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FOREWORD

Stability properties of the cyclotron maser instability in an annular
electron beam propagating through a cylindrical waveguide loaded with a tape
helix are investigated, in connection with applications on the gyrotron

amplifier. Closed form of the dispersion relation for the cyclotron maser

behavior. It is shown that the bandwidth of the gyrotron amplifier for a tape

helix is narrow in comparison with results for a sheath helix. However, the

growth rate of the tape helix gyrotron is comparable to that of the sheath
helix gyrotron.
Approved by:

S M B0Sen

IRA M. BLATSTEIN, Head
Radiation Division

i/11




R B T RN T TR N LT e b Lt i WM S0 f
]
¥

NSWC TR 82-528

EIVENY BT

) CONTENTS

\‘.

X Section Page
Bt

:ﬁ 1 INTRODUCTION « v o « o o o o o o o o o o o o s o o o o o o o o o 1

11 LINEARIZED VLASOV-MAXWELL EQUATIONS FOR PERTURBATION . . . . . . 3
III  VACUUM WAVEGUIDE MODES « « « o « « v « o o o ¢ o o o o s oo oo 13
v CYCLOTRON MASER INSTABILITY . & « « ¢ o o o ¢ o « s o o o « o o 13
N v CONCLUSIONS « « o o = o o + o o o o o o o o o o o o o o o o o+ 18

o VI ACKNOWLEDGEMENTS + + « o « o « o o o o o o s o « o o o o o o o« 19

iii

e Te e e C STt e T e e T T s W L A S R - - . P P . R Tt e e e T T e e T T e T e T e
A S S -1 P R VO VR S NP P VL I Wi, SO PP DR PR SRR ISR e oo tiombsn sl ade s P WU IE JOT SPUE Y S  Suir e Vl  Sotl SN




T P AT N R e M T S I N W e R, X e M

NSWC TR 82-528

ILLUSTRATIONS

Figure Page

1 PLOTS OF THE NORMALIZED OSCILLATION FREQUENCY th/ccos¢ VERSUS
THE NORMALIZED AXIAL WAVE NUMBER thtan¢ for ¢ = 0 HELIX MODE,
¢ = n/6, §/L = 0.3 AND SEVERAL VALUES OF THE PARAMETER Rc/Rh .« . 20

2 PLOTS OF THE NORMALIZED GROWTH RATE kic/Gc VERSUS w/a»c OBTAINED
FROM EQUATION (39) FOR THE HELIX MODE, R /R, = 1.1, Ry=R -1,
s =0, §/L=0.3, (a) A =0.02, (b) A= 0.04, AND OPTIMUM VALUES
OF THE PARAMETERS (Rhwc/c, ¢) GIVEN BY (1.06, 10.7°) FOR & = 1,
(2.15, 11.4°) for & = 2, (3.2, 11°) FOR & = 3, AND (4.2, 10°)
FOR L = 4 v v v v it o e s o o g o o s o o o o o o o o o o 0o 21

3 PLOTS OF THE NORM!™ "7ED GAIN kic/ac VERSUS m/mc OBTAINED FROM
EQUATIONS (39) and (42) FOR s = 0, Rc/Rh = 1.5, §/L = 0.3,
= = - B - e = =
A = 0.04, R,y Rh L ¢ 30° AND Rhac/c 1.86 FOR & = 0,
Rhmc/c = 1,47 FCR £ = 1, Rhac/g = 2,4 FOR £ = 2. ¢« ¢« ¢« « ¢« o « .+ . 23

4 PLOTS OF THE NORMALIZED GROWTH RATE k ic/(ﬁc VERSUS m/@c OBTAINED
FROM EQUATIONS (39) and (42) FOR & = 2, RC/R'h =1.5, §/L = 0.3,
¢ = =30°, AND (a) Rhﬁc/c = 2,15 FOR s = 1, (b) Rh&c/c = 2.4 FOR
s-OAND(c).Rh&c/c-Z.Slo‘FOR B %™ =1, ¢ i i e e e e e e e s . 24

iv

CRPLIE I X IPT Py MY T PN S ) D et e i B A - PRI, Sl mt L SRy L S Ul A U, WA Wt L DR § \LA._JA-_'A.A




NSWC TR 82-528

I. INTRODUCTION

In recent years, stability properties of the electron cyclotron maser
1nstability1-4 have been investigated in a great detail, in connection with
applications on the gyrotron amplifiers. Particularly, motivated by a wide
bandwidth microwave amplification, properties of the gyrotron amplifier in
a sheath helix loaded waveguide have been also investigated in a previous
study.5 Although a theoretical analysis in a sheath helix loaded waveguide
is a reasonable simplifying asshmption in many experiments, we expect a signi-
ficant modification of the stability behavior when the sheath helix is replaced
by a more practical tape helix. 1In this regard, this paper examines properties

of the cyclotron maser instability in a hollow electron beam propagating through

a tape helix loaded waveguide.

This paper extends the previous theory of the cyclotron maser instability,
developed by the authors for a sheath helix loaded waveguide, to a tape helix
loaded waveguide. The analysis is carried out within the framework of the
Vlasov-Maxwell equations for an infinitely long hollow electron beam with

radius RO’ propagating parallel to a uniform imagnetic field B éz with axial

0
velocity Bzc éz' The radii of the helix and the grounded conducting wall are
denoted by Rh and Rc’ respectively. Equilibrium and stability properties are
calculated for the electron distribution function [Equation (3)] in which all
electrons have the same energy and the same canonical angular momentum but a
Lorentzian distribution in the axial canonical momentum. We assume that the
hollow beam is thin and very tenuous. The formal dispersion relation [Equation

(31)]1 of the cyclotron maser instability is obtained in Section IV, including

the important influence of the presence of a tape helix.
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'~: In Section 1V, properties of the vacuum waveguide mode loaded with a

{

tape helix are briefly investigated without including the influence of beam
electrons. Stability properties of the cyclotron maser instability are numeri-
3:,:: cally investigated in Section IV, in connection with application on the gyrotron
. amplifier. It is shown that the bandwidth of the tape helix gyrotron amplifier
«'_. for a helix mode is narrow in comparison with results of the sheath helix

\ gyrotron amplifier. However, the growth rate of the tape helix gyrotron is

comparable to that of the sheath helix gyrotron. In addition, the growth rate

and bandwidth of the gyrotron amplifier for tape helix are relatively less

:.‘: effected by the axial momentum spread than those for sheath helix.
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II. LINEARIZED VLASOV-MAXWELL EQUATIONS

FOR PERTURBATION

The equilibrium configuration consists of a relativistic annular electron
beam propagating parallel to a strong, externally applied magnetic field Boéz'
The mean radius of the electron beam is denoted by Ry, and a grounded cylindrical
conducting wall is located at radius r = R.. Cylindrical polar coordinates
(r,0,2z) are introduced in the analysis. A helix tape with width é and zero
thickness is located between the electron beam and conducting wall. The radius
and pitch of the helix are denoted by Ry and L, respectively, thereby defining

the pitch angle ¢ and the unit helix vector e by

cot¢. = 2uRy/L ¢

and
& = cos¢ e e
i e
where ﬁe and éz are unit vectors on the azimuthal and axial directions.

Obviously, it is assumed Ro < Ry < Re-

In the analysis, we also assume that v/; << 1, where v = Nbez/mcz is
Budker's parameter and $mc2 is the electron energy. Here Ny is the total
number of electrons per unit axial length, -e and m are the charge and rest
mass of electrons, respectively. Moreover, it is further assumed that the

electron beam is thin, i.e., (Ry-Rj) << Rgy» where R; and Ry are the inner

et et oo et P PO — e
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and outer radii, respectively, of the annular electron beam. In the present
analysis, we investigate stability properties for the choice of equilibrium

distribution function

9Nppd  S(v-v) & (P.-P )

3x 2 ~ 7.2 (3

fg (H, Pg,p,) = - _
ymc (PZ-PZ)Z *+ p,8

47

Where H = yme? = (m2c4 + c2p2)1/2 i the total energy, P; is the axial
momentum, Pg = [?e - (e/2c)r80] is the canonical angular momentum, Qc = eBg/mc
is the non-relativistic electron cyclotron frequency, Py = -(e/2c) (RD2 - r%) By

is the canonical angular momentum of an electron with Larmor radius

T, = [(Yz - 1) cz/wz - (pz/mwc)%];’, and v, P, and A are constants.

Making use of Floquet's theoranf’ 7 we adopt a normal mode approach in

which all perturbations are assumed to vary according to

¥(x,t) =§: ; (Dexp{i(nd + k.z - wt)} F4)
Noww D n
where
ky, = k - 2n(n-2)/L (5)

is the axial wavenumber of the component n, w and k are the oscillation
frequency and the axial wavenumber, respectively, and & represents the primary
azimuthal mode number. For example, for small k value, the electromagnetic

field for n = ¢ azimuthal harmonic perturbation is dominant.®

T : i it atataie et . e ala A alala Al miwa e
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In the present purposes, it is assumed that

TRYNURINE NS e = JR Ll o

lo - weh - (k + 2ns/L)Byc| << @ /Y, 2n8,c/L

AARTSY
-

T
Tel

a -~ .

v r,
[

amplitudes can be expressed as

!
y
!
%
\ |

v x E (x) = i(w/c) B (x)

VxB () = (n/c) I (x) -1 W/e) E (),

~

-
-

is the perturbed current density.

30(:5) = iJ LX) = 7= exp tiabek 2)}
"[éea“‘o) o ém (Ro)]x(w,k) 5 (r-Rp)

where the effective susceptibility x (w,k) is defined by

wle wloid?
X (lﬂ’k) = -1 A i ~ 3 2’
. 2yuRy (0 + ka8 cva/v,)
5

IR IE SO TR T S MU Ry PR N i PP I UL P AP A S PR

(6)

where 8; = p,/ymc, ¢ is the speed of light in vacuo, and s is the space harmonic

number. The Maxwell equations for the perturbed electric and magnetic field

(7)

where é (x) and B (x) are the perturbed electric and magnetic fields and 3 (x)

Within the content of a thin beam approximation and Eq. (6), the transverse

components of the perturbed current density in Eq. (4) is expressed asS

(8)

(9)
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Q=0 - kaBzC - mc/Y (10)

is the Doppler-shifted eigenfrequency, B, = pl/‘;mc, B, = 1;2/:{1116 = (‘Yi - 1)1/2/72.

v = Nbez/lnc2 is the Budker's parameter and the integer a is defined by
a =4 - s. (11)

As noted from Eq. (8), we emphasize that consistent with Eq. (6), the
transverse current density is mainly originated from perturbations with n = a
since the corrections associated with other perturbations with n X a are
order QL/ZnBzc (<<) or smaller.s Moreover, we can also approximate the

perturbed charge and the axial component of the perturbed current density by

Q(r) = 3z(r) = 0.

In this regard, from the Maxwell equation (7), we obtain

. 2 2

: 13 3 n° e ,2); ]

- {rarrar' 7t Z'kn}Ezn(r) =0 - (12)
= T c

- for the axial component of the electric field with arbitrary n. Similarly,

for the axial component of the magnetic field, the Maxwell equation (7) is

expressed as

Fe
»
E 2 2
13 3 n° . w 212 : (13)
{rarra—-_2+7-kn}azn(r)=o
- r [+
{
;
- 6
L-_
b4
:..
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for n X « and

2 2 -
La_,38__a_ ,w _ 2
{r 3T © ar 2 ¥ 2 ka}BZa(r)

4 fl 3 2 .05 (14)
=" El{r Br[rJea(r)]- I%Jra(r)}’

where the r- and 6- components of the perburbed current density

Jra(r) and Jaa(r) are defined in Eq. (8)
The physically acceptable solution to Eq. (12) is

J (p,¥), 02 r< R,

zZn n (15)
3 (n) N, (eI, (pyT) - Jn(cn)Nn(pnr)’
J (nIN (g ) - J (g IN (np)

Rh <r <R

c’

for all n. However, for the axial component of the magnetic

field, we have

ba[Ja(par) + g (m,k)Na(pur)] , h=aqa,

an(r) =

bn Jn(pnr), n X qa, (16)

-
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for R,< r < R,, and "'
0 h (an

Nti(‘:n)Ju(l:'nr) - Jfl(;n)Nn(Pnr) ,

J(n I (g) - (g N (n )

B,,(¥) = b J tng)

for Rn<r < Rc and for all n. 1In Eqs. (15) - (17), a and bn are
constants. Jn(x) and Nn(x) are the Bessel functions of the first

and second kinds, respectively, of order n, the prime (') denotes

(d/dx) Jn(x) and (d/4dx) Nn(x), and the parameters LI and Pp
are defined by
2 2 p2,02 _ 22 _ (2, 2 2.2 (18)
LI Rh/Rc = PRy (w™/c kn)Rh

The boundary conditions of the magnatic field at =R, for the tape helix

6, 7
are

ai .o
- =
Bz Bz

[e NP3
=2

3“ coss,
(19)

20 _oi 4w .
Be - Be == Jy sin¢,

where the superscript i and o represent the magnetic field components at just
inside and just outside, respectively, of the helix tape, 3" is the surface

current density along the helix direction with the unit vector EO'
the current in the tape flows only in the tape direction, and that it does not

vary in phase or amplitude over the width of the tape, the surface current

Assuming that

PP Y ST Y 3 PR -
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density JH is reasonably expressed asG’ 7

Jy = Liy, expli(ne + k 2)} (20)
n

where the component amplitude j"n

sin(knG/Z)

- 1 : . (21)
=J exp(-lkné/z) knsii__.

Jin

and 6 is the width of the helix tape. Substituting Eqs. (15) - (17) and (20)

into Eq. (19), it is straightforward to show that

S “k.n
a = -i;EZw j“nnncos¢(%an¢ - ﬁiﬁ; )
. Jn(cn)Nn(nn) - Jn(nn)Nn(Cn) (22)
Jn(cn)
and
b = 2 3! (g N ( It (n N (5.)
n = ~c I nc05®y |[Ip 80Ny nn) - n("n) n'®n ]

' , -1 _
RACPRELHCR) PR 25

[Jr'l(t;n)]'l , n#+a.
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At the helix surface, the electric field along the helix direction is given

- by
p é'l (f) -% exp{i(né + knz)} [ éen(uh)co§¢ + ém(kh)siM]. (24)
:.
b ‘
h Making use of the Maxwell equation (7), and Eqs. (15) and (16), we can show
that Eq. (24) is expressed as
b éll(f) = cos¢§exp {i (no + knz)}
| knn . W
x aan(nn) (talw - - - l’c—p: bn[Jn(nn) + gnNn(nn)] »  (25)

where 8, = 8 for n = a and gn’s 0 otherwise. The coefficient function g (w,k)

in Eq. (25) can be expressed in terms of the helix and geometric parameters,

b assuming that the electric field in Eq. (25) is set equal to zero along the
center line of the tape, i.e., at z = (L8/27) + (8/2). This assumption is a

good approximation for narrow tapes. Substituting Eqs. (22) and (23) into

Eq. (25), and carrying out a tedius but straightforward algebra, we obtain

J! .
¢ K = - g DR

“ N* (26)
N'z) Flu,k)

10

- - p - . g . p . z s D = : e L._n___-_.s-J
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where the vacuum dispersion function D(w,k) is defined by 7

sin(k 6/2) ¢, 2 kn \2J (n)
: n {n n n'"n
D (w,k) = nz: 872 n(tw- "nph) I ()

x [J (& IN () - Jn(nn)Nn(Cn)]

T,
P

nn
2.2
w'R Jr(a) ' ' '
T [Prtenying - SEREICR] (27)

and the function F (w,k) is given by

2,2 _.
) sin(k 6/2)
F (w,k) = D (0,k) + Z" —_—
c k §/2
a
t ' ' ! 2 (28)
7 Ja(g N (n ) - Ja(na)Na(Ca.)] ,

TIEINE)

where kn = k - 2n(n-£)/L defined in Eq. (5), and the parameters, N, &y and

p, are given in Eq. (18).

Evidently from Eqs. (13) and (14), the axial component of the perturbed

magnetic field is continuous across r = Ro for all n cept n=a. Forn = a,

-
;-

the physically acceptable solution to Eq. (14) is given by

?'.T"'-'.-"T
)

b Ja(Per)s 05T <R

EZ: B (r) = in “a 0’

;! Za ba[Ja(par) + gNa(pari], Ry< T < Rh’ (29)
-

7

s

\’ 11
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where bin and bu are constants. For convenience in the subsequent analysis, we
introduce the normalized magnetic wave admittance b, defined at the inner and

outer surfaces of the electron beam by

b= B /0 A0 e

(30)

~ . B
b_ =8, (R)/[re s r’Bza]R(')'

Making use of Eqs.'(7), (8) and (30), we obtain the dispersion relation of the
gyrotron amplifier in a tape helix waveguide
22
Pk = - g : 1)

2, . ~, 3.2
2y R0(9+1|ka|BzCYl/Yz)

where the admittance function I' (w,k) is defined by

2.2
r(w,k) = 8l,K)/mg I , (£) (32)
1+ G(w,k)

Gw,k) = g ﬁa-l(sa) . ka/pu . J&(na) * gN&(na) (33)

2
Ja-I(Ea) tang - kaalpakh Ia(ng)

and the parameter Ea is defined by

2N
oON

2 2 2,2 2,.2

£, =% RO/R = (0 /c” - ku)Ro (34)
Fj‘ The dispersion relation in Eq. (31), combined with Eqs. (32) and (33), is one
B of the main results of this paper and can be used to investigate gain and

R bandwidth of the gyrotron amplifier for a broad range of physical parameters.

12
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~ III. VACUUM WAVEGUIDE MODES

Assuming no beam electrons (v + 0) in this section, we obtain the vacuum
- dispursion relation
D (u,k) =0 (35)

from Eqs. (26), (31) and (32). In Eq. (35), the vacuum dispersion function

AT e T T aT i T e o
s RN ) RS
1) Cod 48 v o8] .

D (w,k) is defined in Eq. (27). Even though the dispersion relation is a

n

=
L

a're

very complicated transcendental function of w and k, in the limiting case

where the outer conducting wall is very close to the helix (i.e., Rc/Rh + 1),
fhe vacuum dispersion relation is simplified to three distintive r:elai:icn'xs.7
These are the transverse electric like, the transverse magnetic like and the

helix modes. Particularly, the helix mode is represented by a straight line
w=t[ ke sing + £ (c/R) cos¢ ] (36)

in the (w,k) parameter space. The characteristic electron beam mode in the

gyrotron amplifier is given by

- w= szc + (Zws/L)Bzc + wc/y 37

.

from Eq. (6). In this regard, we conclude from Eqs. (36) and (37) that a super

wideband microwave amplifier can be developed by a choice of beam parameters

satisfying

"

L. . Bz ~ sin¢g,

T

w /Y = (c/R )cos (2-5), (38)

for Rc/llh x1,

13
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In general case where Rc/Rh % 1, the dispersion relation in Eq. (35) is

?{ numerically solved to find w for specified k value. Shown in Fig. 1 is plots
ii of the normalized oscillation frequency mRh/c cos¢ versus the normalized axial
Lé; wave number th tan¢ for £ = 0 helix mode, ¢ = %/6, 8§/, = 0.3 and several
Eg values of the parameter Rc/Rh' It is noted from Fig. 1 that dispersion curves
hi of the helix mode approach to the straight line defined by Eq. (36) as the

parameter Rc/Rh is reduced to unity. Moreover, the helix mode dispersion curves
wiggle more prominately as the parameter Rc/Rh increases from unity to infinity.
Obviously in the limit Rc/Rh + o, every minimum points of w in the dispersion
curves are equal to zero. Detailed analytic and numerical investigation of

the dispersion relation in Eq. (27) and (35) has been carried out in the

7

previous literature by authers. For additional information of the vacuum

dispersion properties, we urge the reader to review this literature.’
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IV. CYCLOTRON MASER INSTABILITY

In this section, we investigate stability properties of the cyclotron
maser instability in a hollow electron beam propagating through a tape helix
loaded waveguide, by making use of the dispersion relation in Equation (31).
The growth rate and bandwidth of the cyclotron maser instability are directly
related to the gain and bandwidth of the tape helix gyrotron amplifier. Making
use of the fact that the "Doppler-shifted" eigenfréquency in Equation (10) is
well removed from the electron cyclotron resonance, i.e., |8 ] << Gc/§ and
evaluating the wave admittance function I'(w, k) at k = k = (v - Bc/§)/szc

- 2%s/L, the dispersion relation in Equation (31) can be approximated by

lw - 5 /778 ]2
1 ] . c
[I’(w, kb)‘q‘:‘(ﬁ'l")kbg] [Q*’l-———Y—S———-

z

22
Vel [~ (-9)
% - —7 . >
2y Ry
In the remainder of this section, the growth rate 0y =_ImQ and the Doppler-
shifted real oscillation frequency Q = ReQ are numerically calculated from
Equation (39) for the electron beam parameters v = 0.002, Bl = 0.4 and y = 1.118

(Bz = 0.2). Obviously from Equation (10), the normalized gain kic/Gc is expressed

as
kic/wc = ‘ni/Bzo (40)

Shown in Figure 2 is plots of the normalized growth rate kic/(;c versus u/&c

obtained from Equation (39) for the helix mode, Rc/Rh = 1.1, R, = Rh -1, s =0,

0

15
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§/L = 0.3, (a) A = 0.02 and (b) A = 0.04, and optinum values of the parameters
(Rhac/c, &) for each azimuthal harmonic number £. The optimum values of the
parameter (R,u_/c, ¢) are given by (1.06, 10.7°) for £ = 1, (2.15, 11.4°) for
£ =2, (3.2, 11°) for £ = 3 and (4.2, 10°) for £ = 4. The bandwidth of the
tape helix gyrotron amplifier for the helix mode in Figure 2 is narrow in
comparison with results of the sheath helix gyrotron amplifier.5 However, the
growth raEe of the tape helix gyrotron for the helix mode is comparable to that
of the sheath helix gyrotron. In addition, the growth rate and bandwidth in
Figure 2 are relatively less effected by the axial momentum spread A than those

of the sheath helix gyrotron.
In general, we can show5

M(w, k) = 0,
(41)
[or(u, k)/0k1, =0,
b

near the minimum oscillation frequency @ in the hybrid vacuum waveguide mode
and its corresponding wavenumber ko. Therefore, in order to correctly evaluate
the gain of the gyrotron amplifier at (w, k)=r(@o, ko), we approximate Equation

(31) by

2
28. ¢ 3k k

s (39 o5t (39, 2]

z b
o - 5./7172 2 ve,%c?
|8t | ¢ -T2 (42)
Y, 2y R,
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Of course, the dispersion relation in Equation (39) is used to obtain the

gain for a broad range of physical parameters except near the point (w, k) =

T T T3 T ST s m v

(wo, ko) where use of Equation (42) is made to estimate the gain.

As a typical example of the gyrotron amplifier for the hybrid waves, which
consist of the transverse electric and transverse magnetic modes, shown in
- Figure 3 are plots of the normalized gain kic/Gc versus m/Gc obtained from
Equations (39) and (42) for s = 0 , Rc/Rh = 1.5, §/L = 0.3, A =0.04, Ro = Rh - T
¢ = -30° and Rth/c = 1.8 for £ = 0, Rhac/c = 1.45 for £ = 1 and Rhac/c = 2.4

for £ = 2. The maximum gain in Figure 3 is considerably larger than that of
the ordinary gyrotron amplifier. For example, the maximum growth rate for the
£ = 1 prturbation in Figure 3 is more than triple that of a smooth conducting
waveguide without helix. As expected, the bandwidth of the tape helix gyrotron

is narrower than that of the sheath helix gyrotron.S

In order to illustrate influence of the space harmonic number s on stability
behavior, Figure 4 presents plots of the normalized growth rate versus w/&c
obtained from Equations (39) and (42, for £ = 2, R /R, = 1.5,6/L=0.3, $ = -30°,
and (a) s = 1 and corresponding optimum value Rhac/c = 2.15, (b) s = 0 and

Rh;c/c = 2.4 and (c) s = -1 and Rh;c/c - 2.54. As expected from the relation

w/ac = [1+ (c/Rth)BiQ s cot $1/y, (43)

the eigenfrequency corresponding to the maximum growth rate increases with
decreasing value of the space harmonic number s for a negative pitch angle.

However, the gain reduces drastically when the eigenfrequency of the maximum

growth rate increases.
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. V. CONCLUSIONS

{
j: In this paper, we have examined the excitation of electromagnetic waveguide '
i: modes by the cyclotron maser instability in a hollow electron beam propagating
- through a waveguide loaded with a tape helix. Stability analysis was carried
E out within the framework of the linearized Vlasov-Maxwell equations, assuming
X that the electron beam is thin and tenuous. The formal dispersion relation of
» the cyclotron maser instability was obtained in Section II, including the
‘
e important influence of the presence of a tape helix. Properties of the vacuum
E; waveguide mode loaded with a tape helix were briefly investigated in Section III,
- without including the influence of beam electrons. Stability properties of the
.
P cyclotron maser instability were numerically investigated in Section IV, in
:: connection with application on the gyrotron amplifier. It was shown that the
': bandwidth of the tape helix gyrotron amplifier for a helix mode is narrow in
P comparison with results of the sheath helix gyrotron amplifier. However, the
growth rate of the tape helix gyrotron is comparable to that of the sheath helix
gyrotron.
{ﬂ
=
p .
-
b,j
4
E.
Fd
=
- -
-
a8
1 .
¢
A%
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FIGURE 1. PLOTS OF THE NORMALIZED OSCILLATION FREQUENCY wR;,/ccosp VERSUS THE
NORMALIZED AXIAL WAVE NUMBER kR, tang FOR £ = 0 HELIX MODE, ¢ = 7/6,
8/1. = 0.3 AND SEVERAL VALUES OF THE PARAMETER RJ/R,
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(a) TAPE HELIX GYRO
(HELIX MODE)
S=0
6/L=0.3
A=2%
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<
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2
1L 1=2
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;‘ 1 lo . 1 l1 1 I2 1 '3
9 A
%
4
8
p . FIGURE 2. PLOTS OF THE NORMALIZED GROWTH RATE kic/, VERSUS w/&, OBTAINED FROM
o EQUATION (38) FOR THE HELIX MODE, R /Ry, =11 Rg = Ry, — rL s=0,5/L=0.3,
4 (a) & = 0.02, (b) & = 0.04, AND OPTIMUM VALUES OF THE PARAMETERS (Rw/e, ¢
o GIVEN BY (1.06, 10.7°) FOR £ = 1, (2.15, 11.4°) FOR £ = 2,(2.2, 11°) FOR £= 3, AND
4 (4.2, 10°) FOR 2= 4
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TAPE HELIX GYRO
(HYBRID MODE)
S=0
R./R, =15
§/L=10.3

= —30°
A=4%

i J

. A

5 w/w
9 c

-
b FIGURE 3. PLOTS OF THE NORMALIZED GAIN k;e/&, VERSUS w/(, OBTAINED FROM EQUATIONS
o (38) AND (42) FOR 1 = 0, R /Ry = 1.5, 5/L = 0.3, 4 = 0.04, Ry = R, — r, , ¢ = —30° AND
;- Ry Jc = 1.86 FOR® = 0, Ry O /e = 1.47 FOR2= 1, R, & /o = 2.4 FOR ¢ = 2

>
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TAPE HELIX GYRO

0r (HYBRID MODE)
1=2
S=1
R./R, = 1.5
<3 20 \ §/L=0.3
S ¢=-30°
vy R,=215 c/w,
S
|10k
0 5_/ | 1 | ]
0.75 0.80 0.85 0.90 0.95
W/Q,

FIGURE 4., PLOTS OF THE NORMALIZED GROWTH RATE k; c/t/.) VERSUS w/w OBTAINED FROM
EQUATIONS (39) AND (42) FOR2=2,R /Ry, = 1. 5 8/L 03, ¢= —30 AND (a) Rhwelc =215
FOR s=1, {b) Rh“’clc = 2.4 FOR s = 0 AND {c) Rh“’c"’ =254FORs= -1
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(b) (HYBRID MODE)
30 =2
i S=0
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6/L=0.3
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3 0r R, = 2.40 ¢/&_
3 .
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F 0 I ! |
0.85 0.90 0.95 1.00 1.03
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i FIGURE 4. (CONTINUED)
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(c) TAPE HELIX GYRO
(HYBRID MODE)

L1=2
=—1
R./R, = 1.5
6/L=0.3
¢= —30°
Rh.= 284 c/w,

N
o
|

A

—100 kic/ooc

10

1.35 1.40 . 1.45 1.50
wW/W, |

FIGURE4. (CONTINUED)
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