Name_______________________ Period_____
Note Outline Chapter 11 –ATMOSPHERE
1. I can describe the composition of the atmosphere. This means that I can:

A. List the name and percentages of the two main gases in the atmosphere

B. Describe the importance of water vapor, carbon dioxide, and ozone.
2. I can compare and contrast the various layers of the atmosphere. This means that I can:

A. List the layers in order.

B. Describe how the temperature varies with altitude in the troposphere and stratosphere.

C. Explain what causes the stratosphere to increase in temperature and what causes the other layers to decrease.

D. Name the boundaries between the layers.

E. Identify special characteristics in the troposphere and stratosphere.

3. I understand the 3 methods of transferring energy (radiation, conduction, convection) throughout the atmosphere. This means that I can:

A. Identify characteristics of the earth’s surface that increase or decrease the amount of radiation that is absorbed.

B. Describe what part of the earth or atmosphere each method of energy transfers heat to/from, and how the heat is transferred.
4. I can describe the various properties of the atmosphere and how they interact.  This means that I can:

A. Explain how temperature and density are related.  

B. Describe causes of temperature inversions and the effect of temperature inversions on pollution. 

5. I can explain why atmospheric properties (air pressure, density, temperature) change with changes in altitude.
6. I can explain how clouds are formed.  This means I can:

A. List the 3 requirements for cloud formation, describe why they are needed and how they interact.

B. Describe & explain the 2 main lift mechanisms that drive air upward and facilitate cloud formation.

C. Compare & contrast humidity and relative humidity.

D. Explain the concept of dew point and relate it to cloud formation.
7. I can identify the basic characteristics of different cloud groups; cumulus, stratus, cirrus, cumulonimbus, fog. This means that I can:

A. Discuss features of each group.

B. Compare and contrast the 2 types of fog, identify the fog cloud type and explain how fog occurs.

8. I can determine the relative humidity in the following 2 ways. I can:
1. Use a sling psychrometer and its data table to determine the relative humidity of air.

2. Calculate the relative humidity if given the humidity and the water vapor capacity of a given air parcel.

9. I can compare and contrast various phase changes, including whether heat energy is absorbed or released.

10. I can describe the water cycle using the following terms and describe their interrelationships: evaporation, condensation, collision-coalescence, and precipitation.
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I can define and use the following miscellaneous terms: heat, dew point, saturation, condensation, lifted condensation level (LCL), humidity, relative humidity, condensation nuclei, orographic lifting, frontal wedging, stable atmosphere, unstable atmosphere, latent heat, collision-coalescence.
Atmosphere
Composition/Main Components:
· 78% _______                                                                         
· 21% _______
· 1% mixture argon,  ________, water vapor, H2, etc.
· *NONE of these gases are responsible for the atmosphere absorbing incoming sunlight/solar radiation (energy). 

How DO CO2 and H2O affect atmospheric temp?
1. They do NOT absorb incoming solar radiation
A. They ______________the Sun’s incoming UV & visible ligh(short wavelength) radiation through to Earth’s surface.
B. INSTEAD, they ___________the infrared (longer wavelength) heat energy that is _________________ from the warmed surface of the Earth
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2. CO2, Carbon dioxide
A. Greenhouse gas:
· GOOD at natural levels for __________________________
· BAD when increased by _______________________, causing  _________________________
B. Human actions that lead to increased CO2 levels:
· MAIN cause: ________________________________________________________________
· In addition, _________________________ increases levels because there are fewer trees to 
take in CO2 for ______________________________
3. Water Vapor
A. Unusual: It is the only substance in atmosphere in 3 “______________”
i. As water changes state, it ______________________ heat, and weather and climate are created
B. Weather and climate importance: Formation of ___________________________________
C. Greenhouse Gas:
· Water vapor Is the ______________________________ GHG in the atmosphere
· Has the____________________ impact on temperature compared to all the other GHGs. 

(It traps 2/3 of all the heat trapped in the atmosphere, because it is the most abundant.)

D. Global warming – Is it occurring?  What is it’s cause?  What is its effect?  We’ll investigate further in the Climate Unit!!
4 Main Layers of the Atmosphere + the Exosphere
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1. Troposphere- First layer, closest to earth
A. Temperature _____________ with altitude. It is ____________________ near Earth. 
· Why does temperature decrease with altitude? 
· Less gravity means fewer particles & fewer collisions so lower temperature
B. Layer with the most mass
C. Has the ____________gas concentration. It has more__________ and _____________ than  other layers 
D. _________________________________________  forms here
E. Upper limit/boundary is called the ____________________________
2. Stratosphere: 2nd layer from Earth
A. Mostly ozone (O3), which ________________. The layer becomes __________ due to absorbed UV.
· Benefits of ozone:  Protects us from harmful UV rays.

· Concern that ozone layer is thinning: If so may see increase risk of ____________________ due to DNA damage from increased UV exposure

B. Temperature___________________ with altitude.  The warmest part of the stratosphere is at the _______.
C. Upper limit/boundary is called the  ___________________ .
Heat vs. Temperature – They are NOT the same thing!
Heat = The _____________________________ between systems/substances/objects/places

1. For heating to occur, the 2 substances/places must have different temperatures

2. Flow of energy (heat) flows from places of  __________energy (temperature) to places of ________ energy(temperature)
3. ***Heat fuels (causes) atmospheric processes and temperature measures the energy. 
Temperature = The measurement of how _____________________________ molecules are moving
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Related to the average speed of molecules                           
2. ________________movement = a higher temperature
3. ________________movement = a lower temperature
4. Measured in degrees F, C, or K (Kelvin)
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3 Methods of Heat Transfer
1. Radiation
2. Conduction

3. Convection

****The ___________is the original source of all energy in the atmosphere.  Energy is transferred in 3 ways:

RADIATION: transfer of energy through space by ________________________________: visible light, UV, etc.
1. Earth absorbs solar radiation (waves), & also sends it back to space

2. Not all radiation is absorbed by Earth:
A. Around 30% is __________________                                        
B. Around 15% ___________________________ before it hits earth
C. Only 50% of incoming radiation is actually ____________________________________
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3. Rate of Earth’s absorption depends on characteristics of area:
A. ________________________________
B. Material.   
· Land heats __________________,  water heats _____________________
4. Radiation doesn’t _____________________________ 
5. ____________________first warms the Earth and then the heat coming off of the Earth’s surface heats the
 air through ____________________________.

Conduction
1. Conduction is the transfer of energy through _________________________________ in _________ contact - TOUCHING
2. Occurs ______________ the Earth’s surface
3. Substances must be ________________ with each other
A. Example: pot of water on the stove 
B. Example: Hot chocolate cup to your hand

C. Example: Your body to a cold chair

4. Only air near Earth’s surface has particles close enough for ______________________
Convection
1. Convection is the organized motion/movement of large groups of molecules based on their relative ______

2. Convection is also defined as the transfer of energy by _____________________of a heated substance, the transfer of heat energy through a liquid and/or a gas.
· Example: How does hot water move in a pan when you cook pasta noodles?
3. Due to ____________________________ of gases or liquid (Part of the gas/liquid is heated faster)
4.  Convection carries heat energy ______________into the atmosphere than conduction
5. A _________________________________ is a cycle (circle) of _____________________________.
6. The Convection Process
A. Air above the conduction area becomes heated, ____________, becomes ____________ and _____
B. As it rises, it cools,_______________, becomes _____________, and__________________________
C. Reheats and rises.  This keeps repeating
D. This motion of air leads to clouds and different types of weather.
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Temperature Inversion

1. Usually temperature decreases with altitude in the troposphere
2. ________________ is where temperature increases with height (opposite of what’s expected)
3. Can worsen _____________________- because cooler polluted air is dense and trapped under the less dense warm air
Temperature, Pressure, and Density
Air Pressure & Density
1. Both decrease as you move higher above the earth, because __________________________
2. Less gravity means __________________air particles, which means a ___________ in pressure
3. This also means a _____________ in temperature because there are__________ particles ___________ 

4. Both pressure & density increase closer towards Earth’s surface because there are more molecules pulled by gravity and pressing down on you.
Temperature & Density

· Remember: Temperature is the average __________________________ of molecules
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· When temperature     ,   pressure      .  Then density     as the increased pressure causes molecules to spread apart

· When temperature     ,   pressure      . Then density    as the decreased pressure allows molecules to get closer.
Dew Point, Lifted Condensation Level, Wind & Humidity 

1. Dew Point = Temperature to which air must be cooled to reach saturation (until it can hold no more water)
A. __________________________: The point where air holds as much water vapor as it can
B. At this point water will ____________________________________
C. ________________________________ is when matter changes state from a gas to a liquid
D. Dew Point is  AKA “Condensation Point”

E. NOTE:     Dew  ≠   rain        &          Cloud condensation  ≠  rain
2. Vertical Temperature Changes
A. In the troposphere,  temperature ____________________ with altitude

B. Warm air rises until it reaches cooler atmosphere with the temperature of its dew point(condensation point)
C. Lifted Condensation Level (LCL) is the altitude where __________________________________
i. It is level with the _________________________________________.  
ii. Clouds form when water vapor condenses 
iii. See Fig. 11-8, p. 279
3. Humidity vs. Relative Humidity
A. Humidity is the _________________________ amount of ____________________ in the air
B. Relative humidity is a ratio comparing the humidity (Actual/absolute amount) to how much water vapor the

 air is CAPABLE of ____________________________ 

i. Warm air can hold ______________ water vapor
ii. Cold air is capable of holding ___________water vapor
iii. Relative humidity is expressed as percentage

· ___________ relative humidity = saturation
· Equation: Relative Humidity =  Actual Humidity ÷ Capacity   x  100%

iv. Relative humidity percentage is related to the probability of cloud formation & precipitation
Relative Humidity Practice: 
	Temp oC
	Water Vapor Capacity (g/m3)

	0
	5

	10
	9

	25
	23

	40
	51


1. Air at 25C contains 15g water vapor. What is its relative humidity? Show your work.
2. Air at 40C contains 15g water vapor. What is its relative humidity? Show work.
3. If a sample of air contains 9g of water vapor, what is its dew point?
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Pyschrometer Table Practice:        Wet-bulb depression = Temp dry bulb – Temp wet bulb
1. Using the table above: After slinging the psychrometer 50 times, the Dry-bulb temperature was 10C and the Wet-bulb reading was 7C.  Using the table above, what is its relative humidity?
2. If the dry bulb was 12C and the wet bulb was 1C, what is its relative humidity?
3. If both thermometers had the same temperature what would the relative humidity be?

Cloud Formation Requires 3 things: 
1. Water vapor
2. Condensation nuclei   
3. Lifting mechanism
1. Water vapor 
A. Clouds form when moist warm air rises, then cools & condenses at the LCL 
B. ____________________is the tendency to rise or sink due to _________________________ 
2. Condensation Nuclei are small particles in the atmosphere that ___________________ condense on, forming clouds
A. Examples: Dust,  salt, smoke particles
B. As air reaches area with temperature of its _____________, water vapor condense on the_____
3. Lift mechanisms:
· Warm, moist air does expand and rise, but to quickly form clouds, the warm, moist air must be forced 
upward ______________ than convection can carry it.

· **There are 2 main Lift Mechanisms :

1st Lift Method: Orographic lifting  = Lifting when wind encounters a __________________  and has nowhere to go but up
A. Air rises until it hits condensation temperature at the ___________ & clouds form

2nd Lift Method:  Frontal Wedging = Lifting when two air masses of different temperatures collide

A. Cold air is very _____________, therefore the warm air is forced ____ .

B. Warmer air mass is  ________ dense and _______.  Clouds form when the warm air reaches 

its__________________ temperature at its ______________

Types of Clouds There are many types of clouds.  You are responsible for the following five types which can be differentiated based on their shape and appearance.
1. Cirrus – ___________________.  Very high in the sky.  Looks stringy, wispy, curled up at end.  “Like hair”.
2. Cumulus = ______________________. Looks like cotton balls or popcorn.
3. Stratus = _________________________________.  Continuous cloud.  Looks like a sheet or blanket.
                    [image: image2.jpg]THE THREE DIFFERENT CLOUD TYPES





4. Cumulonimbus
A. It is a special storm cloud AKA __________________________
B. It is a “Vertical Development Cloud”. Develops and reaches through all altitudes from low to high in the troposphere.
C. Top has _________ crystals
D. Strong  ______________give the top an anvil shape
E. Capable of strong __________ and _____________, _______________________
5. Fog = _______________cloud that forms when dew point of water vapor is reached close to Earth’s surface
A. Many mechanisms can cause fog. We’ll discuss two in class that can cause this cooling close to ground. 
[image: image3.jpg]http://www.aztecsailing.co.uk/theory/Ch5-Fig-10-fog.gif

Warm wet air

Air cooled by surface

F o
0g condenses i, COLD SEA

Advection - fog caused when warm wet air flows over a cold surface

Ground loses heat
by radiation

Cold layer of air
near ground

Fog condenses

Radiation - ground cools by radiation, and fog forms as the air cools




1st Method: Radiation Fog – occurs on cool/clear/calm nights
A. Type of fog in Iowa
B. ______________________ from earth’s surface is lost to space with ________________
C. Air next to ground cools, becomes saturated & condenses
D. Fog goes away quickly when sun comes up. Why? ______
     2nd Method: Advection Fog – Moist warm ocean air moves over cold land
A. Occurs along coastal areas

B. Ocean stays warmer than land at night

C. Moist warm air from ocean moves the cooler land.

D. The air cools, becomes saturated & condenses

E. Fog goes away quickly when sun comes up. Why? ______


Latent Heat

Latent heat  is the energy absorbed by or released from a substance during a phase change from a gas to a liquid or a solid or vice versa

1. Evaporation: For liquid water to change to vapor, energy must be _______________________________
A. Energy is needed to spread out the molecules into the less dense vapor (gas)
B. Example: you must__________________ water to cause boiling and evaporation
C. The absorbed (added) energy is _____________________in the ___________________
2. Condensation & Cloud Formation: Latent Heat energy is __________________when condensation occurs

A. Condensation = Phase change from _______________________ to _____________water
B. For molecules to slow down and come closer together, latent heat energy is released (given off) during condensation
C. This released  heat energy  warms the atmosphere around the forming cloud, causing air to continue to rise.  
D. If lots of condensation & cloud formation occur, the latent heat energy ________ the atmosphere & 
causes air to ________________________ & _________________ to form.
Precipitation

1. Includes all forms of water, both liquid and solid, that fall from the sky

A. Rain, snow, sleet, hail, etc.

B. Caused by _____________________________: the formation of larger droplets as small clouds droplets 

collide and ________________together

C. Droplet finally becomes ______________________ and gravity pulls it to Earth as precipitation.

The Water Cycle

1. Is the constant movement of water between the __________________________ and Earth’s surface

2. The total amount of water on Earth has been constant for millions of years:

A. _________ salt water

B. _________ fresh water, and 2/3 of fresh water is frozen in the polar ice caps

Steps of the Water Cycle 
1. Evaporation: Adds water to atmosphere through the process of changing from __________________________ 
· What is Evapotranspiration? ____________________________________________
2. Condensation: Cloud formation due to ________________________________
3. Precipitation: Returns to earth’s surface

The Cycle then ___________________________


Study Tips

· Textbook reading

1. Objectives at the beginning of this note outline and of each textbook section

2. Vocab words: italicized at the  beginning of each section, and bold throughout text

3. Questions at the end of each section and at the end of the chapter

4. Summary page at end of chapter

· Notes, labs and worksheets from class

· Class Webpage. Links to:

1. Videos on topics in the unit.

2. Quizlet website for vocabulary review, flashcards, games and quizzes

3. Textbook website with practice quizzes for each chapter

http://www.ces.fau.edu/ces/nasa/images/Energy/LatentHeat.jpg
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