
Chapter	5	(con..)	

The	Classical	Second	Law	of	
Thermodynamics	
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The	Carnot	Cycle	
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•  From	the	2nd	law,	it	is	impossible	to	build	a	100%	efficient	heat	engine.	
•  The	Carnot	cycle	is	the	most	efficient	cycle	that	can	operate	between	two	

constant	temperature	reservoirs.	
•  The	Carnot	cycle	consists	of	four	basic	processes.	

1.   Reversible	isothermal	expansion	

2.   Reversible	adiaba:c		expansion	
3.   Reversible	isothermal	compression	

4.   Reversible	adiaba:c	compression	
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The	Carnot	Cycle	in	a	Piston/Cylinder	System	
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Reversible	isothermal	expansion	

Reversible	adiaba:c		expansion	 Reversible	isothermal	compression	

Reversible	adiaba:c	compression	
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The	Carnot	Cycle	in	a	P-v	diagram	
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In	the	case		of	an	ideal	gas,		
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1	→	2	:	

2	→	3	:	

3	→	4	:	

4	→	1	:	

Eq.	(1)	

Eq.	(2)	

Eq.	(3)	
Eq.	(4)	
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From	Eq.	(2)	and	(4),	
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From	Eq.	(1)	and	(3),	
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•  Thermal	efficiency	of	a	
heat	engine	

•  COP	of	a	refrigerator	

•  COP	of	a	heat	pump	
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The	Efficiency	of	a	Carnot	Cycle	
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•  Proposi.on	I	–	it	is	impossible	to	construct	an	engine	that	operates	
between	two	given	reservoirs	and	is	more	efficient	than	a	reversible	
engine	opera.ng	between	the	same	two	reservoirs:	ηany	≤	ηrev				

 

ηreal ≤ηCarnot

βreal ≤ βCarnot

′βreal ≤ ′βCarnot
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•  Proposi.on	II	–	All	engines	that	operate	on	the	Carnot	cycle	between	two	
given	constant-temperature	reservoirs	have	the	same	efficiency:		
ηrev1	=	ηrev2	

  
ηCarnot = 1−

QL

QH

= 1−ψ (TL ,TH )

ü  These	proposi.ons	suggest	that	the	efficiency	of	the	Carnot	cycle	
opera.ng	between	two	given	constant-temperature	reservoirs	is	
same	regardless	of	the	detail	of	the	system	(e.g.	working	fluid)	and	it	
is	a	func/on	only	of	the	temperatures.		
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The	Thermodynamic	Temperature	Scale	

1 1 ( , )L
thermal L H

H

Q T T
Q

η ψ= − = −

1 2 1
1 2 2 3 1 3

2 3 3

( , ), ( , ), ( , )Q Q QT T T T T T
Q Q Q

ψ ψ ψ= = =

1 1 2
1 3 1 2 2 3

3 2 3

( , ) ( , ) ( , )Q QQ T T T T T T
Q Q Q

ψ ψ ψ= → = ×
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, ψ (T2 ,T3) =
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QH
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=
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Thermodynamic temperature: Τ = Cf (T )
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In	page	5,	

(ideal	gas)	

ü  Therefore,	thermodynamic	temperature	scale	is	iden.cal	to	the	
ideal-gas	temperature	scale.	
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