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 Section 1.1.5 – Laws of Thermodynamics 
 
 
The Laws of Thermodynamics 
 
“Thermodynamics is a branch of physics concerned with heat and temperature and their relation 
to energy and work.” 
 
Historically there were three laws of thermodynamics established during the 19th century.  During 
the 20th century an additional law, associated with thermal equilibrium was also established.  This 
additional law was fundamental to the pre-existing other three laws.  Accordingly it was called the 
“Zeroth Law of Thermodynamics” 
 
 

The Zeroth Law of Thermodynamics 

 
Figure.1 The zeroth law of thermodynamics 

 
The Zeroth Law of Thermodynamics states, “if two bodies are each in thermal equilibrium with 
some third body, then they are also in equilibrium with each other”.  Accordingly all three bodies 
are all the same temperature. 
 
 

First Law of Thermodynamics 
 

 
Figure.2 The first law of thermodynamics 

 
The First Law of Thermodynamics states, “heat is a form of energy, and heat energy cannot be 
created or destroyed. It can, however, be transferred from one location to another and 
converted to and from other forms of energy.” 
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Applications of the First Law of Thermodynamics 
 
The following equation is used to quantify the change of internal energy of a system.  It takes into 
consideration any heat that has either been absorbed or released.  It also incorporates if work is 
done by the system on the surroundings or if work is done on the system by the surroundings. 
 
 

 Where U represents the change in internal energy of a system (J) 
                 Q represents the heat added to the system (J) 
                W represents the work done on the system (J) 
 
This can be represented visually in Figure 3 below. 
 

 
Figure.3 A visual representation of internal energy changes 

 
 
NB: The sign allocated to the heat (Q) and the work (W) is very important. 
 
Table.1 Heat Energy (𝑸) 
 

Positive Q (Q > 0)    represents heat transferred into the system 

Negative Q (Q < 0) represents heat transferred out of the system 

 
Table.2 Work done (𝑾) 
 

Positive W (W > 0)   represents the system does work on the system 

Negative W (W < 0) represents the surroundings doing work by the system 

 
 
 
 
 
 
 
 
 

𝑈 = 𝑄 + 𝑊 
=  𝑄 +  𝑊 
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First Law of Thermodynamics Visualised 
 

 
Figure.4 Gas container 
 

 
 

Scenario 1: Add heat to the system (+𝑸) 
If the piston head is fixed and the cylinder heated 
 

 Heat has been transferred into the system (Q > 0) 

 No work is done by the system on the suroundings and vice versa (W = 0) 
 

∆𝑈 = 𝑄 + 𝑊 
∆𝑈(↑) = 𝑄(↑) + 𝑊 

 

 There is a net gain in internal energy (U )  
 
 
 
 
 

Scenario 2: Remove heat from the system (−𝑸) 
If the piston head is fixed and the cylinder cooled 
 

 Heat has been transferred out of the system (Q < 0) 

 No work is done by the system on the suroundings and vice versa (W = 0) 
 

∆𝑈 = 𝑄 + 𝑊 
∆𝑈(↓) = 𝑄(↓) + 𝑊 

 

 There is a net reduction in internal energy (U )  
  

Consider a gas contained in the cylinder fitted with a movable piston, 
as shown in Figure.4 
 
Such a system would have an amount of internal energy (𝑈). 
 
The internal energy of this system can be changed (∆𝑈) via one of the 
following scenarios: 
 

1. Add heat to the system (+𝑄) 
2. Remove heat from the system (−𝑄) 
3. Do work on the system (+W) ie. push down on the piston 
4. Work done by the system (-W) ie. piston pushed up by gas 

 

fixed piston 

fixed piston 

heat added 

heat removed 
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Scenario 3: Do work on the system (+𝑾) 
If the piston head is pushed down on the gas sample 
 

 No heat has been transferred in or out of the system (Q = 0) 

 Work has been done on the system (W > 0) 
 

∆𝑈 = 𝑄 + 𝑊 
∆𝑈(↑) = 𝑄 + 𝑊(↑) 

 

 There is a net gain in internal energy (U )  
 

 
 

Scenario 4: Work done by the system (−𝑾) 
If the piston head is pushed up by the gas sample 
 

 No heat has been transferred in or out of the system (Q = 0) 

 Work has been done by the system (W < 0) 
 

∆𝑈 = 𝑄 + 𝑊 
∆𝑈(↓) = 𝑄 + 𝑊(↓) 

 

 There is a net reduction in internal energy (U ) 
 
 

 
 

 
 
  

force on piston 

force on piston 
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Example 1 
Consider a warm cup of coffee as an energy system  
 
How can a system have heat added to it (+𝑄)? 

 add some extra hot water into the cup 

 place the cup in front of a heater 

 Place the cup in a microwave 
 
How can a system have work done on it (+𝑊)? 

 stir the cup with a spoon (aggressively) 

 place a lid on the cup and shake it 
 
 
How can a system have heat removed (−𝑄)? 

 add ice cubes into the cup 

 blow across the top of the cup 
 
How can a system do work (−𝑊)? 

 the coffee “pops” the lid off the cup 
 

Example 2 

45 Joules of heat energy is added to a system.  The system then does 16 Joules of work.  How 
much did the internal energy of the system change? 
 

U = ? 
Q = +45 J (+ve as heat is transferred into the system) 
W = -16 J (-ve as work is done by the system on the surroundings) 
 
U = Q + W 

       = 45 + (-16)  
       = 29 J The system increased its internal energy by 29 Joules 
 
Example 3 
James sits on top of a helium filled balloon. In doing so the balloon receives 200 Joules of heat 
energy.  The pressure placed upon the balloon does a further 50 Joules of work on the helium 
filled balloon.  How much did the internal energy of the system change? 
 

U = ? 
Q = +200 J (+ve as heat is transferred into the system) 
W = +50 J (+ve as work is done on the system by the surroundings) 
 
U = Q + W 

       = 200 + 50 
       = 250 J The system increased its internal energy by 250 Joules 
 

By adding heat (+𝑄) to the system or  

by doing work on the system (+𝑊) the  

internal energy of the system is increased (∆𝑈 ↑) 

By removing heat (−𝑄) from the system or  

by the system doing work on its surroundings (−𝑊) 

the internal energy of the system is reduced (∆𝑈 ↓) 


