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The possible scheme of plasma amplifier with direct radiation is proposed. Energy of amplified oscillations is
coupled out due to transitional radiation on the plasma border retained by constant magnetic field. For this purpose
the beam that is injected into plasma column should be slightly defocused. Paraxial electrons of the beam provide
plasma-beam interaction and signal amplification. Defocused peripheral electrons modulated by HF field created in
the beam-plasma system move along spiral trajectories. Thus, they periodically come into the plasma column and
come out of it. Each time transitional radiation takes place. It can result to sufficiently high effectiveness of the beam

modes’ transformation into electromagnetic waves.
PACS: 52.59.Ye

Plasma amplifiers and HF generators belong to the
plasma electronics devices [1-3]. They ensure the
electronic amplification up to 60-70 dB [4]. However,
the high wastes in the outlet connection channel (up to
30-40 dB) limit their practical usage [5]. Consequently,
the problem of signals’ direct output for such devices
remains actual.

In [6-8] it was proposed to use in such devices the
transition radiation that arose while modulated
electron beam moved through plasma boundary.
However, the concrete scheme of plasma amplifiers with
direct radiation based on this effect has not been proposed.

For example, the problem of transition radiation from
the anisotropic plasma boundary was examined in [9-
13]. Nevertheless, the considered magnetic field was
directed normally to the plasma boundary in all of those

works. However, it is obvious that for plasma retention
the magnetic field must be directed parallel to the plasma
border.

Calculation of the transition radiation of the electron
stream with the skintled modulation falling normally on
the plasma boundary retained by the magnetic field
paralleled to that boundary was carried out in [14] for
various orientations of wave vector of the electron
stream modulation. Analogous calculation for thin
modulated beam has been done in [15].

Model of plasma amplifier similar to one described
in [16-17] is proposed in this work. Nevertheless, in the
amplifier described in [16-17] transition radiation of
the modulated electron stream serves as a mechanism
of the signals' direct output.
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Fig.1

The proposed device (see Fig.1) consists of electron
gun 1 forming the beam of accelerated electrons 2.
This beam is modulated by the input signal through
device 3 that usually constitutes a piece of spiral. The
whole system is placed into the constant longitudinal
magnetic field B. The beam ionises the gas along its
trajectory and creates the plasma column 4 due to the
beam-plasma discharge. This column is retained by
magnetic field. Plasma reaches the collector 5. The input
signal is amplified due to the beam interaction with
plasma formed by this beam. The oscillations’ intensity
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reaches its maximum in some region 6. Then the beam
relaxes, and oscillations’ amplitude decreases.

Peculiarity of the proposed model in comparison with
the devices described in [16-17] is a specific choice of
construction and mode of electronic gun so that the
beam injected is partially defocused. Consequently, the
main part of the beam electrons moves along the axis
of system and provide the basic amplification. However,
some part of peripheral electrons flies into magnetic
field at the non-zero pitch angle and moves along the
periphery of plasma column along the spiral trajectories 7.
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These peripheral electrons are shifted periodically in
the radial direction sometimes moving into plasma,
sometimes going out from it. Due to the increase of the
high-frequency signal amplitude, the peripheral electrons
are modulated over speed and density at the initial part of
the trajectory. They create a modulated stream that
crosses periodically the diffuse border of plasma column
retained by magnetic field. As a result, the peripheral
electrons’ bunches generate the transition radiation both
in the moments of entering in plasma and in the moments
of going out from it. The same electron bunches
product radioemission many times up to getting to the
collector. It should result to the considerable increase of
transition radiation effectiveness in comparison with
the models considered earlier [14] when modulated beam
crosses the plasma border one time only.

If the described system is placed into the waveguide
paralleled to the axis of system, the radio signal obtained
can be canalised.

Let us obtain the condition of coherence of wave
modes’ excitation by the beam's electrons that move
along the spiral trajectories and perform the transition
radiation. It is possible to write down the longitudinal
wave number of the waveguide mode as
(w/c)[1-(0n/w)*]"%, where @ is the cut-off frequency. The
spirally modulated electronic beam contains the component
of current with the longitudinal wave numbers, (0W+0.)/vo,
(w-)/vo, where w and v, are the modulation frequency
and of the beam velocity, respectively, and . is the electron-
cyclotron frequency. Only the last current component can be
in synchronism with the waveguide mode under the
condition
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It is clear from (1) that the coherent excitation of
waveguide mode by non-relativistic electron beam is
possible only when the signal frequency is close to the
electron-cyclotron frequency and not too close to the cut-
off one.

For the case of radiation into vacuum (without
waveguide) the ratio (1) has a form

w-w,. _v, cosf 5
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where 0 is an angle between the direction of the electronic

beam velocity and wave vector of the radiated
electromagnetic waves.

If condition (1) or (2) is satisfied, the transition radiation
power should be N? times more relatively to the case of the
single cross of the plasma border by the modulated electron
beam that was treated in [15]. Here N=w.L/(2Tvo) is the
number of peripheral electrons' entries into the plasma
column of the length L.

The final answer to the question of the
effectiveness of the proposed device can be obviously
given only by the experiment.
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O BO3BMO’KHOCTH CO3JAHUSA IVIASMEHHOI'O YCUJINTEJIA C HEHOCPEACTBEHHBIM
N3JIYYEHUEM JIEKTPOMATI'HUTHBIX BOJIH

H.A. Anucumos, C.M. Jlesumckuii, C.M. Mortuuko

IIpennaraerca cxema MOCTPOCHHS IUIA3MEHHOTO YCHJIMUTENS C MPSMBIM H3IYyYEHUEM, B KOTOPOM DHEPIHs
YCHJICHHBIX KOJICOAaHWI BBHIBOIUTCS HAPYXKy 3a CUET MEPEXOAHOTO HM3IyYeHHsS Ha TPAHUIE IDIa3Mbl, YACpPKABaeMOU
MarHUTHBIM ToJIeM. [ 9TOro my4ok, BBOJMMBIH B IIa3MEHHBIH CTOJIO, JIeNaeTcsi HECKONBKO Ae(OKYyCHPOBaHHBIM.
[TapakcuanbHble SJIEKTPOHBI ITydKa OOECHEYHMBAIOT IUIA3MEHHO-IIYYKOBOE B3aWMOJACHCTBHE W YCHIIEHHE II0JIE3HOTO
curHana. [lepokycupoBanubie mnepudepuiiHbie 3JEKTPOHBI, IPOMOAYJIHUPOBAHHBIE CO37[aBa€MbIM B CHUCTEME
BBICOKOYACTOTHBIM TIOJIEM, JABMXKYTCSI 1O CIUPAIBHBIM TpaeKTopusaM. Takum oOpa3oM, OHU MEPUOIUYECKH BXOJST B
IUTa3MEHHBIA CTOJO W BBIXONAT M3 HEro, KaXKABIM pa3 MOpoXKaas IepexomHoe wm3mydeHue. [locnmemnee Moxer
00eCTeunTh CPaBHUTEIHHO BEICOKYIO 3 (EKTHBHOCTH MTPe0Opa30BaHuUs MMyYKOBBIX MOJ B AJIEKTPOMATHUTHBIE BOTHBI.

PO MOKJIUBICTb CTBOPEHHSA IIVIASMOBOTI'O ITIIICUJIIOBAYA 3 BE3IIOCEPE/THIM
BUITPOMIHIOBAHHAM EJIEKTPOMAT'HITHUX XBUJIb

1.0. Auicimos, C.M. JIesumcokuit, CM. Muwko

[IpomoHyeThCs cxemMa TOOYAOBH IDIA3MOBOTO IiJCHIIOBaYa 3 MPSIMHAM BHIIPOMIHIOBAHHSM, Y SIKOMY €HEPTis
M JCUJICHUX KOJUBaHb BUBOAUTHCS HA30BHI 32 PaXyHOK IEPEXiTHOTO BHIPOMIHIOBAaHHS HAa MEXI IJIa3MH, YTPUMYBaHO1
MOCTIMHUM MarHiTHUM TI0JIeM. 3 €0 METOI0 ITyYOK, IO BBOAWTHCS B IUIA3MOBHH CTOBII, POOWTHCS JIEIIO
nepokycoBaHuM. [lapakcianbHi €NIEKTPOHU IIy4Ka 3a0e3MedyioTh IDIa3MOBO-ITyYKOBY B3a€MOJII0 1 IIiICHIICHHS
KopucHoro curHamy. JledokycoBani mnepudepiiiHi eIEeKTPOHH, NPOMOJYJIbOBaHI YTBOPIOBAaHHM Y CHCTEMI
BHCOKOYACTOTHUM IIOJIEM, PYXalOThCs IO CHIPAIbHUX TPAEKTOPisiX. TakMM YWHOM, BOHM IEPIOJANYHO BXOMATH Y
ITa3MOBHUH CTOBII 1 BUXOMATH 13 HBOTO, II0pa3y 30yAKyI0UHn TepexiiHe BUpoMiHoBaHHs. OcTaHHE MOXKe 3a0€3MeUnTH
JIOCUTb BEJHKY €(DEKTHBHICTh IEPETBOPEHHS ITyYKOBUX MOJ B €JIEKTPOMArHITHI XBHJI.
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