
Heat and Thermodynamics. Rec 3

Recitation 3

1. To make some ice, a freezer extracts 185 kJ of heat at −12.00 C. The freezer has a

coefficient of performance of 5.70. The room temperature is 26.00 C.

(a) How much work was required to run the freezer?

(b) How much heat was delivered to the room?

2. Two Carnot engines A and B are operated in series. First engine A absorbs heat at

1100 K and rejects is to the sink at T K. Second engine B absorbs half amount of

heat rejected by first engine and rejects heat to sink at 200 K. If the work performed

by both the engines are equal, calculate the temperature T . Also find their efficiencies.

3. (a) A Carnot engine operates between a hot reservoir at 322 K and a cold reservoir

at 258 K. If it absorbs 568 J of heat per cycle at the hot reservoir, how much work

per cycle does it deliver?

(b) If the same engine, working in reverse, functions as a refrigerator between the

same two reservoirs, how much work per cycle must be supplied to transfer 1230 J of

heat from the cold reservoir?

4. An inventor claims to have created a heat pump that draws heat from lake at 3.00 C

and delivers heat at a rate of 20 kW to a building at 350 C, while using only 1.9 kW

of electrical power. How would you judge the claim?

5. At a power plant that produces 1 GW of electricity, the steam turbines take in steam

at a temperature of 5000 C, and the waste heat is expelled into the environment at

200 C.

(a) What is the maximum possible efficiency of this plant?

(b) Suppose you develop a new material for making pipes and turbines, which

allows the maximum steam temperature to be raised to 6000 C. Roughly how much

money can you make in a year by installing your improved hardware, if you sell the

additional electricity for 5 cents per per kilowatt-hour? (Assume that the amount of
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fuel consumed at the plant is unchanged.)

6. The Diesel cycle is illustrated in the figure. Assuming the working substance is an

ideal gas, find the efficiency of the cycle.
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