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Heat engine and heat pump 

Kelvin–Planck form of the second law of thermodynamics 

It is impossible to construct a heat engine that, operating in a cycle, produces 
no effect other than the input of energy by heat from a reservoir and the 
performance of an equal amount of work.
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Heat engine and heat pump 

Clausius statement 
It is impossible to construct a cyclical machine whose sole effect is to transfer 
energy continuously by heat from one object to another object at a higher 
temperature without the input of energy by work.
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Exercise - 1
Suppose a heat engine is connected to two energy reservoirs, one a pool of 
molten aluminum (660°C) and the other a block of solid mercury (238.9°C). 
The engine runs by freezing 1.00 g of aluminum and melting 15.0 g of mercury 
during each cycle. The heat of fusion of aluminum is 3.97x105 J/kg; the heat of 
fusion of mercury is 1.18x104 J/kg. What is the efficiency of this engine? 
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Exercise - 2
A heat pump has a coefficient of performance equal to 4.20 and requires a 
power of 1.75 kW to operate. (a) How much energy does the heat pump add to 
a home in one hour? (b) If the heat pump is reversed so that it acts as an air 
conditioner in the summer, what would be its coefficient of performance? 


