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2.6 The High Gain FEL: 1-D Theory 

 
In this section we will solve the Coupled Vlasov-Maxwell equations (Eqn 2.5-9 

and Eqn 2.5-10) in 1-D for )( 00 γγδ −=f . 

We drop 2
⊥∇  because of the 1D solution. Therefore the equations become 
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We define the Fourier Laplace Transforms of E and F. 
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The Fourier Laplace transforms of the Eqn 2.6-1 and Eqn 2.6-2 are 
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If we separate F  in Eqn 2.6-8 and plug into Eqn 2.6-7 we can get the expression for E  

as follows:  

SEq =
Ω

−−Ω ]1)2([ 2
3ρ        Eqn 2.6-9  

        

 



 28

where γ
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Eqn 2.6-9 can also be written as: 

SEq 2323 ])2([ Ω=−Ω−Ω ρ        Eqn 2.6-11 

The inverse Fourier Laplace transforms of this equation is 3rd order partial differential 

equation: envelope equation 
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 Initial conditions given by S2Ω  

 

The physical meaning of Ω  and q 
θτ iqieE +Ω−~  Therefore the electric field is 
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As we understand from Eqn 2.6-13 q represents the frequency change  

qww s=∆  Therefore 
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 is detuning 

In Eqn 2.6-13 the term zki we Ω−  represents the growth rate. 
zkzkizki www eee )Im()Re( ΩΩ−Ω− =         Eqn 2.6-15 

So )Re(Ω  is just a phase shift rate and )Im(Ω is growth rate. 
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e  Therefore we can define LG as gain length 
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Pierce Parameter ρ 
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To evaluate we use  
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Characteristic equation and scaled growth rate  

For a fixed detuning q, the solution of the envelope equation is the sum of three 

terms.  
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To simplify the equation. 

Then we get 0123 =−∆− λλ  

When 0=∆  (resonance) 
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Figure 2.6-1 The roots of the cubic equation in λ providing the growth rate 

One solution grows with rate 
2
3  one decays and the other one oscillates. 
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Therefore we obtain simple expression for the gain length 
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