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¡ Welcome	back!	

¡  Second	to	last	HW	due	Thursday	

¡  Last	lab	this	week	
	







First	Law:	
ΔU	=	Qadded-Wby	
(normal	way	to	write	it)	

Opposite	signs	
for	Won	or	Qlost:	
ΔU	=Won-Qlost		
(not	typically		
written	this	way)	

added	 lost	
on

	
by

	

Won=	-Wby	
Qlost	=	-Qadded	



PV	=	NkT	
PV	=	nRT	











¡  ΔU	=	Q-W	=	Q-PΔV			=>	Q	=	ΔU	+	PΔV	
§  From	ideal	gas	law	PΔV	=	Δ(nRT)		
§  For	constant	n,	PΔV	=	nR	ΔT	

	
¡  For	monatomic	gas	ΔU	=	Δ(3/2	nRT)	

§  For	constant	n,	ΔU	=	3/2	nR	ΔT	

§  Q	=	nR	ΔT	+	3/2	nR	ΔT	=	5/2	nR	ΔT		
▪  (monatomic,	constant	n)	





¡  PV	=	nRT	
¡  V	=	nRT/P	

¡  If	heat	is	added,	temperature	goes	up,	
volume	goes	up,	and	work	is	done	by	gas	

¡  If	heat	is	extracted,	temperature	goes	down,	
volume	goes	down,	and	work	is	done	on	gas	
§  You	can	produce	heat	by	compressing	the	gas!	



¡  Isochoric	=	Constant	Volume	
¡  No	movement	means	no	work.	

§  (this	does	not	mean	there	is	no	heat	Q)	

W	=	area	=	0	



¡  ΔU	=	Q-W	=	Q		(since	W	=	0)	

¡  For	monatomic	gas	ΔU	=	Δ(3/2	nRT)	

§  For	constant	n,	Q	=	ΔU	=	3/2	nR	ΔT	=	3/2	Nk	ΔT	

§  This	just	corresponds	to	the	total	change	in	kinetic	
energy,	since	the	average	kinetic	energy	per	atom	
is	3/2	kT	





¡  PV	=	nRT	
¡  P	=	nRT/V	

¡  If	heat	is	added,	temperature	goes	up,	and	
pressure	goes	up	

¡  If	heat	is	extracted,	temperature	goes	down,	
and	pressure	goes	down	



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	



¡  Isobaric	(constant	n,	P)	
§  Heat	added	Q	=	5/2	nR	ΔT	(monatomic)	
§  Work	done	as	gas	expands	(volume	increases)	

¡  Isochoric	(constant	n,	V)	
§  Heat	added	Q	=	3/2	nR	ΔT	(monatomic)	
§  No	work	done	(volume	constant)	

¡  More	heat	required	to	change	temperature	of	
isobaric	gas	since	some	of	the	heat	goes	to	work	





¡  For	a	solid	Q	=	mc	ΔT	

¡  For	an	ideal	gas	we	can	write	Q	=	nC	ΔT	in	terms	
of	a	molar	heat	capacity		
§  C	=	Q/(n	ΔT)		
§  Units	of	C	=	[J]/([mole][°C])	

¡  For	a	monatomic	gas,	these	are:		
§  CP	=	Qisobaric/(n	ΔT)	=	5/2	R	
§  CV	=	Qisochoric/(n	ΔT)	=	3/2	R	



¡ What	is	the	total	work	
done	along	paths	a	and	
b?		

A.  Wa	=	p0V0,	Wb	=	p0V0	
B.  Wa	=	2p0V0,	Wb	=	2p0V0	
C.  Wa	=	2p0V0,	Wb	=	p0V0	
D.  Wa	=	p0V0,	Wb	=	2p0V0	



¡ What	is	the	total	work	
done	along	paths	a	and	
b?		

A.  Wa	=	p0V0,	Wb	=	p0V0	
B.  Wa	=	2p0V0,	Wb	=	2p0V0	
C.  Wa	=	2p0V0,	Wb	=	p0V0	
D.  Wa	=	p0V0,	Wb	=	2p0V0	





Increase	in	volume	=>	
positive	work	done	by	gas	
	
	
Decrease	in	volume	=>	
negative	work	done	by	gas	
(positive	work	done	on	gas)	



¡  What	is	the	change	in	total	
internal	energy	along	
paths	a	and	b?		

	
A.  ΔUa	=	-p0V0,	ΔUb	=	-p0V0	
B.  ΔUa	=	-2p0V0,	ΔUb	=	-p0V0	
C.  ΔUa	=	0,	ΔUb	=	0	
D.  ΔUa	=	2p0V0,	ΔUb	=	p0V0	



¡  What	is	the	change	in	total	
internal	energy	along	
paths	a	and	b?		

	
A.  ΔUa	=	-p0V0,	ΔUb	=	-p0V0	
B.  ΔUa	=	-2p0V0,	ΔUb	=	-p0V0	
C.  ΔUa	=	0,	ΔUb	=	0	
D.  ΔUa	=	2p0V0,	ΔUb	=	p0V0	





¡  U	proportional	to	temperature	for	ideal	gas	
§  For	monatomic	gas	U	=	3/2	nRT	

¡  But,	by	the	ideal	gas	law,	PV	=	nRT	
§  So,	for	constant	n,	U	is	proportional	to	PV	
§  For	monatomic	gas,	U	=	3/2	PV	

¡  The	change	in	internal	energy	does	not	
depend	on	path	(unlike	W	and	Q)	



¡  Wa	=	2p0V0,	Wb	=	p0V0	

¡  ΔUa	=	0,	ΔUb	=	0	

¡  ΔU	=	Q-W	

¡  Qa	=	2p0V0,	Qb	=	p0V0	

¡  To	get	more	work	out	of	path	a,	we	had	to	add	
more	heat	to	the	system	


