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Problem Description

εN i = N

ε1 i = 1

Fig.1. Geometry of the laminated 
vacuum chamber. 

a1, - inner radius

aN+1 - outer raius

εi  - permittivity

μi – magnetic permeability

(i=1,2,3,…N) ‏

q  - point-like charge

rq - offset

v  - constant velocity

Circular-cylindrical many-layer tube



Solution Method
The impedance of multi-layer vacuum chamber 

walls can be found by solving Maxwell’s equations 

taking into account the proper boundary conditions.



N layer tube N+2 regions
N+1 borders

4 boundary equations for each border that matches Eθ, Ez,
Bθ, Bz, components of E&M field

4(N+1) equations, 4(N+1) unknowns

Solving these equations gives the electric field, 
which then gives the impedance.



Fields Transformation  Matrix
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For each ith layer:
Tin= Q Tout

Q=Q1⋅Q2 ⋅... ⋅ QN

Tin –vector of tangential  E&M fields in 
inner surface . 

Tout- vector of tangential  E&M fields in 
outer surface

Q (4x4)– Field Transformation Matrix 
of  Laminated Tube
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* M. Ivanyan et.all, Multilayer Tube Impedance and External Radiation, 

Physical Review Special Topics – Accelerators and Beams



GRIL Code



GRIL Code output


