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TRANSVERSE HYBRID MODE IN A FERRITE-LINED PILLBOX CAVITY.
COMPARISON OF THEORY AND CODES: CLANS2, MWSet al.

Valery Shemelin

INTRODUCTION explicit analytical solutions for the transverse modeewe
at hand. This failure of CLANS2 was very disappointing

For cavity calculations 2D codes of the SLANS familypecause the versions for calculations of axially symimet
are used in our lab. There are 4 codes: SLANS, SLANSPodes (SLANS, CLANS) showed very accurate results
CLANS, and CLANS2 [1], all of them are for axially [3] compared to any other code. Obviously we need to
symmetric geometries. Two first codes calculate aawiti Make an analogous accuracy test for CLANS2. Later the
without losses; perturbation method is only used@or CST company reported that no significant errors in the
factor calculation associated with losses in the tgavicode were found and their 3D code MWS can give
envelope. Last two codes deal with losses iAccurate enough results but requires for this purpose a
ferromagnetic materia]S, “C” stands for Comp|exand denser mesh. We can add that this means a lot of tahe th
4. Codes SLANS and CLANS deal with axiallyis not good for optimization when you have to calculate

gmall changes of Figures of Merit versus changes of
eometrical parameters. The CLANS2 is a much faster
caode because it is dedicated to calculate aaially

symmetric modes, the other pair can calculate modés w
azimuthal variations. For 3D calculations with eliectr

and magnetic losses in the materials we use Microwag;mmetriC (2D) geometnAt the same time, as it is said

St|ud|tohcode by CSK [Z]i lati f dipole Higher Ord above, it calculateaxially asymmetric modeand takes
n the process of calculations of dipole tigher raqh,  account lossy materials dielectrics and

Modes in a multicell cavity, a significant differendn . ;
. X ' . . ferromagnetics. In any case, a bench test is neailed t
results obtained with CLANS2 and Microwave Studia uess how far from the exact solution we are. This is wh

(MWS) was revealed. When the authors of the codes Wﬁ,‘ ' . ,
asked about the possibility of bugs in the codes both si eis technical note is written.
readily agreed: yes, there is a bug. However, it wasmot
easy to find the bug because it turned out that no &laila
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he transverse mode TE111.

—

Fig. 1. Electric (upper row) and magnetic fields in an eraglindrical cavity with
SLANS2.



THE SIMPLEST CASE In the simplest case, ttecomponent of the electric
field is equal to zero, see (1) and Fig. 1. For theemor

Fields in an empty cylindrical cavity (pill-box) with a general case we will invoke the results of [5]. Thisyve

TE111 mode have a form (see, for example, [4]): useful paper has no explicit expressions §orand r
Ho i ,BJ,( ) components and we will derive them here. From [5] we
r _'; 1\ Jeosp cosfiz., have for the longitudinal fields:
E, = Ay2 3 (xr)singcospz,
H, =i ,Z 3,y )singcospiz z Alllz L (ar)sing .,Bz
xr H, = Cizi 31 (1 Jcospsin sz (2)
H, =iJ,(yr)cospsinpz, - for the inner area and
E, = A x> F(y,r)sinpcospz,
E, =—w—/210\]1(;(r)singpsinﬁz, z Az)(z2 (221 )sing .,6‘2
xr H, = Cyx5 Gy(x,r Jcospsin fz 3)

E,=- 3, \cospsin gz, - for the area of the magnetodielectric, Whg'rleand X0
are transverse wave numbers for the inner and the
E,=0. (1) dielectric area, respectivelyA,A,,C;,C, are field
Here, # and y are the longitudinal and transverseamplitude coefficients,
. . . J b
wave number, respectivelyl; (x i$ the first type Bessel Fl(lzr)=31(}(2r)— 1(x2b) Y1 (7).

function, ¢,r,z are cylindrical coordinates, the time Y1(x2b)
ot " J(7.b
factor €“* is leaved out. From the boundary COﬂdlthﬂEGl(;gzr):Jl(gzr)—%n(gzr), 4)
S =r/L for the mode with 1 variation alormyvhereL is 1(22b)
the length of the cavity. Y,(X) is the second type Bessel function.
Fields of this mode calculated with SLANS2 ardJsing [6] Maxwell's equations for the curl components:
resented in Fig. 1.
p g E, = 1 (aH,_asz and
Ia)ggok 0z or
THE HYBRID MODE .
i O0E, OE, . 0
H, = —L——=2|, whereiw=—, ¢=pu=1
For calculations of the hybrid mode, a simple geometry uuy\ 0z or ot

was chosen; a hollow metal cylinder with lengttand for the inner area, and taking into account that
radms: b, pa_rt|ally, from _r_adlusa to b, .fl_llgd Wlth_ a g2 =,32 +112 and uk? =,32 +122 we can express the
material having permeability and permittivity « , Fig. . . . i
g i T ) __@-—components in terms of functions in (2) and (3):
2. The TE111-like mode is excited in the cylinder. This i _[ 3 . 7 ]
a hybrid mode in the presence of a magnetodielectric bt = = (B/1) A (ar) +ioueCyr 3 () |- _
it is a pure TE111l mode when the cavity is empty: -cospsin fz,
&= p=1,seeabove. H, = [ (8/1)C 00 ~ioso A 3 (an)]-
; -sinpcospfz,  (5)
E, =[- (B/1) A Ri(zar) +iomuaCoits G (121
-COS@Sin Sz,
H, = [=(B/1)C2 Gy(xar) —iwsso Ao Fi(2r)]-
-sinpcospz.  (6)
Equations (5) belong to the inner area and (6) — to the
area of magnetodielectric.
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Finally, from
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Fig. 2. Example o E, =- [ Z_r ‘/’] and
the transverse lweeor | Op 0z
mode. Electric b i (6Ez oH,
(upper pictures) and H, = P, rk P —-r 2 |
magnetic field in a /{,Uo ¢

we can find

cavity partially

filled with a
magnetodielectric
(e =10,un = 10),
with a TE111-like
hybrid mode. MWS.
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H, = [""f(’ A3 () - BrCr Ja(zlr)]cosq)cosﬁz, ")

%) , . .
E :[ i’ﬂo CoGi(x2r) = Braho Fl(lzr)]s'nﬁﬂs'nﬁza

H, = [";’j(’ Ao F(at) ~ G Ga(zzr)}-coswcosﬂz- ®)

where, again, two equations (7) are for the vacuum akthe last pair (8) is for the filled area.

E, =0andE, =0 at r =b due to definition of functions (y,r) and G,(x,r) (4). Boundary conditions require
equality of fieldsg,,E,,H,andH,, atr =a.

We get
AX® 3 () - Ay Fi(Y) =0,
=AB LX) + A F(Y) +iC0uexJi (X) —IC0u YG (Y) =0,
Cix* 31(x) - Coy* Gy(¥) = 0,
C1831(X) = CoBGy(Y) +1Aweox ) (X) — 1A w60y F(Y) = 0, )
wherex= y,a, y= y,a.

The determinant of the coefficient matrix of the egst(9) must be zero to obtain nonzero roots, and then the
dispersion equation is
B f EWRmEm )

kex“y

[y (0 G1(y) = 1x 3, (X GL(W)]- [y S () Ru(y) - ex 3, (N Fi(y)]

If we rewrite the system (9) in the form
a; A +aphA =0,
Ay A + 85 A +853C; +8C; =0,
A A+ 840y + 8430, +844C;, =0,
then we can find all the coefficients for (2), (3), £5§8). The solution can be expressed in two ways becauss of
value of determinant of the above system; both vergjoresthe same values:

Ay — 3185, Ay — 3185,
a a a
Ap=-pa C =- 12 A C,=- 12 A or
1 aya 2 ay5a,
a1 a,,_ feadss a,, _ 3%
23 a 24 a
34 33
81184 a1y
a e, e,
AZZ_AAi,C:_—ﬂAl,C =——_ 12
1 aga 2 aza
a1 a,, _ f44adss a, _ J4sdaa
43 a 44 a
34 33

For complexe and z we have to solve equation (10) together with

x=ayk? - %, y=aysuk? - p? and z=hysuk? - s? , where z= y,b is used for calculation of functions (4).
When this system of 4 equation is solved relative, tp z,andk —we can find the resonant frequeny= Re(k(‘/ 27;)

and Q= Re(k)/2|m(k) . The system can be solved, for example, in MathCAD elwew this software has no built-in

Bessel functions of complex arguments. This was done kdth of known expansions generalized for complex
arguments. Complex character of roots of (10) should be tat@account when signs for coefficient are being ehos
Some results of calculations with several codes anddbeiparison with theoretical values are presented in Afipen

CONCLUSIONS agreement with theory. Possible error in the CLANS2(H

Theoretical formulas for electric and magnetic fiel¢ode is in calculation of losses in the metal emeland
components of a TE111-like mode in a ferrite-lined pillwe offer to the developer to check this regime.
box cavity are derived. Comparison with results obtained Results with MWS show a too low quality factor and
with CLANS2 showed that in the regime Bfprimary this was not improved even after increase of mess cel
field this code gives results that are in a very goodumber up to 10with 3 planes of symmetry. Time of

3



calculation wagl hours (Dell Precision PWS670, Inggl REFERENCES
Xeon™, CPU 3.40 GHz, 11.9 GB of RAM). Possible[1] D.G. Myakishev, V.P. Yakovlev. CLANS2 - a code
explanation of this lonQ can be an impossibility to for calculation of multipole modes in axisymmetric
increase the mesh density in the thin circumferefei@r cavities with absorber ferrites. PAC 1999, p. 2775 — 2777.
only without a big increase of the whole number ofime [2] www.cst.de
cells that can be done in a 2D case of CLANS2. We al§8] S. Belomestnykh. Spherical cavity: Analytical
address to the CST to help us to find out a possibletovayformulas. Comparison of computer codes. Cornell LNS
overcome this problem. Report SRF 941208-13.

I am thankful to my colleagues for their active intere§4] H. A. Cemenos. TexHuyeckas >JIEKTPOAMHAMHUKA.
to this work: M. Tigner, H. Padamsee, S. Belomestnykik(Crs3u», Mocksa 1973.
M. Liepe, and also Jim Rose from BNL, Slava Yakovleys] Yong Luo, Hongfu Li, Shenggang Liu. Theoretical
from FNAL and Dmitri Myakishev who keeps improvinganalysis of resonant cavities loaded with lossy nlteri
the SLANS/CLANS family of codes. International Journal of Infrared and Millimeter waves,

Vol. 2, No. 8, August 2004.

APPENDIX. RESULTSOF CALCULATIONSOF THE TE111-LIKE MODE IN A PILL-
BOX FERRITE-LINED CAVITY WITH THEORY AND DIFFERENT CODES.

Calculations were done with a thin material layer thatith two only components of themandz It is supposed
corresponds to an ideal lossless in comparison widala rthat these two components are calculated with better
situation when lossy material is lining the beam pipaccuracy because others are expressed through them.
(Table 1), and with a thick layer to better understand In the left part of Table 1Q = Q, is due only to losses
dependences on different valuessofand » (Table 2). i the copper envelope. In the right part of the Tallee
Also, the situation close to the real usage of theylosupper value ofQ in the “Theory” column relates to the
materials is presented (Table3) with measured parametg(gility of the magnetodielectric materiaQ,,, and the
of the materials. In the last case very IQafactors are oyer value is calculated from these quality and quality of
obtained for the geometry of Fig. 2 with a 3 mm thiclg, copper envelope taken from the left-side:

ferrite layer. However, in reality, very low coupling with ~ : :
the lossy area can exist so that @actor of the mode .Q—QeQm/(QeJer)- .Calculatlons with the cedes
can be high. include both losses in the copper walls and in the

Codes SLANS?2 and CLANS? have two modes cfielectric (if it is lossy) in the lower line. For M8and
calculation: with electri€ or magneticH field used as a CLANS2 (from the subroutine CLANSIZ), separate losses

primary field: CLANS2(E) or CLANS2(H). For multipole In the material are also available; they are showthe
modes in this geometry there are no pHréTE) or E UPPer line for Q. One can see a perfect result of
(TM) modes as in the case of monopole modes. So, thtANS2(E) compared to theory.

problem for eigenvalues can be solved either=Har H,

Table 1. Results foa = 55,b = 56 mm,L = 120 mm (for all Tables}ans, =0, a, b, L— see designations in Fig. 2.

Theory | _MWS | CLANS2 | CLANS2 Theory | MWS | CLANS2 | CLANSZ
” | 20080 M | @ | HFSS 7| 2008+ M | @ | HFSS

. 20 20

1) 1 1

tand, 0 0.5

T | 1990.307 | 1986.63] 1990.307 | 1990.307 | 1990.69| 1990.153 | 1988.3] 1990.153 | 1990.153 | 1990.54

1864 | 1288 | 1864 | 1864
Q 26244 | 41624 | 25004 26179 100 | 1555 188 8

*For MWS: meshcell number = 973359, three planes of synymet

**For CLANS2: entire mesh i$0x 60, mesh in the dielectric region 8x 5, no symmetry planes used.

Pictures of fields in Fig. Al are obtained from CLANSR(EEft picture, and from formulas for fields from thext
above for ¢ =20, = 1.0One can see qualitative agreement between all fitldasyerse only magnetic field is
outputted from CLANS2). Same fields obtained with CLANS2(k)t shown here) have all values of fields 1.265
times smaller with the same pattern of curves. Onesea that values €J for (E) and (H) versions in Table 1 differ by

421227: 1.600=1.265. So, one of the version has a wrong scale of thesfi®ossibly, this mistake is

the factor of



done at the very end of calculations and gives wrongesoss the walls. Frequencies afdls of the lossy
magnetodielectric (Table 3) look more consistent becksses in the lining material grossly prevail ovessks in the

walls.
Table 2. Results foa = 28,b = 56 mm, tans, =tans, = 0. (Q in parentheses, for copper envelope).
e 1 2 10 1 2 10
M 1 1 1 2 2 10
Theory f, MHz 2005.311 1634.236 891.486 1507.439 1205195 | 291.616
Q 27047
SLANS2 f, MHz 2005.311 1634.236 891.486 1507.829 1205.347 |  291.61/
(E) Q 27027 10961
SLANS2 f, MHz 2005.311 1634.154 891.288 | 1507.439 1205195 | 291.612
(H) Q 27017 11918
CLANS2 f, MHz 2005.311 1634.236 891.486 1507.440 | 1205195 | 291.616
(E) Q 27054 20779 11864 41257 17694f
CLANS2 f, MHz 2005.311 1205.195 | 291.616
(H) Q 27048 48914 333744
MWS f, MHz 2005.260 291.396
2008 Q 27241 60914

*In the SLANS familyo = 010

2

7<

~5714-10° Cm/m is taken for conductivity of copper, in MWS=58-10° Cm/m.

Table 3. Results far = 53,b = 56 mm. Measured data for ferrites used for HOM |@addaken.

Material TT2-111R Co2z
Temperature 200C -190C 200C -190C
e 12-0.6 11-0.3 30-20 20-1i
u 3-12 4-5 7-9 3-0.1
f 1052.218 1497.767 853.680 1691.462
CLANS2(H
(H) Q 0.7783 1.7715 0.7228 9.752
f 1052.218 1497.767 853.680 1691.462
CLANS2(E) Q 0.7783 1.7715 0.7228 9.747
Theor f 1052.222 1497.767 853.680 1691.462
y Q 0.7783 1.7716 0.7228 9.752
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Fig. Al. Comparison of fields from CLANS2 and theory.
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