to modify wind direction. Remember, however, that the Coriolis effect cannot cause the wind to blow.

A.
Coriolis Effect (p. 473)

1.
“All free-moving objects, including the wind, are deflected to the…


    right   /   left    of their path of motion in the Northern Hemisphere and to the


    right   /   left    [of their path of motion] in the Southern Hemisphere.”

2.
The Theoretical Rocket Launched from the North Pole (Figure 17.4 on p. 475): 

Description of What the Diagram Shows: A rocket is launched from the North Pole straight toward a target on the Equator. The rocket takes one hour to reach the equator but it does not hit the target. Instead, it hits a point 15° west of the target.

a.
If you were an astronaut sitting on the moon (preferably during a new moon so that the Earth, as seen from the moon, was “full”--think about it!), and you were tracking this flying rocket, you would see that the rocket was really traveling…


in a straight line     /    along a curved path .

b.
In your own words, explain why the rocket hits a point 15° west of the target. 

Highs and Lows (p. 476–478)

A.
Definitions

1.
At a low pressure center (cyclone), pressure    decreases   /   increases     from the outside toward the center.

2.
At a high pressure center (anticyclone), pressure    decreases   /   increases     from the outside toward the center.

B.
Cyclonic and Anticyclonic Winds (in addition to reading the text, study Figure 17.8 on p.477)

1.
Cyclonic Winds

a.
In the northern hemisphere, winds blow      inward   /   outward      and  


clockwise  /  counterclockwise     around a low pressure center. 

b.
The (map view) diagram below shows the wind directions in the vicinity of a low-pressure center, if there were no Coriolis effect. Add arrows to this diagram, showing which way the winds actually do blow (due to the Coriolis effect). Check the right half of Figure 17.8 on p. 477 to see if your diagram matches reality.
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2.
Anticyclonic Winds

a.
In the northern hemisphere, winds blow      inward   /   outward      and  


clockwise  /  counterclockwise     around a high pressure center. 

b.
The (map view) diagram below shows the wind directions in the vicinity of a high-pressure center, if there were no Coriolis effect. Add arrows to this diagram, showing which way the winds actually do blow (due to the Coriolis effect). Check the left half of Figure 17.8 on p. 477 to see if your diagram matches reality.
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C.
Weather Generalizations About Highs and Lows

1.
Rising vs. Sinking Air

a.
Rising air is associated with     clouds and precipitation     /     clear skies    .

b.
Sinking air is associated with     clouds and precipitation     /     clear skies    .

2.
Air circulation around a surface low pressure system

a.
For a low pressure center to continue to exist at the earth's surface, the air located high above the ground must be flowing in such a way as to keep the surface air pressure--at the low pressure center--low, even though air at Earth’s surface is flowing in from all sides. The left side of Figure 17.9 on p. 478 shows one type of air circulation pattern that could cause the low pressure center to keep its low pressure


Draw arrows on the diagram below to show this air circulation pattern. 
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b.
Air tends to    sink   /   rise      at surface low pressure centers. Thus surface low pressure centers are associated with      clouds and precipitation    /    clear skies    

3.
Air circulation around a surface high pressure system

a.
For a high pressure center to continue to exist at the earth's surface, the air located high above the ground must be flowing in such a way as to keep the surface air pressure--at the high pressure center--high, even though air at Earth’s surface is rushing away in all directions. The right side of Figure 17.9 on p. 478 shows this movement of air. 


Draw arrows on the diagram below to show this air circulation pattern. 
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b.
Air tends to    sink   /   rise      at surface high pressure centers. Thus surface high pressure centers are associated with      clouds and precipitation    /    clear skies   .

4.
In the mid-latitudes of the Northern Hemisphere, high- and low-pressure centers tend to migrate…




from the west to the east   /   from the east to the west.

5.
In addition to measuring pressure, temperature and wind conditions at the earth's surface, weather forecasters must also measure the patterns of air flow high above the ground.  Why?

General Circulation of the Atmosphere (p. 478–481)

A.
The underlying cause of wind on Earth is…     

.

1.
In tropical regions, the ground and the overlying atmosphere receive     more    /    less     radiant energy from the sun than they radiate back into space.

2.
In polar regions, the ground and the overlying atmosphere receive     more    /    less     radiant energy from the sun than they radiate back into space.

3.
How do atmospheric winds act to transfer energy from the tropics to the poles?

B.
Global air circulation on “a hypothetical non-rotating planet with a smooth surface of either all land or all water” (In addition to reading the text, see Figure 17.11 on p. 479)

1.
Describe and draw the circulation of air on such a hypothetical planet:
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2.
Why would air rise at the equator? 


Hint: it has to do with density and buoyancy.

3.
Why would air sink at the poles? 


Hint: it has to do with density and buoyancy.

C.
The Trade Winds


For Your Information: The real Earth rotates. As a result, we do not have just two convection cells--1) from the equator to the north pole and 2) from the equator to the south pole. Instead, we have a much more complex pattern of convection. The air circulation at latitudes higher than 30° is especially complicated--that is why our weather is so “interesting.” However, there does appear to be one coherent rather simple convection cell in each hemisphere, extending from the equator to about 30° latitude. These convection cells, called the “Hadley Cells,” are shown in Figure 17.12 on p. 480. The Hadley Cells nicely explain the trade winds. 


Note: To figure out the answers to the questions below, think about your answers to previous questions in this homework assignment. You will also want to use what you learned in the lab activity on global air circulation.

1.
Air rises at the equator because it is warm, has a low-density, and is therefore buoyant. 

a.
Air pressure aloft at the equator is therefore    higher  /   lower    than it is at the poles. (circle the correct answer)

b.
Surface air pressure at the equator is therefore    higher  /   lower    than it is at the poles. (circle the correct answer)

2.
The air that rose near the equator, now located aloft, tries to blow toward the poles. 

a.
Why does the air aloft try to blow toward the poles?


This air aloft, which is trying to blow toward the poles, is deflected a bit by the Coriolis effect but it does generally make its way poleward. As it does so, this air radiates energy and cools. Eventually, at about 30° latitude, much of the air cools and compresses enough to lose its buoyancy. As a result, it sinks.

b.
Surface air pressure at 30° latitude is therefore  higher  /  lower   than it is at the equator.    (circle the correct answer)

c.
As a result, the surface winds (the Trade Winds) try to blow (circle the correct answer)


from the equator toward 30° latitude    /    from 30° latitude toward the equator  
d.
In the northern hemisphere, the Coriolis force causes these winds to be deflected toward the     right      /      left       (circle the correct answer).

e.
Thus the surface winds (the Trade Winds) between 0° and 30° N. latitude blow from
 the      
. (see Figure 17.12 on p. 480)

f.
In the southern hemisphere, the Coriolis force causes the winds to be deflected toward the  right   /   left      (circle the correct answer).

g.
Thus the surface winds (the Trade Winds) between 0° and 30° S. latitude blow from2 the      
.  (see Figure 17.12 on p. 480)

Local Winds (p. 482–483)

Sea and Land Breezes (In addition to reading the text, study Figure 17.14 on p. 482)

Additional Information Not Given by the Book: 

Whenever any type of matter (rock, soil, sea water, atmospheric gas) absorbs radiant energy, its temperature increases. However, two different kinds of matter can absorb the same amount of radiant energy but increase their temperature by different amounts. For example, it takes more energy to cause a 1° temperature rise in a given amount of water than it takes to cause a 1° temperature rise in the same amount of rock. As a result, if a large body of water (such as the Pacific Ocean) and a large chunk of rock (such as a California beach) both soak up the same amount of solar energy on a sunny day, the land will become warmer than the water does. 

Similarly, whenever any type of matter (rock, soil, sea water, atmospheric gas) emits radiant energy, its temperature decreases. However, two different kinds of matter can emit the same amount of radiant energy but decrease their temperature by different amounts. For example, when a given amount of water emits a certain amount of radiant (infrared) energy, it experiences a less dramatic drop in temperature than when the same amount of rock emits the same amount of radiant energy. As a result, if a large body of water (such as the Pacific Ocean) and a large chunk of rock (such as a California beach) both emit the same amount of infrared radiation on a clear dark night, the land will become cooler than the water does.

1.
During daylight hours, especially in the afternoon, a breeze typically blows from the sea toward the land. This is called a sea breeze. Explain why this breeze occurs, using your understanding of convection (including how temperature changes cause changes in volume, density and buoyancy). 

2.
During the night, a breeze typically blows from the land toward the sea. This is called a land breeze. Explain why this breeze occurs, using your understanding of convection (including how temperature changes cause changes in volume, density and buoyancy). 

Chapter 16 – Moisture, Clouds, and Precipitation

Note:
The remainder of this homework assignment will guide you to skip back and forth within Chapter 16 and to read the Supplemental Reading on Clouds in this course packet. To avoid confusion, pay careful attention to the page numbers listed for each section. I have arranged the readings in an order that seems most effective for constructing an understanding of how and why clouds form. The format is one of a puzzle (how and why do clouds form?). If my suggested order doesn't work for you, feel free to read the various passages in any order you like, including the order in which they appear in the book.

Puzzle Piece #1: What are clouds?

Read the 1st section of the Supplemental Reading on Clouds (p. D-29 of the course packet)

A.
What are clouds made of?

Puzzle Piece #2: How do clouds form?

Water’s Changes of State (p. 434–436 of the textbook)--Read only enough of this section to get the information you need to answer the questions below.

A.
What is the difference between “water vapor” and “water?” (see Figure 16.2 on p. 435)

B.
Liquid / Gas Change of State (p. 435)

1.
What is evaporation? 


2.
What is condensation? 


C.
The roles played by these changes of state

1.
Which of these changes of state causes water to go into the air?         

2.
Which of these changes of state results in the formation of clouds?          

Puzzle Piece #3: 
Evaporation and condensation are affected by humidity. What is humidity and what causes it to change?

Humidity: Water Vapor in the Atmosphere (p. 436–441 of the textbook)

A.
Basic Concepts

1.
What is the definition of the term humidity?  






2.
Describe what it means to say that air is saturated with water vapor?

3.
Water vapor capacity

a.
What is meant by the water vapor capacity of air?
b.
The higher the air temperature the    greater   /   smaller    the water vapor capacity of that air (circle the correct answer).


Hint:  Examine Table 16.1 on p. 437. It shows how many grams of water vapor a kilogram (1000 grams) of air can hold at various air temperatures.
4.
Relative Humidity

a.
What is meant by relative humidity?
b.
On Figure 16.4A (p. 438), it states that the relative humidity of the air in the flask is 25%. Explain how the authors of the book arrived at this answer.

c.
When air is saturated with water vapor, what is its relative humidity? 



B.
Two Ways to Increase the Relative Humidity of the Air

1.
Describe how method #1 (shown in Figure 16.4 on p. 438) causes relative humidity to increase.

2.
Describe how method #2 (shown in Figure 16.5 on p. 439) causes relative humidity to increase.

C.
Dew Point Temperature (p. 438)

1.
What is meant by dew point temperature?

2.
On Figure 16.5 (p. 439), what is the dew point temperature for the air in Flask A (Initial Condition)? Explain the reasoning behind your answer.

3.
If Flask A in Figure 16.5 (p. 439) had 10 grams of water vapor in it, instead of only 7, would its dew point be the same as it was when the flask had 7 grams of water vapor in it? If not, would the dew point be higher or lower? Explain the reasoning behind your answer.

4.
What happens when air is cooled to a temperature below its dew point temperature?

Puzzle Piece #4:
What causes warm moist air to cool to its dew point temperature, thereby causing condensation of water vapor?

In your own words, write your answer to this question here:

Puzzle Piece #5:
What could cause air to expand?

In your own words, write your answer to this question here:

Puzzle Piece #6: What causes air to rise? (See pages 442–445 of the textbook)

List and explain the four “processes that lift air”

a.

b.


c.


d.

Puzzle Piece #7: What causes air to sometimes continue to rise, even as it cools?

In your own words, write your answer to this question here:

� Vertical differences in air pressure do not cause wind. If the pressure gradient force and the force of gravity are out of balance, air may rise or sink but we do not consider such air movement “wind.”


� Meteorologists always name winds by the direction from which they come, not the direction they are going. For example, a west wind comes out of the west (and blows toward the east).
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