
Lecture	3

Physical	Properties	of	Air
• Introduction	to	Kinetic	Theory	of	Gases
• Boyle’s	Law
• Charles’	Law
• Avogadro's	Law
• Definition	of	a	Mole	and	Molecular	Weight
• Ideal	Gas	Law	
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Kinetic	Theory	of	Gases	

Four	basic	postulates:
• Gases	are	made	up	of	molecules

• molecules	as	point	masses	that	are	perfect	spheres.	
• Separation	of	molecules	is	large	compared	to	molecular	size

• Molecules	are	in	constant	random	motion
• With	a	distribution	of	speed	that	does	not	change.

• The	movement	of	molecules	is	governed	by	Newton’s	Laws:
• moves	in	a	straight	line	at	a	steady	velocity,	not	interacting	with	any	of	
the	other	molecules	except	in	a	collision.	Molecules	exert	equal	and	
opposite	forces	on	one	another	with	collision.

• Molecular	collisions	are	perfectly	elastic:
• Molecules	do	not	lose	any	kinetic	energy	when	they	collide	with	one	
another.

Study	of	the	microscopic	behavior	of	molecules	and	the	interactions	
which	lead	to	macroscopic	relationships	like	the	ideal	gas	law





CHAPTER	2:	State	vs.	Process	Variables

State	Variables
Uniquely	determined	by	the	current	state	of	the	system
Properties	of	a	system	are	at	a	point	in	time,	not	how	it	arrived	at	that	
state.

• Pressure
• Temperature
• Density

Process	Variables
Associated	with	a	process,	
Exchange	of	energy	between	system	and	environment
e..g.	heat	energy	(Q)	added	to	air	sample	to	bring	it	to	current	temp



CHAPTER	2:	Extensive	vs.	Intensive	Variables

Extensive	Variables
Depends	on	the	size	of	the	sample	or	system	
e.g.	volume

Intensive	Variables
Does	not	depend	on	the	size	of	the	sample	or	system	
e.g.	volume	per	mass



Chapter	3:	Equation	of	State

For	a	homogeneous	parcel	of	air,	the	state	variables	(intensive	form)	we	
will	consider	first	are:	
p	=	pressure
T	=	temperature
α	=	specific	volume
𝜌 =	density

𝛼 ≡
1
𝜌



Variable	for	all	equations

V	is	the	volume	of	gas
P	is	the	pressure	of	gas
T	is	the	temperature	of	gas
k	is	a	constant
M	=	Mole



Boyle’s	Law

At	constant	temperature	for	a	fixed	mass,	the	absolute	pressure	and	
the	volume	of	a	gas	are	inversely	proportional.



Video



Charles	and	Gay-Lussac’s	Law
(also	known	as	the	law	of	volumes)	is	an	experimental	
gas	law	that	describes	how	gases	tend	to	expand	when	
heated.	



Video



Avogadro’s	Law

Equal	volumes	of	all	gases,	at	the	same	temperature	and	pressure,	have	
the	same	number	of	molecules.



Definition	of	a	mole	(M)
Mole		=	6.02214179	× 1023,	

One	mole	of	an	ideal	gas	at	Standard	Temperature	and	
Pressure	(STP)	occupies	22.4	liters.

Standard	temperature:	0°C	=	273.15	K
Standard	pressure	=	1	atm =	1013	hPa



Definition	of	a	mole	(M)
Mole		=	6.02214179	× 1023,	

Number	of	atoms	found	in	12	grams	of	Carbon-12.	

Carbon-12	was	chosen	arbitrarily	to	serve	as	the	
reference	standard	of	the	mole	unit	for	the	
International	System	of	Units	(SI).	

The	number	of	units	in	a	mole	also	bears	the	name	
Avogadro’s	number,	or	Avogadro’s	constant.	

Molecular	Weight	=	mass	of	one	mole	of	substance
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Element	 Atomic	Weight	(g/mol)	

Ba	 137.327	

C	 12.0107	

Ca	 40.078	

Cr	 51.9961	

H	 1.00794	

Mg	 24.3050	

N	 14.0067	

Na	 22.989770	

O	 15.9994	

P	 30.973761	

Use	the	data	from	the	periodic	table	to	answer	the	
following	questions.	

Calculate	the	molecular	weight	of	Ca3 (PO4)2	 [Calcium	
Phosphate]



Element	 Atomic	Weight	(g/mol)	

Ba	 137.327	

C	 12.0107	

Ca	 40.078	

Cr	 51.9961	

H	 1.00794	

Mg	 24.3050	

N	 14.0067	

Na	 22.989770	

O	 15.9994	

P	 30.973761	

Use	the	data	from	the	periodic	table	to	answer	the	
following	questions.	

Calculate	the	molecular	weight	of	Ca3 (PO4)2	 [Calcium	
Phosphate]

Answer:	

The	molecular	weight	=	

3(40.078)	+	2(30.973761)	+	8(15.9994)	=	

120.23	+	61.947522	+	127.9952	=	310.18	g/mol.



Question:	Three	balloons	are	filled	with	different	amounts	of	an	ideal	gas.	One	balloon	is	
filled	with	3	moles	of	the	ideal	gas,	filling	the	balloon	to	30	L.

a)	One	balloon	contains	2	moles	of	gas.	What	is	the	volume	of	the	balloon?
b)	One	balloon	encloses	a	volume	of	45	L.	How	many	moles	of	gas	are	in	the	balloon?



Question:	Three	balloons	are	filled	with	different	amounts	of	an	ideal	gas.	One	balloon	is	filled	
with	3	moles	of	the	ideal	gas,	filling	the	balloon	to	30	L.

a)	One	balloon	contains	2	moles	of	gas.	What	is	the	volume	of	the	balloon?		20	L
b)	One	balloon	encloses	a	volume	of	45	L.	How	many	moles	of	gas	are	in	the	balloon?	4.5	moles



Dalton’s	Law	of	Partial	Pressures

Total	pressure	exerted	by	a	mixture	of	gases	is	equal	to	the	sum	of	the	partial	pressure	that	would	be	exerted	by	each	
constituent	alone	if	it	filled	the	entire	volume	at	the	temperature	of	the	mixture.

𝑝 ='𝑝(

)

(*+



Gas	Constants

R	=	NAkB

Where	
NA	 =	Avogadro	Constant
kB =	Boltzmann	constant

Average	Translational	Kinetic	Energy	of	a	molecule	in	an	ideal	gas	is:

KEavg =	(3/2)	kBT PER	MOLECULE

Keavg =	(3/2)	RT			PER	MOLE

kB =	Boltzmann	constant	=	1.38066	x	10-23 J/K

Universal	Gas	Constant
R	=	8.3145	J/mol K

In	our	textbook,	the	universal	gas	constant	is	written	as	R*



Composition	of	a	DRY	Atmosphere:		
Troposphere

Water	Vapor	Varies	0	– 5%

0.041%



Gas	Constants	for	Dry	Air
Universal	Gas	Constant
R	=	8.3145	J/mol K

In	our	textbook,	the	universal	gas	constant	is	written	as	R*

Mass	of	dry	air:	

𝑚- ≈ 0.7808	 ∗ 28 + .2095	 ∗ 32 + .00093	 ∗ 	40 + 0.000405	 ∗ 44 = 28.96		
𝑚- ≈		 Nitrogen	(N2)		+	Oxygen	(O2)	+	Argon	(Ar)		+						Carbon	Dioxide	(CO2)						

𝑅- =
=∗

>?
= 8314.472	( A

)>BC
∗ 𝐾)/28.9655(kg/kmol)	=		287.047	J/(kg*K)

NOW	can	be	used	with	Intensive	Variables



Ideal	Gas	Law

PV	=	nR*T
where:

P	is	the	pressure	of	the	gas,
V	is	the	volume	of	the	gas,
n	is	the	amount	of	substance	of	gas	(also	known	as	number	of	moles),
R	is	the	ideal,	or	universal,	gas	constant,	equal	to	the	product	of	the	Boltzmann	

constant	and	the	Avogadro	constant,
T	is	the	absolute	temperature	of	the	gas.

Ideal	Gas	Law	– Meteorologist

𝑝 = 𝜌𝑅𝑑𝑇
R	=	Gas	constant	for	dry	air
p =	pressure
𝜌 =	density



Boyle’s
Law

Charles’	
Law



CLASS	Presentation
• Form	group	of	2	students	
• Present	~20	minute	presentation	(~	10	minute	each	person)
• Focus	on	topics	found	within	“In	Practice”	section	of	your	
textbook.
• Your	research	should	go	beyond	the	textbook.
• Be	Creative!			Props	



Examples	of	material	to	present
• Hygrometer
• Wind	Chill
• Radiosonde
• Skew-T	diagram
• Psychrometer
• Heat	Index
• Aneroid	Barometer
• Altimeter
• Subsidence	inversion



Suggestions	for	effective	display
• Keep	it	simple! Fancy	designs	or	color	shifts	make	important	material	hard	
to	read.	Less	is	more.

• Use	at	least	a	24-point	font	so	everyone	in	the	room	can	read	your	
material.	

• Try	to	limit	the	material	to	eight	lines	per	slide,	and	keep	the	number	of	
words	to	a	minimum.		Keep	it	simple.

• Limit	the	tables	to	four	rows/columns	for	readability.	Sacrifice	content	for	
legibility.	Large	tables	can	be	displayed	more	effectively	as	a	graph.	

• Use	easily	read	fonts.	
• Don't	fill	up	the	slide	- the	peripheral	material	may	not	make	it	onto	the	
display	screen.

• Identify	the	journal	when	you	give	references.	
• Finally,	always	preview	your	presentation.	You	will	look	foolish	if	symbols	
that	looked	OK	in	a	WORD	document	didn't	translate	into	anything	
readable	in	POWERPOINT.	



Start	with:		PV	=	nRT

Show	derivation	to:			𝑝 = 	𝜌𝑅𝑇


