
Lesson 21 
 

 
1. What are initial and boundary conditions? 

 
Initial conditions give information on the state of the unknown quantitity (the 
dependent variable) or its time derivatives at the start of the analysis. Boundary 
conditions, on the other hand, provide information on the value of the unknown 
quantitiy, or its spatial derivatives, at the spatial boundaries of the domain over which 
the partial differential equation is being solved. 
 
 

2. Why are initial and boundary conditions necessary? 
 
Second order partial differential equations in two variables, for instance, after 
integration, give rise to four integration constants. To evaluate these four constants, 
boundary/initial conditions are required. If the independent variables are all spatial 
variables, these conditions are known as boundary conditions. If one of the 
independent variable is time, then at least two of these conditions would have to be 

initial conditions. For example, for the one dimensional wave equation, 
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where one of the independent variables is a spatial variable, and the other independent 
variable is time, two boundary conditions and two initial conditions are required. 
 
 

3. What is the general form of the boundary conditions? 
 
 
 
 
 
 
 
 

4.  What is a linear differential operator? 

We consider a general form of the partial differential equation 
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 with initial 

condition u(t = 0) = f  and homogeneous boundary conditions. L operating on u gives 
the partial derivatives of u with respect to the independent spatial variables. 
 
 
 
 
 

equation. aldifferenti partial

in the appearing derivative  spatialhighest      theoforder      theis   and  ,1  where

  0)()(                                       

 :form    theof  areThey   both. ofn  combinatio  aor    derivative

  spatial  itsor    ''function    either the involvemay condition boundary  general  The

 nni

auau

u

ii


 

scalar arbitrary an    is      where)()(                     

)()()(                                      

:conditions  following    thesatisfiesit  en  linear  wh  is  operator   aldifferenti The

 uLuL

vLuLvuL

L






6. 
 
 
 
 
 
 
 

What is the form of the eigen problem for a linear differential operator? 
 
 
 
 
 

7. What is a self-adjoint linear differential operator? What properties do the eigen 
functions of linear self-adjoint operator possess? 
 
 
 
 
 
 
 
 
 
 
 
 
This is very similar to the eigen vectors of a symmetric matrix of dimension nxn 
forming the basis for the n dimensional vector space. 
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