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Current limits!

A.  Axisymmetric!
1.  Solenoids!
3.  Einzel lens!

B.  Quadrupolar!
1.  Derivation of envelope equations with !
      elliptic symmetry!
2.   Current limit using fourier transform!
      method!
3.   Alternative methods!



Yesterday we derived the "Paraxial Ray Equation:" 
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Taking statistical moments, we derived the radial 
envelope equation. 

which together with the conservation of canonical angular 
momentum,  

and initial conditions, specify the orbit of a particle in an 
axisymmetric field. 
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 V and Δrb and Δv''z 	


Er and V'' and Δvz	


Δv'z and Ez and Δrb'	


€ 

V    ⇒     vz,   V ' '    ⇒     Er   ⇒   Δr
               





- 









= 0 













€ 

kf (s)rx →k 4
π

⎛ 

⎝ 
⎜ 
⎞ 

⎠ 
⎟ sin ηπ

2
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ cos πs

L
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ rb 1+δ cos πs

L
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

           = rbk
4
π

⎛ 

⎝ 
⎜ 
⎞ 

⎠ 
⎟ sin ηπ

2
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ cos πs

L
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ +δrbk

4
π

⎛ 

⎝ 
⎜ 
⎞ 

⎠ 
⎟ sin ηπ

2
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ cos πs

L
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2

            = rbk
4
π

⎛ 

⎝ 
⎜ 
⎞ 

⎠ 
⎟ sin ηπ

2
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ cos πs

L
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ +δrbk

4
π

⎛ 

⎝ 
⎜ 
⎞ 

⎠ 
⎟ sin ηπ

2
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

1
2

+
1
2

cos 2πs
L

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

             ≅ rbk
4
π

⎛ 

⎝ 
⎜ 
⎞ 

⎠ 
⎟ sin ηπ

2
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ cos πs

L
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ +δrbk

4
π

⎛ 

⎝ 
⎜ 
⎞ 

⎠ 
⎟ sin ηπ

2
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

1
2
⎛ 

⎝ 
⎜ 
⎞ 

⎠ 
⎟ 

Focusing term has both a fast and slow component: 










