
 

24 Introduction to PDE

Transport equation
1 Transport equation
Let us assume that we here aware

не

which moving with a constant speed с

How we can describe the motion of trailing
wave Let us consider a picture

ищи is wave profile
at point х at t.int

2

2
и should be

constant along line
х А ĸо



The lines х А Хо where и is constant
on are call characteristic lines
This implies that directional derivative

of и in direction of х ct xoegw.CO
So for в г с

Get 1 с ХИ 1 C Ut их

Htt С Их D

where Их их Же
Нспĸ we obtained the equation

24.1 Ut С Их О too хир equation
И о х Ых х e IR initial condita

The obtained equation is called а transpo
equation with constant coefficients

Next we are going to find solution
to 24.1 that is to find a function

И о 1 112 К
which is differentiable int and х

and satisfies 1241



Method of characteristics
we assume that х ХА we can interpret
it as а coordinate of moving observer

и Then
и It ха
the point which

ее observer sees at

time t

Let us compute4
the derivative of
Ulf ха

offutt Ха Их 9 Их

Then и satisfies the equation 24.1 it
observer is moving with speed с

II L им I notching
or Щи 0 along Дд L

Моих ха

we solve obtained equations
Х Ct exo or х х et

Неля
и It хы Шо хы Кхо



и

ult.se f x ct

is a solution to 24.1
Now we show that the equation

has по other solutions Let и

satisfies 24.1 We consider a

new function
t.se ult xtct

Then
VI t.x utlfxtctl cu.cl xtct o

Hence
f х F Х some function

But
О Х ulo.xtc.co ulo x dby

So FIX Кх Consequently
It х Ых

and и It a И f х A Их 4

х 24.1 we solve the equation
Ut 1 2Их D

ложных



we use method of characteristics
Ах
It 2

Х 2 tt Хо or х х 27

Consequently
исĸ f cos Х 27

Remark 24.1 The same method works in

the case of the equation
act х Ut 614 14 0

Or deriding by alt х we can rewrite

the equation as

Их С It х Их 1 0

х 24.2 We solve the equation
4 Ын их 0

410,4 114
we write

Ах
F Key

К он
х 11



t
Х 11

Сирии 1

1 e
1

Х с e
Х о Хо 3 Хо

Consequently
х yet

Find Хо
Хо Сх yet у

Hence
ult.sc f x 1 ettI

В
2 partial differential equations
Fundamental examples
Det 24.1 A partial differential equation РВЕ
of a single unknown и is an equation
involving и and its partial derivatives
All such equations can be written as



F и Их Или Их.su Иху Хи Ж 7 О
for some function F

Here N is called the order of the РВЕ
N is the maximum number of derivatives

appearing in the equations

Ех 243 Heat equation from class

of parabolic equation
we will talk about classes of second
order equations later

Их ой Ихх

Here t represents time and х is а феня
coordinate and
Ulf х is a temperature

atpointxattimet.TKequation describe the conductance
of temperature at a metal wire

Ех 244 wave equation from class of
hyperbolic equations

Htt Ой Ихх



Again t describe the time and х is

as petal variable
И It х can be interpreted as

the high of profile of water wave

or as a position of vibration

string at point х at time t

Ех 24.5 Laplace equation from class of
elliptic equations

Ихх Иду 0

Иен x

у
are s petal variables

The equation can describe mechanical

equilibrium or temperature equilibrium
3 Fourier transform on 112

Definite Fourier transform of a continuous

absolutely integrable function f ĸ
is defined by
Бы 54314 Её Клон

К

where Т х ах там


