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2.5: Processes and Paths
A process is a change in the state of the system over time, starting with a definite initial state and ending with a definite final state.
The process is defined by a path, which is the continuous sequence of consecutive states through which the system passes,
including the initial state, the intermediate states, and the final state. The process has a direction along the path. The path could be
described by a curve in an -dimensional space in which each coordinate axis represents one of the  independent variables.

This e-book takes the view that a thermodynamic process is defined by what happens within the system, in the three-dimensional
region up to and including the boundary, and by the forces exerted on the system by the surroundings and any external field.
Conditions and changes in the surroundings are not part of the process except insofar as they affect these forces. For example,
consider a process in which the system temperature decreases from  to . We could accomplish this temperature change
by placing the system in thermal contact with either a refrigerated thermostat bath or a mixture of ice and water. The process is the
same in both cases, but the surroundings are different.

Expansion is a process in which the system volume increases; in compression, the volume decreases.

Figure 2.9 Paths of three processes of a closed ideal-gas system with 
and  as the independent variables. (a) Isothermal expansion. (b)
Isobaric expansion. (c) Isochoric pressure reduction.

Paths for these processes of an ideal gas are shown in Fig. 2.9. An isothermal process is one in which the temperature of the
system remains uniform and constant. An isobaric or isopiestic process refers to uniform constant pressure, and an isochoric
process refers to constant volume.

An adiabatic process is one in which there is no heat transfer across any portion of the boundary. We may ensure that a process is
adiabatic either by using an adiabatic boundary or, if the boundary is diathermal, by continuously adjusting the external
temperature to eliminate a temperature gradient at the boundary.

Recall that a state function is a property whose value at each instant depends only on the state of the system at that instant. The
finite change of a state function  in a process is written . The notation  always has the meaning , where  is
the value in the initial state and  is the value in the final state. Therefore, the value of  depends only on the values of  and

. The change of a state function during a process depends only on the initial and final states of the system, not on the path of the
process.

An infinitesimal change of the state function  is written . The mathematical operation of summing an infinite number of
infinitesimal changes is integration, and the sum is an integral (see the brief calculus review in Appendix E). The sum of the
infinitesimal changes of  along a path is a definite integral equal to :

If  obeys this relation—that is, if its integral for given limits has the same value regardless of the path—it is called an exact
differential. The differential of a state function is always an exact differential.

A cyclic process is a process in which the state of the system changes and then returns to the initial state. In this case the integral of
 is written with a cyclic integral sign: . Since a state function  has the same initial and final values in a cyclic process, 
 is equal to  and the cyclic integral of  is zero:
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Heat ( ) and work ( ) are examples of quantities that are not state functions. They are not even properties of the system; instead
they are quantities of energy transferred across the boundary over a period of time. It would therefore be incorrect to write “ ” or
“ .” Instead, the values of  and  depend in general on the path and are called path functions.

This e-book uses the symbol  (the letter “d” with a bar through the stem) for an infinitesimal quantity of a path function. Thus, 
and  are infinitesimal quantities of heat and work. The sum of many infinitesimal quantities of a path function is not the
difference of two values of the path function; instead, the sum is the net quantity:

The infinitesimal quantities  and , because the values of their integrals depend on the path, are inexact differentials.

Chemical thermodynamicists often write these quantities as  and . Mathematicians, however, frown on using
the same notation for inexact and exact differentials. Other notations sometimes used to indicate that heat and work
are path functions are  and , and also  and .

There is a fundamental difference between a state function (such as temperature or volume) and a path function (such as heat or
work): The value of a state function refers to one instant of time; the value of a path function refers to an interval of time.

The difference between a state function and a path function in thermodynamics is analogous to the difference
between elevation and trail length in hiking up a mountain. Suppose a trailhead at the base of the mountain has
several trails to the summit. The hiker at each instant is at a definite elevation above sea level. During a climb from
the trailhead to the summit, the hiker’s change of elevation is independent of the trail used, but the trail length from
base to summit depends on the trail.

This page titled 2.5: Processes and Paths is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Howard DeVoe via
source content that was edited to the style and standards of the LibreTexts platform.
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