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In this article (first part of one) we investigated efficiency dependence of gyro-BWO on oscillation frequencies
f=7.7...10 GHz under fixed injection energy of an electron beam y,=2. We obtained efficiency increasing of gyro-
BWO from ~10 up to ~30% at above mentioned oscillation frequency band f=7.7...10 GHz. Then (second part) we
investigated efficiency dependence on longitudinal and transversal waveguide dimensions under the same oscillation
frequencies and fixed energy injection of an electron beam. High efficiency 77~ 0.3 still remains the same under

fixed distance between radii of coaxial waveguide. High efficiency 77 takes place too under varying length L of
space interaction 60 cm>L >30 cm due to form changing like-a-bell guiding magnetic field.

PACS: 84.30.Ng

INTRODUCTION

The gyro-BWO is a HF powerful oscillator for cm
and mm band of wavelength, where relativistic electrons
beam (REB) is used for coupling with a backward wave
on normal Doppler effect. The first research of gyro-
devices was published in 60" [1]. The state of the art of
gyro-BWO program is represented in Ref. [2]. Results
of the linear and non-linear analytical investigation of
coaxial gyro-BWO operation are presented in Ref. [3],
[4]. An electron beam and waveguide support the
oscillations with circular frequency @ , which can be
described by the expressions for normal Doppler effect,
accordingly

o=k\V,+nQ, /y, (1)

* =c’k? +c’k? )
where Q. =eH}/mc is non-relativistic gyro-
frequency of electrons with energy W=muc?(y-1);
H? —guiding magnetic field; y — relativistic factor;
k,.V, longitudinal wave number and velocity
correspondingly, n=0,£1,£2... An operating mode for
gyro-BWO is near to interception of a straight line (1)
and hyperbola (2) in coordinate plane (w, k, ) (for gyro-
BWO the longitudinal wave number k,<0). An
ordinary efficiency value for coaxial gyro-BWO is
~10% for homogenous guiding magnetic field H? .The

efficiency of the gyro-BWO is relatively lower than one
of other gyro-devices.

1. COMPUTER SIMULATION A

We investigated in first part of our paper efficiency
dependence of coaxial gyro-BWO on oscillation
frequencies in diapason f=7.7...10 GHz under fixed
energy injection of an electron beam vy,=2 for profiling

of guiding magnetic field HJ(z) at longitudinal
direction z as
HY (&) = HG(L+a(&/ L)cos™ (w5 / 2L)) " @)
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comparatively to homogenous case H? =H2, | where o
is  non-homogeneity amplitude, &=zw/c is
normalizing longitudinal coordinate, L =Lew/c is
normalizing waveguide length, g/[: z/L, m>0. A
corresponding transversal component of magnetic field is
Ho ) =L 2
' 2 oz

where r is transversal coordinate.

We considered waveguide exciting mode TEy; with
components of an electromagnetic field
E,.H,,H, under satisfy conditions (1, 2). For computer

simulation we used equations for electrons motion and
exciting field TEy; from Ref. [3].

We investigated coaxial gyro-BWO with inner radius
of the coaxial waveguide gyro-BWO b=3 cm, outer
radius one is a=5 cm, inner beam radius is r,=3.9 cm,
outer beam radius is r,=4.1 cm, energy of injected
electron beam is Wy=511 keV (yo=2), an initial ratio
transversal momentum to longitudinal one p=1, length
of system is L=60 cm, cut off frequency f.=7.5 GHz,
starting current 14=3.7 A, a limiting vacuum current
1im=6.6 KA for coaxial waveguide. Maximal efficiency
Nmax=0.11 is under input beam current 1,=0.6 kA for
homogenous guiding field and cited above gyro-BWO
parameters [3].

We investigated dependence time averaged
efficiency 77 on injection beam 1, under some
frequencies: f;=7.7 GHz; f,=8.1 GHz; ;=10 GHz

(Fig. 1) for homogenous distribution of guiding
magnetic field. Frequency variation is possible due to

variation of guiding magnetic field from HJ =6.1 kOe

to HY =10 kOe.

As follows from Fig.1, when the oscillating
frequency varies in the diapason from fy = 7.7 GHz to
fo = 10 GHz maximum efficiency varies from n = 0.11
to n = 0.06 under injection beam current I, = 0.6 kA
correspondingly (for homogenous guiding magnetic
field H, (z) =H%y).
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Fig. 1 Dependence time averaged efficiency 77 on
injection beam 1|, under frequencies: 1 —f=7.7 GHz,
2 —f=8.1 GHz; 3 — =10 GHz
(homogenous case H,(z)=H},

In this paper was investigated dependence efficiency
n on above mentioned frequency diapason under
profiling guiding magnetic field according to (3) for
electron beam current 1,=0.6 kA too. Maximum values
of efficiency nmax depending on m from (3) present at
Tables 1-3 for a given frequency f.

Table 1. (f=7.7 GHz)

m 2 6 8
e 0.27 0.32 0.27
HZ(ZO)/ Hzgo 1.2 1.2 1.2

From Table1l it follows that for the frequency
f=7.7GHz maximum efficiency is 7 = 0.32 for
m =6, relative amplitude of profiling magnetic field
H,(z,)/H}=1.2.

Table 2. (f=8.1 GHz)

m 3 4 5 6
025 |027 [023 |o021
Tmax
H,(z)/HS | 114 [114 [114 [114

From Table 2 it is seen that for frequency f= 8.1GHz
maximum efficiency is » = 0.27 for m = 4, relative

amplitude of profiling fields H,(z,)/H},= 1.14.
Table 3. (f=10 GHz)

m 1 2 3
T 0.22 0.2 0.17
H,(z,)/ HY, | 107 1.07 1.07

From Table 3 it follows that for the frequency
fo =10 GHz maximum efficiency is n__= 0.22 for

m=1 and relative field amplitude H,(z,)/HS =1.07.

Then we obtained dependence of efficiency on injection
beam current for profiling guiding magnetic field under
different frequencies. That investigation was realized in
Fig. 2 for comparing with results in Fig. 1.

From Fig.2 it follows that for the frequency
diapason f = 7.7...10 GHz efficiency increases at least
twice compared with the homogeneous case (see Fig. 1).
The maximum effect of efficiency increasing 2.5...3
times is observed nearly the given current of injection
beam I, = 0.6 kA .
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Fig. 2. Dependence time averaged efficiency 77 on
injection beam |, under frequencies: 1 —f=7.7 GHz,
2 —f=8.1 GHz; 3 —f=10 GHz
(non-homogeneous guiding magnetic field H, (z) # H,;)

2. COMPUTER SIMULATION B

Next part of investigations was involved with
variation of geometrical waveguide dimensions
comparatively above mentioned a, b, r, r, and L (in
“COMPUTER SIMULATION A”). Let consider
dependence efficiency m of coaxial gyro-BWO on
electron beam 1, with the new following initial
geometrical parameters of coaxial waveguide (Fig. 3):
inner radius is b=2.5cm, outer radius a=4.5 cm, the
inner radius of the beam r,=3.4 cm, outer radius of the
beam r,=3.6cm (curve 1) and (curve 2) coaxial
waveguide inner radius is b = 3.5cm, outer radius is
a =5.5 cm. Oscillation frequency is f = 7.7 GHz.
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Fig. 3. Dependence efficiency 77 on electron beam I,

under coaxial waveguide radii:
curve 1 —external radius a=4.5 cm, inner radius
b=2.5 em; curve 2 —a=5.5 em, b=3.5 cm

From a comparison results for the initial geometry of
the coaxial waveguide (see Fig. 2, curve 1, b = 2.5¢cm,
a=4.5 cm) that simultaneous reducing the inner and
outer radii of the waveguide without changing the
distance between radii (a-b = 2 cm) efficiency decreases
slightly (n max = 0.28 for 1, =0.4 kA). Note that in this
case the transverse wave number in fact unchanged

k, =1.59 cm™ (K, = 1.586 for the initial geometry), the
cutoff frequency is still f.=7.5 GHz, the amplitude of the
magnetic guide field is also unchanged H,;=6.05 kOe
(previously H,0=6.1 kOe). Fig. 1 (curve 2) shows the
result of efficiency investigation depending on electron
beam when the inner and outer radii of the waveguide
simultaneously increased by 5 mm (inner radius of the
coaxial waveguide gyro- BWO is b = 3.5 cm, outer
radius is a = 5.5 cm (a-b=2 cm)).
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Fig. 4. Dependence efficiency # on oscillator space
length interaction L: curve 1 (---) —m=1;
curve 2 (...) —-m=2;
curve 3 (—) — m=6 from expression (1)

Transverse wave number again in fact unchanged
k, = 1.58, the amplitude of the magnetic guide field is

also in fact unchanged H,,=6.15 kOe. As can be seen
from Fig. 2 the maximum efficiency is = 0.3 at a beam
current 1,= 0.8 KA. Next investigation was realized for
efficiency depending on the length of the coaxial
waveguide (transversal geometry of the waveguide from
“Computer simulation A”) for various values of m in
expression (1). As can be seen from Fig. 2 for m =1, the
efficiency is maximum (n=0.3) for corresponding
coaxial waveguide length L=30cm, for m=2 the
maximum efficiency n=0.3 is for the length L = 50 cm
and, finally, for m = 6 efficiency n = 0.32 for length
L =60 cm. It can be seen that the optimal distribution of
guiding magnetic field depending on the length of the
interaction region under other fixed geometry and beam
parameters of the oscillator. Various values of m from
expression (1) correspond to various values of length
interaction L as follows from Fig. 4.

CONCLUSIONS

For coaxial gyro-BWO is possible to change the
frequency of oscillation in diapason f = 7.7...10 GHz
with efficiency n > 0.2 for non-homogenous distribution
of guiding magnetic field.

In this report was studied too the possibility of
changing the radii of the coaxial waveguide without
reducing efficiency for a given profile guiding magnetic
field [5]. Maximum efficiency varies a little by under
synchronous changing of radii coaxial waveguide for
fixed distance between the radii. It was also found that
the efficiency remains within n ~ 0.3 when the length L
of the coaxial waveguide (in the region of interaction)
was changed with a simultaneous corresponding
changing value m from expression.
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KOMIIbIOTEPHOE UCCJIEJOBAHME KIIJI KOAKCUAJIbHOM I'MPO-JIOB OT YACTOThI
KOJIEBAHUM U ITPOJOJIbHBIX PASMEPOB BOJTHOBOJIA
B. Xopyorcuii

HUccnenosanu (nepsast yacth crathi) 3aBucuMocTh KIIJI rupo-JIOB ot wacToThl KoebaHuii B auana3one F =
7.7...10 Ty npu  pUKCUPOBAHHON FHEPTUM MHKEKIMU TTyuKa 3JIEKTPOHOB Yo = 2. [Tomyumim yBennuenue KI1/]
rupo-JIOB ot ~10 no ~30% st HEOMHOPOIHOIO PACIPECICHHS BEIYIIEr0 MarHUTHOrO mojsi. McciemoBaiu
(Bropast wacte ctathu) 3aBucHMOCTh KIIJ[ OT MpPOJONBHBIX M MOIMEPEYHBIX Pa3MEpPOB BONHOBOAA B TOM IKe
JMara3oHe 4YacTOT M MPH (PUKCHPOBAHHOW SHEPIMU WHXKCKIUHU DJICKTPOHHOTO Iydka. Beicokoe 3nauenue KIIJ]
(~ 0,3) He MeHsieTCsI PU TAKOM HU3MEHEHHH TONEPEYHBIX Pa3MEPOB BOJIHOBO/IA, TIPH KOTOPOM PACCTOSIHUE MEKTY
paaMycaMu KOaKCHAJIbHOIO BOJIHOBOJIA OCTaeTcss Heu3MeHHbIM. Bricokoe 3Hauenue KIIJ| umeer mecro npu
W3MEHCHNHU UIMHBI TpocTpaHcTBa B3ammoneiictBus 60 cm > L > 30 cMm B cirydae COOTBETCTBYIOIIETO H3MEHCHHS
(hOpMBI U aMIDTHTY/IBI BEAYIIETO0 MATHUTHOTO TTOJIS.

KOMIT'IOTEPHE JOCJIJI)KEHHS KK KOAKCIAJIBHOI I'TPO-JI3X BIJI YACTOTH KOJIUBAHb
1 IMMO3J0BXHIX PO3MIPIB XBUJIEBOAY
B. Xopysrcuii

HocmimpkyBamu (mepma vactuHa ctarti) 3anekHicth KKJ[ ripo-JI3X Big yacToTw KONWBaHb y Jiama3oHi
F=(7.7...10) I'Tu npu dikcoBaHiii eHeprii iHKEKIIii My4Ka eIeKTpoHIB Yo = 2. Otpumanu 30utemenns KK/ ripo-
JI3X Big ~ 10 10 ~ 30% JuIs HEOAHOPIAHOTO PO3MOALTY BELYIOro MarHiTHOro mosst. JlocmipkyBanu (qpyra yacTHHA
crarti) 3anexHicte KKJI Bif MO3IOBXKHIX 1 MOMEpeYHUX PO3MIpiB XBHJIEBOLY B TOMY XK Jiama3oHi 9acToT 1 mpu
(ikcoBaniii eHepril iHKeKIIii eleKTpoHHOTO my4ka. Bucoke 3nauenuss KK (~ 0,3) He 3MiHIOETBCS TIPH TaKii 3MiHi
MIOTIEPEYHUX PO3MIPiB XBHJICBOLY, TPH SAKOMY BIJICTaHb MK pajiycaMd KOAKCiabHOTO XBHJIEBOAY 3QJINIIAETHCS
HE3MIHHOIO MDXK paJliycaMH KOaKciaJlbHOTO XBHJIeBOay. Bucoxe 3nadenns KK] mae wmiciie mpu 3MiHI JOBXHHH

npocropy B3aemonii 60 cm > L > 30 cM y pa3i BinnoBigHoi 3MiHM (JOPMH 1 aMILTITYIH BEAYYOTO MarHiTHOTO MOJIS.
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