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Linear Theory of a Gyrotwystron
with Stagger-Tuned Cavities

Gregory S. NusinovichSenior Member, IEEEWenjun Chen, and V. K. Tripathi

Abstract—Gyrotwystrons with a large number of stagger- output waveguide section, thus making the bandwidth of the
tuned prebunching cavities are promising wide-band high-gain device much larger than in the absence of stagger tuning.
amplifiers of electromagnetic waves. In the present paper, a The theory of gyrotwystrons has been developed in [8]-[14].

small-signal theory describing the tradeoff in the gain and the .
bandwidth in these devices is developed. The results of the studyAlSO' the designs of-band and¥-band gyrotwystrons were

of gyrotwystrons with one-, two-, and three-cavity prebunching Presented, respectively, in [15] and [16], and the experiments
sections are presented. These results show a significant increasawith C-band andX -band gyrotwystrons were described in [17]

in the bandwidth due to the stagger-tuning. and [18], respectively. In some of these papers it was shown
Index Terms—Bandwidth, gain, stagger-tuning, gyrotwystron. ~ that the bandwidth of gyrotwystrons can significantly exceed

that of gyroklystrons; note the 1.5% bandwidth experimentally
realized in [17], which is much larger than the 0.1-0.4%
bandwidth typical for gyroklystrons.

HE gyrotwystron, like the conventional twystron, consists In spite of a large number of the above-mentioned papers

of an input cavity and an output waveguide separated bgntaining important information about gyrotwystrons, a more
a drift region. In a more complicated version of this devic@r less general analysis of the gain and bandwidth properties
instead of one cavity and one drift region there can bedd gyrotwystrons with stagger-tuned multicavity prebunching
set of prebunching cavities separated by drift regions. Lilsections, to the best of our knowledge, has not yet been done.
in klystrons and gyroklystrons, the microwave field of pre- In the present paper we develop a linear theory of such
bunching cavities causes weak modulation in electron energidsvices in the way which allows us to analytically study the
In drift regions, this modulation leads to the orbital phaseadeoff in the gain and bandwidth of stagger-tuned gyrotwys-
bunching of electrons in the same way as in gyroklystrons. trons. Our formalism is based on the approach used earlier in
the output waveguide, this prebunched electron beam excitee development of the theory of stagger-tuned gyroklystrons
electromagnetic (EM) waves, i.e., the interaction betwedfi9]). The paper is organized as follows: in Section Il we
electrons and the EM field in this section is similar to thgiresent a general formalism; in Section Il we present the
in gyro-traveling-wave-tubes (gyro-TWT'’s). results of the study; Section IV contains a discussion of the

Such a hybrid-type device is capable of combining the higlesults; and Section V is the summary.

efficiency and gain of klystrons and gyroklystrons and the
large bandwidth of TWT’'s and gyro-TWT’s, which makes Il. GENERAL FORMALISM

gyrotwystrons promising amplifiers of coherent EM radiation. As mentioned above, the process of electron prebunching in

Since smooth-wall waveguides used in fast-wave gyrodevicae et of stagger-tuned cavities in gyrotwystrons is the same as
can operate in a wide frequency range, the bandwidth .ofs . . .

. . ; . in gyroklystrons. For gyroklystrons this process is described
gyrthystrons is mainly restrlcted_ by ”@‘T‘?Ctor of the input in detail elsewhere [19]. Therefore, in the present paper we
C"’F"'ty (or_ Q-factors of prebunching cavities). To OVETCOMG | focus on the operation of the output waveguide, although
this restriction one can use a set of prebunching cavmﬁ]s

with slightly detuned eigenfrequencies. This method, known prebunching section will also be considered below.
as stagger tuning, is widely used in conventional klystrons fqr
both bandwidth enlargement and efficiency enhancement (
[1] and [2] and references therein) as well as in gyroklystrons The interaction between gyrating electrons and electromag-
[3]-[7]. In the same way, in gyrotwystrons the stagger tumetic waves in a waveguide, as was shown in earlier studies
ing of prebunching cavities can make the bandwidth of tHe.g., [11], [20], [21]], can be described by a self-consistent
prebunching section of a tube close to the bandwidth of tiset of equations for the slowly variable normalized eneigy

) ) ) and phasé of electrons and the wave amplitude
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Here,w = 2[(1—nf.0)/53 o][(vo—7)/70] (WhereB,o andB.o  corresponding variables averaged over initial gyrophases,
are, respectively, the orbital and axial components of the initial 1 o 1

electron velocity normalized to the speed of lightis the ' = —/ wet? @ dly, ¢ = —/ fe®0df,  (6)
electron energy normalized to the rest energy,/aigithe axial 2r Jo 2r Jo

wavenumbek, normalized taw/c); andé = s© — (wt— k.z) one can reduce (1)—(3) to the following set of linear differential
is the phase of theth harmonic of electron oscillations with equations:

respect to the phase of the traveling wa@e£ fOT Qdr' + 06 du’

is the gyrophasef? is the electron cyclotron frequency, and +iAw = —F, @)
: . : ! . ) d¢
7 is the time of electron interaction with the wave;= 0 o
corresponds to the entrance to the output waveguide). The @ AN = — z‘fF, (8)
normalized axial coordinaté in (1)—(3) is equal to d¢ 2
P ar_ —1(i0' - o) )
— wz )
C _ /710 (4) dC 2

2P0 1 = hfeo At the entrance to the output waveguidié0) = 0 while w'(0)

b = hf33,/2B.0(1 — hB.o) is the parameter responsible forad¢'(0) are nonzero due to prebunching (these valueg))
the changes in the electron axial velocity in the process &Rd ¢'(0), will be described below).

radiation/absorption of EM waves, ansl = 2(1 — h3.0)(1—  Assuming that all variables.(, ¢', and I) depend or( as
hf.o — sQojw)/ B (1 — h2) is the normalized cyclotron exp(z‘)_\’g’) one can derive from (7)—(9) the following dispersion
resonance mismatch. The normalized beam current param&@ations forx = A + A”:

I in (3) is proportional to the beam curreht 5\2(5\ —A)— sIN+T=0 (10)
_ely (2801 —hP.o 1 hB.o which has the same form as (106) in [20] and (30) in [21]
 mec3 B, 1—h? 032 for b = 0. When the beam current parameter is small we can

112 2 2 (4R introduce X = A\/I'/3, A = A’/I'/? (correspondingly, the
% 1 < K510 ) ZK_M_ axial coordinate should be renormalized @s= 1'/3¢) and
(s = 112° \1 = hp.o h (v? =m?)J5 (V) reduce (10) to the dispersion equation

®) X(A-A)+1=0, (11)

Equation (5) is written for the cylindrical geometry of theyell known in the theory of traveling-wave-tubes (see, e.g.,
interaction space and a thin annular electron beam interactjpg)). This equation has three roots which dependence\on
with a TE,, , wave (corresponding expression for arbitraryas studied by Pierce [23]. (Note that in our cd$é® plays
geometries can be found in [20] and [214)js the transverse the role of the Pierce parametér)

wavenumberk;, normalized tav/c, R, is the electron guiding  Representing the perturbation in electron energy as

center radius, and is the pth root of the equatiow/,(») =0 5

which is the boundary condition for th&k,,, wave at o' IZC‘CD\K

the waveguide wall. The fact that we use the first-order — ¢

equation forF" (3) instead of the second-order equation which ) ) )
follows directly from the wave equation implies that the devic@ne can derive from (7) and (8) corresponding expressions for

operates at frequencies far enough from cutoff, thus the efféctand £

of nonsynchronous opposite wave can be neglected. At the 3 2 ‘
- . S . r_ .S iN¢
same time, below, in order to simplify our treatment, we will 0 = s Z <1 - 5\‘>Ci@ -, (12)
assume that i=1 S
3
R? hfB.o < 1 F=-i) MG (13)
=1

and correspondingly — 0. Note that there is no contradictiona; the entrance to the waveguide these perturbations obey the
between these two assumptions because one can neglect,figgary conditions that give us

effect of the opposite wave on electrons; for instance, in the )
standing wavein(qr z/L) (whereL is the waveguide length) C1 + Cy + C3 = w'(0) (14a)
when the number of axial variatiorsis large enoughg > 1.

At the same time, the requiremeht < 1 for this wave is s 2 2
. ! . 1= 1 —_ = 1 _ — 1 _ —
equivalent to(q)\/2L)? < 1. So, at largelL/\ ratios both of ‘3 K 3)\1>Cl + < sAo Co + sA3 Cs

these conditions can be fulfilled. = ¢'(0), (14b)
In the frame of the small-signal theory the EM field causes
only small perturbations in the electron motion which in the 2Ot + ACy + AsCs = 0. (14c)

absence of this field is described by = 0, 6 =
6o — A’C. Taking this into account and introducing instead his set of linear algebraic equations allows one to determine
of perturbations in the electron energy and phasef the the amplitudes of partial waves; as the functions of roots
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of the dispersion equation (10) (which dependA&handl) Herew, = |uy|c®m = [I™ f.c'2¢d(¢ describes the effect
and the functions of boundary valueg(0) and ¢'(0), which of the axial structure of the cavity field, ang,, »; is the
depend on the prebunching. distance between the exit from theh cavity and the entrance
When the waveguide length is long enough we can takethe output waveguide. At this distance the electron bunching
into account at the waveguide exit only the growing waveaused by energy modulation in theth cavity proceeds.
and neglect the decaying and constant amplitude waves. T8isbostituting (18) and (19) in the subdetermindpg given
allows us to determine the wave intensity at the waveguiddove one gets
exit (( = p,) as

ADs

- & 4
. Ds =222 3" | B[y | Vo)
2N (15) A1 g

X (5\1 + A2 — i5\15\2um,M)- (20)

|Foue|? = 4

m=1

Here D = 2[5\15\3(5\1 — 5\3) + 5\15\2(5\2 — 5\1) + 5\25\3(5\3 —

A2)l/sAiA2As is the determinant of (14)D; = (A — The amplitudes and phases of the fields in all cavities obey
Al (0)[1 — 200 + Ao)/Aida] + i(2/5)6°(0)} is the sub- the balance equations given elsewhere [19]. These equations
determinant for the third partial wave which we assumi@r the first cavity where the input signal is introduced have
growing with the incremend”. This increment follows from the form

the solution of (10) (or (11) ife., is also normalized td/3). , A2
Having presented this general formalism for the output |F1]° = — s (21)
i i ing i (1= Torx (o)) + (81 + Torx )
waveguide let us consider the prebunching in stagger-tuned 01X1(0) 17T 201X1(0)
cavities. &1 + To1x)
tan; = Ll/}(o) (22)
. . 1- IOle(O)
B. Prebunching Section
As was mentioned above, the formalism describing the elder all other cavities
tron prebun_ching in a set of stagger-tuned cavities separated ) AI2 [t || Fom |2
by drift regions was presented in [19] (see also [24]). The |[Fm|” = —3 —3 (23)
notations adopted in [19] are slightly different from what we (1 N IO’"Xm(O)) T (6’" T IO’"Xm(O))
use here in accordance with [21]. However, when the Doppler Om + Iomxin(o)
term h/3. is negligibly small (as we assumed above) and tARYm = S 7 — (24)

_ . ) 1- IOn),X::l(O) '
the electron axial momentum is constant, the electron orbital

momentum normalized to its initial valye which was used |n (21) A2 is the normalized intensity of the field excited by
in [19], and the normalized energy introduced above are the input signal in the first cavityl,, in all these equations
related ag = /1 — w. Also, the slowly variable phaséused s the normalized current parameter,

in [19] and the phasé we use here are related ds= —8/s

and the normalized axial coordinate in [19]ddimes smaller X = X +xu)F (25)
than ¢ used above.

To simplify our consideration we will analyze only the operis the susceptibility of the electron beam with respect to
ation of all prebunching cavities at the fundamental cyclotrdhe cavity field. The first termy, in (25) describes the
harmonic (operation at arbitrary harmonics was considergdsceptibility in the absence of prebunching effects; the second

elsewhere [24]). Then the perturbations in the normalizé@rm is responsible for prebunching; = —2ifu|/|F|, F =
energyw and the phasé (6 = 6o, +6 whered gy = §o—A'¢)  (1/27) fOQW =0 dhy. In (21)=(24)6,m = 2Qm(w — wim) /w
in the mth cavity obey the following equations: is the frequency mismatch between the operating frequency
Ao i (which is the signal frequency) and the cold-cavity frequency
i —2Re(Fy, frne™" ™), (16) w,,, Q. is the cavity Q-factor. Below we will consider a
. “point-gap” model of the prebunching section, i.e., we will
a9 = + Im(F, frne™?®), (17) assume that we have very short cavities separated by long
¢ drift regions. For short cavities (see, e.g., [19]), ~ —i and
Here F,, = |F,,|¢"*~ is the complex amplitude of thesth = = 1. Correspondingly, (21)—(24) can be rewritten as
cavity field, and the functiory,,,(¢) describes its axial struc- A2
ture. Linear equations (16) and (17) can be easily integrated, |F1 2 = > 5 (26)
which gives for the variables’ and ¢’ used in (12)—(15) the 14061
following boundary conditions: tanipy = 6 (27)
M |F |2 — 4I(l)3n|f‘"l|2 (28)
w'(()) == Z |Fm||um|ei(u’)m+am)7 (18) " 1+ 6;727
m=1 tan 1/}nl = 6471 (29)

m=1

M .
6'(0) = — Z |Fm||um|ci(u’)m+am)</¢bm’M + é) (19) whered!, = 6,/(1 + Iom), A, = A;/(1 + Ioy), I}, =
Iy, /(1 + Iom). The term|F,,|? in (28) for the point-gap
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model, in the frame of the small-signal theory, can be defindal (38) vji, = A\ i, i.€.,~ is the increment of the growing

as wave which can be found from (11). We also made transition
1 g - ) 2 from X [in (36)] to A, taking into account that the determinant
_/ C*N"Ofﬂzmrdﬂdrvm’)(l —160,(0)) dby D remains unchanged; thus the facfdr® appeared in (37).

2m Jo The maximum value of® corresponds to the exact cyclotron
=16,,(0) resonance whem(A = 0) = @0, = (4/9)eY3,

So, in the absence of stagger tuning and in the case of exact
clotron resonance in the output waveguide the small-signal
in is maximum and equal to

|~7:m|2 =

where juar s IS the length of them/th drift section. In
accordance with (19), when we assumed that in a point-g
model the field amplitude in each successive cavity is mu
larger than in the preceding one, we get

M M
2 2 2 GI]laX = 1010g (Pl1lax H I’L(er m '[4/3 H I(l)%l *
|Fn|® = | F-1] Hdr,m—1- (30) ’

m=1 m=2
The equations derived allow us to analyze the small-signal (39)
gain in the multicavity stagger-tuned gyrotwystron. Note that this gain is linearly proportional to the normalized
) length of the output waveguide while as the function of the
C. Gain lengths of the drift sections it changes in a logarithmic scale.

We will analyze the gain determined as the ratio of the In the presence of stagger tuning and for nonzero cyclotron
intensity of the output radiation to the intensity of the fieldesonance mismatches the gain can be representéd,as—

exciting the input cavity G.ar Where the variable ternd/,,, as follows from (37) and
|Fo? (39), is equal to
G = 1010g< |;l)uf|.2 ) (31) M
° Gvar = Gw + Z Grn- (40)

assuming, as above, that in a chain of prebunching cavities for
any m, |F,|? > |F._1|* This allows us after representing|_|ere
the ratio| F,,...|*/A? as the product of ratios

|F0ut|2 |F]\l|2 |F1|2 (32) G'w = 101Og{¢111ax/(1>(A)}

m=1

[Enl? [Fya? A2 = 1010g{9 As(ha = A1) Qe(‘/g”)ﬁw} (41)
to get for any ratio|F,,,|?/|F,._1|* from (28) and (30) the D
following equation: describes the effect of the cyclotron resonance mismatcim
|F _ 4—76371,N3r,m_1 (33) the small-signal gain in the output waveguide and
| Foea |? 1+ Gy = 1010g[1 + Quu(A — A7 (42)
Correspondingly, (20) is reduced to describes the effect of A and stagger tuning on

Ao — A a0 . . the gain in the mth cavity. To unify notations for
D3 =2 T [Farle™ (A + Az —tAsAapuae,nr). - (34)  prebunching cavities and the output waveguide we
e _ introduced in (42) Q,, = B2,1Y%Qun/(1 + Ioy) and
where pu;,a is the distance between the last cavity and thg =~ — (2/53 oI %)[(wim — Q) /w — hfB.0]. Now the same
output waveguide, i.e., the length of the last drift section. Wh%l@atuning is present if¥,, where® and~ depend om and in
this drift section is long enough ank ~ A; ~ 1 G,.. The cavity gainG,,, depends also on the stagger-tuning
Ds ~ —2i(Xo — M) Fag|ppar ar€™ . (35) parameterA,,. In t_h_e limiting case of vanishingly s_m_all
Q-factors of all cavitiesGva: = (. However, for realistic
Therefore, the first ratio in the chain given by (32) can bsituations the opposite casé),,, > 1 takes place. In this

represented, as follows from (15) and (35), as case the bandwidth of the device is restricted by the cavities’
) o < 2 bandwidth. To avoid this restriction, the stagger-tuning should
[Foue|* o2 onru,|As(A2 — A1) be used [nonzera\,,’s in (42)]. Correspondingly, the gain,
5 = 16414, e (36) . .
| F ] ’ D as follows from (40), becomes smaller. This tradeoff in the

gain and bandwidth will be illustrated below by consideration
of several simple schemes.

M 2 M
_ . 4/3 I’Ldr,]\l 2
G= 10103{‘1>(A)I/ <H Téﬁ) H I(/)rn} (37) lll. RESULTS

m=1 m=2

Substituting (32), (33), and (36) into (31) we get

Let us start our analysis from consideration of the wave-

where in accordance with (36) guide gain function?,, determined by (41). This function is

5\3(5\2 _ 5\1) 2 ) shown in Fig. 1 as the function of the cyclotron resonance
D(A) =4 — 5 X, (38) mismatchA for three values of the normalized length of the
waveguide:i,, = 4,6, and8. Certainly, when the waveguide
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Fig. 1. The variable gain in the output waveguide for several values of Normalized frequency detuning
the normalized waveguide length as a function of the normalized frequency
detuning A. Fig. 3. The variable gain in a gyrotwystron with a two-cavity prebunching

(parameter); = 1.5, Q» = 3.5, A; = —3.4, andAy = —5.1 correspond
to the maximum bandwidth).
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Fig. 2. The variable gain in a gyrotwystron with a one-cavity prebunching Normalized frequency detuning
and fi,, = 6. The solid line shows the case of an infinitely law; . The
dashed line shows the case @i = 3.2 in the absence of stagger-tuning.rig. 4. The variable gain in a gyrotwystron with a three-cavity prebunching
The dash-dotted line shows the case @f = 3.2 with the maximum and parameters providing the maximum bandwidth.

stagger-tuning.

is shorter, the bandwidth is wider; however, the absolute valffe Provide the maximum bandwidtt®, = 1.5, Q2 = 3.5,
of the gain, as follows from (39), becomes smaller. Ay = —3.4, Ay = —5.1. As follows from a comparison of
Fig. 2 illustrates the effect of the cavitg-factor on the Fig. 3 with Fig. 2 (the normalized waveguide length here is the
bandwidth of the gyrotwystron with a one-cavity prebunching@me), the bandwidth in the gyrotwystron with stagger-tuned
Here the solid line shows the variable gain in the case ByO-cavity prebunching can be 1.65 times larger than that in
negligibly small normalized-factor of the cavity(Q, — 0). the case of a stagger-tuned one-cavity prebunching, and 3.65
(This is the same waveguide gain functich, as shown in times larger than that determined by the output waveguide.
Fig. 1.) The dashed line shows the variable gain for a nonzeng@wever, the corresponding stagger tuning causes a reduction
Q1 (Q1 = 3.2) but in the absence of stagger tuninl, = 0. N gain by 40 dB.
This condition,A; = 0, implies the cold cavity frequenay; A similar situation occurs in the gyrotwystron with a three-
to be equal to the wave frequency corresponding to the ex&avity prebunching. The bandwidth of this device is illustrated
cyclotron resonance; = wyes = Qo+k.v.0. As follows from by Fig. 4 which corresponds to the set of cavity parameters
Fig. 2, the bandwidth in this case is almost three times smalioviding the maximum bandwidth); = 1.2, Q> = 1.48,
than for Q; — 0. The dash-dotted line in Fig. 2 shows thé?s = 3.15, A; = —3.8, Ay = —6.5, and Az = —8.22.
variable gain for the gyrotwystron with the same valuglaf In this case, the bandwidth is more than 1.5, 2.5, and 5.6
but with the stagger tuning providing the maximum bandwidttimes larger, respectively, than in the cases of two-cavity
(A; = —2.7). The bandwidth in this case is more than twgrebunching, one-cavity prebunching, and a pure waveguide
times larger than that determined by the waveguide propertieteraction. However, the maximum stagger tuning causes a
(the solid line), however the gain is smaller by 20 dB. reduction in gain by approximately 60 dB.
Fig. 3 shows the variable gain in the gyrotwystron with a The gain-bandwidth product in stagger-tuned gyroamplifiers
two-cavity prebunching. The cavities’ parameters are chosean reach its maximum when the stagger tuning is smaller
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is shown for a one-cavity gyrotwystron witfp; = 3.2 and
several values of7y [G( is the maximum gain given by
(39)] as the function of the detuning;. In Fig. 5(b) the

1 same ratio is shown for the two-cavity gyrotwystron with
30d8 ] Q: = 1.5 and Q, = 3.2 (these values of) correspond to
the maximum bandwidth; see Fig. 3) and a fixed ratiQ\af

1 to Az, A;/A; = 2/3 (again, whenA, = —5.1 this ratio
G,=25d8 ] gives the maximum bandwidth). Finally, Fig. 5(c) illustrates

] the dependence of the gain-bandwidth product on the stagger
- ] tuning in the three-cavity gyrotwystron. Agaif)-values are

L ‘ ‘ ] the same as for the maximum bandwidth shown in Fig. 4 and
the ratio of detuningg\;, A,, and As is also the same as in
Fig. 4 (so forAs; = —8.22 we get the case shown in Fig. 4).
As follows from Fig. 5, the gain-bandwidth product in stagger-
tuned gyrotwystrons can be several times larger than in the

»
3}

RN
T

35dB |

N w
N [4,] w (4]
T
| | I i

-

[4,]
T
|

Normalized Gain-Bandwidth Product ( @)

-

0 0.5 1 1.5 2 25 3
Normalized Detuning ( -A)

@)

A

This means that the bandwidth givendn BW A relates to the

—~ 45 —— absence of stagger tuning.
i a //GOdB\j
3 : : IV. DISCUSSION
S 35 : . . .
< The bandwidth calculated above was given in terms of the
g 3 » normalized frequency detuning
§2.55 gj 1 2 w—kuuo— 88
§ 20 ; I3 B, w '
B
s
E conventional bandwidtBW = Af/f (wheref = w/2r) as
3 1
. 2
Q 0.5 1 1.5 2 2.5 3 3.5
BWA = ——_BW. 43
Normalized Detuning ( -a ) A [33_011/3 (43)
(0) If we assume that a thin annular 60-kV, 5-A electron beam

with the orbital-to-axial velocity ratio 1.5 excites thEEq;

] wave in the output waveguide at the fundamental cyclotron

E harmonic and the radius of electron guiding centers corre-

sponds to the maximum coupling to the wave, then we get

] $3, = 0.138 and I'/® ~ 0.2/h!/3. Correspondingly, from

E (43) we gefBW ~ 0.0138BW o /h*/3. So, for instance, when

h = 0.1 it gives usBW ~ 0.03BW », thus the bandwidths

of one-, two-, and three-cavity stagger-tuned gyrotwystrons

shown in Figs. 2—4 correspond, respectively, to 10%, 17%,

: and 26%. In the absence of stagger tuning, the bandwidth

: of the gyrotwystron with a one-cavity prebunching, as follows

from Fig. 2, is equal to only 1.6% (whe®; = 3.2). Certainly,

all these numbers serve only for illustrative purposes since we
Normalized Detuning ( -A ) neglected above the electron velocity spread. Note that the

© effect of velocit.y spread on the Iocki_ng l_Jandwidth of phase-

Fig. 5. Normalized gain-bandwidth product as a function of the stalg)Cked two-cavity gyrotrons was StUdl-ed-”-q [25], Where It was

ger-tuning parameter for (a) a one-cavity gyrotwystron, (b) a two-cavi hown that the 20% spread causes significant shrinkage of the

gyrotwystron, and (c) a three-cavity gyrotwystron. andwidth when the external magnetic field in the interaction

region is nontapered; in the case of a properly tapered magnetic

. . . field in the drift region the effect is much weaker.
than that which corresponds to the maximum bandwidth. ForBefore closing this section let us note that in our paper

stagger-tuned gyroklystrons, it was shown in [19]. For stagger-

. N ; e did not study the excitation of parasitic backward waves
tuned gyrotwystrons this statement is illustrated by Fig. T¥Vn h ; s i
) . . ) . . Th f th
In Fig. 5(a) the ratio of the gain-bandwidth product in th the output waveguide © excitation of these waves in

. : .gyro-traveling-wave-tubes and gyrotwystrons was studied, re-
stagger-tuned device to that in the absence of stagger tun'éé‘ectively, in [26] and [27] (see also references therein). In

particular, in [26] it was shown that the drive signal can
b — BW.iGet increase the starting current of parasitic backward waves at
BW,Go least six times (in comparison with the starting current in

b
3

E-N
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w
n
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Normalized Gain-Bandwidth Product ( & )
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i
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the absence of the drive power). This issue as well as tl1@] A. A. Kuraev, Theory and Optimization of Microwave Tube@¢auka i

large signal operation of gyrotwystrons with stagger—tune[gg]
multicavity prebunching will be analyzed later.

[14]

V. CONCLUSION
[15]

The small-signal theory of gyrotwystrons with an arbitrar
number of stagger-tuned prebunching cavities was dev €l
oped. The analysis of these devices with one, two, and three
prebunching cavities operating at the fundamental cyclotron

resonance was carried out. The results obtained demonstfafé

a significant bandwidth enlargement due to the stagger tuning
and allow one to analyze the tradeoff in the gain and bandwidth
in these tubes. [18
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