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GEOMETRY OF THE PROBLEM

The radiation field of a particle moving on a helical trajectory in a cylindrical
waveguide with resistive walls is calculaled.

The deformation of the energy spectrum and damping of radiation as a result of
the finite conductivity of the walls is investigated.

The radiation of a point particle moving along a helical trajectory in a waveguide with walls of finite conductivity is
considered. The practical significance of this problem lies in the study of the possibility of combining a helical undulator
with a cylindrical waveguide. In this case, the continuous spectrum of undulator radiation is transformed into a discrete
one, which makes it possible to single out one mode as a source of monochromatic radiation.



With an appropriate selection of parameters, it is possible to create

| D EA L WAW E G U | D E conditions for the dominance of one mode, i.e., the mode containing most
of the emitted energy. In this case, we are talking about the possibility of
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creating a powerful monochromatic radiation source.

Contribution of each mode to the radiation energy spectrum
in waveguide—undulator structures
M.I1. Ivanyan et al, Laser Phys. 30 (2020) 115002 (8pp)
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1. Particular Solution. Solution in free space for given charges and currents
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€y
r.0.2.8) = 1 =2 5 - wot)8(z — VD)
r,Qzt) =q —— —w z—
a pT, @ q Jra ¢ 0

S . a
€ S .
mﬁ\ o j(r, @, z,t) = (wpaé, + Ve,)p(r, ¢, z,t)

Matching fields using boundary conditions on a surface r = a.

€0, Ho €H Introduction of the coefficient x,,, currents J7M jTE and charges p™, p¥,

responsible for the generation of TM and TE modes

_T™M ™ _ ) S

2) Brig *Ep =0 2)  Hyz—Hjz = dXnjng

3) —Hpo THj o = qQXninz 3) _HEEP -I-H]’I:g = q)(nj,T;’EZ'

4) EO(E% - EJT,@ = qxnpi" 4)  go(ELE — ETE) = qynpl

5) Hpr —Hjp =0 5) HiE —HIE =0
pIM 4 pTE — 1 Deterrrnined from the cc?mpatibility TE _ o) o e ,
P conditions of the equations ‘ Jo 0 Pn nwow/c*ag
jz" tjm =V included in the systems. JTE = knw,/ a? jIM =y — jTE



1. Particular Solution. Solution in free space for given charges and currents

Amplitudes and fields
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Complete Solution
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Complete Solution
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Transition to an ideal waveguide:
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Full field, radiated in ideal waveguide
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Expansion of the resulting solution in a series in terms of eigenfunctions
of an ideal waveguide. Comparison with existing solution
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Chosen form of function y,,:
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The case of proximity of the resonant and critical frequencies
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Dielectric loaded resistive waveguide. Damping factors
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CONCLUSION

The obtained exact solution, in contrast to the case of an 1deal waveguide, has
no singularities at the critical (TE modes, space-time domain) and resonant (TE
and TM modes, frequency domain) frequencies. Along with the greater
prevalence of TE modes (due to higher attenuation of TM modes) than in an
1deal waveguide, the maximum value of the amplitude of the dominant TE mode
1s limited due to the finite conductivity of the walls.

The solution presents a realistic picture of radiation and creates wide
opportunities for research on optimizing the parameters of the structure,
depending on its purpose.

The solution can be extended to two-layer and multilayer waveguides
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