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Time Frame: Standards: High School-Physics 

2 –50 min periods Physics 

 Exploration of physical properties 

that define substances that are pure. 

 Demonstrate understanding of 

Scientific Method 

 Select and use appropriate scientific 

equipment, materials and techniques 

 Understand Scientific Inquiry and 

Develop Critical Thinking Skills 

 

Objectives: 

 Students will be able to understand density is a physical property of something. 

 Students will be able to understand that air density changes because of pressure 

and temperature. 

 Students will use appropriate technology and mathematics to make investigations. 

 Students will be able to compare their calculated air density with the constant 

(1.225 kg/m³) in the wind turbine Power equation. 

 Students will use volume to find density of certain objects. 

 

Background Information: 

 Air density is a way of expressing the mass of air per unit of volume. The density 

of air at lower altitudes is higher than that at higher altitudes, and air density can 

also be affected by temperature and humidity. 

 All matter is made up of atoms that are far too small to see. Atoms are in perpetual 

motion and the more energy they contain the faster they move. Atoms combine to 

form molecules.  

 Matter is made up of atoms and molecules that have measurable mass, volume, and 

density.  

 Density is a measure of the compactness of matter. Density determines the way 

materials in a mixture are sorted. This property of matter results in the layering and 

structure of Earth’s atmosphere, water, crust, and interior. 

 Density is a physical property by definition, a physical property of a common 

substance does not change, as air density is constantly changing. 

 The exploration of theoretical and actual data should not match. The air density lab 

will help students to investigate why.  
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 Finding the actual air density of your area (city) is a good use of the experiment 

when calculating to find wind power curves instead of using the sea-level constant 

of 1.225 kg/m³ at 15º C  and very little humidity (this constant is only found at sea 

level) 

 Wind power density is Rho (þ ) the constant that is substituted in Power=1/2 þAV³ 

is 1.225 kg/m³. The equation helps to determine the amount of power available 

from the wind. 

 Three main factors are needed to calculate wind power  

o Area of turbine’s rotor 

o Density of the air 

o Velocity of the wind 

 

 

Materials: 

Balance scale with weights – triple beam balances – digital lab scale 

Empty two liter bottles and/or 3 inch diameter piece of PVC pipe with caps (glue if not 

using threaded caps and pipe) drill a 7/16 hole in one end then insert a Schrader valve 

(pictures below) 

Paper/pencil for logging measurements – could create a spreadsheet or table to gather this 

information 

Bicycle pump 

A graduated cylinder 
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Procedure: 

 Investigate the density of air  

 Students can do this individually or in small groups 

 Take a 2-L bottle and/or the PVC pipe container 

 1
st
 weigh empty 2-L bottle (students will have to smash or use vacuum to suck air 

out to get an accurate measurement).  This would be a good exploration for 

students to figure out on their own.  We are looking for the mass of air (Mass of air 

= mass of container full – mass of container empty) 

 Weigh the components of the PVC pipe before it is assembled. This is finding the 

mass of the empty PVC container. Weigh the PVC container once assembled to 

determine the mass of the container full.  Subtract the empty from the fully built 

container to find the Mass of Air.(This should happen in theory) 

 If you discover you don’t have a difference in mass of air with your experiment 

(your scale may not be accurate enough to measure), then you can now use the 

bicycle pump to add air to the bottle/PVC container and you can re-weigh after 

adding more air.  If there is a difference in weight then you should now see that 

pressure makes a difference in density. 

 Find the volume of the 2-L bottle (volume of container =volume of air)(fill the 

bottle with liquid and the amount of liquid will equal  the volume of the air in the 

bottle) (a physical property of water, 1g = 1 cm³ = 1mL) 

 Measure the PVC container to find its volume. 

 Have students calculate Air Density by taking the ratio of the mass of air to the 

volume of air.   

 When using the Power equation you will need to look at the units used for the 

constant of Rho (1.225 kg/m³) you will want to use the actual data from your 

exploration of determining the density of air and then be sure your units measured 

are the same.   

Assessment: 

 Were students able to manipulate containers and find air density? 

 What did you determine the density of air was from your experiment?  

 Did they end up with something close to the Rho constant used (1.28 kg/m³) in the 

theoretical wind turbine Power calculation? Why or why not? 

 Is the constant given for Rho an accurate or reasonable constant for air density to 

use at any wind turbine site? 

 How does their findings relate to the wind turbine Power calculation? 
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Additional Content: 

 This could go with the Theoretical vs. actual lesson plan 

 

 You could repeat experiment by putting more mass in your containers to see what 

happens to the density and then repeat the Power equation used with the wind 

turbine. 

 

 You could plot changes in barometric pressure over time at a wind turbine site. 

 You could plot changes in temperature over time at a wind turbine site.  

 You could plot changes in relative humidity over time at a wind turbine site.  

 Allows you to use the air density calculator (see website referenced below) to 

observe the variability of the density of air at a wind turbine site.  

References: 

http://physics.holsoft.nl/physics/ocmain.htm#densair online calculator to plug and play 

with different temperatures and pressures to find the air density at your wind turbine site. 

http://physics.holsoft.nl/physics/tpair.htm table of physical properties of air 

http://wind-for-schools.caesenergy.org/wind-for-schools/Welcome.html 

http://coen.boisestate.edu/WindEnergy/WfS/TeacherResources  
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