
    

  

 

 

  

 

 

 

 

  

 

 

  

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

  

 



  

 

 

 

         

 
 
 
 
  
 

 
  
 
 
 
  

 
 
    
   
 
 
  
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



        
  

  

 

  

 

 

  

 

 

  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 



 

  

  

 

  

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

  

 

 

  

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

  

 

 

 

 

 

  

 

 

 

 

 

 

 

 

                                                                                    

 

 

 

 

  

 

 

 

 

 

 

 

 



 

 

 

             

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

           
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 

                                

 



 

 

 

  

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

   

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

   

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

  

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

 

 

 

 

 

 

  

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

 

 

 

 

 

 

  

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

 

 

 

 

 

 

  

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

 

 

 

 

 

 

  

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

 

 

 

 

 

 

  

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

 

 

 

 

 

 

  

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

 

 

 

 

 

 

  

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 
Thermodynamics: In-Depth Theory 
Thermodynamics is the branch of physics that deals with the study of heat, work, and energy.  
It is a fundamental topic in physics and plays a crucial role in understanding how energy is transformed and transferred in various 
systems. 
 

Key Concepts of Thermodynamics 

1. System and Surroundings: 
o System: The portion of the universe under study, which can be a mixture of substances, a reaction vessel, or any 

 defined space. 
o Surroundings: Everything outside the system that can exchange energy or matter with it. 
o Boundary: The imaginary or real line that separates the system from the surroundings. 

 
2. Types of Systems: 

• Open System: Exchanges both energy and matter with the surroundings (e.g., an open pot of boiling water). 

• Closed System: Exchanges only energy, not matter, with the surroundings (e.g., a sealed container). 

• Isolated System: Does not exchange energy or matter with the surroundings (e.g., a thermos flask). 
 

Laws of Thermodynamics 

 
Zeroth Law of Thermodynamics 

• States that if two systems are in thermal equilibrium with a third system, they are in thermal equilibrium with each other. 

• Mathematical Representation: If TA=TC and TB=TC then TA=TB. 

• Establishes the concept of temperature. 
 
First Law of Thermodynamics 
The First Law, also known as the Law of Energy Conservation, states that energy cannot be created or destroyed, only transferred or 
converted from one form to another. 
 
Mathematical Expression: 
Where: 

• ΔU is the change in internal energy of the system. 

• Q is the heat added to the system. 

• W is the work done by the system. 

• Example: Heating a gas in a closed container. The heat added increases the internal energy, causing the temperature to rise.  

 

Second Law of Thermodynamics 
The Second Law states that the total entropy of an isolated system can never decrease over time. Entropy is a measure of disorder or 
randomness in a system. 
 
Mathematical Expression: 
Where: 

• ΔS is the change in entropy. 

• Q is the heat added to the system. 

• T is the absolute temperature. 

• Introduces the concept of entropy as a measure of disorder or randomness. 
 

Third Law of Thermodynamics 

• States that as the temperature of a system approaches absolute zero, the entropy of a perfect crystal approaches a minimum 
constant value. 
* Implication: It is impossible to reach absolute zero in a finite number of steps. 
 
Thermodynamic Processes 

1. Isothermal Process: 
o A process that occurs at a constant temperature. 
o In an isothermal process, the change in internal energy (ΔU\Delta U) is zero because temperature is constant. 
o Expression: ΔU= 0 and Q= W (Heat added = Work done). 



 
 
 

 
2. Adiabatic Process: 

o A process where no heat is exchanged with the surroundings. 
o In an adiabatic process, the entire change in internal energy (ΔU) is due to work done. 
o Expression: Q=0and ΔU=−W 

 
3. Isochoric Process: 

o A process that occurs at a constant volume. 
o In an isochoric process, no work is done since the volume doesn’t change. 
o Expression: W=0 and ΔU=Q 

 
4. Isobaric Process: 

o A process that occurs at constant pressure. 
o Work done in an isobaric process is given by the expression W=PΔV. 
o Expression: Q=ΔU+W 

 
Thermodynamic Diagrams 
 
PV Diagram (Pressure-Volume) 
A PV diagram shows the relationship between the pressure and volume of a system. 
 
TS Diagram (Temperature-Entropy) 
A TS diagram shows the relationship between the temperature and entropy of a system. 
 
 
 
 
 
 
 
 
 
 
Applications of Thermodynamics 
 
 
 
 

 

 

 

 

 

 

 

  


