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¡  Final	Equation	sheet	and	sample	Final	(from	last	
year)	posted	on	“Notes”	page	

¡  Final	will	be	in	this	room	8:00-10:00	pm	on	
Monday	12/12	

¡  Schedule	for	rest	of	semester	
§  This	week:	Thermodynamics	
§  Next	Monday:	Intro	to	Waves	
§  Next	Wed:	Detailed	review	of	post-midterm	material	
§  Next	Friday:	Full	semester	top-level	review	



Process	 ΔU	 Q	 W	

Constant	
Volume	
(Isochoric)	

3/2	nR	ΔT	
(monatomic)	

3/2	nR	ΔT	
(monatomic)	

0	

Constant	
Pressure	
(Isobaric)	

3/2	nR	ΔT	
(monatomic)	

5/2	nR	ΔT	
(monatomic)	

PΔV	=	nR	ΔT	

ΔU	=	Q	-	W	



¡  ΔU	only	depends	on	
end	points	

¡ W	depends	on	path	
¡  Q	depends	on	path	

¡  This	can	be	
exploited	to	convert	
work	into	heat	and	
vice	versa	



¡  Ideal	gas	means	PV	=	nRT	
§  Constant	n	&	T	=>	PV	=	constant	





¡  Vf	>	Vi	

§  ln	(Vf/Vi)	>	0	
§ Work	done	by	gas	is	positive	

¡  Vf	<	Vi	

§  ln	(Vf/Vi)	<	0	
§ Work	done	by	gas	is	negative	





¡  ΔU	=	Q-W	=	0		(since	ΔT	=	0)	

¡  Q	=	W	=	nRT	ln(Vf/Vi)	

¡  All	heat	added	to	gas	is	used	to	do	work	
§  Or,	vice	versa,	if	converting	work	to	heat	



¡  “Adiabatic”	=	a	process	during	which	no	heat	
is	transferred	to/from	a	system	



¡  ΔU	=	Q-W	=	-W	

¡  For	monatomic	gas	U	=	3/2	nRT		

¡  If	n	constant,	ΔU	=	3/2	nR	ΔT		

¡ W	=	-ΔU	=	-3/2	nR	ΔT		





Adiabatic	Processes	
	
	
	
For	monatomic	gas:	
γ	=	(5/2)/(3/2)	=	5/3	



¡  If	a	gas	expands	(increases	volume)	
adiabatically,	what	happens	to	its	internal	
energy?	

A.  Goes	up	
B.  Goes	down	
C.  Stays	constant	



¡  If	a	gas	expands	(increases	volume)	
adiabatically,	what	happens	to	its	internal	
energy?	

A.  Goes	up	
B.  Goes	down	
C.  Stays	constant	





¡  γ>	1	for	any	gas,	so	the	adiabatic	curve	
(“adiabat”)	on	a	PV	diagram	is	steeper	than	an	
isotherm	

¡  For	a	decrease	in	temperature,	pressure	goes	
down,	volume	goes	up,	and	positive	work	is	
done	by	the	gas	

¡  For	an	increase	in	temperature,	pressure	goes	
up,	volume	goes	down,	and	negative	work	is	
done	by	the	gas	(positive	work	is	done	on	the	
gas)	



Process	 ΔU	 Q	 W	

Constant	
Volume	

3/2	nR	ΔT	
(monatomic)	

3/2	nR	ΔT	
(monatomic)	

0	

Constant	
Pressure	

3/2	nR	ΔT	
(monatomic)	

5/2	nR	ΔT	
(monatomic)	

PΔV	=	nR	ΔT	

Constant	
Temperature	

0	 nRT	ln	(Vf/Vi)	
	

nRT	ln	(Vf/Vi)	

Adiabatic		
(pVγ	=	
constant)	

3/2	nR	ΔT	
(monatomic)	

0	 -3/2	nR	ΔT	
(monatomic)	











¡ Works	by	heating	water	to	produce	steam	
which	is	expelled	and	converted	to	
mechanical	motion	(which	can	do	work)	

¡  Steam	is	lost	
¡  Not	reversible!	



Steam	is	lost,	must	be	replaced,	not	reversible	



Stirling	cycle	is	reversible	in	principle	







¡ W12	=	nRTH	ln(V23/V14)	=	QH	

¡ W34	=	nRTC	ln(V14/V23)	=	QC	

¡ Wtot	=	W12+W34	=	|QH|-|QC	|	

¡ Wtot/QH	=	(|QH|-|QC|	)/QH	

¡ Wtot/QH	=	(TH-TC	)/TH	


