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The article looks into dynamic processes in an autophase TWT in the mood of back
energy transformation on the basis of a 3-D numerical model. It has been shown that the
mood of back energy transformation is characterized by the dependence of the electron wave
interaction on the stable capture mood of an electron beam by the HF-field. The analysis of
dynamic defocusing in autophase TWT in the mood of back energy transformation was
studied. The defocusing of the electron flow in the dynamic mood is characterized firstly by
the increasing field of the space charge density in the capture bunch, and next is radial and
azimuth spiral field. The latter’s begin to act in the autophase section exit when many
electrons exit the capture and partly defocusing of the electron flow takes place under field of
the space charge action leading to the local current subsidence. The mechanism of the
maximum transformation HF-power achievement is accompanied by gradual potential well
shoaling and the bunch breakup.The potential well shoaling to a critical level takes place at
significant residual values of the input HF-power.The current subsidence takes place in local
regions and it is determined by uncaptured electrons and capture leaving particles. The
essential unlaminarity of the electron flow rises the current subsidence on the RS and together
with the capture violation decreases the device efficiency. The analysis of phase diagrams
makes it possible to monitor the evolution of an electron bunch capture up to its destruction
and to allocate the wave length field of an autophase section where the process of energy
transformation is still taking place.

Keywords: phase focusing, current subsidence, field of space charge, numerical
methods.

There are two opposite opinions about the main causes of the dynamic
defocusing, so [1] says the current subsidence is stipulated by the HF- field
radial component of the reducing system (RS) generally, but not by the space
charge field; [2] claims the opposite. Apparently, it's explained by the dynamic
defocusing processing are more delicate and in principle are needed the 3-D
models and programs operating with the large quantities of the big particles are
needed for their analysis.

The studies of the electron flow defocusing were carried out by the
developed numerical model [3, 4]. The calculations are given for the focusing by
the homogeneous magnetic field with the full screen cathode at B=65 mTI. The
opening (first) full by the beam of the passing channel was 0,5; the current
density spread in the enter crossing was assumed constant [5, 6].

The analysis of the phase picture shows that the phase focusing dynamic
in autophase TWT has the following steps: the first step — the maximum group
in the exit section of the buncher; the second step — the bunch capture on the
autophase section enter, the bunch extra-grouping; the third step —widening of
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the bunch, its separation on two parts; the forth step — the bunch exits from the
capture state.

The first step is the formation of the main bunch in the braking field phase
at the buncher exit (Picture 1,b). The particle dynamic is rather simple in this
case and «the electron liquid current» is laminar. The braking electrons form the
bunch. On the left ((3n/4) > ¢ > (-n/4)) the rapid electrons come to the bunch
from the axe due to the HF-field disfocusing flow in the bunch. On the right
((57/4) > @ > (-m/4)) the weakly braking particles moving to the axe due to the
HF — field focusing enter. In the bunch the electrons are extra broken then the
greater part of the strongly braking particles gather in the upper part of the
bunch. The first step ends with the formation of the stub of the slow electron
flow close to the reducing system border. This stub moves in the opposite
direction to the main flow of the rapid particles (near the axe). Then the bunch
for the following capture is formed.

The second step is characterized by the bunch capturing in the potential
well at the autophase section enter including the partial debunching of the
electron flow (Picture 1,c). The braking electron stub becomes larger slightly
because it takes the uncapture electron group. The slow electron flow is extra
broken by electrostatic field near the RS, and electrons giving its Kinetic energy
to the braking field subside on RS. In general these electrons determine the local
current subsidence at the autophase section beginning from the second step. The
particle motion in the bunch is oscillating. This oscillation amplitude is not more
than the potential well depth in the second step.

In the third step the effectiveness of the electron flow interaction with
electromagnetic wave decreases due to the distortion of the potential well form.
The factors distorting the potential well form and influencing the electron
movement (the field of space charge, the first and the second harmonic
amplitudes of the HF — field, electrostatic field) promote the bunch widening
and its breakup in two bunches that oscillate antiphased. This step is
characterized by the formation of the withdrawn stub transporting the particle
flow from one bunch to another one (Picture 1,d).

In the fourth step (Picture 1,e) the bunch exits from the capture state due to
the potential well shoaling. The extra crossing and the phase trajectory
chaotization appear, the bunch smears. The intensive mix of the layers and the
strong flow turbulization take place, its structure is not similar to the initial one
at the autophase section enter. In this case the radial and azimuth electron speeds
increase that together with electron flow radius rise makes the increasing of the
dynamic current subsidence on RS violently. The back energy transformation
stops. The spatio — temporal diagrams show that the particle movement in the
bunch, the bunch and rarefaction structure have a complicated form. At the
device exit region there is the flying electron flow not only periodical pulsating,
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but there is the sequence of the formation having the fast changing structure —

about two HF — oscillation period.
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Picture 1 - The space-time diagrams of the electron flow
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The radial removal conventional by dynamic effects begins to appear already on
the region z;=0,5...0,6. The cross trajectory flow begin to arise at z; > 0,6 and at
zi>0,8...0,9 the flow becomes unlaminar essentially. The essential unlaminarity
of the electron flow rises the current subsidence on the RS and together with the
capture violation decreases the device efficiency.

The dynamic current subsidence begins in the area of the first harmonic
current maximum. Behind the efficiency maximum the flow is strong stirring,
the current subsidence continues. The turbulization leads to the existence of the
electron from the all layers on the electron flow periphery.

The calculation analysis shows that the braking electrons having large
azimuth and radial speeds can be on the different distance from the axe while the
faster electrons gather in the region close to the axe.

The calculation of the particle density at the autophase section exit (z; =
0,5...0,6) shows if the capture state keeps then the big particle density in the
bunch exceeds the average value about over two times, but in the rarefaction it is
less the average value about over three times. At the same time the volume
density is found less because of the electron flow radius in the bunch changes.
The coulomb forces estimation shows that they are about over two times bigger
at the bunch periphery than at the rarefaction periphery.

Picture 2 - The density distribution of the space charge on the a wave length
(the second step of the dynamic focusing)
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The analysis shows at the autophase section exit part if the capture condition
disturbs because the potential well shallow the current subsidence is determined
not only by periphery defocusing electrons coming to pass channel walls under
braking electrostatic field action but also the refocused large particles that rushes
to the axe and cross it before subsidence.

The physical meaning of this phenomenon is the following. In the stirring
flow each particle moves separately, the others create its background. Over
capture state disturbs the breaking electrons are squeezed out on the electron
flow periphery and left the flow. The «halo» is observed because the breaking
electrons are spread over the whole volume of the electron flow while the fast
electrons gather in the region close to the axe.

The 3-D model examination of the nonlinear effects in the autophase
TWT suggests that the first reason for the electron flow defocusing in the
dynamic order is the increasing field of the space charge density in the capture
bunch, and next is radial and azimuth spiral field. The latter’s begin to act in the
autophase section exit when many electrons exit the capture and partly
defocusing of the electron flow takes place under field of the space charge action
leading to the local current subsidence. The essential electron flow
nonlaminarity increasing current subsidence on the braking system together with
the capture disturbance decreases the device efficiency.

Picture 3 - The density distribution of the space charge on the a wave length
(the third step of the dynamic focusing)
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The phase patterns analysis and the density distribution of the space
charge (Picture 2) according the second step of the phase focusing dynamic
confirm that the reverse energy transformation is connected with the bunch
capture increasing at the autophase section enter, HF — field and its shift under
braking electrostatic field action to the accelerating HF — wave phase. The
potential well shoaling takes place as the bunch disperse starts. The potential
well form distortion leads to the second bunch formation (Picture 3) and its
capture by the second harmonic field that reduces the efficiency growth. At the
point of the maximum efficiency two approximately equal density bunches
form, they are situated symmetrically in regard to the wave phase. The further
well shoaling leads to the total bunch breakup and its exit from the capture.

So, the mechanism of the maximum transformation HF — power
achievement is accompanied by gradual potential well shoaling, the bunch
breakup and bunch's exit from the capture. The current subsidence takes place in
local regions and it is determined by uncaptured electrons and capture leaving
particles.
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N. U. Bopotsiauera, H.O. Mapuentok
YUCJIEHHOE MOJEJIUPOBAHUE IMHAMUWYECKHUX
INPOLHECCOB B ABTO®A3HBIX JIEKTPOHHBIX ITOTOKAX
Mockosckuti asmooopoNCHbILL UHCIUNMY M
Mockosckuii uHdHCeHepHO-CMpoUumebHblll UHCIMUMYMm,
Mockea, Poccus

Ha ocnose mpexmepmnoii uuciennol Mooenu ucciedosamsbl OUHAMUYECKUe Npoyeccvl 6
aeémogasznou JIBB 6 pesxcume obpamnozo npeobpasoeanus suepeuu. llokazano, umo pescum
obpamnoco npeobpaz06aHus dHepeUU XAPAKMEPUIYEMCs 3ABUCUMOCIbIO  DJIeKMPOHHO-
B0IHOB020 B3AUMOOEUCMBUS OM YCMOUYUBO2O0 COCMOSHUSA 3AX68ama NeKMPOHHO20 C2YCMKA
noaem BY sonnwi. [lposeden ananus ounamuyeckou pacgoxycuposku ¢ asmodghasnoti JIBB 6
pedicume obpamnozo npeobpasosanusn suepeuu. Pacgoxycuposka snekmponnozo nomoka
OUHAMUYECKOM  pedcume ONnpeoensemcs, npexcoe 6ce20, YGeluueHuem NiomHoCmu
NPOCMPAHCMBEHHO20 3apsidd 8 3AaX6AYEHHOM JINeKMPOHHOM C2yCcmKe, a 3amem yoice
paouanvubim u azumymanvueim BY nonem 3ameonsioweni cucmemvl. Ilocneonue navunaiom
Oelicmeosams 8 B6bIXOOHOU Yacmu a8moga3HoOU CeKyuu npu 6vlxooe OOIbUIOZO HUCIA
9NEeKMPOHO8 U3 COCMOSHUSA 3aX6ama U YACMUYHOU pacqOoKycuposKe 31eKMpOoHHO20 NOMOKA
noo OeticmgeueM Cul NOJsL NPOCMPAHCMBEHHO20 3apaoa. Mexanuzm OocmudiceHus:
MaxkcumanvbHo2o npeobpazosanus BY  mowmocmu  conpoeoocoaemcs  nocmeneHHviM
oOMeneHueM NOMEHYUATbHOU sAMbl U  PA38anioMm 3leKmpoHHozo ceycmka. ObmeneHue
NOMEHYUANbHOU AMbl 00 KPUMUYECKO20 YPOGHS UMeenm MeCcmo Npu 3HAYUMETbHbIX
ocmamoyHuvlx genudunax 6xoonou BY mowmocmu. Toxkoocedanue npoucxooum 6 J1OKANIbHLIX
obracmax u 00YCl081eHO He3aX8AYEeHHbLIMU INEeKMPOHAMU U HYACUYAMU, BbLUEOUUMU U3
cocmosinus 3axeama. CyuecmeenHas HelamMuHapHoCmy 31eKMPOHHO20 NOMOKA, NPUBOOSAUAS
K Y8eIUYeHUr0 MOKOOCEeOaHUs HA 3aMeO0NsOWYI0 CUCMEMY, COBMECMHO C HapyueHuem
COCMOsIHUA 3aX8ama, Npusooum K YMEHbUEeHU Kodguyuenma none3Ho2o oOelcmeus
npubopa. Ananuz azosvix ouazpamm no360jsem OemaibHO HPOCAeOUMdb 3a 980I0YUel
3aX6AYEHHO20 INIEKMPOHHO2O C2YCMKA, 6NI0Mb 00 MOMEHMA e20 pa3pyuileHus u 6vl0eaums
obracmv OIuUH a8MoOGhaAsHOU ceKyuu, Ha KOMOpbvlX Npoyecc npeodpazoeanusi dIHepauu euje
umeem mecmo.

KawueBble cioBa: ¢a3oBas (OKYCHPOBKA, TOKOOCETAHHE, IOJIE MPOCTPAHCTBEHHOTO
3apsiaa, YUCICHHBIE METO/IbI.
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