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1. EQUILIBRIUM 

 

Equilibrium is a word denoting a static condition, the absence of change. In 

thermodynamics it means not only the absence of change but the absence of any 

tendency toward change on a macroscopic scale. Thus a system at equilibrium exists 

under conditions such that no change in state can occur. Since any tendency toward 

change is caused by a driving force of one kind or another, the absence of such a 

tendency indicates also the absence of any driving force. Hence for a system at 

equilibrium all forces are in exact balance. Whether a change actually occurs in a 

system not at equilibrium depends on resistance as well as on driving force. Many 

systems undergo no measurable change even under the influence of large driving 

forces, because the resistance to change is very large. 

 

2. THE REVERSIBLE PROCESS 

A process is reversible when its direction can be reversed at any point by an 

infinitesimal change in external conditions. 

 

 

 

 

 

 

 

 

 

 

A reversible process:  

 Ideal 

 Is frictionless   

 Traverses a succession of equilibrium states  

 Is driven by forces whose imbalance is differential in magnitude  

 Can be reversed at any point by a differential change in external conditions  

 When reversed, retraces its forward path, and restores the initial state of 

system and surroundings 

 

 

 

 

Results for reversible processes in combination with appropriate efficiencies yield reasonable 

approximations of the work for actual processes. 
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Irreversible process: A process in which it is impossible to return both the system and 

surroundings to their original states. 

The work of an irreversible process is calculated by a two-step procedure. First, W is 

determined for a mechanically reversible process that accomplishes the same change of state 

as the actual irreversible process. Second, this result is multiplied or divided by an efficiency 

to give the actual work. If the process produces work, the absolute value for the reversible 

process is too large and must be multiplied by efficiency. If the process requires work, the 

value for the reversible process is too small and must be divided by efficiency. 

Wirr.= Wrev.* efficiency          if the process produces work 

Wirr.= Wrev./ efficiency         if the process requires work 

 

3.   CONSTANT-V AND CONSTANT-P PROCESSES 

The energy balance for a homogeneous closed system of n moles is:  

                                             d(nU) = dQ +dW                                                                    (2.6)  

where Q and W always represent total heat and work, whatever the value of n.  

The work of a mechanically reversible, closed-system process is given by Eq. (1.2), here 

written:  
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                                                     dW = -Pd(nV)  

These two equations combine:  

                                                  d(nU) = dQ - Pd(nV)                                                       (2.8) 

This is the general first-law equation for a mechanically reversible, closed-system process. 

3.1 Constant-Volume Process 

 

If the process occurs at constant total volume, the work is zero. Moreover, for closed 

systems the last term of Eq. (2.8) is also zero, because n and V are both constant. 

Thus,  

                                dQ = d(nU)  (const V)                                                              (2.9)  

 

Integration yields:  

 

                                  Q = n ΔU  (const V)                                                              (2.10) 

 

Thus for a mechanically reversible, constant-volume, closed-system process, the heat 

transferred is equal to the internal-energy change of the system. 

 

3.2 Constant-Pressure Process 

Solved for dQ, Eq. (2.8) becomes:  

 

dQ = d(nU) + P d(nV) 

 

For a constant-pressure change of state: 

  

dQ = d(nU) +d(nPV) = d[n(U + PV)] 

The appearance of the group U+ PV, both here and in other applications. Thus, the 

mathematical (and only) definition of enthalpy is: 

 

 

 

where H, U, and V are molar or unit-mass values. The preceding equation may now be 

written:  

dQ = d(nH)                           (const P)                      (2.12) 

 

Integration yields:  

 

       Q = n ΔH                                (const P)                      (2.13) 
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Thus for a mechanically reversible, constant-pressure, closed-system process, the heat 

transferred equals the enthalpy change of the system. 

4. Enthalpy  

Enthalpy is a measure of the total energy of a thermodynamic system. It includes the system's 

internal energy or thermodynamic potential (a state function), as well as its volume and 

pressure. 

Since U, P, and V are all state functions, H as defined by Eq. (2.11) is also a state function. 

Enthalpy is defined for any system by mathematical expression as: 

 H = U + PV                                                                                          (2.11) 

 

U= internal energy 

P= absolute pressure 

V= system volume 

 

The differential form of Eq. (2.11) is: 

 

 

 

This equation applies whenever a differential change occurs in the system. Upon 

integration, it becomes an equation for a finite change in the system: 
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