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Master	Syllabus	
Course	number:	MTH475	
Cross	listed	as	MTH575	

Name:	Advanced	Numerical	Methods	for	Partial	Differential	Equations		

Course	Description:		The	course	will	focus	on	developing,	analyzing,	and	implementing	numerical	
methods	 to	 approximate	 solutions	 of	 partial	 differential	 equations.	 The	 types	 of	 numerical	
methods	will	vary	by	semester,	and	will	be	chosen	from	among:	numerical	methods	for	hyperbolic	
PDEs;	Cinite	element	methods;	discontinuous	Galerkin	methods;	spectral	methods;	pseudo	spectral	
(collocation)	 methods;	 radial	 basis	 function	 methods;	 numerical	 methods	 for	 time-stepping	 of	
PDEs.	

Course	Objectives	 and	 Learning	Outcomes:	 Students	will	 integrate	 their	 learning	 and	 advance	
their	knowledge	of	applied	and	computational	mathematics	 through	a	rigorous	study	of	cutting-
edge	numerical	methods.	Students	will	be	expected	to		read	research	articles,	develop	and	analyze	
numerical	 methods,	 and	 produce	 an	 original	 expression	 of	 their	 understanding	 of	 numerical	
methods	 for	 PDEs,	 and	 demonstrate	 mastery	 of	 the	 subject	 as	 well	 as	 of	 mathematical	
communication.	

Beyond	the	mathematics	content,	students	will	bring	to	this	class	an	understanding	of	cultural	and	
societal	 challenges	 that	 mathematics	 is	 used	 to	 address.	 The	 ODEs	 and	 PDEs	 discussed	 in	 this	
course	are	used	to	model	a	wide	range	of	physical	phenomena.		The	accurate	and	robust	numerical	
simulation	of	these	equations	is	needed	for	reliable	data	that	can	be	used	to	make	public	policy	on	
issues	such	as	public	health,	climate	change,	carbon	emissions,	and	environmental	pollution.	These	
simulations	 are	 also	widely	 used	 in	 the	 arts	 in	 creating	 visualizations	 for	movies	 and	 in	 sound	
production	 and	 acoustics	 in	 music.	 These	 issues	 highlight	 the	 importance	 of	 these	 families	 of	
mathematical	equations	and	will	be	discussed	as	appropriate	depending	in	each	semester.	

The	course	will	be	in	lecture	format	for	3	hours	per	week,	and	students	are	expected	to	spend	10	
hours	each	week	on	homework	which	will	consist	of	both	mathematical	analysis	and	development	
computer	codes.	There	will	be	one	homework	for	each	of	four	sub-topics	covered	in	the	course.	In	
these	assignments	students	will	be	asked	to:	(1)	perform	and	summarize	a	 literature	search	and	
survey	 on	 the	 topic	 of	 interest;	 (2)	 explicitly	 map	 the	 connections	 between	 the	 mathematical	
concepts	in	these	papers	and	courses	the	students	have	taken;	(3)	explain	the	numerical	method	in	
words	 and	mathematical	 symbols,	 and	 in	 algorithmic	 pseudo-code	 or	 as	 a	 list	 of	 steps;	 (4)	 use	
rigorous	 mathematical	 techniques	 to	 prove	 the	 effectiveness	 of	 the	 methods;	 (5)	 program	 the	
algorithms	 for	 sample	problems	of	 their	 choice	 (and	 justify	why	 these	problems	are	of	 interest)	
and	use	 the	numerical	 results	 to	 analyze	 the	behavior	of	 the	method	 in	 terms	of	 computational	
cost	 (CPU	 time)	 and	 errors	 analysis;	 (6)	 suggest	 improvement	 and	 modiCications	 to	 current	
algorithms	and	compare	their	performance.	A	Cinal	oral	presentation	on	a	research	paper	will	be	
required,	as	well	as	a	Cinal	project	that	will	be	both	computational	and	analytical.	This	course	will	



be	cross-listed	as	the	graduate	Course	MTH575.	This	course	will	satisfy	University	Studies	Cluster	
Requirement:	5A	(Capstone	study).	

Prerequisites:	MTH472	

Relationship	 of	 course	 to	 program	 context	 and	 effectiveness:	 This	 course	 is	 a	 capstone	
experience	 that	 requires	 students	 to	 revisit	 and	 deepen	 their	 understanding	 of	 all	 previous	
courses,	and	apply	this	knowledge	to	gain	an	understanding	of	advanced	numerical	methods	 for	
the	solution	of	partial	differential	equations.	The	students’	performance	and	preparedness	for	this	
course	 will	 also	 inform	 us,	 the	 department	 faculty,	 as	 to	 the	 effectiveness	 of	 our	 introductory	
courses	 (particularly	 Calculus	 1-3,	 Differential	 Equations,	 and	 Linear	 Algebra)	 and	 our	
computational	mathematics	courses	(Numerical	Linear	Algebra,	Numerical	Analysis	1	and	2,	and	
Numerical	PDEs).	

Assignments	and	Grading:		
	 4	written	homework	assignments:	15%	each,	total	60%	of	the	Cinal	grade	
	 1	oral	presentation	20%	of	the	Cinal	grade	
	 1	Cinal	written	project	20%	of	the	Cinal	grade	
Note	on	difference	between	undergraduate	 (MTH475)	and	graduate	 (MTH575)	course:  The 
graduate course has a greater level of difficulty though more challenging problems. The undergraduate 
version of this course has fewer and more simple problems on the 4 problem sets. For the final written 
project, graduate students will be expected to submit a deeper and broader project: this will be reflected 
by the suggested length of 7-10 pages for MTH475 and 12-15 pages for MTH575. Undergraduate 
students may elect to solve the graduate level problems for extra credit.  

Outcome	Map

Univ	St	Learning	Outcome Teaching	and	Learning	Ac6vi6es Student	Work	Products

1.	 Synthesize	 the	 knowledge	
and	skills	gained	within	major	
courses ,	 i ndependent l y	
complete	 a	 research-based	
project	 or	 crea=ve	 work	 and	
integrate	 the	 results	 of	 both	
in	 an	 open-ended	 project	 or	
experience	 (projects	 within	
the	major	are	encouraged).

Using	the	knowledge	gained	from	
their	mathema=cs	classes,	
par=cularly	Calculus	1-3,	Differen=al	
Equa=ons,	Numerical	Linear	
Algebra,	Numerical	Analysis,	and	
Numerical	PDE,	students	will	
experiment	with	and	develop	new	
computa=onal	approaches	to	solve	
a	problem	of	scien=fic	and/or	
societal	interest	(such	as	traffic	
modeling,	epidemiology,	or	the	
study	of	gravita=onal	waves,	among	
others.)	

The	homework	assignments	will	
require	students	to	demonstrate	
competence	in	both	mathema=cal	and	
computa=onal	skills	and	guide	them	to	
a	novel	understanding	or	applica=on	of	
computa=onal	methodologies	to	solve	
model	problems	of	interest.	This	
experience	will	culminate	in	a	final	
wri>en	project	and	oral	presenta6on	
that	will	integrate	present	their	work.



2.	Integrate	knowledge	and	
principles	from	the	field	of	
study	with	those	of	the	
broader	University	Studies	
curriculum.

Students	will	call	upon	discipline	
specific	knowledge	as	well	as	the	
science,	mathema=cs,	and	wri=ng	
skills	developed	through	the	US	
courses	to	develop	and	present	a	
novel	understanding	of	numerical	
par=al	differen=al	equa=ons	and	
their	impact	on	science	and	our	
society.

The	homework	assignments	will	
require	students	to	deepen	their	
understanding	of	the	role	science	and	
mathema=cs	in	the	US	and	global	
society,	and	to	present	a	novel	
understanding	of	the	significance	of	a	
numerical	approach	to	solving	a	par=al	
differen=al	equa=ons	to	society’s	
func=oning.

3.	Demonstrate	advanced	
informa=on	literacy	skills	by	
selec=ng,	evalua=ng,	
integra=ng	and	documen=ng	
informa=on	gathered	from	
mul=ple	sources	into	
discipline-specific	wri=ng.

Students	will	be	expected	to		read	
research	ar=cles,	develop	and	
analyze	numerical	methods,	and	
produce	an	original	expression	of	
their	understanding	of	numerical	
methods	for	PDEs

The	homework	assignments	will	guide	
students	though	the	process	of	
selec=ng,	evalua=ng	and	documen=ng	
informa=on	from	books	and	research	
ar=cles.	final	wri>en	project	and	oral	
presenta6on	will	require	students	to	
integrate	the	informa=on	on	advanced	
numerical	methods	from	different	
sources	and	present	it	with	effec=ve,	
discipline-specific	wri=ng.

4.	Communicate	effec=vely,	
both	orally	and	in	wri=ng,	the	
results	of	the	project	or	
experience.

Students	will	prepare	a	final	oral	
presenta=on	on	a	research	paper	
will	as	well	as	a	final	project	that	
will	be	both	computa=onal	and	
analy=cal	(in	the	mathema=cal	
sense).	

The	final	wri>en	project	and	oral	
presenta6on	will	require	students	to	
provide	a	clear	and	effec=ve	discipline	
specific	wri=ng.	This	assignments	will	
be	revised	several	=mes	in	response	to	
comments	from	the	instructor,	to	help	
develop	the	best	possible	technical	
communica=on	skills.


