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The Otto cycle of the perfect (ideal) gas consists of the following four processes as shown in Figure 1. The perfect gas has a specific heat at constant

volume Cy and a specific heat at constant pressure Cp.

(1—-2) Reversible adiabatic compression from State 1 (temperature, pressure, and specific volume: 71, pi1, vi)to State 2 (T2, p2, )

(2—3) Reversible constant volume pressure increase from State 2 (72, p2, 2) to State 3 (73, p3, v3)
(3—4) Reversible adiabatic expansion from State 3 (73, p3, v3)to State 4 (T4, p4, va)
(4—1) Reversible constant volume pressure decrease back to State 1 (71, pi1, vi).

The gas constant R and the specific heat ratio x (=C, /Cy) are constant. & (=v1/v2) is the compression ratio and ¢ (=p3/p2) is the pressure ratio.

Answer the following questions using 71, &, ¢, and k.
(1) The temperatures 7>, 73, and T4
(2) The efficiency of the Otto cycle

(3) Suppose the Carnot cycle operating at a hot source temperature 7y and a low source temperature 71, which are the same temperatures as
maximum and minimum temperatures of the Otto cycle, respectively. Calculate the ratio of the Otto efficiency to the Carnot efficiency, and

show which cycle exhibits a higher efficiency.
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There are a first-order chemical reaction shown in Equation (1), and a second-order chemical reaction shown in Equation (2). The molar
concentration of a component J at same instant is described below as [J].

(1) Express each reaction rate shown in Equations (1) and (2), by [A], [C] and rate constants ki and k.

(2) Express [A] and [C] at a time ¢, using k1, k2, ¢, and the initial concentrations of A, [A]o and C, [C]o.

(3) Assuming the initial concentrations are the same and the first half-life is identical, explain using the rate law why the next half-life
(the time required for the concentration to decrease to one-fourth) differs.
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