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Course	Website
• Lectures	presented	in	class
• Classroom	notes
• Study	Guides	

http://chpc.utah.edu/~hallar/Thermo/

Course	Textbook
A	First	Course	in	Atmospheric	Thermodynamics

by	Grant	W.	Petty	

List	price	when	purchased	through	bookstores:	$51.	Discounted	price	when	ordered	directly	
from	Sundog	Publishing:	$36,	including	free	shipping	to	U.S.	addresses.
http://www.sundogpublishing.com/

Bring	Calculator	to	Class		
You	will	be	expected	to	solve	problems	in	class	



Classroom	Policies
• Students	must	take	every	exam	and	quiz	with	
exceptions	governed	by	University	Policy.	
• Plagiarizing,	copying,	cheating,	or	otherwise	
misrepresenting	one’s	work	will	not	be	tolerated.
• Missing	class	will	not	be	penalized	directly,	but	usually	
results	in	poor	problem	set	and	exam	performance.	
• Strongly	suggest	completing	reading	assignments.
• Homework	is	due	at	the	start	of	class	on	the	due	date,	
unless	otherwise	noted.
• Late	homework	will	not	be	accepted.
• Please	respect	others	right	to	learn.



Lecture	1:		Chapter	1
• Introduction	to	Atmospheric	Thermodynamics
• Pressure
• Temperature

Meteorology	3510



What	is	Thermodynamics?

• Study	of	heat	to	work	transformations	(and	the	reverse)

©1998	The	McGraw-Hill	Companies

Now	we	apply	that	to	the	atmosphere	in	relation	to	weather	and	
climate	



What	is	Atmospheric		Thermodynamics?
Describes	the	physical	behavior	of	air	on	local	scale	

How	does	an	isolated	“parcel”	of	air	respond	to	changes	in	
temperature	and	pressure?

How	do	these	changes	affect	its	behavior	in	relationship	to	
the	surrounding	atmosphere?	

a parcel
of air

The atmosphere



Pressure	

• https://www.youtube.com/watch?v=QeAp3CuGjk8



e.g.		Thermodynamic	Diagram	=	Skew-T	log	p	chart



Introduction	to	Hydrostatic	Balance

• Pressure	at	any	point	in	the	atmosphere	equals	the	weight	per	unit	
area	above	that	point.
• Pressure	=	Force	per	unit	area
• Weight	of	an	object	=	Force	=	Fg =	mg
• g	=	acceleration	due	to	gravity	(9.81	m	s-2)	at	sea	level

Ackerman	and	Knox,	2012





Pa	=	Newton/m2

100	Pa	=	hPa =	mbar

Work	is	measured	in	Joules	(J)		=	
Newton	*	m	

Thus,	pressure	has	units	of	J/m3

Energy	density



Physicalgeography.net



Temperature	/	Heat

Temperature	is	the	quantity	that	determines	the	direction	in	which	
thermal	energy	(“heat”)	will	flow	when	two	objects	are	brought	into	
contact	with	one	another.	

Temperature	of	a	substance	is	proportional	to	the	average	kinetic	
energy	of	its	molecules.



Absolute	Temperature
Translational Kinetic Energy



Temperature	Scales



Temperature	Scales

What	does	this	
mean?



Temperature	Scales

What	does	this	
mean?

Nearly	all	molecular	
motion	ceases	and	
ΔS	=	0	for	any	
adiabatic	process,	
where	S	is	the	
entropy.



NASA



Environmental	Lapse	Rate

Typically	positive	in	the	Troposphere

When	Negative	=	Inversion

Standard	Lapse	Rate	=	6.5	C/km
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Inversions

Jude	Tibway took	this	photo	of	the	Salt	Lake	Valley	from	near	
Snowbird	in	February	2010
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Atmospheric	thermodynamic	principles	form	foundation	of:		
• atmospheric	dynamics	(the	study	of	the	fluid	motions	of	the	atmosphere)

• cloud	and	precipitation	physics
• weather	forecasting	(especially	the	forecasting	of	severe	weather)

As	the	air	travels	toward	convective	system,	it	gains	
moisture.	Ascending	motion	in	a	deep	convective	
core	produces	air	expansion,	cooling,	and	
condensation.	Upper	level	outflow	visible	as	an	anvil	
cloud	is	eventually	descending.

(Image	provided	by	Robert	Simmon)

(Image	provided	by	UK	Met	Office)


