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1.6 Implied Property Relations for an Ideal Gas 

The definition of heat capacity at constant volume, Eq. (2.16), leads for an ideal gas to 

the conclusion that Cv is a function of temperature only: 

 

 

 

 

 

The defining equation for enthalpy, Eq. (2.1 I), applied to an ideal gas, leads to the 

conclusion that H also is a function of temperature only: 

 

 

 

 

The heat capacity at constant pressure Cp, defined by Eq. (2.20), like Cv, is a function 

of temperature only:  

 

 

 

 

A useful relation between Cp and Cv for an ideal gas comes from differentiation of Eq. 

(3.16): 

 

 

 

 

This equation does not imply that Cp and CV are themselves constant for an ideal gas, 

but only that they vary with temperature in such a way that their difference is equal to 

R.  

For any change of state of an ideal gas Eq. (3.15) may be written: 
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Equations for Process Calculations: Ideal Gases 

For an ideal gas in any mechanically reversible closed-system process, Eq. (2.6), 

written for a unit mass or a mole may be combined with Eq. (3.19a): 

 

 

 

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

also written for one mole or a unit mass: 

 

 

 

 

 

The two preceding equations for an ideal gas undergoing a reversible process in a 

closed system take several forms through elimination of one of the variables P, V, or T 

by Eq. (3.13). Thus, with P = RT/V they become: 

 

 

 

 

 

 

 

 

Alternatively, let V = RT/ P: 

 

 

 

With Eq. (3.18) this reduces to: 

Finally, let T = PV/R: 
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Again with Eq. (3.18) this becomes: 

 

 

 

 

The work is simply:  dW = -PdV 

 

These equations may be applied to various processes, as described in what follows. The 

general restrictions implicit in their derivation are: 

 

 The equations are valid for ideal gases. 

 The process is mechanically reversible.  

 The system is closed. 

 

1. Isothermal Process (constant Temperature):  

By Eqs. (3.19b) and (3.20b),         ΔU=ΔH=0  

 

By Eqs. (3.21) and (3.23)     

 

 

By Eqs. (3.22) and (3.24),   

 

 

Note that Q = - W, a result that also follows from Eq. (2.3). Therefore, 

 

 

 

 

 

 

PV = constant 
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2. Isobaric Process (constant pressure) 

By Eqs. (3.19b) and (3.20b), 

 

 

and by Eqs. (3.23) and (3.24),  

 

 

Note that Q = ΔH, a result also given by Eq. (2.13). Therefore, 

 

 

 

3. Isochoric (Constant- V) Process 

Equations (3.19b) and (3.20b) again apply: 

 

 

By Eqs. (3.21) and (1.3), 

 

 

Note that Q = ΔU, a result also given by Eq. (2.10). 

Therefore, 

 

 

 

4. Adiabatic Process: Constant Heat Capacities 

An adiabatic process is one for which there is no heat transfer between the system and its 

surroundings; that is, dQ = 0. 

Integration with Cv and Cp constant then yields simple relations among the variables T, P, 

and V. For example, Eq. (3.21) becomes: 
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Integration with Cv constant then gives: 

 

 

Similarly, Eqs. (3.23) and (3.25) lead to: 

 

 

 

These equations may also be expressed as: 

 

 

Cp = Cv+R           from Eq. 3.18 

(Cp = Cv + R)       ÷Cv 

γ = 1+R/Cv,       R/Cv = γ-1 
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Equations (3.29) apply to an ideal gas with constant heat capacities undergoing a 

mechanically reversible adiabatic process. 
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The work of an adiabatic process may be obtained from the relation:  

dW=dU=CvdT 

If Cv is constant, integration gives: 

 

Alternative forms of Eq. (3.31) are obtained when Cv is eliminated in favour of the heat-

capacity ratio γ: 

 

 

 

whence  

 

therefore  

 

Since RTl = PI Vl and RT2 = P2V2, this expression may be written: 

 

 

 

Equations (3.31) and (3.32) are general for an adiabatic process, whether reversible or not. 

However, V2 is usually not known, and is eliminated from Eq. (3.32) by Eq. (3.29c), valid 

only for mechanically reversible processes. This leads to the expression: 

 

 

 

 For  monatomic gases, γ = 1.67;  

 Approximate values of γ are 1.4 for diatomic gases (H2, O2 and N2) 

 and 1.3 for simple polyatomic gases such as CO2, SO2, NH3, and CH4. 

 

5. Polytropic Process 

Since polytropic means "turning many ways:'  polytropic process suggests a model of some 

versatility. With δ a constant, it is defined as a process represented by empirical equation 
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For an ideal gas equations analogous to Eqs. (3.29a) and (3.29b) are readily derived: 

 

 

 

When the relation between P and V is given by Eq. (3.34a), evaluation of  PV yields  

Eq. (3.33) with γ replaced by δ 

:  

 

Moreover, for constant heat capacities, the first law solved for Q yields: 

 

 

The processes described in this section correspond to the four paths shown in Fiq. 3.6 for 

specific values of δ 

Isobaric process: By Eq. (3.34a), δ = 0.  

Isothermal process: By Eq. (3.34b), δ= 1.  

Adiabatic process: δ = γ.  

Isochoric process: By Eq. (3.34a), dV/dP = V/Pδ; for constant V, δ = ±  ∞ 

.  

 

 

 

 

 

 

Figure 3.6 Paths of polytropic processes characterized by specific values of δ 

Examples 3.2-.37 
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