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UNDERSTANDING
PARTIAL
DIFFERENTIAL
EQUATIONS: THE
STRAUSS
APPROACH AND
THE VALUE OF
SOLUTIONS

Partial  differential
equations  (PDEs)  form
t h e  b a c k b o n e  o f
mathematical  physics
and engineering. From
modeling heat diffusion
and wave propagation
to describing quantum
mechanics  and  fluid
dynamics,  PDEs  help

us translate real-world
p h e n o m e n a  i n t o
precise  mathematical
language.  Among  the
many  textbooks  that
introduce  this  vast
s u b j e c t ,  Par t ia l
Differential
E q u a t i o n s :  A n
Introduct ion  by
Wal ter  A .  S t rauss
stands out as a classic.
Its  clear  exposition,
well-chosen  examples,
and problem sets have
guided  generations  of
s t u d e n t s .  Y e t
mastering the material
often  requires  more
than  just  reading  –  it
demands practice. This
i s  w h e r e  Par t ia l
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Differential
Equations  Strauss
solutions  become  an
invaluable resource. In
this  article,  we  will
explore  the  book’s
structure,  the  key
topics  it  covers,  and
how  working  through
solutions  can  deepen
your  understanding  of
PDEs.

Why
Strauss’s
Book
Remains
a
Benchma
rk
First published in 1992,
Strauss’s textbook has
been  praised  for  its

intuitive  approach.
Rather  than  drowning
readers  in  abstract
theory,  Strauss  builds
up  concepts  step  by
step.  He  begins  with
the  simplest  l inear
PDEs  and  gradually
i n t r o d u c e s  m o r e
complex  techniques.
The book is particularly
f a m o u s  f o r  i t s
t r e a t m e n t  o f  t h e
classical equations: the
wave  equation,  the
heat  equation,  and
Laplace’s  equation.
Each is introduced with
physical  motivation,
then  so lved  us ing
separation of variables,
Fourier  series,  and
transform  methods.
The  text  also  covers
characteristics, Green’s
functions,  and  even  a
glimpse  into  nonlinear
PDEs.  For  students
encountering  PDEs  for
the  first  time,  the
clarity  of  Strauss’s
wr i t i ng  makes  an
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intimidating  subject
accessible.  However,
the  exercises  at  the
end  of  each  chapter
are  challenging  and
r e q u i r e  c a r e f u l
thought.  This  is  why
many learners  turn to
Partial  Differential
Equations  Strauss
solutions  to  check
their  work  and  learn
p r o b l e m - s o l v i n g
strategies.

Core
Topics in
Strauss’s
Presentat
ion
THE WAVE
EQUATION:
VIBRATION AND

PROPAGATION

The wave equation utt

= c² uxx  is one of the
first  PDEs  Strauss
explores.  He  uses  the
vibrating  string  as  an
i n t u i t i v e  m o d e l ,
s h o w i n g  h o w
d’Alembert’s  formula
provides  the  general
so lut ion.  The  text
delves  into  boundary
conditions, reflection of
w a v e s ,  a n d  t h e
c o n c e p t  o f
c h a r a c t e r i s t i c s .
Working  through  the
associated  exercises  –
often  involving  initial
d isp lacement  and
velocity profiles – helps
solidify  the  idea  that
the  solution  at  any
point depends only on
initial  data  within  a
specific  domain  of
dependence. A reliable
s e t  o f  P a r t i a l
Differential
Equations  Strauss
solutions  can  guide
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you  through  these
problems,  illustrating
the correct application
of d’Alembert’s method
and  its  extensions  to
semi-infinite intervals.

THE HEAT
EQUATION:
DIFFUSION AND
STEADY STATES

Strauss treats the heat
(or  diffusion)  equation
ut  = k uxx  with similar
clarity. He explains the
maximum  principle,
the smoothing effect of
diffusion,  and  the
a p p r o a c h  t o
equilibrium. Separation
of  variables  leads  to
Fourier  sine  or  cosine
series,  depending  on
boundary  conditions.
The  exercises  here
often  require  solving
f o r  t e m p e r a t u r e
distributions  in  rods
w i t h  v a r i o u s  e n d
conditions.  A  common
point  of  confusion  is

the proper handling of
i n h o m o g e n e o u s
boundary  conditions.
Hav ing  access  t o
d e t a i l e d  Par t ia l
Differential
Equations  Strauss
solutions  helps  you
see  how  to  reduce
such  p rob lems  to
homogeneous ones by
subtracting  a  steady-
state solution. This skill
is  crucial  for  later
topics  l ike  Green’s
f u n c t i o n s  a n d
e i g e n f u n c t i o n
expansions.

LAPLACE’S
EQUATION:
POTENTIAL THEORY

Laplace’s  equation  uxx

+  u y y  =  0  ( a n d  i t s
t h r e e - d i m e n s i o n a l
counterpart)  is  the
third pillar of the book.
Strauss  covers  both
Cartesian  and  polar
c o o r d i n a t e s ,
introducing  harmonic
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functions,  the  mean
value  property,  and
maximum  principles.
He  also  touches  on
Poisson’s equation and
the  use  of  Green’s
f u n c t i o n s .  T h e
e x e r c i s e s  i n  t h i s
chapter  often  require
solving boundary value
problems  on  disks,
rectangles, and annuli.
Many students find the
transit ion  to  polar
c o o r d i n a t e s
challenging.  A  well-
structured  Partial
Differential
Equations  Strauss
solutions  manual can
demonstrate  step-by-
step  how  to  separate
variables in polar form,
how  to  handle  the
periodic  boundary
c o n d i t i o n  i n  t h e
angular  variable,  and
how  to  apply  Fourier
series  to  satisfy  the
r a d i a l  b o u n d a r y
condition.

FOURIER SERIES
AND STURM-
LIOUVILLE THEORY

Fourier  series  are  the
workhorse  of  the  first
p a r t  o f  t h e  b o o k .
Strauss  dedicates  an
entire chapter to them,
covering  convergence,
o d d  a n d  e v e n
extensions,  and  the
concept  of  complete
orthonormal  sets.  He
then  generalizes  to
S t u r m - L i o u v i l l e
eigenvalue  problems,
which  arise  naturally
from  separation  of
v a r i a b l e s .  T h e
exercises  require  you
to find eigenvalues and
eigenfunctions  for
various  differential
o p e r a t o r s  a n d  t o
expand given functions
i n  t h o s e
eigenfunctions.  Many
textbook  solutions
available  online  are
incomplete  or  skip
s t e p s ,  b u t  w e l l -
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prepared  Part ia l
Differential
Equations  Strauss
solutions show the full
d e r i v a t i o n  o f
orthogonality  relations
and  coefficient
f o rmu las .  Th i s  i s
essential  for  grasping
the  underlying  theory
behind  separation  of
variables.

How to
Use
Solution
Manuals
Effectivel
y
I t  i s  impor tan t  to
approach  any  set  of
solutions  –  whether
official or unofficial – as
a  learning  tool,  not  a

shortcut.  Here  are
practical ways to make
the  most  of  Partial
Differential
Equations  Strauss
solutions:

Attempt the
problem first.
Spend a genuine
effort solving
each exercise
before checking
the solution. This
builds problem-
solving skills and
reveals where
your
understanding is
weak.
Compare
methods. The
solution might
use a different
approach than
you tried. Study
the reasoning
behind it. Why
did they choose
that method?
This expands
your toolkit.
Look for
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patterns. Many
exercises in
Strauss follow a
logical
progression.
Noticing how
problems build
on each other
can help you
anticipate the
next step in new
situations.
Use solutions
to verify, not
to copy. If you
get a different
answer, retrace
your steps before
assuming the
solution is wrong.
Occasionally
errors exist in
provided
manuals, but
usually they are
correct.
Focus on
conceptual
gaps. When you
see a solution
that uses a
theorem or

technique you
haven’t fully
absorbed, go
back to the
relevant section
in the textbook.
The combination
of reading and
seeing the
solution applied
reinforces
learning.

Key
Problem
Types in
Strauss
and How
Solutions
Help
Let’s  look  at  a  few
specific  problem
categories that appear
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frequently  in  Strauss’s
exercises:

Solving with1.
d’Alembert’s
formula: Given
initial position
and velocity of a
string, find u(x,t).
Many problems
involve piecewise
initial data.
Solutions show
how to handle
different regions
in the (x,t) plane.
Separation of2.
variables with
non-
homogeneous
BCs: For the
heat or wave
equation with
boundary
conditions that
are not zero,
students often
struggle to
transform the
problem.
Solutions
demonstrate the
shift technique

and ensure
proper handling
of steady-state
parts.
Eigenfunction3.
expansions:
Given a PDE with
source terms or
variable
coefficients,
expand the
solution in
eigenfunctions of
the associated
Sturm-Liouville
problem.
Solutions show
the orthogonality
conditions and
the computation
of expansion
coefficients.
Green’s4.
functions
construction:
For Laplace’s
equation or the
heat equation,
constructing a
Green’s function
by method of
images or
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eigenfunction
series is a
common
challenge. Step-
by-step solutions
clarify the
geometry and
the singularity
handling.
Nonlinear PDEs5.
(Chapter 13):
Strauss ends
with an
introduction to
nonlinear waves
and conservation
laws. The
exercises are
more theoretical.
Solutions often
illustrate shock
formation, weak
solutions, and
the Rankine-
Hugoniot
condition.

The Role

of Partial
Differenti
al
Equations
Strauss
Solutions
in Exam
Preparati
on
M a n y  u n i v e r s i t y
c o u r s e s  t h a t  u s e
Strauss’s  textbook
assign  problem  sets
directly from the book.
Hav ing  access  t o
verified  solutions  can
a c c e l e r a t e  y o u r
p r e p a r a t i o n  f o r
midterms  and  finals.
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Instead  of  spending
hours stuck on a single
problem, you can study
t h e  s o l u t i o n  t o
u n d e r s t a n d  t h e
approach,  then  apply
similar  reasoning  to
new problems.  This  is
especially  useful  for
graduate students who
must  demonstrate
proficiency  in  PDEs  as
part  o f  qua l i fy ing
e x a m s .  W o r k i n g
t h r o u g h  a
comprehensive  set  of
Partial  Differential
Equations  Strauss
solutions  helps  build
t h e  s p e e d  a n d
accuracy needed under
timed conditions.

Common
Pitfalls
When

Studying
PDEs
Even  w i th  a  g reat
textbook and solutions,
students  often  make
certain mistakes. Being
aware  of  these  can
help  you  avoid  them:

Neglecting
boundary
conditions: A
PDE typically has
infinitely many
solutions.
Matching the
boundary and
initial conditions
is essential.
Solutions often
emphasize
checking that the
candidate
function satisfies
all conditions.
Forgetting to
check
regularity: For
Laplace’s
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equation, the
solution must be
bounded inside
the domain.
Students
sometimes add
terms that blow
up at the origin
(e.g., ln r in 2D).
Solutions remind
you to discard
such terms when
they are not
physically
justified.
Misapplying
Fourier
transform
conventions:
Different books
define the
Fourier transform
with different
constants.
Strauss uses a
specific
convention.
Solutions help
keep the factors
consistent.
Ignoring the
domain of

definition: For
first-order linear
PDEs solved by
the method of
characteristics,
the solution may
only be valid up
to time when
characteristics
cross. Solutions
illustrate these
limits clearly.

Where to
Find
Reliable
Strauss
Solutions
Official  solutions
manuals  for  Partial
Differential  Equations:
An Introduction are not
widely  distributed,  but
many  educators  have
created  the i r  own
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solution  sets  for  the
benefit  of  their
students.  Some online
repositories  contain
verified  solutions  for
selected  exercises.
When  l ook ing  f o r
Partial  Differential
Equations  Strauss
solutions,  prioritize
sources  that  show
detailed  derivations
and are consistent with
the  book’s  notation.
Unofficial  solutions
may  contain  errors;
cross-checking  with
c l a s s m a t e s  o r
instructors is wise. As a
rule, treat any solution
as  a  gu ide,  not  an
infallible  authority.
Learning to  trust  your
own reasoning  is  part
of mastering PDEs.

A Sample

Problem
Walkthro
ugh
To illustrate the value
o f  a  w e l l - w r i t t e n
solution,  consider  a
typical  exercise  from
Strauss:  “Solve  the
wave equation utt  = 4
uxx on the half-line with
u(x,0)=0,  ut(x,0)=x,
and u(0,t)=0.”  A good
solution would:

Note that the
domain is x ≥ 0,
t ≥ 0.
Recognize the
boundary
condition
u(0,t)=0 imposes
an odd extension
of the initial
data.
Extend the initial
velocity to the
whole line as an
odd function:
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vext(x) = x for
x>0, = -x for
x<0.
Apply
d’Alembert’s
formula for the
whole line, then
restrict to x ≥ 0.
Compute the
integral of the
extended
velocity, handle
the absolute
value, and
simplify to a
piecewise
expression.
Verify that the
solution satisfies
u(0,t)=0 for all t.

Seeing  this  step-by-
step  process  clarifies
the  reflection  method
and  builds  confidence
for  handling  similar
p rob lems .  Th i s  i s
p r e c i s e l y  t h e
pedagogical  benefit
that a high-quality set
of Partial Differential
Equations  Strauss

solutions  offers.

CONCLUSION

Walter Strauss’s Partial
Differential  Equations:
A n  I n t r o d u c t i o n
remains  a  favorite  for
its  clarity  and  depth.
Whether  you  are  an
undergraduate taking a
first  PDE  course  or  a
graduate  s tudent
reviewing fundamental
techniques,  working
through  the  exercises
is  essential.  The  right
s e t  o f  P a r t i a l
Differential
Equations  Strauss
solutions can serve as
a  helpful  companion,
i l l u m i n a t i n g  t h e
reasoning behind each
step  and  helping  you
avoid  common  errors.
However,  the  ultimate
goal is not just to get
the  answer  but  to
i n t e r n a l i z e  t h e
methods: separation of
var iables,  Four ier
series,  characteristics,
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and Green’s functions.
Use  solut ions  as  a
br idge  to  connect
theory  and  practice.
With  consistent  effort
a n d  t h e  r i g h t
resources,  you  can

d e v e l o p  a  s t r o n g
command  of  partial
differential  equations  –
a  skill  that  will  serve
you  well  in  physics,
eng ineer ing ,  and
applied mathematics.


