
A Warm Planet
in a

Cold Universe

How the Earth stays warm
and why it’s getting warmer

Questions from Teacher Workshops (week 4)

Atmospheric Science
•What exactly do we mean by stability in the atmosphere and how does it relate to thunderstorms?
•What is a temperature inversion and how does that relate to what we are learning?
•How exactly are climate change and worsening storms related?
•Can people and other living things really change the temperature and pressure of the entire world?

Simple Climate Model
•Was a bit difficult to follow over zoom. Lots of moving tokens, but many folks lost the big picture.
•A video would be helpful to show the process and summarize the results.
•How do we make this relatable for younger elementary students?
•How does radiation absorption and emission relate to weather and climate?

Simulation
•Where exactly are temperatures calculated and recorded?

Space Fridge
• The space refrigerator is super cool. How does it relate to weather and climate again?

Cloud in a bottle
• Is there a way to emulate the cloud in a bottle activity without needing to use matches? Why does this activity not work when you 

add too much water? 
• I want to know more about why dust/smoke is needed to make cloud particles condense. When I teach about the water cycle, I never 

make a point of discussing this....I just talked about evaporation, condensation, precipitation, etc. Should I be adding information about 
needed particulate matter to my instruction (for third graders)? Also, does the fact that there is more pollution in our world then 
lead to more clouds?
•Why does the air temperature increase with altitude in the stratosphere?
•What would adding food coloring do to the cloud?

Frequencies

Description Frequency 
(THZ)

Wavelength
(nm)

Ultraviolet 1,000 290

Visible light 550 550

Near infrared 350 850

Thermal infrared 30 10,000

T = tera = 1012

Visible light & ultraviolet

Warm objects emit thermal radiation.

Emission & Absorption:
Same physics

If you absorb, you emit.



Emission frequency is proportional to 
temperature. Higher temperatures 

mean higher frequencies.

Frequencies

Description Frequency 
(THz)

Temperature 
(K) Object

Ultraviolet 1,000 10,000 Arc welding

Visible light 550 5,300 Surface of the sun

Near infrared 350 3,400 Light bulb filament

Thermal infrared 30 290 Surface of the earth

The earth 
warms by 
absorbing 

visible light.

The earth 
cools by 
emitting 
thermal 

radiation.

Over the 
course of a 
year, the 
average 

temperature 
of the Earth is 
approximately 

constant.

What does this 
tell you about the 
magnitude of the 
energy absorbed 
and emitted by 

the earth?

The Earth is 
shining as 
brightly as 

the sun.



It doesn’t snow because it’s cold.
It’s cold because it snowed.

Explain using the principles we’ve discussed.

Snow is made of water, which 
strongly absorbs (and emits!) 

thermal radiation.

Visible light and 
thermal radiation 

are electromagnetic 
waves.

Electromagnetic waves interact with matter.

Red=positive
Green=negative

Blue=neutral

Nitrogen/Oxygen:
Nope. Carbon Dioxide:

Yes.

Water Vapor:
Oh Yeah.

Does an electromagnetic 
wave interact with gas 

molecules?

Greenhouse 
gases

Resonant frequencies 
of greenhouse gases 
mean they absorb 

(and emit!) thermal 
radiation, but not 

visible light.

100 
nm

1000 
nm

10 
µm

100 
µm

Wavelength

Relative 
Intensity

The radiation from the sun is 
mostly at visible wavelengths. The 
atmosphere is mostly transparent 
to the incoming radiation.

Less than 50%

More than 50%

Outgoing radiation from the much 
cooler earth is mostly at infrared 
wavelengths. The atmosphere is mostly 
opaque to the outgoing radiation.

Solar 
radiation

Terrestrial 
radiation

Atmospheric 
transmission:

Atmospheric Transmission



Visible 
Light

Thermal 
Radiation

Absorbed 
and 

emitted.
Transmitted.

Wavelength:
12 microns

Wavelength:
7 microns

The sky is shining on you.

The surface of the earth receives more 
radiated thermal energy from the atmosphere 

than it does radiant energy from the sun.

The sun shines during the day.
The sky shines 24/7.



100 
nm

1000 
nm

10 
µm

100 
µm

Wavelength

Relative 
Intensity

The radiation from the sun is 
mostly at visible wavelengths. The 
atmosphere is mostly transparent 
to the incoming radiation.

Less than 50%

More than 50%

Outgoing radiation from the much 
cooler earth is mostly at infrared 
wavelengths. The atmosphere is mostly 
opaque to the outgoing radiation.

Solar 
radiation

Terrestrial 
radiation

Atmospheric 
transmission:

No atmosphere: -18°C (0°F)
With atmosphere: +15°C (59°F)

The Greenhouse Effect

Carbon dioxide is a key player.
It absorbs and emits thermal radiation.

Carbon dioxide 
helps keep the 
earth warm.

A no carbon dioxide future.

Carbon dioxide is good.
But you can have too much of a good thing.



Carbon dioxide in the 
atmosphere is 

increasing.

The increase in carbon dioxide is 
due to human activities.

Burning 1 gallon of gas (6 pounds) 
produces 20 pounds of carbon 

dioxide.

From the air

From the fuel

12 1616

120 gallons per year

2,400 pounds of CO2

The radiative 
properties of the 

earth’s atmosphere 
are measurably 

different.

Five-Year Average Global Temperature Anomalies from 1881 to 2009The earth is getting warmer.



What Can We Do? Stabilization wedges

Reducing Humanity’s Carbon Footprint 

Individuals can make changes, but significant reductions in greenhouse gases will mean making 
some changes, worldwide, of how energy is created, how land is managed. 

To put the planet on a path of stable emissions, we need to, over the next 30 years, implement 8 
of the following strategies. Each strategy involves tradeoffs. Which strategies do you pick? 

Efficiency & Conservation   

1. Increased efficiency of cars 

GOAL 

All cars in the world by must have a minimum fuel efficiency of 60 miles per gallon. 

COSTS 

This will require much more efficient engines and lighter weight vehicles. 

Efficiency & Conservation   

2. Reducing miles traveled by cars 

GOAL  

Reduce the yearly number of miles traveled of every car in the world by half. 

COSTS 

This will require better urban planning, increased use of telecommunication, and more use 
of mass transit. 

Efficiency & Conservation   

3. Increasing efficiency of buildings 

GOAL  

Increase (by 25%) efficiency of the space heating and cooling, water heating, lighting, and 
electric appliances in all new and existing residential and commercial buildings. 

COSTS 

This will require a dramatic increase in the efficiency of the buildings through insulation 
and other conservation measures.  

	1

Reducing Your Carbon Footprint
Each year, every person in the United States adds about 36,000 pounds of carbon dioxide 
equivalents to the atmosphere. Suppose you want to shrink your carbon footprint by 10%, a 
reasonable goal. To accomplish this, you’ll need to make changes that remove 3,600 pounds of 
carbon dioxide equivalents from your carbon footprint annually. 

So, what changes do you make? The following activities or products each contribute about 1 
pound of carbon dioxide equivalents to the atmosphere. What can you do? 

One pound of carbon dioxide corresponds to: 
Electricity — one pound of carbon dioxide corresponds to approximately 1.1 kW-hr of 
electricity, enough for: 

• 12 minutes of electric clothes dryer use 
• 11 hours of TV use (HDTV) 
• 18 hours of running a 60 W incandescent bulb 
• 120 hours of running a 60 W-equivalent LED bulb (typically ~9 W) 
• 340 hours of laptop use 

Travel — one pound of carbon dioxide will get you: 
• 1.0 mile in a large gas-powered car (driving alone) 
• 1.1 miles on a domestic flight (per passenger) 
• 1.5 miles in a mid-size gas-powered car (driving alone) 
• 1.8 miles in a small gas-powered car (driving alone) 
• 2.1 miles in a large hybrid car (driving alone) 
• 2.6 miles in a mid-size hybrid car (driving alone) 
• 2.7 miles on a bus (per passenger) 
• 8.0 miles on a light-rail train (per passenger) 

Heating and cooling — one pound of carbon dioxide buys you: 
• 2 minutes of a hot shower 
• 6 minutes of heating with a gas forced air furnace 
• 15 minutes of air conditioning 

Food and beverages — it takes one pound of carbon dioxide to produce and deliver to you: 
• 0.017 pounds of beef (0.27 ounces) 
• 0.048 pounds of cheese (0.76 ounces) 
• 0.059 pounds of coffee (0.94 ounces) 
• 0.14 pounds of pork (2.2 ounces) 
• 0.17 pounds of poultry (2.7 ounces) 

Overview 
This activity is based on book by Craig Bohren, Clouds in a Glass of Beer: Simple Experiments in Atmospheric Physics. 
The idea behind the book is this: Many everyday phenomena relate to the science behind weather and climate, and 
some simple observations can bring these phenomena to life. 

This is the perfect capstone activity for a class on this topic. 

Doing the activity 

Before you open your bottle and pour your beverage, notice 
the engraving at the bottom of the glass. 

Now, open the bottle, but pay attention as you do so, and 
explain the following observations 

• Why is there a hiss when you open the cap?  

• Why does a cloud form when you open the cap?  

Now, pour your beverage into the glass. Pour slowly down the 
side to make as little foam as possible. Once things have 
settled, set your glass down and explain the following 
observations: 

• Where are the bubbles forming? Why do they form here?  

• As the bubbles rise, they get bigger. Why? (Note: There are 2 reasons.) 

• As the bubbles rise, they get farther apart. Why? 

• The glass “sweats”. Where does this water come from? 

• As the glass “sweats”, does this tend to warm up the glass or cool it down? 

Once you have completed your observations, please dispose of the contents of your glass in a responsible manner. 

For those looking for further experimentation, here are a couple of ideas: 

• If you have a dark beer, the beer is dark, but the foam is light. Why? 

• If you have a nitro beer, you’ll notice that, right after pouring, the bubbles on the outside of the glass move 
downward. What’s that about? 

Summing up 

Thanks for a great class, folks! 

For more information 

Colorado State University College of Natural Sciences: http://www.natsci.colostate.edu  

Little Shop of Physics: http://littleshop.physics.colostate.edu

Clouds in a 
Glass of Beer

Necessary materials: 

• Glass, ideally with nucleation sites etched 
into the bottom. 

• Beer or soda, ideally in a glass bottle. If the 
beer or soda is too dark, some of the 
phenomena will be hard to see.


