Non-homogeneous linear 

ODE’s and Fourier analysis
Particular solution of linear differential equations for  damped oscillators subjected to a harmonic force.

Phenomenon of the resonance.  

General solution of 2nd order linear ODE’s and its application to oscillations in electric circuits.

General properties of linear differential equations:

additivity of solutions

Representation of a function 

in the form of Fourier series
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Integral properties of basis functions
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Elements of Fourier analysis.

Literature: 

All you wanted to know about Mathematics, 

but were afraid to ask,  L.Lyons  -  V. 1, Chs. 5, V.2; Chs. 11,12 

Other reading:
Mathematical Methods for Science Students, G.Stephenson – Chapts.15
Mathematical Methods in Physical Sciences, M.L.Boas 
General solution of a non-homogeneous linear ODE with harmonic right hand side can be represented as a sum of the general solution of a homogeneous linear ODE with the same coefficients and a particular solution of an original non-homogeneous equation:
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Particular solution: 
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and
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Main practical rule of Mathematics: Try to reduce each new problem to several problems that you already know how to solve.
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Example 1 

[image: image18.wmf])

sin(

0

1

2

2

t

f

y

k

dt

dy

k

dt

y

d

s

s

s

s

W

=

+

+


Take a particular


solution of
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take a particular



solution of 
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take the general solution of
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and sum all of them:

____________________________________________________
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Example 2 
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Take a particular  

             
solution of
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take a particular 

             
solution of
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take general solution of

[image: image26.wmf])

(

0

1

2

2

t

f

x

k

dt

dx

k

dt

x

d

=

+

+










and sum all of them
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f(t)  is an arbitrary 

periodic function








with the period of  T,
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General solution

of a 'big' problem
Strategy:   We want to reduce a general problem of solving 

a non-homogeneous linear ODE with an arbitrary function 

on the right hand side to many linear ODE’s with the same 

coefficents but and harmonic functions on their right hand sides.
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_________________________________________________________________________________
Our goal is to learn how to represent some given function f(t) in the form of a sum (series) of harmonic functions,
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This problem can be solved 

using the method of Fourier transform.

Fourier series representation 

and Fourier transform of a function
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Questions to address
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How to choose a proper set of frequencies
  
  
that would appear in harmonic functions 
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so that there would be only one, a unique way to represent each given function  f(t)  in the form of a series?
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2.
How to find coefficients




in this series, 

if we are given some function  f(t) ? 

[We need to develop such a scheme that would enable us to calculate these coefficients explicitely.]
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Integral properties of functions cosnt   and  sinnt
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(fundamental period      )
cos(0t)=1;       cost; cos2t; ….; cosnt; …    n>0
 

 sint; sin2t; …..; sinnt; …     n>0
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Important example:
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Integral properties of products of cosnt   and  sinnt
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For any  n  and  m 
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Compact symbolic representation 

of these integral properties:
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Kronecker delta -- symbol
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For an exponential function of imaginary argument:
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Home reading
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Home reading

For an exponential function of imaginary argument:
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