Non-homogeneous linear 

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

Oscillations in electrical circuits.

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 of hogeneous ODE
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General solution of non-homogeneous ODE is the sum of those two,
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 Resonance phenomenon

      Friction (air resistance)


External harmonic force 

  generates dissipation, that is,

excites the oscillator, that 

    it extracts energy from an 


it pumps some energy into 

[image: image17.wmf]®

¬

t

1

[image: image18.png]


oscillator and spills it around.

oscillations by making a work.
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General solution of non-homogeneous ODE
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In the stationary regime at 


energy pumped into oscillations compensates for energy losses due to friction.








with the period
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When the frequency of a harmonic force is equal to the natural frequency of an oscillator, energy dissipated in this system is  maximal


This is called 'resonance'.
Resonance absorption of Infra-Red light by molecules in gases




dissipation




due to collisions with
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other atoms in a gas
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Newton’s equation for the relative displacement

x(t)  of ions in a molecule subjected to the

electric field of electromagnetic wave (IR light)

( m is the reduced mass)
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In this case, dissipated power indicates how much energy is taken by NaCl molecules from the electromagnetic wave (infra-red light) and is spilled over into the heating of the rest of the gas, that is, how mush light has been absorbed.
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Since the resonance frequency is independent of a dissipative parameter             , studies of such a resonance absorption allow one to obtain a direct information about the structure of a molecule.  

Resonance in RLC circuits 

[image: image84.wmf]t

D

t

D

e

A

e

A

L

R

LC

t

L

V

2

1

2

1

2

2

2

1

)

cos(

+

+

÷

ø

ö

ç

è

æ

W

+

÷

ø

ö

ç

è

æ

W

-

+

W

=

j


x(t) – charge 

on a capacitor 
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Current through the resistor
[image: image97.wmf]R


[image: image98.wmf]L

   current amplitude 






Resonance:
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When the frequency of an input AC voltage is equal to the natural frequency of an RLC curcuit,            current
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