
 

Systems in Thermodynamics: Types and Properties 

 

Introduction 

In thermodynamics, the concept of a system is fundamental to understanding how energy and 

matter interact. A system is defined as a region of space or a quantity of matter that is being 

studied. Thermodynamics examines the transfer of energy and the changes in matter within 

this defined system. Understanding the different types of systems and their properties helps in 

analyzing thermodynamic processes and solving related problems.  

Types of Thermodynamic Systems 

Thermodynamic systems can be classified into three primary types based on the  nature of   

their interaction with the surroundings: isolated systems, closed systems, and open systems. 

Each type has distinct characteristics and plays a specific role in the study of energy 

exchanges and material interactions. 

1. Isolated Systems 

   An isolated system does not exchange energy or matter with its surroundings. It is 

completely self-contained and isolated from any external influence. In theoretical terms, 

isolated systems are an idealization because, in practice, achieving perfect isolation is nearly 

impossible. However, this concept is useful for simplifying problems and understanding 

fundamental principles. 

Properties: 

No Mass Exchange: There is no transfer of mass in or out of the system. 

 No Energy Exchange: There is no transfer of energy, such as heat or work, between the 

system and its surroundings. 

 Conservation of Energy: The total energy within the system remains constant. This implies 

that any energy transformations within the system must sum to zero. 

 Examples: The universe is often considered an isolated system in cosmological studies, and 

an idealized thermos bottle may serve as an approximation of an isolated system in practical 

scenarios. 



2. Closed Systems 

   A closed system allows for the transfer of energy (heat and work) but not mass with its 

surroundings. This means that while energy can cross the boundary of the system, the 

quantity of matter within the system remains constant. Closed systems are more practical than 

isolated systems and are commonly used in various thermodynamic analyses. 

 Properties: 

 Mass is Constant: The total amount of matter inside the system does not change over time. 

 Energy Transfer: Heat and work can be exchanged with the surroundings. The system can 

absorb or release energy, but it does not gain or lose matter. 

 Internal Energy: Changes in internal energy result from energy transfer in the form of heat or 

work. 

 Examples: A steam radiator or a sealed container of gas are examples of closed systems 

where energy can flow in and out, but the matter remains contained. 

3. Open Systems 

   An open system can exchange both energy and matter with its surroundings. This type of 

system is more complex because it involves interactions with its environment, including mass 

flow and energy transfer. Open systems are representative of many real-world processes, such 

as biological systems, industrial reactors, and environmental systems. 

  Properties: 

  Mass Transfer: Matter can enter or leave the system, which affects the system’s composition 

and quantity. 

 Energy Transfer: Energy can be transferred in the form of heat and work, similar to closed 

systems. 

 Dynamic Equilibrium: Open systems often operate in dynamic equilibrium, where 

continuous exchanges of matter and energy occur while maintaining certain state variables 

constant over time. 

 Examples: The human body is an open system, as it exchanges matter (food, oxygen) and 

energy (heat, work) with its environment. Similarly, a boiling pot of water on a stove 



represents an open system where steam (matter) and heat (energy) are exchanged with the 

surroundings. 

Properties of Thermodynamic Systems 

Thermodynamic systems are characterized by various properties that describe their state and 

behavior. These properties are essential for analyzing and predicting the system's response to 

changes in conditions. 

1. State Variables 

   State variables or state functions are properties that define the state of a system at any given 

time. They include temperature, pressure, volume, and internal energy, among others. State 

variables are used to describe the system’s condition and to track changes in the system as it 

undergoes processes. 

 Temperature (T): A measure of the thermal energy within the system. It indicates the degree 

of heat present and influences various thermodynamic properties. 

  Pressure (P): The force exerted by the system per unit area on the walls of its container. 

Pressure is crucial in defining the system’s mechanical state. 

 Volume (V): The space occupied by the system. It is an important factor in determining the 

system’s capacity and influences other properties. 

 Internal Energy (U): The total energy contained within the system due to the motion and 

interaction of molecules. 

2. Path Functions 

   Unlike state variables, path functions depend on the path taken to reach a particular state. 

They include heat (Q) and work (W), which describe the energy interactions between the 

system and its surroundings. 

Heat (Q): Energy transferred to or from the system due to a temperature difference. It is not a 

state function but rather a process-dependent quantity. 

 Work (W):Energy transferred by the system to its surroundings due to macroscopic forces. 

Like heat, work is also a path function. 

3. Equilibrium and Stability 



   Systems tend to move towards a state of equilibrium, where the macroscopic properties are 

stable over time. Thermodynamic equilibrium occurs when there are no net changes in the 

system’s properties, and it can be classified into three types: 

 Thermal Equilibrium: No temperature gradient within the system, meaning heat transfer has 

ceased. 

 Mechanical Equilibrium: No pressure gradient within the system, indicating uniform 

pressure. 

Chemical Equilibrium: No net change in the composition of the system, where chemical 

reactions have reached a state of balance. 

   Stability refers to the system’s ability to return to equilibrium after a disturbance. Stable 

systems will naturally return to equilibrium, while unstable systems may diverge further from 

equilibrium. 

 


