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1.Module Title 
partial differential equation  
 
2. Module Code 
 
3. Module Level  
Fourth stage 
 
4. Module Leader  
Haideh Ghaderi 
 
5. Teaching Semester 
year no semester 
 
6. Credit Rating for the module 
 
7. Prerequisites and co-requisites  

In order to take this course, you must: 

 have continuous broadband internet access; 

 have the ability/permission to install plug-ins or software (e.g. Adobe 

Reader of Flash); 

 have the ability to download and save files and documents to a 

computer; 

  be competent in the English language; and 

 have completed the following courses: (Multivariable 

Calculus), (Differential Equations),  (Linear Algebra), and Real 

Analysis I).   (Complex Analysis) provides useful background, but is not 

required. 

 
8. Module Summary 
 
Partial differential equations are often used to construct models of the most 
basic theories underlying physics and engineering. The goal of this course is 
to 
develop the most basic ideas from the theory of partial differential equations, 
and apply them to the simplest models arising from the above mentioned 
elds. 
It is not easy to master the theory of partial differential equations. Unlike 
the theory of ordinary differential equations, which relies on the fundamental 
existence and uniqueness theorem, there is no single theorem which is central 
to the subject. Instead, there are separate theories used for each of the major 
types of partial differential equations that commonly arise. 
It is worth pointing out that the preponderance of differential equations arising 
in applications, in science, in engineering, and within mathematics itself, 
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are of either first or second order, with the latter being by far the most 
prevalent. 
We will mainly cover these two classes of PDEs. 
This book is intended for a first course in partial differential equations at 
the advanced undergraduate level for students in engineering and physical 
sciences. It is assumed that the student has had the standard three semester 
calculus sequence, and a course in ordinary differential equations. 
 
 
9. Module Aims 

Partial differential equations (PDEs) describe the relationships among the 
derivatives of an unknown function with respect to different independent 
variables, such as time and position. For example, the heat equation can be 
used to describe the change in heat distribution along a metal rod over time. 
PDEs arise as part of the mathematical modeling of problems connected to 
different branches of science, such as physics, biology, and chemistry. In 
these fields, experiment and observation provide information about the 
connections between rates of change of an important quantity, such as heat, 
with respect to different variables. These connections must be exploited to find 
an explicit way of calculating the unknown quantity, given the values of the 
independent variables – that is, to derive certain laws of nature. 

A very large fraction of solvable PDEs are either linear first- or second-order 
PDEs, or are related to such PDEs by transformation. Fortunately, these PDEs 
also make up the language for much of the mathematical description of nature. 
Most of this class will concentrate on those equations whose tremendous 
importance to real-world applications has been established. 

Because methods for finding exact or approximate solutions to 
partial differential equations tend to be rather specialized, it is important to be 
able to classify these equations. Accordingly, notation, specialized 
terminology, and the classification scheme for partial differential equations will 
constitute the subject of chapters1 and 2. Subsequent units will examine some 
major solution methods: Fourier series and the Fourier transform, separation 
of variables, the method of characteristics, and impulse-response methods. 
 
 
10. Learning Outcomes 

Upon successful completion of this course, the student will be able to: 

 state the heat, wave, Laplace, and Poisson equations and explain their 

physical origins; 

 define harmonic functions; 

 state and justify the maximum principle for harmonic functions; 

 state the mean value property for harmonic functions; 

 define linear operators and identify linear operations; 

 identify and classify linear PDEs; 

 identify homogeneous PDEs and evolution equations; 



 relate solving homogeneous linear PDEs to finding kernels of linear 

operators; 

 define boundary value problem and identify boundary conditions as periodic; 

 explain physical significance of boundary conditions; 

 show uniqueness of solutions to the heat, wave, Laplace and Poisson 

equations with various boundary conditions; 

 define, characterize, and use inner products; 

 define orthogonality and orthognormal basis and show the orthogonality of 

certain trigonometric functions; 

 define Fourier series on [0,π] and [0,L] and identify sufficient conditions for 

their convergence and uniqueness; 

 compute Fourier coefficients and construct Fourier series; 

 use the method of characteristics to solve linear and nonlinear first-order 

wave equations; 

 use similarity methods to solve PDEs; 

 solve the heat, wave, Laplace, and Poisson equations using separation of 

variables and apply boundary conditions; 

 define the delta function and apply ideas from calculus and Fourier series to 

generalized functions; 

 derive Green’s representation formula; 

 use Green’s functions to solve the Poisson equation on the unit disk; 

 define the Fourier transform; 

 derive basic properties of the Fourier transform of a function, such as its 

relationship to the Fourier transform of the derivative; 

 show that the inverse Fourier transform of a product is a convolution; 

 compute Fourier transforms of functions; and 

 use the Fourier transform to solve the heat and wave equations on 

unbounded domains. 

 
 
On successful completion of this module students will: 
 
11. Syllabus 
 

Chapter1: Introduction to Partial Differential Equations        

 1.1 Preliminaries 
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 1.1.1 Sets, Functions, and Derivatives 

 1.1.2 Notation for Derivatives 

 1.1.3 Complex Numbers 

 1.1.4 Coordinate Systems 

 1.1.5 Vector Calculus 

 1.2 Overview and Motivation 

 1.2.1 Overview of PDEs 

 1.2.2 Heat and Diffusion 

 1.2.3 Waves and Signals 
 
 

Chapter 2: Classification of Linear PDEs 

                     
2.1 Linear Partial Differential Equations   

2.1.1 Functions and Vectors   

 2.1.2 Linear Operators   

2.1.3 Homogeneous and Non-homogeneous Linear PDEs   

 2.2 Classification of PDEs   

 2.2.1 Evolution and Nonevolution Equations   

 2.2.2 Initial-Value Problems   

 2.2.3 Boundary Value Problems: Types of Boundary Conditions   

 2.2.4 Uniqueness of Solutions   

 2.2.5 Classification of Second Order Linear PDEs   

 2.2.6 Well-Posedness  
 
 

Chapter 3: Fourier Series on Bounded Domains      

 3.1 Necessary Functional Analysis   

 3.1.1 Inner Products   

 3.1.2 L2 Space   

 3.1.3 Orthogonality   

 3.1.4 Convergence Concepts   

 3.1.5 Orthogonal and Orthonormal Bases   

 3.2 Fourier Series   

 3.2.1 Eigensolutions to Linear Evolution Equations   

 3.2.2 Fourier Series on [0, ?]   

 3.2.3 Fourier Series on [0,L]   
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 3.2.4 Computing Fourier Coefficients   
 
 

chapter 4: Solution Methods   

 4.1 Linear and Nonlinear Waves   

 4.1.1 Stationary Waves   

 4.1.2 Transport and Traveling Waves   

 4.1.3 Nonlinear Transport and Shocks   

 4.1.4 D’Alembert’s Solution to the Wave Equation   

 4.1.5 Symmetry and Similarity  

 4.2 Separation of Variables   

 4.2.1 Separation of Variables for the Heat Equation   

 4.2.2 Separation of Variables for the Wave Equation   

 4.2.3 Separation of Variables for the Laplace and Poisson Equations   

 4.2.4 Separation of Variables in Spherical Coordinates   

 4.2.5 Separated and Quasi separated Solutions   

 4.2.6 Differential Operators as Polynomials   

 4.3 Impulse-Response Methods   

 4.3.1 Generalized Functions: The Delta Function and Calculus   

 4.3.2 Green’s Functions for One-Dimensional Boundary Value Problems   

 4.3.3 The Green’s Function for the Poisson Equation   
 
  chapter 5: The Fourier Transform    7 

 5.1 The Fourier Transform   

 5.1.1 One-Dimensional Fourier Transforms    

 5.1.2 Fourier Transforms of Derivatives and Integrals   

 5.1.3 Green’s Functions and Convolution   

 5.1.4 The Fourier Transform on Hilbert Space   

 5.2 Fourier Transform Solutions to PDEs on Unbounded Domains   

 5.2.1 The Heat Equation   

 5.2.2 The Wave Equation   

 5.2.3 Laplace’s Equation   
 
12. Assessment Strategy 



I think when every exam held on, there exists  three kind of question easy(all of the 
student can solve, average (50% can solve), hard (a few students are able to write 
and find answer). 
one of the important method for students assessment is group work, i give each 
session some problems to them  to do in the group work after that  i choose a person 
in each group , so she or he present their works and problem. 

In the first week i teach just, and give them some homework, first session on the 2 
week i take quiz about their homework ( because i think some times one of the 
student solve the problems and another one copy the answer) with this method i 
want to compel all of them to think and solve  by them. After that i teach the time 
remain and next session i solve the homework and quiz. Then one session for 
teaching and solving the problems and another session take quiz and teach. 
 
 
13. Summary description of assessment items 
[A table summarising the assessment components of the module] 
 

Assessment 
Type 

Description 
of Item 

% 
Weighting 

Grading Tariff Week due 

Group work problems 15% 15 Depend on 
problems 

After each 
chapter 

Exam  Each 
chapter 

20% 20 Every day 2 
hours  

After each 
chapter 

EXERCISE Exercise 15% 15 Depend on 
exercise 
choose for 
solving  

After each 
chapter 

 

 
 
14. Learning Session Structure  
It depends on session, sometimes all of the session we can explain just one method 
for solving PDE. 
another times we can divide the session into several parts. one parts for teaching, 
one parts for solving problems and another ones for discussing about various topics. 
Also if we have time we can take quiz in each session. 
 
 
15. Learning and Teaching Methods 
 
   Different forms of teaching will be used to reach the objectives of the course: the 
head titles and definitions and summary of conclusions, classification of materials 
and any other illustrations, There will be classroom discussions and the lecture will 
give enough background to translate, solve, analyze, and evaluate problems sets, 
and different issues discussed throughout the course. 
    Solution of problem and group work in partial differential equations for each 
subject in this course. Presentation of Problems: When you come into class, you 
should be prepared to it. One person will present each problem and then we will all 
discuss it. 
Quiz: Each quiz will be an equivalent percentage to one homework set. 
 
 
16. Scheme of  Work 



 

week Delivery 
Method 

Content Learning 
Materials 

Learning  
Outcomes 

Form of 
Assessment 

 
 
 
 
 

1 

Lecturer 
and 
student 

Sets, Functions, 

and Derivatives,   

 Notation for 

Derivatives   

notes, 
books, 
exercises 

recall notation for 
partial 
derivatives; 

recall how to 
manipulate 
complex 
numbers; 
 

Home work, 
exam and 
group work 

 
 
 
 
 

2 

Lecturer 
and 
student 

Complex 

Numbers,  

 Coordinate 

Systems ,  

Vector Calculus, 
Overview and 
Motivation   

Overview of 

PDEs, Heat and 

Diffusion, 

Fourier’s Law 

and the Heat 

Equation 

notes, 
books, 
exercises 

recall how to use 
Cartesian, polar, 
and spherical 
coordinates; 
recall important 
concepts from 
Vector Calculus;  

state the heat, 
wave, Laplace, 
and Poisson 
equations and 
explain their 
physical origins; 

define harmonic 
functions; 
 

Home work, 
exam and 
group work 

 
 
 
 
 
 
 

3 

Lecturer 
and 
student 

Laplace’s 
Equation, The 
Poisson 
Equation, 
Properties of 
Harmonic 
Functions, 
Waves and 
Signals, The 
Laplacian and 
Spherical Means, 
The Wave 
Equation   

notes, 
books, 
exercises 

state and justify 
the maximum 
principle for 
harmonic 
functions; and 
state the mean 
value property 
for harmonic 
functions. 

Home work, 
exam and 
group work 

 
 
 
 
 
 

4 

Lecturer 
and 
student 

 Classificat

ion of Linear 

PDEs,         Linear 

Partial 

Differential 

Equations, 

notes, 
books, 
exercises 

define linear 

operators; 

identify linear 

PDEs and 

classify them as 

Home work, 
exam and 
group work 



Functions and 

Vectors, Linear 

Operators, 

Homogeneous 

and Non-

homogeneous 

Linear PDEs,  

elliptic, parabolic, 

or hyperbolic; 

identify linear 

operations; 

identify 

homogeneous 

PDEs; 

 
 
 
 
 
 
 
 

5 

Lecturer 
and 
student 

Exercise 
 

notes, 
books, 
exercises 

relate solving 

homogeneous 

linear PDEs to 

finding kernels of 

linear operators; 

identify evolution 

and non-

evolution 

equations; 

 

Home work, 
exam and 
group work 

6 Lecturer 
and 
student 

Classification of 
PDEs,  Evolution 
and Non-
evolution 
Equations, Initial-
Value Problems, 

notes, 
books, 
exercises 

define initial-

value problem; 

 

Home work, 
exam and 
group work 

 
 
 
 
 
 
 
 

7 

Lecturer 
and 
student 

Boundary Value 
Problems: Types 
of Boundary 
Conditions, 
Uniqueness of 
Solutions 

notes, 
books, 
exercises 

define boundary-

value problem 

and identify 

boundary 

conditions as 

periodic, explain 

the physical 

significance of 

boundary 

conditions; 

Home work, 
exam and 
group work 

 Lecturer 
Classification of 

notes, 
show 

Home work, 



 
 
 
 

8 

and 
student 

Second Order 

Linear PDEs 

books, 
exercises 

uniqueness of 

solutions to the 

Laplace, 

Poisson, heat 

and wave 

equations with 

various boundary 

conditions 

exam and 
group work 

9 Lecturer 
and 
student 

Fourier Series on 
Bounded 
Domains, 
Necessary 
Functional 
Analysis, Inner 
Products,  
Orthogonality 

notes, 
books, 
exercises 

define, 

characterize, and 

use inner 

products; define 

orthogonality and 

show the 

orthogonality of 

certain 

trigonometric 

functions;  

 

Home work, 
exam and 
group work 

10 Lecturer 
and 
student 

Convergence 
Concepts , 
Orthogonal and 
Orthonormal 
Bases, Fourier 
Series, 

notes, 
books, 
exercises 

show 

convergence of 

sequences;  

Home work, 
exam and 
group work 

11 Lecturer 
and 
student 

Eigensolutions to 

Linear Evolution 

Equations, 

notes, 
books, 
exercises 

define 

orthogonal and 

orthonormal 

basis 

Home work, 
exam and 
group work 

12 Lecturer 
and 
student 

Fourier Series on 

[0,Π],  Fourier 

Series on [0,L],  
 

notes, 
books, 
exercises 

define Fourier 
series on [0,π] 
and [0,L] and 
identify sufficient 
conditions for 
their 
convergence and 
uniqueness; 

Home work, 
exam and 
group work 

 
 

13 

Lecturer 
and 
student 

Computing 

Fourier 

notes, 
books, 
exercises 

compute Fourier 
coefficients and 
construct Fourier 

Home work, 
exam and 
group work 



Coefficients   
series 

 
14 

Lecturer 
and 
student 

Exercise and 
exam 

notes, 
books, 
exercises 

 Home work, 
exam and 
group work 

15 Lecturer 
and 
student 

Solution 
Methods, Linear 
and Nonlinear 
Waves 

notes, 
books, 
exercises 

solve the linear 

transport 

equation using 

the method of 

characteristics; 

solve the 

nonlinear 

transport 

equation in 

cases where the 

solutions are 

rarefaction 

waves and in 

cases where 

there are shock 

dynamics; 

Home work, 
exam and 
group work 

16 Lecturer 
and 
student 

exercise notes, 
books, 
exercises 

 Home work, 
exam and 
group work 

17 Lecturer 
and 
student 

Stationary Waves notes, 
books, 
exercises 

define 

conservation law; 

solve the one-
dimensional 
wave equation 
using 
d’Alembert’s 
formula 

Home work, 
exam and 
group work 

18 Lecturer 
and 
student 

Transport and 
Traveling Waves, 

notes, 
books, 
exercises 

define domain of 

influence and 

explain its 

relationship to 

the 1-D wave 

equation 

Home work, 
exam and 
group work 

19 Lecturer 
and 

Nonlinear 
Transport and 

notes, 
books, 

find similarity 
Home work, 
exam and 



student Shocks, exercises 
solutions to 

traveling wave 

problems  

group work 

20 Lecturer 
and 
student 

D’Alembert’s 
Solution to the 
Wave Equation, 
Symmetry and 
Similarity, the 
Wave Equation, 

notes, 
books, 
exercises 

solve the heat 

and wave 

equations using 

separation of 

variables and 

apply boundary 

conditions 

Home work, 
exam and 
group work 

21 Lecturer 
and 
student 

Separation of 
Variables for the 
Laplace and 
Poisson 
Equations, 

notes, 
books, 
exercises 

solve the 
Laplace and 
Poisson 
equations in 
polar coordinates 
and apply 
boundary 
conditions 

Home work, 
exam and 
group work 

22 Lecturer 
and 
student 

Separation of 
Variables, 
Separation of 
Variables for the 
Heat Equation, 
Separation of 
Variables for 

notes, 
books, 
exercises 

solve the 

Laplace equation 

in spherical 

coordinates; 

 

Home work, 
exam and 
group work 

23 Lecturer 
and 
student 

Separation of 
Variables in 
Spherical 
Coordinates, 
Separated and 
Quasi separated 
Solutions, 

notes, 
books, 
exercises 

define the delta 
function and 
explain the 
concept of 
generalized 
functions; 

Home work, 
exam and 
group work 

24 Lecturer 
and 
student 

Differential 
Operators as 
Polynomials, 
Impulse-
Response 
Methods 

notes, 
books, 
exercises 

apply ideas from 
calculus and 
Fourier series to 
generalized 
functions 

Home work, 
exam and 
group work 

25 Lecturer 
and 
student 

Generalized 
Functions: The 
Delta Function 
and Calculus 

notes, 
books, 
exercises 

relate Green’s 
functions to the 
delta function 
and the 
superposition 
principle 

Home work, 
exam and 
group work 

26 Lecturer 
and 
student 

 Green’s 

Functions for 

notes, 
books, 
exercises 

derive Green’s 
representation 
formula 

Home work, 
exam and 
group work 



One-Dimensional 

Boundary Value 

Problems  
 

27 Lecturer 
and 
student 

The Green’s 
Function for the 
Poisson 
Equation   

notes, 
books, 
exercises 

use Green’s 
functions to solve 
the Poisson 
equation on the 
unit disk 

Home work, 
exam and 
group work 

28 Lecturer 
and 
student 

 The Fourier 
Transform, One-
Dimensional 
Fourier 
Transforms  

notes, 
books, 
exercises 

define the 
Fourier transform 

Home work, 
exam and 
group work 

29 Lecturer 
and 
student 

Fourier 
Transforms of 
Derivatives and 
Integrals  

notes, 
books, 
exercises 

define the 
Fourier transform 

Home work, 
exam and 
group work 

30 Lecturer 
and 
student 

Green’s 
Functions and 
Convolution  

notes, 
books, 
exercises 

 derive basic 
properties of the 
Fourier transform 
of a function, 
such as its 
relationship to 
the Fourier 
transform of the 
derivative; 
 

Home work, 
exam and 
group work 

31 Lecturer 
and 
student 

The Fourier 
Transform on 
Hilbert Space  

notes, 
books, 
exercises 

show that the 
inverse Fourier 
transform of a 
product is a 
convolution; 

Home work, 
exam and 
group work 

32 Lecturer 
and 
student 

Fourier 
Transform 
Solutions to 
PDEs on 
Unbounded 
Domains 
 

notes, 
books, 
exercises 

compute Fourier 
transforms of 
functions;  
 

Home work, 
exam and 
group work 

33 Lecturer 
and 
student 

The Heat 
Equation, The 
Wave Equation  

notes, 
books, 
exercises 

relate Fourier 
solutions to 
Green’s 
functions; 

Home work, 
exam and 
group work 

34 Lecturer 
and 
student 

Laplace’s 
Equation   

notes, 
books, 
exercises 

 use the Fourier 
transform to 
solve the heat 
and wave 
equations on 
unbounded 
domains. 

Home work, 
exam and 
group work 
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