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We will be referencing the 
Refrigeration and Air 
Conditioning 
Technology book for this 
course. It is recommended 
that you purchase this 
book hard cover or as an 

eBook, the purchase of  
this book is not necessary 
to complete this course 
but it is recommended to 
obtain a copy for your 
future reference 
throughout your HVAC 
career.
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Objectives 
• After studying this chapter, you should be able 

to:
• Define matter
• List the three states in which matter is commonly 

found
• Define density
• Discuss Boyle’s Law
• State Charles’ Law

•Discuss Dalton’s Law 
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Objectives 
•Describe work and state the formula 
used to determine the amount of  
work done 
•Define horsepower
•Convert horsepower to watts
•Convert watts to British thermal 
units
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Matter
• Matter is made up of  atoms
• Defined as any substance that occupies space and has 

mass

• Matter can exists as a 
• Solid
• liquid 
• gas

• The state of  matter is determined by heat content of  
the matter
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Solids

Figure 2.2 Solids exert all their pressure downward. The molecules of  solid water 
have a great  attraction for each other and hold together.
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Liquids

Figure 2.3 The water in the container exerts pressure outward and downward. The 
outward pressure is what makes water seek its own level. The water molecules still have 
a small amount of  adhesion to each other. The pressure is proportional to the depth.
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Gases

Figure 2.4 Gas molecules 
travel at random. When a 
container with a small 
amount of  gas pressure is 
opened, the gas molecules 
seem to repel each other 
and fly out.
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Gas Laws

• Always use absolute pressures and 
temperatures  when working with gas laws
• Boyle’s Law: relates pressure and volume

• Charles’ Law: relates volume and temperature

• General Law of  Perfect Gases: relates pressure, 
volume and temperature

• Dalton’s Law: relates pressures of  gases in a 
mixture
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Gas Laws
a. Boyle's Law

1. Pressure contained in cylinders
2. When pressure is applied to a volume 

of  air that is contained, the volume of  
air becomes smaller and the pressure 
becomes greater

3. In other words when you decrease the 
area of  a gas, the pressure increases 
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Boyle’s Law Illustrated

Figure 2–6 Absolute pressure in a cylinder doubles when the volume is reduced by half.
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Gas Laws 
Charles' Law

1. Air expands as it is heated
2. When a gas is heated and if  it is free to expand, it 

will do so and the volume will vary directly with the 
absolute temperature

3. If  a gas is confined in a container that will not 
expand, and it is heated, the pressure will vary with 
the absolute temperature

4. Meaning that if  you have gas in a closed container 
and you heat up the container, the gas will expand 
and the pressure in the container will increase
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Gas Laws 

Dalton's Law

1. The total pressure of  a confined mixture 
of  gases is the sum of  the pressures of  each 
of  the gases in the mixture

2. Each gas creates its own pressure
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Dalton’s Law

Figure 2–8 Dalton’s Law of  partial pressures. The total pressure is 
the sum of  the individual pressures of  each gas.
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Energy
• Energy cannot be created or destroyed, but can be 

converted from one form to another

• Energy can be measured and accounted for 
mathematically

• Heat energy provides comfort heating and 
flows from a warmer substance to a cooler 
substance

• Electrical energy is purchased by the kWh, fuel 
oil by the gallon, natural gas by the cubic foot
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Energy in Magnetism
A method of  converting electron flow to 
usable energy

Used to power fans, pumps, compressors, 
solenoid valves

Electrical energy drives motors and pumps in 
HVAC/R systems

16

17

Power
Power is the rate of  doing work
Horsepower is an expression of  
power. 
Horsepower is the equivalent of  a 
horse lifting 33,000 lbs a height of  1 
foot in 1 minute 
Horse power is lifting 550 lbs a height 
of  1 foot in 1 second
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Horsepower

When a horse can lift 660 lb to a height of  50 ft in 1 min, it has done the equivalent 
of  33,000 ft-lb of  work in 1 min, or 1 hp.
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Electrical Power
a. Watt is the measurement of  

electrical power
b. 1 Horsepower = 746 watts
c. 1 watt = 3.413 Btu
d. 1000 watts = 1 kilowatt
e. 1 kilowatt = 3,413 Btu
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Energy Used As Work
•Work = Force x Distance
• Force is given in pounds, distance in feet

• The units of  work are foot-pounds, ft-lbs

• Example: How much work is done to move a 150-
pound object 100 feet?

• Work = Force x Distance = 150 pounds x 100 feet

• Work = 150 x 100 = 15,000 ft-lbs
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Summary (1)

•Matter takes up space, has mass, and can be 
in the form of  a solid, a liquid, or a gas
• Key terms 
• Mass

•Key laws
•Boyle’s Law
•Charles’ Law 
•General Law of  Perfect Gases
•Dalton’s Law
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