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The Origin of the Atmosphere
• The gases that made up our early atmosphere likely came from volcanoes through the 

process of outgassing.

• Large amounts of water vapor from these volcanoes eventually condensed to form the 
oceans.

• The first life forms converted carbon dioxide into oxygen to form our modern atmosphere.

The Structure of the Atmosphere
• The atmosphere is made up of four layers:

• Troposphere: the lowest layer, where all weather occurs and where most of the gases 
are found

• Stratosphere: the second layer up, where the ozone layer is found

• Mesosphere: the third layer up

• Thermosphere: the fourth layer up

• These layers are all separated by pauses (i.e. the tropopause, stratopause, etc.)

• “Selected Properties of the Earth’s Atmosphere” in the ESRTs will illustrate how temperature, 
air pressure, and water vapor concentration change as you travel up through these layers.
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Practice Problems #1

Use the “Selected Properties of Earth’s Atmosphere” chart to answer the following questions.

1. How does temperature change as altitude increases within the troposphere? 
_____________________ 

2. How does temperature change as altitude increases within the stratosphere? 
_____________________ 

3. How does temperature change as altitude increases within the mesosphere? 
_____________________ 

4. How does temperature change as altitude increases within the thermosphere? 
____________________

5. What is the temperature at the tropopause? __________ 

6. What is the temperature at the stratopause? __________ 

7. What is the temperature at the mesopause? __________

8. What is the altitude of the tropopause? __________ 

9. What is the altitude of the stratopause? __________ 

10. What is the altitude of the mesopause? __________

11. How many miles up would you have to go to encounter a temperature of 100°C? _______ 

12. How many kilometers up would you have to go to encounter a temperature of 50°C? ___

13. What is the relationship between pressure and altitude? 
__________________________________________________________________________________________

14. What is the pressure at the tropopause? __________ 

15. What is the pressure at the stratopause? __________ 

16. What is the pressure at the mesopause? __________ 

17. What is the pressure at the Earth’s surface? __________

18. What is the relationship between water vapor concentration and altitude? 
__________________________________________________________________________________________

19. What is the water vapor concentration at the Earth’s surface? __________ 

20. What is the water vapor concentration at the tropopause? __________  

21. In kilometers, at what altitude is the water vapor concentration equal to zero? __________ 

22. How many kilometers is 100 miles? __________ 

23. How many miles is 100 kilometers? __________

 24. In which two layers of the atmosphere is the temperature increasing? 
__________________________________________________________________________________________ 

25. In which two layers of the atmosphere would you encounter a temperature of 15°C? 
__________________________________________________________________________________________  

26.  In which layer would you encounter the ozone layer? __________________________________ 

27.  In which layer does all weather occur? ________________________________________________
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Changes in Air Temperature
• Temperature changes are generally cyclic.

• It is generally colder in the early morning and 
warmer in the afternoon

   and

• It is generally colder in the winter and warmer 
in the summer (in the N. hemisphere)

• Temperate is measured with an instrument called a 
thermometer.

• The three temperature scales are Fahrenheit, Celsius, 
and Kelvin.  Conversions between each scale can 
be made using the “Temperature” diagram in the 
ESRTs

• Everything emits energy as long as it has a 
temperature above absolute zero (0°K), the 
temperature at which all molecular motion stops..

• All types of energy (electromagnetic radiation) can 
be found on the “Electromagnetic Spectrum” in the 
ESRT’s.
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Practice Problems #2

Use the “Temperature”  chart to answer the following questions.

Use the “Electromagnetic Spectrum”  chart to answer the following questions.

1. What is the difference between the different kinds of electromagnetic energy? ________________
2. Which type of EMR has the shortest wavelength? _______________________________________

3. Which type of EMR has the longest wavelength? _______________________________________

4. Which color of visible light has the shortest wavelength? _________________________________
5. Which color of visible light has the longest wavelength? __________________________________

6. What is the shortest possible wavelength of an x-ray? ___________________________________
7. What is the wavelength at which energy changes from gamma rays to x-rays? ________________

8. What type of energy is most harmful to humans? _______________________________________

9. What type of EMR has a wavelength of 0.001 cm? ______________________________________
11. What type of EMR has a wavelength of 10-1? __________________________________________

12. From shortest to longest wavelength, list the colors of the visible spectrum. 
________________________________________________________________________________
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Fahrenheit Celsius

Convert the 
following from 
Fahrenheit to 

Celsius.

32°F

98°F

212°F

140°F

-20°F

Celsius Fahrenhei
t

Convert the 
following from 

Celsius to 
Fahrenheit.

80°C

20°C

12°C

-39°F

32°C
Celsius Kelvin

Convert the 
following from 

Celsius to 
Kelvin.

0°C

100°C

50°C

-50°F

75°C

Fahrenheit Kelvin

Convert the 
following from 
Fahrenheit to 

Kelvin.

32°F

98°F

212°F

140°F

-20°F



How Does Heat Energy Travel?
• The energy that heats the Earth comes from the Sun and is called insolation. 90% of 

insolation is in the form of visible light (short-wave)

• Insolation travels from place to place in one of 
three ways:

• Convection- heat transfer caused by 
differences in density (LIQUID/GAS)

• Conduction- heat flow resulting from contact 
between two substances (SOLID)

• Radiation- heat flow in the form of waves 
through space (NO MEDIUM REQUIRED)

• Heat always flows from source (hot) to sink (cold)

•Insolation reaches the Earth 
through radiation, It comes to 
the Earth as short-wave visible 
light is absorbed and then 
emitted back out as long-
wave infrared.

• Dark, rough surfaces absorb high amounts of energy.

• Light, smooth surfaces reflect high amounts of energy.

• As insolation travels through the Earth’s atmosphere, some passes 
through to the surface, some is reflected back to space, some is 
scattered throughout the atmosphere, and some is refracted, or 
bent.

• The Earth’s atmosphere allows visible light to enter, but increasing 
levels of carbon dioxide are trapping the infrared causing global 
temperatures to rise.  This is called the Greenhouse Effect.
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Specific Heat
• Specific heat is the amount of heat energy required to heat up a substance,

• The higher the specific heat, the longer it takes to heat up and cool down.

• The lower the specific heat, the faster it heats up and cools down.

• Water has the highest specific of any 
substance on Earth which means it takes 
a lot of energy and a long time to raise 
it’s temperature.  Additionally, it means 
that water will hold on to heat energy for 
a long time (it will cool slowly).

• Oceans remain cooler in the summer 
and warmer in the winter which keeps 
coastal locations from having extreme 
climates.

• Substances like metals generally have 
low specific heats meaning they will 
heat up quickly and cool off quickly.

• The specific heats of common substances can be found on the cover of the ESRTs.
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Phase Changes of Water 
• Water exists on Earth in three phases: solid, liquid, and gas.

• Phase changes:
• solid to liquid: melting
• liquid to gas: evaporation
• gas to liquid: condensation
• liquid to solid: freezing
• solid to gas: sublimation

• Adding or removing energy from the water will result in a phase change.

• The graph below illustrates these phase changes.

• From left to right, equal amounts of heat energy (in calories) are being added to the water 
each minute.

• From right to left, equal amounts of heat energy (in calories) are being removed from the 
water each minute. This heat goes into the environment.

• Left to Right (heat energy being added):
• From A to B, ice is warming (temperature change)
• From B to C, ice is melting (phase change)
• From C to D, water is warming (temperature change)
• From D to E, water is evaporating or vaporizing (phase change)
• From E to F, water vapor is warming (temperature change)

• Right to Left (heat energy being removed):
• From F to E, water vapor is cooling (temperature change)
• From E to D, water vapor is condensing (phase change)
• From D to C, water is cooling (temperature change)
• From C to B, water is freezing (phase change)
• From B to A, ice is cooling (temperature change)

• Note: The most energy is gained or lost between points D and E (E and D).
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Practice Problems #3

For each of the following, write either evaporation or condensation. 

1. The process by which a substance changes from a liquid to a gas is called 

__________________.

2. During __________________ more molecules break free from a liquid than join it.

3. When more molecules join a liquid than leave, __________________ takes place.

4. When molecules of water vapor collide and stick together in the air, __________________ 

occurs.

Match the term with its example.

5. vaporization

6. evaporation

7. boiling

8. condensation

 A pot of water on a stove reaches its boiling point.

 Liquid water changes into water vapor. 

 Clouds form from water vapor in the sky.

 A puddle dries up after a rain shower. 

From the list below, choose the term that best completes each sentence. 

evaporation  sublimation   melting freezing 

kinetic energy  vaporization   boiling condensation

9. The higher the temperature of something, the greater its _____________________________.

10. The change in state from gas to liquid is called _____________________________________.

11. The change in state from liquid to gas is called _____________________________________.

12. Gas bubbles forming throughout the liquid is called _________________________________.

13. Liquid changing to gas only at the surface is called _________________________________.

14. The change in state from solid to liquid is called ____________________________________.

15. The change in state from liquid to solid is called ____________________________________.

16. In __________________ particles pass directly from solid to gas.
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Moisture in the Atmosphere (Dew-point)
• When the air is holding as much moisture, or water vapor, as it can, it is said to be saturated.

• Hotter air is able to hold much more moisture than colder air.  As air warms, for every 10°C 
increase in temperature, the air can hold twice as much moisture.

• If you take an unsaturated air mass and cool it, it will eventually become saturated.  The 
temperature at which it becomes saturated is known as the dew-point.  

Measuring Moisture in the Atmosphere
• A sling psychrometer is used to measure the 

amount of moisture in the air.

• To calculate the dew point, you must also use 
the “Dew-point Temperatures” ESRT.

• A sling psychrometer  is made of two 
thermometers connected together on a 
handle that allows them to be swung through 
the air.  One thermometer has a wet piece of 
cloth over the bulb (known as the wet-bulb), 
the other is dry (known as the dry-bulb). As you 
swing the psychrometer around the water on 
the wet-bulb will evaporate, removing heat 
energy from the air causing that thermometer 
to record a lower temperature.  The dry-bulb simply records the actual air temperature.  
The wet-bulb temperature will always be lower than the dry-bulb temperature.

•To find the dew-point, record the dry and wet-
bulb temperatures.  Find the dry-bulb 
temperature on the left side of the “Dew-point 
Temperatures” ESRT, then find the difference 
between the wet and dry-bulbs, also known as 
the wet-bulb depression, on the top of the 
chart.  Where these rows meet, you will see the 
dew-point.

•The drier the air, the further the dew-point will 
be from the actual temperature.

•The more moisture in the air, the closer the 
dew-point will be to the air temperature.

•When the dew-point equals the air 
temperature, the air is saturated, clouds will form and precipitation is likely.
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Absolute and Relative Humidity
• Absolute humidity refers to the measured amount of moisture in the air (i.e. 50 ml)

• Relative humidity refers to how full of moisture the air is.”

• It is a comparison of how much moisture there is in the air, compared to how much it would 
take for the air to be saturated at that temperature.

• Remember! Warmer air can hold more moisture than cooler air.

• When air is saturated, it is said to have 
a relative humidity of 100%.

• If the relative humidity is 50%, it means 
the air is holding half as much moisture 
as it is capable of at that temperature.

• Generally speaking, as temperature 
decreases, relative humidity will go up 
because colder air has less available 
“space” to hold the moisture.

• Both the amount of moisture and the 
temperature affect the relative 
humidity.

• As the temperature of the air drops 
closer to the dew-point, the relative humidity approaches 100%.

Calculating Relative Humidity

•Determining the relative humidity is 
the same process as determining 
dew-point, except you must use the 
relative humidity chart instead of the 
dew point chart.

•Refer to the “Relative Humidity” 
chart in the ESRTs
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Practice Problems #4

Use the “Dew-point” and “Relative humidity” charts to fill in the following table.
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Dry-bulb Wet-bulb Wet-bulb Depression Relative 
Humidity Dew-point 

1 12°C 7°C

2 22°C 20°C

3 18°C 12°C

4 6°C 5°C

5 21°C 1°C 20°C

6 16°C 4°C 66%

7 19°C 19°C

8 17°C 13°C 4°C 63% 10°C

9 86 F 77 F

10 64 F 54 F

11 26°C 24°C

12 16°C 12°C

13 30°C 21°C

14 0°C -2°C

15 25°C 21°C

16 11°C 6°C

17 26°C 15°C

18 8°C 4°C

19 1°C 14°C

20 16°C -1°C



Take-Home Quiz

Use this packet and the ESRTs to answer the following questions.

1.  Which weather variable can be determined by using a psychrometer?
 (1) barometric pressure
 (2) cloud cover
 (3) relative humidity
 (4) wind speed

2. Large oceans moderate the climatic temperatures of surrounding coastal land areas because
the temperature of ocean water changes
 (1) rapidly, due to water’s low specific heat
 (2) rapidly, due to water’s high specific heat
 (3) slowly, due to water’s low specific heat
 (4) slowly, due to water’s high specific heat

3. Which component of Earth’s atmosphere is classified as a greenhouse gas?
 (1) oxygen 
 (2) helium
 (3) carbon dioxide 
 (4) hydrogen

4. If the base of a cloud is located at an altitude of 2 kilometers and the top of the cloud is lo-
cated at an altitude of 8 kilometers, this cloud is located in the
 (1) troposphere, only
 (2) stratosphere, only
 (3) troposphere and stratosphere
 (4) stratosphere and mesosphere

5. The diagram below shows a sling psychrometer.

Based on the dry-bulb temperature and the wet-bulb temperature, what is the relative humidity?
 (1) 66% 
 (2) 51%
 (3) 58% 
 (4) 12%
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6. Which process transfers energy primarily by electromagnetic waves?
 (1) radiation 
 (2) conduction
 (3) evaporation 
 (4) convection

7. Which two gases have been added to Earth’s atmosphere in large amounts and are be-
lieved to have increased global warming by absorbing infrared radiation?
 (1) neon and argon
 (2) chlorine and nitrogen
 (3) hydrogen and helium
 (4) methane and carbon dioxide

8. Which type of land surface would probably reflect the most incoming solar radiation?
 (1) light colored and smooth
 (2) light colored and rough
 (3) dark colored and smooth
 (4) dark colored and rough

9. The tropopause is approximately how far above sea level?
 (1) 12 mi 
 (2) 60 mi
 (3) 12 km 
 (4) 60 km

10. Which form of electromagnetic radiation has a wavelength of 1.0 x 10–3 centimeter?
 (1) ultraviolet 
 (2) radio waves
 (3) infrared 
 (4) microwaves
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