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Figure 3.2 (a) A system, which can include any relevant process or value, is self-contained in an area. The surroundings may also have
relevant information; however, the surroundings are important to study only if the situation is an open system. (b) The burning gasoline in

the cylinder of a car engine is an example of a thermodynamic system.
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Figure 3.4 The work done by a confined gas in moving a piston a distance dx is given by dW = Fdx = pdV.
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When a gas expands slowly from ¥ to V5, the work done by the system is represented by the shaded area under the pV curve.
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A & ' : (lv P U V \ The paths ABC, AC, and ADC represent three different quasi-static transitions between the eguilibrium states Aand C.
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First Law of Thermodynamics

Associated with every equilibrium state of a system is its internal energy E;,,,. The change in E;,, for any

transition between two equilibrium states is

where Q and Wrepresent, respectively, the heat exchanged by the system and the work done by or on the
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Thermodynamic Sign Conventions for Heat and Work

Process Convention —
Al:tmt — @ - \M

Heat added to system Q>0
Heat removed from system Q<0 .Ctjr]r ez & B -——>C var w = 0,
Work done by system W >0 en ekkert var 3&31‘ um Q
Work done on system W <0
Table 3.1 )
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P Figure 3.7 Different thermodynamic paths taken by a system in going from state A to state 8. For all transitions, the change in the internal
S Samaj e_ﬂ dw 03 dQ e_m energy of the system AE,, = 0 — W is the same.

Often the first law is used in its differential form, which is
dEy =dQ —dW. 3.8

Here d Ej is an infinitesimal change in internal energy when an infinitesimal amount of heat dQ is exchanged

with the system and an infinitesimal amount of work dW is done by (positive in sign) or on (negative in sign)
the system.
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Figure 3.8 Quasi-static and non-quasi-static processes between states A and B of a gas. In a quasi-static process, the path of the process

between A and B can be drawn in a state diagram since all the states that the system goes through are known. In a non-quasi-static

process, the states between A and B are not known, and hence no path can be drawn. It may follow the dashed line as shown in the figure

or take a very different path.
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Figure 3.10 Anisothermal expansion from a state labeled A to another state labeled Bon a pV diagram. The curve represents the relation

between pressure and volume in an ideal gas at constant temperature,
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Molar Heat Capacities of Dilute Ideal Gases at Room Temperature
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Cp Cy Cp - Cy
Type of Molecule  Gas (/mol K) (/mol K) (J/mol K)
Monatomic Ideal 3R=2079 | 3R=1247 | R=383]
Diatomic Ideal %R = 29.10 %R =20.79 | R =831
Polyatomic I[deal 4R =3326 | 3R=2494 | R=283l
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Figure 3.13 The gas in the left chamber expands freely into the right chamber when the membrane is punctured.

If the gas is ideal, the internal energy depends only on the temperature. Therefore, when an ideal gas expands

freely, its temperature does not change.
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Figure 3.14 When sand is removed from the piston one grain at a time, the gas expands adiabatically and quasi-statically in the insulated

vessel.
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Adiabatic

Quasi-static adiabatic and isothermal expansions of an ideal gas.
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