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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 in 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 taken
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):

E

aAOJO(Kor)g
(1)

I

H AOJl(Kor)G

where o = /56755 5 AO is a constant, and KO is 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 funection solutions:

r<A: E1 = aAOJO(Kr)

H. = AOJl(Kr)

(2a)
r>B: E3 = a[AlJO(KP) + AgYo(KP)]
H3 = AlJl(Kr) + Ang(Kr)
where AO’ Ay, A, are constants, Y(Kr) is the Neumann function, and

K is a meodified propagation vector.

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 fields were approximated by a Taylor
series expansion modified by the presence of a non-unity dielectric

constant. They are given by:

E, = ocAOEFO(KA) - }é— Jl(KA)(I'—A):,
A<r<B: ‘ (2p)
. 7, (KA)
H2 = AO Jl(KA) + =T JO(KA) — —T@r——-(P—A)
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where €' 1s the real part of the relative dielectric constant of
the ceramic.

As a check on this 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 (Eq. 1).

3. Calculation of the Dielectric Constants

The rest of the program involves the relatively straight-
forward i1f 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 sclved. 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 Al and A, (i.e., E3 (Reff)
= 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 until 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

w o JE.E. 4
€9 JE By

Ttotal 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: ZeoflE|2 dr

with E aAOJO(Kr)

1

E2 = aAO[JO(KA)—K Jl(KA)(P—A)]

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

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

3.4 g

To find the imaginary part of the relative dielectric
constant, e'', 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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A0 TYPE 14
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AA150 A».L873d5
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741180 X=, 50034
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A0 UKF?D%K&_
NEEL0 ARI=ARKE
NE3ILA CALL. BESJUR(DKG, LI, 1)
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941561 DELTAR=L,E=6
MBI 0 ENEW=EL
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GRS 1 FOLD=ENEW
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NRaA2R Di=0#K
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niadqn CALL HESJINCAK,AJL, 1)
Ay A 50 CALL HESJIR(8A, B8, 0)
AR GALL BESINIBK,BJ1,1)
Al 70 Call. BESJM(DK,DJT, D)
(A 30 OALL HESYN(HK,RBYH,2)
e aun CALL BESYN(BK,BYL,1)
I AREERNa] Catl BESYR(DK,DYW,7)
AL A ALz CAJLBBYR=AJOBBY | +KatB=A)/EL1H CAJR#BYU~AJL/AKRBYU+AJL
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DELB=(B~A)/N

DO 29 dsl,M

D=0+ (FUNRCA+DELB#J)+FUNB(A+DELBs(J~1)) ) #DELB/ 2,

DW=ile (HeDH=2, #HR) -

AJ,\-AannJ

ANJ19=A 1sw2

By2S=gJjdan?

3J15=pJ1un?2

DJZS=pIAe#s2

DJLS=pJLen?

BYASsRYD#s2

BYio=pyles?

DYAS=Ydun?

DY1S=pyYlseswy

DIF2=(Ruul~-Au82)/2,

DIFds(Bund~A#83)/3,

DIFaz(Resd=Atnd) /4,

Epl=1,

CONTINUE

W lzAua2/2 2 (AJOS+AJIS)#(H+DH)

W2 (HeDH~Z, #HR) #ERL# (AJUSHDIF 2~ a,nK/Em1ﬂAJw*AJ1*(UIF5 ~A#DIF2)
& +(h/£ﬂl>**2“AJ1%“(UIF4 ~2 #¥ARDIF3+ARB2H]IF2))

W3z (HeNH+EH0OH/ (D= B))*(AlﬂﬂZ*(Dﬂ*Q/Z $(NIASHDJLS)~B882/2 ,#(RIES
& +HRJLS)I+2, n AL A2 (Dun2/2, #(DJAeDYP+D 1luDYL)~Bre2/2, *(Rdﬂ*PfU
& FRJLIOBY1) ) +A20 a8 (Den2/2,#(DYPAS+DY1S ) nBe#2/2 , #(RYAS+BY1Q)))

Wa=u,

=169

DEL=(D~B)/N

DO 17 151N

WA=Wa+ (FUNCB+DEL#T)+FUN(B+DEL2 (=10 )2 #0EL/2Z,

Wgz=DH/(D~BY*W4

IFCIFLAG,EN,@) GO TO 22

IFCIFLAG,ER,2) GO TO 24

ENEWz(FU= f)/Fu«e,u<w1+wa+ws+w4)/o:*1.

DELTE=,P1

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

EL1=ENEW '

IFCABS(EDLN-ENEW) ,GE,DELTE) GO TO &

TYPE 25,81

FORMAT (' EPSILON PRIME IS F/)

CONTINUE
CALL BESJUNCAK,AJZ2,2)

CALL BESJUN(BK,BJZ,2)

CALL BESJNCDK,DJZ2,2)

CALL BESYN(BK,BYZ,2)

CALL BESYN(DK,DYZ2,2)

PleAsa2n (AJLIS-AJIRALZ)

Pozg w(AJLS#DIF2+2, ﬁK/ledAJlﬂ(AJ”~AJl/AK)“(UIFJ AﬂUiF))*((/LUlJ,
g wagn (AJO=AJL/AK )Y #8200 (DIFA4~ EARDIF3+Ana2 8D [F2)) '

Pi=Alae2e(Nas2e(0J15~-0J0 4UJ&)"4N%2*(BJ1¢ BJOHBJIZ) )+ ALRA2 B (D02
é (DJ1“UW1”'J”(DJM‘DY“*DJ?”UYQ))~B**2'(BJl“HY1~,b*(BJq%BY?+UJ24
& UY@)))+Ad*%2#(D%ﬂ?%(UYl“vDYﬂ#ﬂY))*B#%?*(bYlS~BY@#BY2)}

Pazd,/PIaUReXets (AL#DJI+AZ28DY L) %02

TFCIFLAG,NE,¥) GO TO 23

N[Hﬁ‘l

Wg A= 2%(H+UH)/(H+DH~2.”H 1}

w\)ﬂ"“/ \5

WA Ao 4

PLA=pR]

pen=pg
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P21 P3A=P3
a1y Lr P4=P4
my23e IFLAG=1
R4 Ei1=EMEW
~iPYY Go 1o 1
71269 23 CONTINUE
71270 Eo1=E1
m1280 IFLAG=?
m1290 - Go TO 3
L340 24 CONTINUE
nid1e RES=P, P [4FUBWHUw (WI1P+W2B+HIG+HAR)Y /(PLUHPZ2U+PIG+P4Y)
ni3pa E2=(Fpus2, #PIaURS (WL+W2+W3+HW4)=RFS#(PL4P2+PS+PA4) )/ (2 4P I 8FaU@n (W2
1330 8 /EGLY)
11340 TYPE 35.E2
n3350 35 FORMAT(!' EPSILON DOUBLE PRIME 1S ',F/)
1360 C TANG=EZ2/EL
ni137A TYPE 45, TANG
71380 4% FORMAT(' LOSS TANGENT IS Y+ OF)
71390 5 FORMAT (2F) ’
f14G0 Go 70 11
P1449 STOP
f1420 END
71430 FUNCTION FUN(X)
71440 COMMON/FUNC/AL, A2, SK
ni1450 XK=X#5K
nL467 CALL BESJN(XK,XJ2,®)
niaze CALL BESYN(XK,XY@,%)
n1480 FUNS (AL EXRXJIA+A20XaXYR)#a?
71499 RETURN
71500 END
721514 FUNCTION FUNB(X)
1920 REA. K
ALH30 COMMON/FUNCB/AJD,AJL, AKSEL,A
f1540 K= AKZA
A1h50 XKEX#AK/A
alhen CALL BESJN(XK, XJ@ 7} '
A1H74d FUNH= (AJD=K#AJL/ZELn(X=A) ) uX J8YX
ALBHN RETURN
71090 Ei
11 £ SUBKOUTINE BESJIN(Z,JNyN)
A WAl G REAL JN
NLA2A =1 ,.9F-06
P2LA37 XK=y 2B 0f8f
71640 A=l,1
fLAHN IF(N,END) GO TO 3
ML BT M=l
AN A AL DO € T=1sN
BEWNTYC » VN Wi
N eya =N
ay 70 A:((.B%Z)*%N)/AN
"7 L § P=7,0
my720 Jii= A
SRR B=N
my a0 1 P=PR+1,
WYY AzAuX/(PE(P+B))
ny/e SIEEEN.
ny7 e ACC=A/UN H
B WA IF(ABSCACC)Y GT 0) GO 7o 1
").79% RETURY

B RAR RS LN
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ARG n
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12110
Agla2n
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net 7o
2137
7210
AR 2An
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SUBROUTINE BESYN(Z,YN,N)
N=1,2E-06

Poewii 57721567

POMaPs

A=l

NN=1

YN=V, U

Xz, 25uF#2

IF(H.ER,@)Y GO TO 5

NL=EN=-1

As=( (2, /Z2)2%N)/5,141593
IF(NI.LEQI)‘GO TU Z
DO U I=1sN1

SIVERHES

AN=NN

A=A¥#AN -

YNZYN+A

IF{NL.EQ,4) GO TO 1
Do 4 K=l,nN1

Pzy# (N=~K)

A=puX/pP

Yigs Y M+ A
A=l ey

DO 6 K=1

AR =K
PEN=PSEN+L/AK
N

AL=Z ,#ALOG(5%2)

' As(,58F)naN

AsAB(AL=PS=PSN)Z(AN®3,141593)
YNz TN+ A

K=K+l .

PRziK# (N+K)

Pr=ps

PT=RESN

BK=K

CREXHN

P5=PS+L/HK
PiN=pSH+L, /0K

AzAsXs CAL=PS=PSH)
A=A/ (PP CAL~PT-PTR))
Y=Y N+A
ACE=ARSCAY/ABSTYN)
[FCACC,GT0) GO TO 7
RE TR

END
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