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Scattering Analysis of a Coaxial
Line Terminated by a Gap

Hyo J. Eom, Young C. Noh, and Jong K. Park

Abstract—TEM-wave scattering on a coaxial line terminated
by a gap is theoretically investigated. The Fourier transform and
the mode matching are used to obtain a rapidly convergent series
solution. Our solution is compared with Marcuvitz result based
on the small-aperture method. Computations are performed to
illustrate the phase behavior of reflection versus a gap variation.

Index Terms—Coaxial-cable discontinuity, Fourier transforms,
mode-matching, reflection coefficient.

|. INTRODUCTION ) o )
Fig. 1. The geometry of a coaxial line terminated by a gap.

PROBLEM of TEM-wave scattering on a coaxial line

terminated by a gap (see Fig. 1) has been of fundame Ithe cosine-Fourier transform of2.;(b, z) given by
interest in microwave engineering. Marcuvitz [1] first obtaine (O)R(xb) = foo E.1(b, 2) cos(C2) dz In7Region Il the
an approximate solution based on the small-aperture methgd,| - 0 TRT S N '
and the numerical solution [2] was compared with Marcuvitz
solution. A similar problem of coaxial re-entrant cavity with Hou(p, z) = WQZ
partially dielectric filled gap was considered in [3] for its
application for permittivity measurements. In this letter we
(_)btaln a new, rigorous solu_t|on for scattering on a coamaélent to be determined by the boundary conditions, —
line terminated by a gap, using the Fourier transform and the 7 p - — 9/ da. — 4 Apol
mode matching as used in [4]. In the next section, we prese {2 = ap,, ky = wy/piey = 2m/ Xy, anday, = mm/d. Apply-
S . . ; ing the Fourier cosine transform to tle -field continuity
a closed-form solution in rapidly convergent series which are

numerically efficient. The notations and scattering analysis in Eaa(b, 2) = {Ezn(b, z), —d<z<0 3

Ry (kmp) cos(amz)  (2)

here Ro(kmp) = pmJo(kmp), pm iS an unknown coeffi-

the next section closely follow those in [4]. 0, otherwise
yields
[I. SCATTERING ANALYSIS . Ro(rimb)
I O\ vm
Fig. 1 shows a problem of TEM-wave reflection on a coaxial E(Q) =) “R(nb) Fn(Q) (4)
line terminated by a gap. Note that the inner conductor of a m=0
coaxial line is partially removed and replaced by a dielectrighere
with permittivity e; = ege,o. A time factore=** is suppressed (—1)"([eid — ¢mi¢d]
throughout. Let a TEM waveH,, = ¢**1%/(n, p)] be incident Fn(Q) = 2(C2—a2) (%)
from left inside the coaxial line in Region I, then the scattere_ldh . o "
o - e H-field continuity atp = b gives for—d < z < 0
H-field is
iklz
—ikyz .2 € _
Hu(p, 2) = %% /(n1p) +iwer— /0 Hyr(b, 2) + mh Hyri(b, z). (6)
1= y Multiplying (6) by cos(asz) (wheres = 0,1,2,...) and
"k Er(QF (rp) cos(Cz) d (1) integrating with respect te from —d to zero, we obtain
_ 2 _ _ S . i
where k= VEf =%k = wype = 2n/A,m = Z {Jo(ﬁmb)_fms + O‘T'l_cmjl(,imb)gm P = ﬁFS(/ﬁ)
vi/e, R(kp) = Jo(kp)No(ka) — No(kp)Jo(ka), and 4= 2Kmert kb
R'() = dR(-)/d(-). Jo(-) is the zeroth-order Bessel function 7)

and No(-) is the zeroth-order Neumann functiahi; (¢) R(xb) .
whereé,,s is the Kronecker deltar,, = 2(m = 0), 1(m =
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which is transformed into fast-converging series 150
amdR (kb)
Irns =0 rns|<=am 100
2k R(kb) 0
. (O]
B i(_l)m-l—skl(l _ GQZkld) 05), 50
b = 0
2 2
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[ - - -
: e
. . -100 | arcuvitz <& 4
=) Z(_l)m+sC(1 _ 621{(1)
- Z JQ(Iib) (9) 150 + i
n=1p|1 = 29 (€2 —a2)(¢? — a2) L L I 1 L
J3(rka) m "leme 0 2 4 6 8 10 12
* Freq. (GHz)
where C"_IS given byE(ﬁb)k:Cn = 0. The scattered field at Fig. 2. Phase variation of the reflectioff, versus the frequency when
z < —d in Region | is d = 0.057 cm,a = 0.714 cm, b = 0.310 cm, ande,; = e, = 2.1.
14 Lo)e~H* & i
Hulp, ) = LHETE S~ L (O R (), —
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(10) : 2= [ 1] -----
iy ; €= 10 ——
where 2 00 freq.= 5GHz +
oo §’ =1.016cm O
ki sin(kid D™ Ro(kmb =
LO _ 1 1 Z . 0 m ) (11) 2 s .
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The reflection coefficient” at » = —d is 0 01 02 03 04 05 06 07
I Gap distance (cm)
I P9k
r=- Hf —(1 4 L)k, (13) Fig. 3. Phase variation of the reflectioR, versus the gap distance. The
r=—d parameters of the reference curve are the frequendd GHz, « = 0.714
cm,b = 0.310 cm, ande,; = €,2 = 2.1. Unless specified, the parameters

In the low-frequency regiméd < A1), po becomes dominant, for other curves are the same as those of the reference curve.
and [p,,,/po| =~ 0(m > 1). Hence, a dominant-mode solution
1S very little asd increases, because the capacitance between the
i2 sin(kd) (14) inner conductor and the short-circuited terminatiornzat 0
becomes negligible for largé.

Po ~

de
k%d[]@(/ﬂgb)foo + ké 2 Jl(/{igb):|
2€r1

WW} pi2kid (15) lll. CONCLUSION
1 A closed-form solution for reflection on a coaxial-line

Fig. 2 shows the comparison of the phasd 'dietween our terminated by a gap is obtained in rapidly converging series.
result and [1] whend = 0.057 cm, ¢ = 0.714 cm, b = 0.310 Numerical computations are performed to show the behavior
cm, ande; = &2 = 2.1, thus confirming an excellent of phase variation of reflection versus a gap variation.

agreement below 3 GHz. Note that the low-frequency solution
(15) also yields a result as accurate as (13). Fig. 3 illustrates REFERENCES
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