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Ɠǆá óǈ ñāǒðāǄǂ ǑǈƶǒƼ Ǌǈã Ǚ ÿǂǆǒ éāíơ ƗǒǄǆƵ ÿāǂƙ Ɠǌƙƞǒƙǈ çíǒơāǃå óƓƮƙǆå çïåïơ 
Ɠǋíïõā ÿāí ýƺƬ. ïǌöǒ ÿǒƮǈǃå ƓǆǌǈƋǂā ÿǒƽǄƙƤǆ. ÿǂǃā ǑƼ ƴƿåāǃå Ɠǆǌǈã ÜÿǒǄƛƓǆƙǆ Ǐǈƶǆƕ ÿã ƗƽǃƓƤǆ 
Ɠǆǋíơå ăíâǒ Ǐǃã ƗƽǃƓƤǆ ïƤǓå. 

èƓǒǄǆƶǃå Ɨǒǀǒǀơǃå Ǒǋ èåßåïƞǕå ƗǒƪƓǂƶǈãǚǃå Ǒƙǃå ƓǌǀƼåïǒ ïƑƓƪƤ Ɨǒïåïơ. íǈƶƼ ýǒƺƬƙ üïơǆ 
ăïåïơ ǚƛǆ ïǌöƙ ïƑƓƪƤ Ɨǒïåïơ. ÿǆ Ɠǈǋ èïǌö ƗǒƮƓƤ ƗǒǂǒǆƓǈǒíāǆïƛ çíǒíƞ ïƕƶƙ ÿƵ ïåíǀǆ ǉîǋ 
ÜïƑƓƪƤǃå üǃîǃ ïƕƙƶƙ ǉîǋ ƗǒƮƓƤǃå ñƓǒǀǆ èåßåïƞǖǃ ƗǒƪƓǂƶǈãǚǃå Ü Ǐǆƪƙ ǑƕāïƙǈǕƓƕ Ǒǋā ƗǆǄǂ 
ýāá ÿǆ ƓǌǄǆƶƙƪå .(S) ƗǒǈƓǈāǒ ýƮǕå Ü Ǒǈƶƙ úƓõƶǈǕå āá ýāơƙǃå āá ÜêǚƙƤǕå ðǆïƕ Ɠǌǃ ðǆïǃƓƕ 
þǃƓƶǃå ǑǈƓǆǃǕå úǃāíāï ñāǒðāǄǂ ǑƼ úƮƙǈǆ ÿïǀǃå ƴƪƓƙǃå ïƬƵ. 
ƣǃå). ýǆƓǂƙǃåā ăïāíǃå ǉîǌǃ ĽH ,U, T, P ) ǑƕāïƙǈǙå ƗǒƮƓƤǂ úïƮƙǒ ăƋǂ ƗǒƮƓƤ ĂïƤá ýƛǆ 

óåāƤǃå ăāƓƪǒ åïƽƮ ƓǆíǈƵ ïǆǒ þƓöǈǃå çïāíƕ ƗǒƪƓǂƶǈã õǀƼ íāƶǒā Ǐǃã ǊƙǃƓơ ƗǒǄƮǙå. ăá: 
Ӡ dp=0 , Ӡ dT=0 , Ӡ dV=0 , Ӡ dH=0 , Ӡ dS=0 

Ǚā ÿǂǆǒ æƓƪơ Ɨǆǒǀǃå ÜƗǀǄõǆǃå (ȺS, ȺH , ȺU) ǑƼā èƓƕƓƪơǃå ƗǒǂǒǆƓǈǒíāǆïƛǃå æƪơǒ ýå 
ǑƼ èåßåïƞǕå ƗǒƪƓǂƶǈǙå ƗǒƪƓǂƶǈãǚǃåā ÿǆ ýǚƤ ƗƼïƶǆ (ȺU) Ɠǆǂ ÿǂǆǒā æƓƪơ .(S , H , U ) ăá 
Ǚã ǑƼ èƓǒǄǆƶǃå ƗǒƪƓǂƶǈåǘǃå èƓǒǄǆƶǃåā (ȺS) ïåíǀǆ ýƺƬǃå çïåïơǃåā ÜÿǒƙǄǀƙǈǆǃå Ǚã Ǌǈá Ǚ ÿǂǆǒ æƓƪơ 

ƗǒƪƓǂƶǈǙå ïǒƹ ǊǒƙƓƕƓǒíǙå Ǒƙǃå ïǆƙ ßðƞƕ ÿǆ Üǉïāí ăá ÿǆ ƗƼïƶǆ çïåïơǃå ƗǄǀƙǈǆǃå ƓǒƪƓǂƶǈã. 
ÿã ƗƿƓõǃå ƗǒǄƤåíǃå Ǒǋ Ɨƞǒƙǈ ÿǆ ƝƑƓƙǈ ÿāǈƓǀǃå ÜýāǕå ÿáā ǑƕāïƙǈǙå Ǒǋ Ɨƞǒƙǈ ÿǆ ƝƑƓƙǈ ÿāǈƓǀǃå 

ÜǑǈƓƛǃå üǃîǃ ïƕƙƶǒ ñǂǒǆƓǈǒíāǆïƛǃå þǄƵ ƗƿƓõǃå ǑƕāïƙǈǙåā. 
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The second law of thermodynamics 

The first statement of the second law is: 
Clausius Statement It  is impossible to construct a device which operates in a 

cycle and whose sole effect is the transfer of heat from a cooler body to a 
hotter body. 

 
Second statement of the second law takes the following form: 

Kelvin-Planck Statement It is impossible to construct a device which operates in 
a cycle and produces no other effect than the production of work and the 
transfer of heat from a single body. 

 

 

�™ Thermal reservoir: is a special kind of system that always remains at 
constant temperature even though energy is added or removed by heat 
transfer. A reservoir that supplies energy in the form of heat is called a 
source, and one that absorbs energy in the form of heat is called a sink 

 
Heat engines, heat pumps, and refrigerators 

We refer to a device operating on a 
cycle as a heat engine, a heat pump, or a 
refrigerator, depending on the objective of 
the particular device. If the objective of the 
device is to perform work it is a heat 
engine; if its objective is to supply energy to 
a body it is a heat pump; if its objective is to 
extract energy from a body it is a 
refrigerator. A schematic diagram of a 
simple heat engine is shown in Figure. 


