
20-1		Entropy	

©	2014	John	Wiley	&	Sons,	Inc.	All	rights	
reserved.	

The	Second	Law	of	
Thermodynamics	

where	the	greater-than	sign	applies	to	
irreversible	processes	and	the	equals	sign	to	
reversible	processes.	EquaEon	applies	only	
to	closed	systems.	



©	2014	John	Wiley	&	Sons,	Inc.	All	rights	
reserved.	

Entropy	for	ideal	gas	
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Entropy	change	in	heat	transfer	



20-2		Entropy	in	the	Real	World:	Engines	

•  20.09	IdenEfy	that	a	heat	
engine	is	a	device	that	extracts	
energy	from	its	environment	in	
the	form	of	heat	and	does	
useful	work.	

•  20.10	Sketch	a	p-V	diagram	for	
the	cycle	of	a	Carnot	engine,	
indicaEng	the	direcEon	of	
cycling,	the	nature	of	the	
processes	involved,	the	work	
done	during	each	process	,	the	
net	work	done	in	the	cycle,	and	
the	heat	transferred	during	
each	process.	

•  20.11	Sketch	a	Carnot	cycle	
on	a	temperature–entropy	
diagram,	indicaEng	the	heat	
transfers.	

•  20.12	Determine	the	net	
entropy	change	around	a	
Carnot	cycle.	

•  	20.13	Calculate	the	efficiency		
εC	of	a	Carnot	engine	in	terms	
of	the	heat	transfers	and	also	
in	terms	of	the	temperatures	
of	the	reservoirs.	
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Learning	Objec>ves	

Heat	engines	



Heat	engine	efficiency	
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Carnot	Engine	
A	pressure–volume	plot	(on	the	leR)	of	the	cycle	followed	by	the	
working	substance	of	the	Carnot	engine	(on	the	right).	The	cycle	
consists	of	two	isothermal	(ab	and	cd)	and	two	adiabaEc	
processes	(bc	and	da).	The	shaded	area	enclosed	by	the	cycle	is	
equal	to	the	work	W	per	cycle	done	by	the	Carnot	engine.	

The	elements	of	a	Carnot	engine.	
The	two	black	arrowheads	on	the	
central	loop	suggest	the	working	
substance	operaEng	in	a	cycle,	as	if	
on	a	p-V	plot.	



Carnot	cycle	
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Efficiency	of	a	Carnot	
Engine	

The	elements	of	a	Carnot	engine.	
The	two	black	arrowheads	on	the	
central	loop	suggest	the	working	
substance	operaEng	in	a	cycle,	as	
if	on	a	p-V	plot.	

The	elements	of	a	perfect	
engine	—	that	is,	one	that	
converts	heat	QH	from	a	
high-temperature	
reservoir	directly	to	work	
W	with	100%	efficiency.	

Efficiency	of	any	engine:	

Efficiency	of	Carnot	engine:	



20-2		Entropy	in	the	Real	World:	Engines	

•  20.14	IdenEfy	that	there	are	no	
perfect	engines	in	which	the	
energy	transferred	as	heat	Q	
from	a	high	temperature	
reservoir	goes	enErely	into	the	
work	W	done	by	the	engine.	

•  20.15	Sketch	a	p-V	diagram	
for	the	cycle	of	a	SErling	
engine,	indicaEng	the	
direcEon	of	cycling,	the	
nature	of	the	processes	
involved,	the	work	done	
during	each	process	(including	
algebraic	sign),	the	net	work	
done	in	the	cycle,	and	the	
heat	transfers	during	each	
process.	
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S>rling	Engine	
The	SErling	engine	was	developed	in	1816	by	Robert	SErling.			This	
engine,	long	neglected,	is	now	being	developed	for	use	in	automobiles	
and	spacecraR.	

A	p-V	plot	for	the	working	substance	of	
an	ideal	SErling	engine,	with	the	
working	substance	assumed	for	
convenience	to	be	an	ideal	gas.	

Answer:	(c),	(b),	(a).	



SErling	engine	



DefiniEon	of	Kelvin	temperature	scale	



Second	law	of	thermodynamics	



20-3		Refrigerator	and	Real	Engines	

•  20.16	IdenEfy	that	a	refrigerator	is	
a	device	that	uses	work	to	transfer	
energy	from	a	low-temperature	
reservoir	to	a	high-temperature	
reservoir.	

•  20.17	Sketch	a	p-V	diagram	for	the	
cycle	of	a	Carnot	refrigerator,	
indicaEng	the	direcEon	of	cycling,	
the	nature	of	the	processes	
involved,	the	work	done	during	
each	process,	the	net	work	done	
in	the	cycle,	and	the	heat	
transferred	during	each	process	
(including	algebraic	sign).		

•  20.18	Apply	the	relaEonship	
between	the	coefficient	of	
performance	K	and	the	heat	
exchanges	with	the	reservoirs	
and	the	temperatures	of	the	
reservoirs.		

•  20.19	IdenEfy	that	there	is	no	
ideal	refrigerator	in	which	all	of	
the	energy	extracted	from	the	
low-temperature	reservoir	is	
transferred	to	the	high-
temperature	reservoir.		

•  20.20	IdenEfy	that	the	
efficiency	of	a	real	engine	is	less	
than	that	of	the	ideal	Carnot	
engine.	
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Refrigerators	
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Refrigerators	

The	elements	of	a	refrigerator.	Work	
W	is	done	on	the	refrigerator	(on	the	
working	substance)	by	something	in	
the	environment.	

The	elements	of	a	perfect	refrigerator	—	that	is,	
one	that	transfers	energy	from	a	low-
temperature	reservoir	to	a	high-temperature	
reservoir	without	any	input	of	work.	


