
 Properties of Air (Atmosphere) 
 
Goal:  To understand properties and functions of Air (Atmosphere) 
on the world around us. 
 Definitions: 
  Weather 
  Atmosphere 
  Force 
 
Objective:     Help teachers understand the various properties of 
air as they relate to local and national science curriculum.  Also 
to help teachers understand how the properties of air affect 
weather and the forces of nature (ie sound, wind, and light). 
 
Utah Core 
 
Kindergarten Standard 3 Objective 1 Investigate changes in the seasons. 

a. Identify the seasons and represent each with pictures and songs.  
b. Observe and describe typical weather for each of the seasons. 

 
2nd  Standard 3 Objective 2 Observe and describe weather 

a. Observe and describe patterns of change in weather.  
b. Measure, record, graph, and report changes in local weather.  

 
3rd  Standard 3 Objective 2  Forces (wind) 
 Predict and observe what happens when a force is applied to 

an object (e.g., wind, flowing water). 
 
4th  Standard 2 Objectives 

Students will understand that the elements of weather can be 
observed, measured, and recorded to make predictions and 
determine simple weather patterns. 
 
Objective 1 Observe, measure, and record the basic elements 

of weather. 

a. Identify basic cloud types (i.e., cumulus, cirrus, 
stratus clouds). 

b. Observe, measure, and record data on the basic elements 
of weather over a period of time (i.e., precipitation, 
air temperature, wind speed and direction, and air 
pressure). 

c. Investigate evidence that air is a substance (e.g., 
takes up space, moves as wind, temperature can be 
measured). 

d. Compare the components of severe weather phenomena to 
normal weather conditions (e.g., thunderstorm with 
lightning and high winds compared to rainstorm with 
rain showers and breezes). 

Objective 2 Interpret recorded weather data for simple 



patterns. 
 

a. Observe and record effects of air temperature on 
precipitation (e.g., below freezing results in snow, 
above freezing results in rain). 

b. Graph recorded data to show daily and seasonal patterns 
in weather. 

c. Infer relationships between wind and weather change 
(e.g., windy days often precede changes in the weather; 
south winds in Utah often precede a cold front coming 
from the north). 

Objective 3 Evaluate weather predictions based upon observational 
data. 

a. Identify and use the tools of a meteorologist (e.g., 
measure rainfall using rain gauge, measure air pressure 
using barometer, measure temperature using a 
thermometer). 

b. Describe how weather and forecasts affect people's 
lives. 

c. Predict weather and justify prediction with observable 
evidence. 

d. Evaluate the accuracy of student and professional 
weather forecasts. 

e. Relate weather forecast accuracy to evidence or tools 
used to make the forecast (e.g., feels like rain vs. 
barometer is dropping). 

 
National Science Standards 

Earth and Space Science – Content Standard D: 
As a result of their activities in grades K-4, all students 
should develop an understanding of 

• Properties of earth materials 
• Objects in the sky 
• Changes in earth and sky 

Physical Science – Content Standard B: 
As a result of their activities in grades 5-8, all students 
should develop an understanding of 

• Properties and changes of properties in matter 
• Motions and forces 

Earth and Space Science – Content Standard D: 
As a result of their activities in grades 5-8, all students 



should develop an understanding of  
·  Structure of the earth system  



INTRODUCTION: 
 
Why is there air?  What is air?  What does air do for us? 
 
Some references to air are made in jest.  The comedian Bill Cosby 
did a stand up routine titled “Why is There Air?” 
 
There are many references to air.  In ancient times the Greek 
philosopher Aristotle thought that the world was made up of four 
elements, air, fire water and earth. 
 
Avoiding the many references made in jest, this question made me 
curious.  So, let’s look at some of the properties of Air. 
 



CONTENT: 
 
Definition: Air is a predominantly mechanical mixture of a 
variety of individual gases enveloping the globe to form the 
Earth's atmosphere.  It is a colorless, usually odorless and 
tasteless, gaseous mixture, mainly nitrogen (approximately 78 
percent) and oxygen (approximately 21 percent) with lesser 
amounts of argon, carbon dioxide, hydrogen, neon, helium, and 
other gases.  This mixture with varying amounts of moisture and 
particulate matter, enveloping the earth; makes the atmosphere. 
 
Does air have weight? 
 
You can use a balance scale to demonstrate this.  Place an empty 
balloon on one side of the balance scale, and a blown up balloon 
on the other.  What happens?  The blown up balloon side goes down 
slightly.  The air in the balloon makes it heavier than the empty 
balloon. 
 
How much weight does air have? 
 
The total mass of the Earth's atmosphere is about 5.8 × 1015 tons 
(5.3 × 1015 metric tons).  At sea level the atmosphere exerts 
about 14.7 pounds per square inch on us. 
 
Does air weigh the same here as at sea level? 
 

 
 
No.  The pressure at any given point in the atmosphere around the 



earth is a result of the weight of the atmosphere above it pulled 
down by gravity. We can use air pressure to tell us how high 
above sea level we are.  The higher we go the less air pressure 
the atmosphere exerts on us. An altimeter does not actually 
measure altitude directly, but rather the atmospheric pressure. 
So an altimeter is actually a barometer created for a specific 
purpose. The altimeter uses the changes in atmospheric pressure 
to determine the changes in altitude. 
 
Why does pressure change with altitude? 
 
The higher in the atmosphere you are, the less pressure the 
atmosphere will exert on you.  Since air is fluid (meaning it can 
move) denser objects will move to the bottom and lighter objects 
will rise to the top.  We will explore this more as we go along. 
 
Does air pressure stay the same at the same altitude? 
 
Barometric pressure is the pressure exerted by the weight of the 
column of air above a given point, expressed in kilopascals, 
pounds per square inch, or inches of mercury. Altimeters and 
Barometers are similar in that they measure the pressure of the 
atmosphere.  The difference is that an altimeter is designed to 
show the change in air pressure as one changes altitude, while a 
barometer is designed to show changes in air pressure associated 
with weather.  The change in barometric pressure can affect the 
readings of an altimeter by as much as 130 feet. 
 
Generally speaking, when the barometric pressure is high (more 
dense), the air is sinking, usually resulting in fair weather. 
When the barometric pressure is low or falling, air is rising, 
usually resulting in cloudy skies and precipitation.  More on 
this later. 
 



             
 
 
Torricelli, a student of Galileo, created the barometer in the 
year 1644 in Florence.  Ordinarily a barometer is a glass tube 3 
ft. long, filled with mercury, and inverted into a vessel also 
containing mercury. This causes the liquid in the tube to descend 
a few inches, leaving a vacuum at the top. Most modern barometers 
are aneroid barometers (not using liquid).  You can make a simple 
aneroid barometer using a balloon, a glass jar with a canning 
ring or coffee can and rubber band, and a straw or bamboo skewer. 
 

  
Cut a large piece of the balloon and stretch it over the coffee 
can or glass jar. Hold the balloon in place with a rubber band 
stretched around the can (or the canning ring on the bottle), 
over the balloon. Make sure there is a tight seal around the 
rubber band. Any air leaks around the piece of balloon will 
affect how well your barometer will work. 



 
Use a little glue (not hot melt) and attach the straw to the 
piece of balloon over the can. Then use a little more glue and 
attach the pin to the other end of the s traw (see diagram ) .   You 
can replace the straw and pin with the bamboo skewer if you are 
using that option.    

Take a piece of paper and place some regularly spaced lines on 
it.   

Set up the can and paper as shown in the diagram. Setting the 
barometer o utsi de will work better than inside , but either way 
will work.  Observe where the needle points over several days and 
you will see how the barometric pressure changes.   Also observe 
the differences in weather as the barometer changes.  
 
Does air move?  How can we tell?  
 
( Demonstrate  air cannon here. )   This air cannon can be made from  
any can or bucket.  Place a piece  of thick plastic over the open  
end and make a hole in the other.  By  hitting the plastic it will  
“shoot” air out the small hole.   If you have a fog ger you can fill 
the cannon with fog and  hitting the plastic will create a fog  
ring.  
 
We can see the effects of the  cannon, and feel the air as it moves 
by us.  
 
For another example, turn a hair dryer on high speed with nozzle 
directed straight up.   Gently place ping pong ball into the 
invisible air stream a few inches above dryer nozzle. It will 
float suspended in that position.   Allow ball to settle as 
motionless as it will, then gently tilt hair dryer laterally so 
that the air stream is directed at a side ways angle. To a certain 
point, the ball will remain suspended in the invisible air 
stream, defying the expectation that gravity will cause it to 
fall.  
 



 
 
What is the force holding the ping pong ball in the air? 
 
Moving air exerts a force on solid objects.  We generally call 
this wind.  Examples include Hurricanes, Tornadoes, etc. 
 
An Anemometer is the device for measuring wind speed. Cup and 
propeller anemometers are the two types of commonly used 
anemometers. 

  



The vane under the propeller  is often call ed a weather vane.  It  
tells us what direction the wind is coming from, and since the  
direction of the wind will  often determine what kinds of weather  
are coming, it is referred to as a weather vane.  
 
How much force does wind put on us?  
 
Warning: Math Cont ent (there will be a question on the quiz  about 
this).  Generally Force=Mass times Acceleration.  Rather than try  
to explain how they got there, let’s just use the  following 
formula.  
 

Force=(13.67) * Pressure
Mph 2

 
This will give a ballpark figure of the force the wind puts on an  
object.  
 
We can also use air to lift objects.  
 

  
 



Take a 2-Liter bottle lid, drill a 1/16” hole in it and glue the 
lid to the data side of an old CD.  Blow up a balloon and place it 
over the lid.  Set the puck on a smooth surface and give it a 
push… 
 
 
Hold the edge of a sheet of paper under your lower lip. Blow hard 
over the paper. It should blow up, not down! Why?  Fast-moving 
air blowing over the paper creates less pressure on the top of 
the paper than the slower air that is under it. The greater 
pressure under the paper creates an upward force called lift. 
This illustrates Bernoulli's principle. It is the same force that 
keeps airplanes and birds in the air. 
 

 
What causes air to move?  Does all air weigh the same?  Does all 
air take up the same amount of space? 
 
Put balloon on two 2-liter bottles put one in hot water and one in 
cold.  What happens to the balloons?  The hot water makes the 
balloon go up.  The cold water sucks the balloon into the bottle. 
 Differences in temperature make the air more or less dense.  How 
will this change how much the air weighs?  Would this cause the 
air to move?  (take the balloons off of the bottles, then put a 
lid on each one and place them on the balance scales.)  Notice 
that the cold air is heavier than the warm air. 
 
How does a hot air balloon work? 
 



Using crepe paper, make a large balloon shape.  Then fill the 
balloon with hot air from the blow dryer.  The balloon will rise 
because the hot air inside is lighter than the cool air outside. 
 
How does this effect (hot air rising, and cool air sinking) create 
air currents on the earth? 
 
Show a globe.  And point out that air at both poles is extremely 
cold, while air at the equator is extremely warm.  The warm air at 
the equator rises, making room for the cool air that is sinking 
down around the poles.  Then point out that the air moves from 
west to east.  That is because the earth is rotating.  This motion 
of the warm and cold air creates the jet streams that drive the 
weather systems that water creates. 
 
What are weather balloons used for? 
 
A weather balloon is a large balloon filled with helium that is 
used to track the upper air flows (often called the jet stream).  
By tracking the balloons observers can determine the direction and 
speed of the wind at various altitudes. 
 

 
 
Why do storms rotate?  Do all storms rotate the same way? 
 
Spin a large top.  Once we start the top spinning, what happens? 
 It continues to spin.  The masses of water saturated air do the 
same thing once they start spinning.  Spin the world globe (to 
the right) and look at the top of the globe to show how the 
northern hemisphere spins counterclockwise. This is how the 
storms get started spinning.  Explain that tornadoes, hurricanes 
etc., spin counterclockwise in the northern hemisphere. 
 
Will storms spin the same direction in the southern hemisphere? 
 
Now look at the bottom of the globe to show the clockwise spin of 
the southern hemisphere.  Storms will spin clockwise in the 
southern hemisphere.  Large spinning storms generally do not form 
around the equator as the motion there is linear (no rotation one 



way or the other). 
 
Why do Hurricanes have eyes? 
 
A spinning system works much like the gravity of earth, so the 
denser objects will move to the outside (where the forces are 
greater) and less dense objects will move to the center.  This is 
why panning for gold works best with a circular motion.  Gold is 
more dense than other soil elements and gathers on the outside 
edge.  Obviously the things that make weather also make the air 
heavier… 
 
What can we put into the atmosphere? 
 
Water, pollutants, particulates etc. 
 
How does this affect the atmosphere?   
 

All liquids, at any temperature, exert a certain vapor pressure 
on surrounding objects. The vapor pressure can be thought of as 
the degree to which the liquid escapes into the air as vapor. The 
vapor pressure increases with temperature, because at higher 
temperature the molecules are moving faster and more able to 
overcome the attractive forces in the liquid. Boiling occurs when 
the vapor pressure reaches or exceeds the surrounding pressure 
from the atmosphere or whatever else is in contact with the 
liquid.  

At standard atmospheric pressure, water boils at approximately 
212 degrees F. That is simply another way of saying that the 
vapor pressure of water at 212 degrees F. is 1 atmosphere. At 
higher pressures (such as the pressure generated in a pressure 
cooker), the temperature must be higher before the vapor pressure 
reaches the surrounding pressure, so water under pressure boils 
at a higher temperature. Similarly, when the surrounding pressure 
is lower (such as at high altitudes), the vapor pressure reaches 
the surrounding pressure at a lower temperature. For example, in 
the Denver, Colorado area of the U.S. where the elevation above 
sea level is approximately one mile (1600 meters), the 
atmospheric pressure is about 83% of a standard atmosphere, and 
water boils at approximately 95 degrees Celsius. 

Here is an equation to calculate the boiling point of water at 
any barometric pressure:  
 

boiling point = 49.161 * Ln (Pressure in inches Hg) + 44.932  
(where "Ln" is the natural logarithm in base e) 

Note:  This math content is not on the quiz (and is probably over 
the head of most elementary school students), but is for your 
information only. 
 
What is Weather? 



 

Definition:  Weather is the state of the atmosphere at a given 
time and place, with respect to variables such as temperature, 
moisture, wind velocity, and barometric pressure. 

The major element of weather is the addition of water to the 
atmosphere.  If the air could not move water with it, the seas 
would contain all of the water on earth and life would be much 
different, but that is another story. 

The three states of water can all be attained at normal 
atmospheric pressures and temperatures.  Changes in temperature 
and pressure will change the states of water, as well as the 
amount of water the atmosphere can hold. 

Why does high pressure mean good weather and low pressure mean 
bad? 

There are two reasons.  First air will obviously move from high 
pressure areas to low pressure areas.  And second, lower pressure 
air cannot hold as much water as high pressure air. 

To show this, take a 2-liter bottle and pressurize it with a 
little bit of water in side.  Then release the pressure to show 
the resulting cloud.  So water in a high pressure will be 
invisible, but as soon as the air pressure goes down clouds form 
that we can see.  (High frequency atomizers create fog this way 
by very quickly creating high pressure, then releasing that 
pressure on liquid water.) 

Another example of this is if you open a pressurized bottle of 
liquid (such as soda-pop) that has been cooled to a certain 
point, when opened it will instantly freeze (or slush).  The 
higher the pressure the lower the freezing point of water. 

This is why the mountains get more rain and snow than the 
valleys.  As the wind pushes the air up over the mountains, the 
air pressure goes down, which causes the water to fall out of the 
atmosphere as rain or snow. 

Temperature can also affect how much water is in the air, and a 
change in temperature can cause that water to fall out of the air 
as rain or snow.  Hold a glass of ice water over a bowl of hot 
bath water.  What happens on the bottom of the glass of water? 

 
Take two bottles, add 1 teaspoon of water and put in the hot and 
cold water baths.  Pressurize and release both bottles.  Which one 
makes more fog? 

 

How is humidity measured? 



 

Also referred to as wet bulb temperature, Hygrometers measure the amount of moisture in the air, 
by using two thermometers, one with a wet rag attached to the ball and one with out.  The wet rag 
will cool as the water in the rag evaporates.  By comparing the two temperatures, we can 
determine how much moisture is in the air, by how much moisture is allowed to evaporate. 

John Frederic Daniell (1790-1845) was the Professor of Chemistry at King's College, London. In 
1827 he published a description of the hygrometer which bears his name.  His hygrometer does 
not use water and can be used at lower temperatures. 
What are Greenhouse gasses?  Why are they important? 
 
Greenhouse gases are components of the atmosphere that contribute 
to the greenhouse effect. They absorb and trap heat at the 
earth’s surface.  Without the greenhouse effect the Earth would 
be uninhabitable because much of the heat created by the sun 
during the day would dissipate at night, and our average 
temperature would drop to nearly 2 below zero F.  Greenhouse 
gases include in the order of relative abundance water vapor, 
carbon dioxide, methane, nitrous oxide, and ozone. 
 
What would happen if there were too much of these gasses in the 
atmosphere? 
 
The planet would get warmer and warmer.  This is where concerns 
of global warming come from. 
 
 



What are some of the other things air  (the atmosphere) does for  
us?  
 
Is air tra nsparent?  How does air affect light ? 
 
Certain optical phenomena have long been observed among the  
weather elements. These include aurora, solar or  lunar halos  and  
rainbows.  Aurora is caused by a chemical reaction between the  
atmosphere and particles that  are emitted  by the sun.  Solar and  
Lunar halos are formed when a layer of the atmosphere is  
saturated with water .   The light from the sun or moon is bent  
back toward us .   Any solid  transparent object will bend light as  
it passes through it.  Since water a nd ice bend light more than  
the surrounding atmosphere, when the  light strikes the water  
droplets in the atmosphere it will  bend the light back toward us  
and create a ring around the moon or sun.  (see diagram below)  
 

 
 
A question from last year ’ s worksho p…  How is a rainbow formed?  
 
The process of making the rainbows we see in the sky combines the 
properties of reflection and refraction within a water droplet. 
Here is how it works:  
1. Light from the sun enters the water droplet and is refracted 
within th e droplet.  
2. The refracted light is then reflected off the back of the 
water droplet.  
3. The reflected light exits the front of the water droplet and 
is again refracted, thus further separating the various colors of 
white light into its red, green and b lue components.  



 
 
 
What are other ways that atmosphere affects light? 
 

The photon, the smallest unit of light, travels in a wave. The 
type of interaction that occurs between photons and the 
atmosphere depends on the wavelength of the wave. 

The shorter wavelengths, (X-rays and extreme ultraviolet 
radiation) of the electromagnetic spectrum are capable of 
dissociating and ionizing the gaseous molecules of the upper 
atmosphere. As a result, most of the ultraviolet and x-ray 
radiation is attenuated or scattered by the upper atmosphere. A 
cloudless atmosphere, however, is relatively transparent to 
visible light, where most of the solar energy resides. 
 
So why is the sky blue? 
 

Rayleigh scattering causes light to scatter when it passes 
through particles that have a diameter one-tenth that of the 
wavelength (color) of the light. Sunlight is made up of all 
different colors of light, but because of the elements in the 
atmosphere the color blue is scattered much more efficiently than 
the other colors.  

How does smell work? 
 



Odors are made of atoms (or more correctly molecules, tightly 
bound groups of atoms). The only way you can smell something is 
if some molecules of that substance or the part of that substance 
that forms a gas, float up and into your nose.  They will diffuse 
through a room at an equal rate in all directions from the point 
where it is released. 
 
Could we hear sounds if there were no air? 
 
Of course not!  Air is the medium that transmits sound from its 
source to our ears. 



CONCUSION: 
 
There are many myths and a great deal of folk lore  around air and  
the weather.  But look at all of the things that air does for us.  
 
Supports life (Oxygen)  
 
Supports weather  
 
Transmits sounds and smells .  
 
Pro tects us from high energy light.  
 
We can use ai r for lifting and moving objects.  
 
We can use air pressure to determine  our altitude, and predict the 
weather.  
 
It keeps us warm.  
 


