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> Analysis of a Slot-Coupled T-Junction Between
¥ Circular-to-Rectangular Waveguide
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Abstract—This paper presents a rigorous analysis of a slot-coupled

T-junction between a primary circular cylindrical waveguide and rect-
angular waveguide, forming the coupled T-arm. The analysis is based
on moment-method formulation using full-wave basis functions and

Galerkin’s technique for testing. Expression for the coupling and reflec-

= tion coefficients are found, taking into account the effect of finite wall
X thickness of the circular waveguide in which the coupling slot is milled. A
comparison between the theoretical and experimental results on coupling

f i Qim = and return loss are presented.

Fig. 4. Two conducting strips (3.0-m width) and two conducting cylinders
of rectangular cross section (3.0 s 1.0 m) mounted over two dielectric

beds. The whole structure is situated on a ground plane. The length of the . INTRODUCTION
structure iny-dimension is 10 m. In view of their wide application in commercial systems as well
as laboratory measurements [1]-[5], investigation into different types
TABLE I of aperture-coupled waveguide junctions has attracted the attention
CAPACITANCE MATRIX FOR THE FOUR-CONDUCTOR of researchers for a long time. Rigorous analysis on the slot-coupled
SvsTEM (CAPACITANCE IN NANO-FARADS) junction between similar and dissimilar waveguides with collinear
&1 = 1.0, 6,0 = 1.0 | €1 = 60.0, €0 = 30.0 [6], [7] and orthogonal axes [8] have been carried out. Formulation
0.67 -0.01 -0.29 -0.01)27.33 -0.27 -813 -0.16 has been presented for a T-junction [9] and also cascaded sections of
-0.01 067 -001L -029!| -027 2733 -0.16 -8.13 junctions [10], in which the primary guide is a rectangular waveguide
029 -0.01 0.64 -0.09! -850 -0.13 923 -1.46 and the T-arm is a circular waveguide. It is also of importance to study
0.01 -029 -0.09 0.64] -0.13 -850 -1.46 9.23 the electrical characteristics of a T-junction, in which the primary

waveguide is a circular cylindrical waveguide and the secondary

. ) . guide is a rectangular waveguide. This was presumably not attempted
strips are modeled with 60 triangular patches each. The conductifigt; ,se of the complexity in finding the internal dyadic Green's
cylinders and dielectric beds are modeled in the same way asgifction of the circular cylindrical waveguide.

the previous example. The total number of unknowns for this case i, this paper, analysis based on moment-method formulation using
1248. In Table II, we present the capacitance matrix for two dielectiig.wave basis function and the Galerkin’s method for testing is

ratios, which again, remains symmetric. presented for derivation of expression for the electrical characteristics
of a T-junction between a circular waveguide as the primary wave-
V. CONCLUSIONS guide and T-arm as the rectangular waveguide. The coupling takes

ce through an axial slot in the wall of circular waveguide and in

In this paper, we present a superior method to calculate the chaP% . )
distribution and capacitance for a system of finite-sized conductdf$ ransverse cross section of the coupled rectangular waveguide.

in the presence of arbitrarily shaped dielectric bodies of low, as wdlllS @nalysis takes into account the effect of finite wall thickness by
as high, dielectric materials. considering the possible forward and backward traveling waves in the

stub waveguide representing the coupling slot milled in the wall of
the cylindrical waveguide of finite wall thickness [11]. The unknown
field distribution in the slot aperture is found by transforming
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Fig. 2.  An expanded view of the slot as stub waveguide.
The elements of the column matrjk'™°] are given by
BN = (HYC, w,). (3)

Hi™ is given by [12]

Hinc _ kf 2 oS gbe*j,gllf (4)
t gep | wl(@h)? = 1]

wherex, is the first root ofJ{ (x) = 0, the derivative of the first-
order Bessel function?i1 = ky/1 — (2, /pok)?, k(= 27 /\) being
the wavenumber in free space.

In a similar fashion, the total tangential electric field in the aperture
plane of the slot at the interfac® is given by

[B”] = {[B] + V™1 (A" B} E 111 (5)

Rectangular
waveguide

Circular waveguide

In (1), (2), and (5),[B] is the diagonal matrix with diagonal
(b) elementsxp(—jviot), t is the thickness of the waveguidey is the
propagation constant of thé¢h mode in waveguide section (C)—(D),
[U] is the unit matrix, andY™™], [™] and[Y "], [A*"] are square
matrices whose elements are given by

Fig. 1. A T-junction between circular and rectangular waveguides.

Il. GENERAL ANALYSIS

_ _ _ ) Yoo ={(& (ep), we) + Y, 2LW6,, (6)
Flg. .1 shows thfe geometry of a T-junction .between a circular WY = — (€7 (es), wa) + Yi2L Wi, %)
cylindrical waveguide and rectangular waveguide coupled through o . i i
an axial slot of lengti2L and width2WW (= 2aA®,) in the wall of Yy = (ep)s ws) = Yp2LW oy, 8
a circular cylindrical waveguide. The coupling slot is in the form of ey = — (€7 (&), wes) — Yi2LW 6. 9)

a curvilinear rectangle on the wall of the circular waveguide. Since,é is the K ker del dth he i
the angular widtr2A®, is small, the curvilinear rectangle can be is the Kronecker delta and the symblgl represents the inner

replaced by a planar rectangle for the purpose of analysis. product. & (e;)(j = Ol’.p). (6)._(9) Is related to .the transversg
For finite wall thickness#” of the wall of the circular waveguide, component of the magnetic field in the stub waveguide by the relation

the coupling slot can be considered as a short section of a rectang{ﬁz]ar

waveguidg (designaFed as the stub waveguide), the expanded view H, = E;£ (ej), j=p,i. (10)

of which is shown in Fig. 2. FoRaA®, small compared tal, ) ) ) . )

the electric-field intensity along the width of the coupling slot caf € functionse, ande; are the dimensionless quantities given by

be assumed to be constant and the analysis is carried out from the o LT,y . .
continuity of tangential magnetic fields at the interfaces I-IV of Fig. 2 ej(e) =sin op (' + L), j=p.i (11)
for all possible excitations. and

In Fig. 1, the expression for the coupling between ports 1 and 3 w, = sin % (' + L). (12)

and the reflection coefficient seen from port 1 are derived for the
signal fed to port 1.

Following the procedure used in [9], the expression for the field lll. EXPRESSIONS FOR THEELEMENTS OF THE MATRICES

at the interfaceC is Using (3), (4), and (12), and carrying out the integration over the
slot aperture, the elements of the column mdik“] are obtained as
[E) = (0 + B BBYE @ e 2
h.lgll(, — - c S 2"/1/?
Jwp \f w(2'7; — 1)
where . , 3
(ﬁ)[(_l)se—%@nL _ e]/jllL]
[E+]jjj — {[}rcW]fl[th[B][}rrW]fl[hrW[B] _ [LT]}*l X jz PN . (13)
<[YTUR)L () P (ﬁ)
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The expression fol¥,,;” and i;; are found following the method Using (8), (10), and (17), and carrying out the integration, it is

suggested in [8]. found that
The derivation of the expression faf;;" and ;Y can be found pT
only after the derivation of the expression f&f;" (e¢,) due to an Yo = (2W)? Z Z 1 2L
axial slot in the primary circular waveguide. Jwp =~ 27/) Tmn n’ A2+ (E)Z
The magnetic field in the primary waveguide due to aperture field R 2L
distribution in the plane of the slot is expressed as s
X L‘S“ (l‘ + )mn)
g = [ - w9)Ep. Uy d 14 ﬁ""Jr(QL)
T // T X (=) Ep. U ds (14) 14 e 2mnl, for p, s odd
x {1 —¢ 2l forp, s even
whereU,. is the dyadic Green’s function in the primary waveguide 0, for p odd, s even ang even,s odd
(circular waveguide) and is given by 12 (PTF>2
—QPLT 2L Ymnbps + Yp2 LW 6ps (19)
— R = . 2 .
U, = Lﬂ (K*T + VV)G(p. po) (15) Timn + (QL)
where
. = . . . = 2, forn=0
wherek is the wavenumber anfl is the unit Dyadic, and+(p, po) =19 forn > 0

is given by

and é is the Kronecker delta.

Glp. po) = > 5= cos nf¢ — ¢')

IV. REFLECTION COEFFICIENT AT PORT 1

The reflection coefficienf' and the transmission coefficielt are
I <J'lnm i) +vmn(z—a’) defined as
P/ ¢ (16)

% : b.s.
Ju (‘T;nn) 1— 77‘2 = Zinc (20)
x!? : :
mn inc f.s.
T — Hvr, H_i;]CHT, (21)

wherex!,,, is themth root of the derivative of theth-order Bessel
function.

where H:* and H.* are, respectively, the amplitudes of the

1175

From (14) to (16),HS™ at the slot aperture (lower interface) isbackward-traveling and forward-traveling waves resulting from the

given by

w1 () S
=L (vs DY S

n=0 m=1

€n 1 A¢0 !
X 5 5 ado
27r/)0'\,"'mn 1_ n —Agqg
r/2

Lmn

scattering due to the slot.

When the limits of integratione, appearing in (17), is taken to
be equal toL, the first term in the square bracket represents the
backward-scattered wavB " and the second term represents the
forward-traveling waveH -, On carrying out the integrations, the
expressions fol' andT" are obtained as a summation of the following
form (taking only the dominant mode scattering):

= Z - 311)1)[1 (fﬁ -1)

- Y ’ 7 c/) /311L 2
~ C_,'mnﬂ// o Ymn® Z Ep_ €in E(L—I—m’)d.r' p=1 0 »
L 2L 1 01/31111 _ (_l)pnﬂ/ﬂnL
x 1 T\ 2 (22)
: 1— — (7—) _ g
+6'rm,nx/ —Yrmna Z E sin —(L+ )d Illzl 2L M1
511)1’” m(zff = 1)
+ pZ sz /311.[, 2
. . . . 1 elPul _ (_1)1)6*1[“11114
Carrying out the proper mathematical operation, the expression for X T — (23)
the magnetic field is obtained as 1-—5 (]—‘) - 3%
3 2L

vw_2[1 i i cos N ZE_
Jwn n=0 m—1 ZW/)Dmm 1 n? . P

pl2
Lynn

|:(L +%nn)e—7mn (e 'Ym77,~l'_(_1)pe~’/mnlv)

2 _ (PPN Ny, o PT
+ <l., (2L) )Q,mn sin 5T (L+.77):|.

thn nt (_

V. CoOUPLING COEFFICIENT BETWEEN PORTS 1 AND 3

The expression for the coupling coefficient in this case is the same
as that in [8], multiplied by the following term:

r= o (24)
Yew

wherey.. andy.,, are the dominant mode characteristic admittances
of rectangular and circular waveguides, respectively.
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0.0 is also been found that faV = 5, the results converges = 20,
n = 20. In the computationsy = 30 andn = 30 have been taken
a4 t=127mm for getting sufficient and accurate data.

o—o——o t=0

o0 0 O Experiment
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Fig. 4. Variation of coupling from port 1 to 3 of Fig. 1.

VI. NUMERICAL RESULTS AND DiSCUSSION

Using (1)—(12) and (22), the variation of the return loss at port 1 is
evaluated fo2L = 23.31 mm and2W = 2 mm over the frequency
range from 6.2 to 6.9 GHz. The theoretical result on return loss seen
from port 1 is evaluated fot = 0 mm as well ast = 1.27 mm.

The data are presented in Fig. 3, together with the experimental
data recorded with an HP8510C network analyzer. The waveguide
dimension for the circular waveguide is 32.54 mm and the length of
the circular waveguide is 104 mm. WR137 is used for the rectangular
waveguide. The theoretical result on coupling from ports 1 to 3, as
well as the experimental data, are shown in Fig. 4 for a waveguide
wall thickness of 1.27 mm. A fair agreement between the theoretical
and experimental results justifies the validity of the analysis. The data
presented converge fa¥ = 5. All computations have been carried
out for N = 5. It is found that the numerical value changes only
at the second decimal points whé¥ is increased from 3 to 5. It




