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1 INTRODUCTION system of coupled resonant circuits and calculate
accurately the necessary coupling coefficients. In this

The chain of coupled cavities are widely used in thork this method is used to describe an infinitely long
RF-engineering. Slow wave structures on their base &®ain of cylindrical cavities coupled through central
most common in the accelerator technology, ﬁndm@oles in sidewalls. The focus of attention is paid to the
various applications as well in RF-devices designed glculation of the value of coupling of cavities which
generate and amplify electromagnetic waves (see, kstve no immediate contact. The number of couplings to
example, [1,3]). Since resonant properties of each ca\}i’@ taken into account determines not only the slow-wave
can be described by equations that resemble in thdfucture properties, but also a possibility of their
outward appearance the classic equations of the resofBftching and tuning. The latter is of added importance
circuits, then, a coupled cavity chain should be describ® development of inhomogeneous structures. As
similarly. Such an approach to the study of properties @gtinct from the previous papers [3,5,6,12], we have
coupled cavity chain (a method of equivalent circuits) [§anaged to elaborate on a model, allowing consecutively
very useful to model rf cavities. Its advantage ovéP take into consideration any number of couplings.
purely electrodynamic methods is in its explicitness and
a relative simplicity of the mathematical analysis which 2 BASIC EQUATIONS
is of supreme importance for the stage of primary
electrodynamic properties study and conceptual design olLet us consider an infinite chain of similar ideally
the system. It is especially manifest in the developmeasdnducting co-axial cylindrical cavities (disk-loaded
of complex structures: a chain of cavities couplegavequide) coupled through cylindrical holes with the
through slots [4], a biperodic or compensated structutadiusa in the dividing walls of the thicknessThe radii
[5,6], a detuned structure [7] and others. Howeveand lengths of the cavities we denote byandd. The
justification of such models must be made on the basedidks of thei-th cavity we denote by the indexieand {-
the electrodynamic approach which simultaneously give§ In order to construct a mathematical system model
their accuracy. The main question in utilization of thgnder consideration we will use a method of partial
circuit model for description of a coupled cavity chain igross-over regions [13]. Using the method, similar to the
the possibility of truncation the number of circuits undesne in [1-3], one can show that the set of equations,
consideration and their connections, since a precigescribing the system under consideration, has the form:
account of all these factors would do more than simply , 2 as
eliminate the advantages of this approach: it would make (ooé1 —ooz)a(()'y)1 = -]
this problem mathematically unresolvable. By doing
such truncation we have to take into account the ' o - 0
following circumstance. Since commonly the analysis of gZa((,'])lA_’ﬁ Y (a5 + a5 A 1_A+,k)H (1
characteristics has to be made within a confined ' k=1
frequency range, then the total initial set of circuits cavhere af)"i - the amplitude ofE,,, -mode in thei-th
be broken down into two classes: the resonant ORGwity,
representing modes with eigen-frequencies which values _ 12 K) ;2 2
are close to the frequency range under the consideration,/\i’k =Jo(A,af b)g Wi [N A @ D7, (2)
a_nd t.he non-resonant one. If the couplings of.the resongpy Wik) are the solutions of the following sets of linear
circuits form the main frequency properties of the s ]
system, then the presence of the non-resonant circ@@ebraic equations:

form the properties of such couplings. Although the 1 0 D ~(1 1 fﬁD
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amplitude of each non-resonant mode is small , their
total effect on resonant circuit couplings is considerable. L )
Based on the rigorous electrodynamic approach, in two  _ 5 w2 G(Z’Z) . f(l*l) /éz —(}\ a/ b)ZD (31)
cavity coupling problem we could separate the above ~sTns n n 1 B
circuit types and also bring down the study of influence

of the non-resonant modes to the field coupling on the

boundaries dividing the cavities [9,11]. This approach

allowed to preserve the explicitness of the model as a
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W +2[W§ks) (1;1) +V\£k)s qlsa]: From Eq.(4) it follows that in the general case in
et T o order to determine the phase shift between cavities it is
(k) ~(20) . (kud ~22 necessary that couplings of aflisks be taken into

ZE[Wu,s Gis * V\}_*,s G(‘w,s ] (32) account. However, as numerical simulations indicate, the

In Egs.(3.2)k =2 3__590_ The closed set of equations (1-3 ontribution of "long range" couplings is small and one
) o : an confine oneself to considering field couplings on the
desc_rlbes _rlgorously the elec_trodynamlc sy_stem UNGilite number of disks. There, since we had used some
po_ns_lderatl_on. Egs.(1) descrllc_)e _the (_:ouplmg of .ths?/mmetry relationships, it is necessary to observe the

infinite chain of the resonant circuits, with the coupllng

o . . trict correlation between the number of terms in the sum
coefficients A ., being frequency functions.

over kin Eqg.(4) and the number of equations taken into

From Eq.(1) one can deduce that the electric fielggcount in Eqgs.(3). Results of numerical analysis of
tangential components in the circular regions, througty (4}) are presented below. Tab.1 gives the calculated
which i-th cavity is connected with others elements Qfalues of phase shift (in degrees) per cell for the cavity
the system under consideration , are only determined ¥{fains with such geometrical dimensions that ensure
the fundamental mod&,, , amplitudes of all cavities. phase shifts to occur close ¢o=2mt /3, 1 /2, and 11/3.

The coefficientswii])s are proportional to the expansionl e operation frequency isf,=2797.0 MHz Q.=

coefficients of tangential electric field with the completé!o'7183 cm). We have: the resul_ts n column (1)

. . correspond to the case of non-coupling disks, (2) - two
set of functlons{ Jl(Asr/a)} on the right and the left disks, (4) - four, () - six, (8) - eight disks are coupled.
hole cross-sections of tieh disk. From Tab.(1) it follows that the influence of coupling

Thus, the problem of coupled cavities has begjt different disk fields on the buildup of a certain phase
rigorously reduced to the problem of the coupling @hift depends both on the spacing of the disks and on the
electric fields (see, Egs.(3)), which are determined Kble dimensions.

circular regions < a. Table 1.
Calculated values of the phase shift (in degrees) per
3 RESULTS OF THE ANALYSIS AND one cavity for various cavity chains
NUMERICAL SIMULATION alhg) ® | @ | @ | ® | ®
D=A,/3

The coupling of fields on various disks are describeq 9 0g] 120,163 120.045.20.014 120.012 120.01
in Eqgs.(3) by the terms which contain fact@¥,’. This | 0.14] 120.583 120.071.20.014 120.013 120.01
is confirmed by the fact that aa-0 and t=0 D=A,/4

G&) - 0, while G tend to constant values, | 0.08] 88.698 90.183 90.010] 90.012| 90.013
independent o&. In this case Egs.(3) have the following | 0.11| 88.427] 90.458 89.978| 89.986| 89.984
solution 0.14| 88.393] 90.919 89.993| 90.017| 90.014
Wi = Wl = 6(sin(\)-A cosb )T D =1,/6
0.08| 54.873 61.994 60.059| 60.065| 60.064
W =w =0 k=23.0
bn =Won =Y 1909, 0.11| 55.855 63.810 60.084| 60.078| 60.083
at whichA_,=A, ;=1 and all the remaining values of | 0.14| 57.458 65.776 60.161| 60.081| 60.10(
the normalized coupling coefficients are equal to zero. At Thus, for instance, in the case of disk-loaded
these conditions the set (1) coincides with the equaticstsuctures operating in the = 1/3 mode, even at small
describing an infinite cavity chain obtained in the quasialues of the hole radius, it is necessary to take into
static approximations [14-16]. Egs.(1) have the soluti@atcount field coupling of four disks, while at large one -
of the kind aé”l) = a,exp(in@), wherea, is the constant, six disks. In the case of disk-loaded structures operating
while @ is determined from the following equation: in the ¢ =102 mode it is necessary to take into account

N

w

4 3 field coupling of four disks. In the case of the most
(wél—w2)=—w§1—%x commonly used disk-loade_d structgres operating _in the
’ “3mJ (A)b°d ¢= 2173 mode only coupling of fields of two disks
0 . - should be taken into account for a broad range of hole
X +
Bbo(w) kElpk(t»O)COS(k(PEL (4)
where 'Our results are in good agreement both with the

Po(W) =A_1(0), py ((*)):(A—,k+1((*))_/\+,k(w))' experimental data, g_iv<_an in [3], and with the calculation
results performed within the program developed on the
base of partial region technique [17].



radii. The dependence of corresponding coefficients possibility to control rigorously the effects of "long-
frequency, in general, seriously influences on thange" coupling of cavities.
electrodynamic characteristics of the system underTo this day, the equivalent circuit model was an only
consideration. Tab.2 presents calculation results of thpproximate one at large couplings. In this case, one had
relationship of phase shift per cavity versus frequenty determine the circuit chain parameters from the
(dispersion relation) for a homogeneous disk-loadedeasured dispersion curves of the passbands. The above
waveguide withD =A /3 anda/A , =014. method imbues one with hope that this model can give
Table 2 The column (A sufficiently accurate description of the characteristics of

Phase shift (in degrees) vscorresponds to the casghe coupled cavity chain at large couplings.

frequency p, =p;(w), column (B) -
f, GHz A B P = P (Wyyp)» column REFERENCES
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method the subset of irrotational modes is a part of the
complete set of modes that one has to use to expand
fields with. This technique is easily transformed for the

case of inhomogeneous structures. Then, there is a



