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System and Surroundings 

A system is defined as a quantity of matter or a region in space 

chosen for study. The mass or region outside the system is 

called the surroundings. The real or imaginary surface that 

separates the system from its surroundings is called the 

boundary (Fig. 1). The boundary of a system can be fixed or 

movable. Note that the boundary is the contact surface shared by 

both the system and the surroundings. Mathematically speaking, 

the boundary has zero thickness, and thus it can neither contain 

any mass nor occupy any volume in space. 

Systems may be considered to be closed or open, depending on whether a fixed mass or a 

fixed volume in space is chosen for study. A closed system (also known as a control mass or 

just system when the context makes it clear) consists of a fixed amount of mass, and no mass 

can cross its boundary. That is, no mass can enter or leave a closed system, as shown in Fig. 

2. But energy, in the form of heat or work, can cross the boundary; and the volume of a 

closed system does not have to be fixed. If, as a special case, even energy is not allowed to 

cross the boundary, that system is called an isolated system. 

Figure 1: System, surrounding, and 

boundary. 

Figure 2 
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Types of Thermodynamics System 

 Closed system 

  Open system 

 

 

Properties of Thermodynamics System: 

 Any characteristic of a system is called a property. 

 E.g.: P, T, V, m, viscosity, thermal conductivity, thermal expansion 

coefficient, velocity etc. 

 Properties are considered to be either intensive or extensive. 

 Intensive properties – those that are independent of the size of the system: 

temperature, pressure and density. 
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 Extensive properties – those whose values depend on the size or extent of 

the system: mass, volume, and total energy. 

 

Reversible & Irreversible Process: 

 Process: The system undergoes from one equilibrium state to another. 

 Reversible: Process that can be reversed without leaving any trace on the 

surrounding. 

 eg: Pendulum (System and surrounding return to their initial state). 

 Irreversible: Surrounding does some work on the system & therefore does 

not return to its initial state. 

 eg: hot coffee 

State of System: 

 State of the system: a set of properties that completely describes the system 

condition 

 If the value of even one properties changes, the state will change to a 

different one. 

 

 

 

 

 

Thermodynamics Equilibrium: 

 Equilibrium: no changes 

 Thermodynamic equilibrium refers to particular states of a macroscopic 

system, called equilibrium states, which are independent of time (stationary 

states) and in which no macroscopic flow of any physical quantity exists. 

 Thermal Equilibrium 

Temperature is the same throughout the entire system 
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• Mechanical Equilibrium 

(Related to pressure): a system is in mechanical equilibrium if there is no 

change in pressure at any point of the system with time. 

• Phase Equilibrium 

If a system involves two phases, it is in phase equilibrium when the mass of 

each phase reaches an equilibrium level and stays there. 

• Chemical Equilibrium 

Chemical composition does not change with time, that is, no chemical reactions 

occur. 

 

The Zeroth Law of Thermodynamics 

The zeroth law of thermodynamics states that if two bodies are in thermal 

equilibrium with a third body, they are also in thermal equilibrium with each 

other. 

 

Temperature Scales 
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The macroscopic energy of a system is related to motion and the influence of 

some external effects such as gravity, magnetism, electricity, and surface 

tension. The energy that a system possesses as a result of its motion relative to 

some reference frame is called kinetic energy (KE). 

 

The energy that a system possesses as a result of its elevation in a gravitational 

field is called potential energy (PE) and is expressed as 

 

The magnetic, electric, and surface tension effects are significant in some 

specialized cases only and are usually ignored. In the absence of such effects, 

the total energy of a system consists of the kinetic, potential, and internal 

energies and is expressed as 
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