'*' national accelerator laboratory TM-557
? 0L434.040

DIELECTRIC CONSTANT CALCULATIONS FOR AN
RF CAVITY CERAMIC SEAL

D.E. Johnson and J.E. Griffin

October 1974

The dielectric constants for a cylindrical ceramic seal are
calculated from the measured change in frequency and bandwidth of
an octagonal resonant cavity due to the presence of the seal.
Several approximations have been made regarding the fields 1n the
cavity and ceramic and the exact shape of the cavity. The resultant
calculations yield approximately 1/2% agreement with known results.

1. Nature of Resonant Cavity

The resonant cavity used is an octagonal cavity of non-
uniform height, Figure 1. For the purpose of expressing the EM
fields inside the cavity, it is assumed to be a regular right cyl-
inder. Thus, the fields take the form of simple Bessel functions.
Upon integration of the fields in order to obtain quantities such
as stored energy, however, the actual shape of the cavity is faken
into account so as to yield an approximately correct volume. It
was seen that while the assumption of the cavity as a cylinder of
some effective radius was a good one in turns of the contained
fields, it was very important to use the exact shape in the volume
integrals.

2. The E and H Fields Inside the Cavity and Dielectric

The cavity was assumed to operate in the lowest mode TMOlO

only and the fields without the ceramic were assumed to be pure
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Bessel functions. Thus, the two unperturbed fields are (neglect-

ing time dependence):

=
1

aAOJO(Kor)z
~ (1)
= AOJl(KOP)G

pan
I

where o = /56755 5 AO is a constant, and KO i1s the free space pro-
pagation vector. Upon inserting the ceramic, the fields were
written for three regions: (1) r<A, the inner radius of the ce-
ramic, (2) A<r<B, inside the ceramic, and (3) r<B, outside the
ceramic and within the cavity. The first and third regions have

the usual Bessel function solutions:

r<A: E1 = uAOJO(Kr)

H. = AOJl(Kr)
(2a)

r>B: E, = a[AlJO(Kr) + A2YO(KP)]

H, = AlJl(Kr) + Ang(Kr)

, AL, A, are constants, Y(Kr) is the Neumann function, and
0 1 2

K is a modified propagation vector.

where A

The fields inside the ceramic should be given by two Bessel
functions as in region (3) with different constants and a complex
propagation vector K', but the resultant equations can not be
easily solved. Instead, the filelds were approximated by a Taylor
series expansion modified by the presence of a non-unity dielectric

constant. They are given by:

E, = aAO[§O(KA) - %T Jl(KA>(r—AZ] (o0

A<r<B:
K Jl(KA)

5 = BqJ (KR) + v | T (KA) - —5— |-

jan
1l
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where €' 1s the real part of the relative dielectric constant of
the ceramic.

As a check on thils approximation, €' was set to unity and Q
of the cavity, calculated from the above fields was found to be

in good agreement with Q calculated from the correct fields (Egq. 1).

3. Calculation of the Dielectric Constants

The rest of the program involves the relatively straight-
forward if non-trivial integration of the fields of Egs. 2 to get
the desired quantities and a rather length, iterative computer
program to actually determine these quantities. A few details and
problems encountered are mentioned below:

3.1 Cavity Volume

The actual plane area of the octagon was calculated
and from this an effective circular radius (Reff) was
determined. The effective radius was then used as the
outer boundary of the cavity. A height function was de-
termined which was constant from r = 0 to r = B, and then
sloped down in region (3). This was a function of r and
was integrated over in the volume integral.

3.2 Boundary Conditions and Propagation Vector

The boundary conditions at r = A, r = B and r = effec-
tive outer radius were solved. The first two gave the un-
known constants A1 and A2 in terms of AO as an involved
function of the propagation vector K. The third gave a

relation of K to the constants A, and A, (i.e., E3 (Reff)

1
= 0). Both of these also involve the relative dielectric
constant €'. A trial &' was assumed and then the boundary

conditions were interated until the change in K was less

than a certalin level. This K was then used to determine a
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new €' which in turn was put into the boundary conditions
and looped over to get a new K. This whole process was
repeated untlil both quantities were determined to some
specific degree of accuracy.

3.3 '

' was determined from the exact formula:

(e ¥
eqle -1) fElE

0 dt

Aw _ dielectric

o £
280 fElEO thotal volume

where w and Aw are the original frequency and change in
frequency, EO is the electric field with no ceramic, and
dt a volume differential. The following approximations
were made:
a. In the numerator, the fields were given by Eq. 1
for E, and Eq. 2b for E.

0
b. The denominator was taken as: 2e,f|E|? dr

with E1 = aAOJO(Kr)

E2 = aAO[JO(KA)—K Jl(KA)(r—A)]

E3 = a[AlJO(Kr)+A2YO(Kr)]
and K and Al and A2 determined using the calculated
value of €'. This was judged to be the best, not ex-

tensively hard approximation which could be made.
Using Egqs. 1 and 2 would have been considerably harder
and would not have changed the final result greatly.

3.4 e
To find the imaginary part of the relative dielectric
constant, ¢'', first Qo(e' =1, K = KO) was calculated from

QO = “oWoPo with wO,WO,PO being original frequency, stored
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energy, and power loss in walls. From this and the
measured shifted frequency and bandwidth, the surface
resistance of the walls was found. Then the two parts

of the actual Q were calculated.

Q1ossy B

Qnon—lossy = wW/P

and Q = (1/QL + 3

4, Conclusions

A computer program to determine the real and imaginary parts
of a ceramic seal's dielectric constant has been created. The in-
put parameters to it are the dimensions of the ceramic, the reso-
nant frequency and bandwidth of the cavity with the ceramic inside.
From these the dielectric constant of the ceramic can be calculated.

Tests run on materials having a known dielectric constant yield an

accuracy of approximately 1/2%.
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FIGURE 1 — TEST RESONANT CAVITY WITH SEAL. NOT TO SCALE.
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(g0 REAL Ky K
ERIAY Y COMMON/FUNS/ZALSAZ, K
ATRERTS COMUDN/ZFUNSHBZAJB ) AJL, AK, EL, A
(040 TYRE 15
S H 0N 15 FOAINATLY PROGRAM T4 CALCULATFE DIELECTRIC CONSTAMNTIS'/)
nEyen T4l CONTINUE
AP 70 TYPE 14
ACCER 16 FORAAT(/' PLEASE EMTER QRIGIMAL FREQUENCY AND BAND WIDTH
2eP9n & 1M THE FURM o FREQUENCY/ZBAND WIUTH'/Z)
PR ACCEPT 5,F2+F@BW )
28119 TYPE 17
ARty L7 FORHAT (' MOW ENTER SECOND FREAUENCY AND BAND WIDTH
N1 3m & IM THE SAME MANNER'/)
a1 40 ACCEPRPT 5,F FHW, :
fd1sn Az, 187325
nd160 Bz ,209M25
Ag1 )0 DRr=1,19729
73180 (=, L34
NIt 9N H= 254
AG2E0 DH=,09952%
RAZ1Q HR=,2p08128
puPen Pl=8,141593
N2 30 H=Plwd, pE~7
749 De (8, a0R#X/P]) 4%, 5
PB25Y IFLAG=0
nP260 VOLSPI# (B#aZa (HeDH) + (DR%42~Bu#2) 8 (H+DH+BHDH/ (D=B) =2, #DH# (DR# & S~be %
ARZTN B S)/3 ) AHM(B  #DReEX-PIHDR#2))
280 VOIEL=Pl#(Re#=pa#uD ) 8 (HEOH~2 #HR)
Gir R Kiy=2,40488/0
AR DKE=NWKY
Ap3Le AR =ARKE
NPILR CALL. BESUN(DUKG,UJL, 1)
NV3ZA CALL BESJNCAKGAJZ, ¥) ‘
Mg Ela2, » (DJL/AJEI #2228 ((FA~FI/FG)aVOL/VYDIEL+1,
RETY Ke1.97
Ao A0 DELTAK=L k=6
NI A ENEH=E]
PIse El=1,
CIAREAY 1 EOLD=ENEW
o AK=AwK
GraLn Bz K
s gr D=k
044500 CALL BESJNCAK, AU, 0)
npaqn CALL BESJINCAK,AJL, 1)
ZI s CALL HESJN(GKL,BJA,0)
CAnn CALL BESJHIBK,BJL, 1)
A 70 Call. BEEJINDK,DJT, 0)
fita 30 CALL BESYNCHK,BYH,2)
Ao CALL BESYN(BK,BYL,1)
SRS AT Calll DESYR(DK,DYD,?)
Gt L0 AL CAJLHBYO=AJRBBY L +Ka(B-A) /L1 (A RBYU~AJL/AKRBYU+AJL
Gig & HRYL ) Z(BJIHBY Y -BJieUYl)
LTEAARE] AR LA -KRAJLZE L v (H-A) = AL 2B /HYY
AL AS=ALRDJY$AZ 8D YD
ayHLa TR CARS CANS )Y o GE GUELTAK) KaK+ANS
it 41 TFOARS (ANS) BE.0ELTARD GO TO 1
i 70 2 E1=pLNEV
LAY IFCIFLAG,EN,?) El=4,
PeHon M=5

AJRr s DU=it,



GO

ANAH 20
AR AN RL
e 40
esn
667
nue7a
npesn
rRegn
ce7ye
np741m
N3720
"p73a
ny740
rR7%0
fY760
28770
np78a
AN790
auBYe
rAB1LA
B2
RRR3A

aua4n

ppasn
nEBen
o879
APREH
IR0
AR
aneLe
pEueen
Ao3n
7944
AL
960
ayern

L RLYRO

Ape9n
f1eGa
ALY
a1e2o
1030
n104a
0150
ALBED
IRRANAY
AN
AN AR
AN ARL]
e1res
e A
A B RC !
21140
"f1Hn
G AT
EER WS
21160
FLivn
w17

1@

25
22

A-2 TM-557
0434.040

DELB=(R=A)/M
DO RE =1, M

DW~JW+(FUwﬁ(A+DELH*J)+FUN8(A+UELB»(J"l)))*UELB(Z;
DWzirs (HUH=2, #HR) T
AJ,\_Aan%J

AJ1SG=AJLww2

ByAS =g Jdsu2

3J15=001un2

NJ2e=Jhne?

DA1o=pJlea?

BYAS=pypuug

BY1lSspylenp

DYAS=yYidus?

DYLS=pylus?

DIF2=(Ruud-Avn2)/2,

DIFS=s(Beas~-A885)/3,

DIFaz(pusd=Avad) /4,

Epl=l,

CONTINUE

WizA#a2/2 0 (AJOSHAJLS) v (H+DH)

W2E(H+DH=Z,#HR) #EPL# (AJUS#D]IF 2= 2,#K/EM1%AJM*AJ1*(UIF5 ARDIFZ)
& +(h/£%l)%*24AJ1%“(ulF4 ~2 ¥ A2DIF3+ARB2H)1F2))

W3z (H+NH+BADH/ (D= B))*(A14“2*(Dﬂ*2/2 #(NINS+DJLS)~gee2/2, #{RJUS
& +HRJLS) I+2, nALepA2u(Dan2/2, #(annDyﬁ+quwDY1) B#u2/2, #(RJJ*P{U
8§ FRJ1#BY 1) )+ A28 820 (Den2/2, 8 (DYAS+DY1S ) #B##2/2 , 2 (RYAS+BYiq) )

Weg=u¢,

=164

DEL=(D~B)/N

NO 17 151N

WA=WA+ (FUN(B+DEL#])+FUN(B*+DEL#(I=1)) ) #0EL/2,

W4==DH/(D-B)*K4

IF(IFLAGLEN, )Y GO TO 22

IFCIFLAG,ER.2) GO TO 24

ENEW=(FU= f)/Fuhe.u(w1+wa+ws*w4)/o:*1.

DELTE=,©1

IF(ABS(ENEW=-E1) ,GE,DELTE)Y GO T0 2

EL1=ENEW '

IFCARSCEQLN-ENEW) ,GE DELTE)Y GO TO 1

TYPE 25,F1

FORMAT (' EPSILON PFEIME IS F7)

CONTINUE
CALL BESJNIAK,AJZ2,2)

CALL BESJUN(BK,BJ2,2)

CALL BESJNCDK,DJZ2,2)

CALLL BESYN(BK,BYZ2,2)

Call LESYN(DK,0YZ2,2)

PleAusa2un(AILS-AJOxpAU2)

Pozg  #(AJLSH#DIFR2+2, ﬁK/F@l*AJl*(AJ”'AJl/AK)“(UIFJ AﬂUiF2)+(</LUlJ,
& pa2u(AJU=AJL/ AR ) # 82 #(DIFA~ *AﬂDXFJ+An%2”DIFf))

P3=Alweda (DNuads (DJ165-3J0 4UJ&)"4““2*(BJ1¢ BJG#BJI2) )+, e ALHAD B (na 2

& (DJI%UW1~.J*(DJM4DY“+DJ?4UYD))~Bﬂw2v(BJ1*HY1~,b%(BJﬂ%BY?+UJ2*
& BYG) )Y +A2uu2u(pua2a(Y1S wDYﬂ#ﬂy2)*B*%?*(BY18~BY@#BY2)}

Pazd , /PIoDR*XeH#»(ALBDJL+A2000Y L) #02

]F(IFLIG,NF,M) GO 7O 23

Wiamiy

Wy A gu(H*UH)/(H*DHmZ,”H ')

Wufw‘/ \5

W Aablg

PLA=py

pan=pg
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D2l P3A=pP3
n1Rg P4pinp4
MY 3e IFLAG=1
24 EL=Engu
~1P5E GO TO 1
*L267 23 CONTINUE
71270 Eol=F1
n1260 IFLAG=?
m1290 GO TO 3
1300 24 CONTINUE
M1319 RES=2 , 4P I#FUBWHUD 4 (W1P+W2U+WIG+RAR) /(PLU+PR2R+PIF+P4Y)
713297 E2=(FEN#2 0P IaUDS (WL+W2+HWI+W4) =RFS#(PL4P2+P3+P4) ) /(24P I 8F el (WD
L339 8 /EGL))
1340 TYPE 35,E2
n1350 35 FORMAT({ ERSILON DOUBLE PRIME s "WF/)
71369 CTANG=EZ2/EL
n1370 TYPE 4%, TANG
N13480 45 FORMAT(' LOSS TANGENTY IS b))
71390 5 FORMAT (2F) ’
RL4G0 Go T0O 11
Ai1440 STOPR
71420 END .
71430 FUNCTION FUNOX)
1440 COMMON/FUNC/AL,AZ, SK
nia4asn XK=X#5K
n1467 CALL BESJIN(XK,XJa,#)
niazy CALL BESYN(XK,XYZ,®)
71480 FUNS(ALRXaXJB+A28)aXYR)ou?
721490 RETURN
71590 END
7215104 FUNCTION FUNB(X)
arv20 REAL K
1530 COMMON/FUNCB/AJO,AJL, AKSELSA
P1540 K=AK/A
21550 XK=X#AK/A ,
Alhen CALL BESJNIXK,XJ2,d) o
AihH7a3 FUNB=(AJO=K#AJL/ZEL#(X=A) )Y ueXJRuX
ALHHN RETURN
71590 Einl)
1A% SUBKOUTINEG HESIN(Z, JN,N)
21619 REAL JN
nleeZa N=l.9E-06
PAAED K= 250nd
16403 Az=1,7
fn1hnA [FI(N,EQB) GO TO 3
AL B Nzl
fle7n DO 2 121N
Y A 72 Nzl
AL AY AR =NN
a0 A=C(,5u2)waN) /AN
my7in § P=70
REWPL Jri= A
A k BN
740 1 P=P+1,
SEWY AzAEX/(PEIP+B))
nye JH SN A
1776 ACCEA/UN : i ,
WAL IFCABS(ACE),GT,0) 6O 7O 1§
11797 RETURY

R RAR RS LN
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71980
731990
p20un
22010
T2
M2n3e
n2pa0
n2esa
P2060
agn7ae
2089
AR
2187
12110
Ae120
2130
neg1aAn
nATa0
NZ21ed
AR A U
2137
g2y
Q220
R
N2ean
SN S
e an
nP2nn
B0
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SUBROUTINE BESYN(Z,YN,N)
Nzt ,E-06

PGawiz (57721567

P3M=pPs

An=1,

NN=1

YN=G, ¢

X2, 2568247

IF{(NLERB)Y 60 TO 5

CNLI=EN=-1

Az ( (2, /2)28N)/5,141593
IF(N1,LE,L) GO TO 2
DO U I=1sN1

SIVERHELS

AN=NN

AzAsAN -

YNEYMeA

IF{NL,EQ,6) GO TO 1
DO 4 K=1,n1

Pzt (N=-K)

Az=puX/P

YiNsYN+A

A= s

DO 6 K=1

AK=R
PEN=PEN+1«/AK
==X

AL=Z,#AL0G(¢HaZ)
As(,BeF)uspN

As At (AL=Po=PSN)/ (AN®3,141593)
YN=TN+A :

K=K+l .
PRzR#(N+K)

Pr=ps

PTN=PSN

BK=K

CR=ICHN

PG=P&+1/HK
PEN=PSH+LL /UK

AzAsXa (AL=PS=PSH)
Azh/ (PP CAL~PT-PTR))
Y=Y N+ A
ACG=ABSCA)ZARSIYN)
IFCACC,GTN) GO To 7
RETURN
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