COLLEGE PHYSICS: PHYS 111                                                    


Summary Material From Thermodynamics
IV) IDEAL GAS LAW:  [See: 13.5, 15.2, 15.3]

Important Laws & Defined Quantities:
Boyle's Law, Charles' Law; Equation of State, saturated vapor, saturated liquid, phase diagram, critical point, vapor pressure.

Problems: The equation of state for an 'Ideal Gas' is   PV =  n RT , where 'n' is the number of moles of the gas, and 'R' is the Universal Gas Constant. (Note: 'T' refers to a specific temperature value, not a difference in temperature. Hence, temperature in degrees Kelvin must be used.)

If the quantity of gas is held fixed ('n' constant), then the ratio  PV/T must be constant. In addition to the most general case where all three state variables are allowed to change, we have three important processes where one of the three remains constant:

 (A) Isobaric Process:  The pressure (P) is held constant.

 (B) Isothermal Process:  The temperature (T) is held constant.

 (C) Isochoric Process:  The volume (V) is held constant.

For each process the equation of state is represented by a 'curve' of P plotted versus V. The 3 special processes listed above are shown in the 'PV‑Diagram' illustrated:

	Points (1), (2), (3) indicate specific states of the gas. As indicated by the arrows we have:

(A) Isobaric expansion state (1) ‑‑> (2);

(B) An Isothermal compression (2) to (3);

(C) An Isochoric cooling from (3) back to (1);
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	Example Problem: A bicycle pump is full of air at an absolute pressure of 15 lb/in2. The length of the stroke of the pump is 18 inches. At what part of the stroke does air begin to enter a tire in which the gauge pressure is 40 lb/in2?  (Assume the compression is isothermal.)


	Solution: The piston of the pump is shown in the figure. In order  to have air enter region (2) (the tire), we must have P1  > P2. As the piston is pushed to the right we have an isothermal  compression in region (1). We treat air as an ideal gas and  write:
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  P1 V1  =   P2 V2    such that   P1  =  P2 .

If the cross‑sectional are of the piston is called 'A', then:

  (15 lb/in2)(18 in) A   =    (55 lb/in2)(18 ‑ x) A

(Note: P2  must be expressed as an absolute pressure: i.e.,  Gauge Pressure + Patm)

Solving for x we find:      x  =   (40)(18)/(55)  =   13.09 inches.

	Example Problem: A 4 liter volume of ideal gas at a pressure of 2 atm and temperature 300 K is allowed to expand at constant pressure to twice its original volume. It is then isothermally compressed back to its original volume, and then is cooled at constant volume back to its original pressure. a) Show this cycle of processes in a PV‑diagram. b) Compute the temperature during the isothermal compression. c) How many moles of gas are involved in this problem?


Solution: The three processes given are those which were plotted in the example PV‑diagram above(p.4). The initial state of the gas is given by: P1 = 2 atm; T1 = 3000; V1 = 4 liters. Since values are known for all 3 state variables, then the number of moles can be immediately calculated:

     n  =  PV/RT  =   (2 atm)(1.013 x 105 Pa/atm)(4 liters)(10‑3 m3/liter)/(8.314)(300)

We obtain  0.325 moles as an answer. A useful number to remember is that 1 mole of any gas (assumed to be 'ideal') occupies  22.4 liters at standard temperature & pressure (i.e., at 1 atm and at 273o K). This fact could be used to calculate the number of moles in this problem:

     n  =   PV/RT   =   (2 atm)(4 liters)/(R)(300)

Multiply & divide by 22.4 and by 273 . We can then write:

    n  =  (1 atm)(22.4 liters) x   (273)(4)    =     (1 mole) x (273)(4)/(300)(22.4)     = .325 moles

                         (R)(273)             (300)(22.4)

Consider now process (A):         (P1 = P2).     Then:      T2  = (V2/V1)  T1  =  2 T1  =  600 o K

For process (B):         (T2 = T3):             P3  = (V2/V3)  P2  =  (8/4)(2)  =  4 atm.
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