Non-homogeneous linear 

ODE’s and Fourier analysis
Linear differential equations describing dynamics of damped oscillators and their general solution. 

Oscillations in electrical circuits.

Particular solution of a non-homogeneous linear ODE with harmonic functions on the right hand side.
Pumped harmonic oscillators,

phenomenon of the resonance.

Decomposition of a periodic force into a sum of many harmonic forces:

representation of a function as a 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 
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   general 

   solution









         ‘purely relaxational motion’

 ‘dying away oscillations’
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      Home reading
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Auxiliary equation
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general solution

Damped oscillator excited by a harmonic force
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      X(t) - displacement
 

damping
   Hooke’s     external 
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Electric RLC circuits 
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x(t) – charge 

on a capacitor 
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Homogeneous linear ODE
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Non-homogeneous linear ODE



damping force
  Hooke’s force
  harmonic force
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_______________________________________________________________________
Strategy: 
We already know the general solution of a homogeneous linear ODE
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Moreover, the general solution of a non-homogeneous ODE with same coefficients can be represented as a sum 
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of that above mentioned general solution and of any particular solution X(t) of the non-homogeneous equation under study. 

Hint 1:
To look for a particular solution in the form of a function oscillating with the frequency of an applied force.

Hint 2:
To describe oscillatory solution using the exponential function with a complex argument. 
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A reasonable guess:

for some particular A.
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Exponential functions are the 
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eigenfunctions of a differential operator:
______________________________________________

Goal: to find the value of A.


__________________________________________
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Complex form:




   

  modulus
 
 total phase
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Particular solution:
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General solution of non-homogeneous linear ODE:
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to be found from initial conditions
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Note that when 
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and k1>0,  the input from 

initial conditions becomes 

forgotten and oscillations 

reach the stationary regime:

Remark:  
General solution of a non-homogeneous equation
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       2 free parameters
At the same time, we have also obtained the general solution

of equation
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