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Analysis of an End Launcher for a Circular
Cylindrical Waveguide
M.D. DESHPANDE, MEMBER, IEEE, AND B. N. DAS

Abstmct—The analysis of an end launcher type of transition exciting

domfnsnt T&l mode circular waveguide from a eoaxiaf line is presented.
me expressions for reaf sad fDM@W P@S of t~ ~Put fmbee *n

by the eoaxbdffne are defived for the generafeaseof offset launcherusing
self reaetfon of the assumedcurrent over the loop. The dimensions of
combined eleetric and magnetic loops having low input VSWR are de-
termined. There is satisfactory agremuent between theoretkmf and expen-
mentaf results.

I. INTRODUCTION

A

RADIAL PROBE driven through a coaxial line

may be used to excite ‘a dominant TE1, mode in a

circular cylindrical I waveguide [1], For the excitation of

two-dimensional array of closely packed circular wave-

guides use of a collinear end launcher type of transition

(Fig, l(a)) instead of radial probe has been suggested

[2]-[4]. The analysis of such a launcher [4] has been

restricted to the case where the longitudinal arm of the

rectangular loop is coincident with z-axis of the wave-

guide (“concentric launcher”). An expression for the resis-

tive part of the input impedance seen by the coaxial line

has been derived and used for the design of the transition.

The reactance cancellation has been obtained by using a

stub collinear with the longitudinal arm of the loop. Since

analytical expression for reactive part of the input imped-

ance was not available the I length of the stub has been

determined by trial and error method. The bandwidth of

such a device is extremely narrow. If the expressions for

both resistive and reactive parts of the input impedance

seen by the coaxial line are known, the bandwidth of the

device can be exactly determined and a method of its

improvement can be found.

In the present paper expressions for both real and

imaginary parts of the input impedance, seen by a coaxial

line exciting through a rectangular loop (Fig. l(a)) a

dominant TE1 ~ mode circular waveguide are derived from

the self reaction of assumed currents in the longitudinal

and radial arms of the loop. The analysis is applicable not

only to a concentric launcher but also to a launcher with

longitudinal arm of the loop not coincident with z-axis of

the waveguide (“offset launcher”). Analysis is carried out
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Fig. 1. An offset end launcher for a circular waveguide terminated into
matched load. (a) Longitudinal, sectionaf view, ~BC-rectangular 100P,
AB-longitudinal arm, K-radial arm. (b) Transverse seetion view at
plane PP’. (c) Transverse sectional view at plane QQ’. (d) Equivalent
circuit.

by assuming that the radial arm of the loop is replaced by

a curvilinear metallic strip in the cross section of the

waveguide [1]. For the calculation of self reaction the

expressions for electric field in the waveguide due to

currents in radial and longitudinal arms of the loop are

separately determined following the methods suggested in

the literature [5], [6]. Expressions for the parameters of the

equivalent network of the junction between coaxial and

circular waveguide terminated into a matched load are,

then, obtained in terms of lengths L, and 1 of the longitu-

dinal and radial arms of the loop.

The resistive part of the input impedance is evaluated

for 0.6<1< 0.8-cm (offset launcher) and also for 1= 1.15-

cm (concentric launcher), and LI in the range 0.9< Ll <

1.5 cm, The variation of input reactance with frequency is,

then, computed for combinations of L1 and 1 which gives

the resistive part of the input impedance close to 50 !%

From variation of input impedance as a function of

frequency the dimensions L, and 1 of the loop which give

low VSWR over a range of frequencies are determined. A

comparison between theoretical and experimental results

on input VSWR for an offset launcher with L1 = 1.4 cm,

1=0.7 cm, a= 1.15 cm, and R= 0.15 cm is presented.

II. ANALYSIS

Fig, l(a) shows a coaxial line exciting a dominant TE1 ~

mode circular waveguide through an end launcher. The

input impedance seen by the coaxial line at the reference
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point A is given by the stationary formula [5] admittance. Using (2)–(5) the expression for input imnped-

J

ante is obtained as

1
~A~ “jABdv iBc “jBc

Zi~l~=– o ~~ – o 12 (1)
1

“E~~~~~(D,O,z’)dz’
m ln zin/A=– 0

1:
where ~~~ and ~~c are t@e electric fields -insid~ the

waveguide due to currents J~8 = ~zjA ~, and J~c = U~’~c
in the longitudinal and radial arms, respectively, of the ( )‘i Jiurface~ “~’ch 2

loop ABC and Il. is the input current at reference point A. L2

The electric field E~~z
+ ~~ i=f) (l–r,:)/(l +r,:)+(l –r~)/(l+r~)”

is related to z-directed vector

potential A= through the equation. (6)

‘ABz=a~+K2Azl
The circular waveguide su~ports only dominant (i= O)

(2) TE1 , mode. me ~ument JAB excites o~y TM modes

(TMOP for D= O and TMW for D#O) which are higher

where A= is given by [6] order modes in the waveguide. Further Zi is real for i= O,
imaginary for i # O and r,~ = O for i # O. Equation (6) can,

‘.=~dv~o~l *~AB(P’,#,4

therefore, be written as [1], [5]

o
‘illl’ ‘~Xp+~Xi+m2Z+Z ‘/(Z+ + Z-) (7)

Jn(XPP’)Jn(XPP)

[J;(xPa)]2
cos (n@)e *“(Z - “). (3)

where

In (3) c.= 1 for n=O and c~=2 for n#O, xPa is the pth I
X2= – ~ “EABJAB dz’

z; o
(7a)

root of Jn(x) = O, v = ~x~, + and – signs in the

exponential correspond to z – z’(O and z – z’)0 W@% and the junction between coaxial and circular waveguide

respectively. The primed variables, P’, +’, Z’ and Unprimed maY be represented by the equivalent network of Fig.

variables p,+, z correspond to source and field points, l(d). The parameters of equivalent circuit can be ~e-. .
respectively, For the filamentary current (as shown In Fig. termined from a knowledge of current distributions JAB
l(b)) the volume integrals appearing in (3) and i: the first and lBc over the longitudinal and radial arms respectively
term of right-hand side of (1) reduce to llne Integrals. of the 100p ABC (Fig. 1). These current distributions are

Considering the effect of conducting plate at z = o Plane, found to be of tie form [4]

the expression for potential A= due to current in the

longitudinal arm of the loop becomes LB=tiz& COSK(L1 + 1– Z’), forp’=D, +’=0

Az(p,@,z)= ~~~, ~~o ,~1 &jAB(D,O,Z’)
= o, elsewhere (8)

and

Jn(x,D)Jn(x,P)
cos (m$)e * ‘(z ‘z’) dz’. (4) .7’Bc= C

10

[J;(xPa)]2
~~ cos K(a – p’), for –A@<@<A@

= o, elsewhere (9)
For convenience in the analysis the radial arm of the

loop is assumed to be replaced by a curvilinear metallic ‘here

strip (as shown in Fig. l(c)) in the cross-sectional plane At$=R’/awR/a.

z = L,. The volume integral in the second term of right-

hand side of (1) reduces to surface injegral. The transverse
In view of the stationary character of the expression for

input impedance, it is assumed that the radius R of the
component EBct of electric field EBC at z = LI due to h,

current JBC in the radial arm is of the form [5]
t m cylindrical conductor is approximately equal to

average between maximum and minimum widths of the

( J!Zi – ‘) curvilinear metallic strip.
~. “JBCds ~

E*C,=
is, (1 -r~)l(l +r~f~(l -r;)/(l +r;) ‘5)

III. EXPRESSION FOR THE PARAMETERS OF

EQUIVALENT NETWORK AND INPUT VSWR

where Fi is the normalized vector mode function, 17,+ and From (2), (4), and (8) the expression for the axial

r,v are, respectively, + z and – z reflection coefficients component, EABZ(P,O,z) of the electric field in the region

for ith mode at reference plane z = L1 and Zi is the modal z >0 is obtained as
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Fig. 2. Variation of real part of the normalized input impedance versus
frequency. (a) /=1. 15 cm (concentric launcher). (b) /=0.8 cm. (c)
1=0.7 cm. (d) 1=0.6 cm.

w 10 .L(XPD)L(XPP)
‘,4 B,(p,hz) = ~ ii. ~~1 ~ Cos(n+)

[J;(xPa) ]2

{KZ’zsinK(L1 + 1)- ~v~’cosh(vz)

. [vcos(Kl)-Ksin(Kl) ]}. (10)

Substituting (10) and (8) into (7a), and after performing

the integration, the expression for X2 is obtained in the

form:

“[sin2K(L1 + 1) + sin2K(LI + 1) –21?’L’ sinK(L1 + /)

{

2

.

)]

$sin(Kl) +cos(Kl) . (11)

Using expressions for normalized vector mode functions

available in the literature [1] and (6)–(9), the parameters

m2 and Xl of the equivalent network of Fig. l(d) are

obtained in the form:

x,=– 55 60’”-[sin$%an=o P= I J;+l(xW) cos (K(LI + 1))

‘[J1

cos(Ka(l – x)) Jn(xwx)xdn 12.(13)
I–l/a

From (7) the expressions for real and imaginary parts of

the input impedance normalized with respect to character-

istic impedance ZOC(50 Q) of the coaxial line are obtained

as

yin = ~ tan’( &L,)/(1 + tan2( &Ll)) (14)
Oc

(15)~xi. =j(Xl + X2 + ‘3)/zoc

where

X3= m2Zotan( PoLI)/(l +tan2( POLI). (16)

The magnitude of reflection coefficient at the reference

point A, is then

,r,-i[(yi.-’+x~]~]
@=i=a (17)

and VSWR in the coaxial line is given by

VSWR=-.

1

[f

1

1
2 IV. RESULTS

COS(K2(1 – X)).ll(x;lx)dx
COS2K(L1 + 1) 1–1/. The variation of real part of the normalized input

impedance seen by the coaxial line is computed from

(12) expression (14) is presented in Fig. 2 for a= 1.15 cm,
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Fig. 3. Variation of imaginary mrt of the normalized irmut inmedance
versus frequency. Curve a:
0.8 cnL L,= 1.3 cm; curve
1=0.6 cm, L.l = 1.5 cm.

~=1.15 crrL L1=l.Ocm; &rve ‘b: 1=
c: 1=0.7 cm, L,= 1.4 cm; curve d:
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Fig. 4. Variation of input VSWR versus frequency. — for 1=0.7 cm
L1=l.4 cm; ---- for /=0.6 cm, L1=l.5 cm; O.O. O. Experimental
points for f= 0.7 cm, L,= 1.4 cm,

R= 0.15 cm, 0.6< 1<0.8 cm (offset launcher), 1= 1.15

(concentric launcher), and LI in the range 0.9 <Ll <1.5
cm. It is found from Fig. 2 that the curve for variation of

the real part of the input impedance crosses the 50-L? line

for the cases (Ll = 1.0 cm, 1= 1.15 cm), (LI=I.3 cm,

1=0.8 cm), (Ll = 1.4 cm, 1=0.7 cm), and (Ll = 1.5 cm,

1=0.6 cm).

The expressions (11) and (13) for Xz and Xl are in the

form of double infinite series for the offset launcher. It is

found that the terms p =1, n = 0,1,””” 12 have significant

contribution to Xl and contribution of other terms is

negligibly small. For infinite series (11) contribution of the

terms other than 3r=0,1,20 ..7 andp= 1,2,. ..5 is negligi-

ble. For the case of concentric launcher (1=1,15 cm) the

double summation in (11) reduces to single summation

(n= Oandp=l,2... 12). The variation of the total input

reactance, xi. with frequency is evaluated from (15), (16),

(13), and (11), and is presented in Fig. 3 for above four

cases. The results of Fig. 2 and Fig. 3 are used to evaluate

input VSWR from (18). The input VSWR is greater than

2.0 for (Ll = 1.0 cm, 1= 1.15 cm) and (Lj = 1.3 cm, 1=0.8

cm), and is quite low for the other two cases. The varia-

tion of input VSWR for the cases (Ll = 1.4 cm and 1=0.7

cm) and (Ll = 1.5 cm, 1= 0.6 cm) is presented in Fig. 4. An

offset launcher is fabricated for L1 = 1.4 cm, 1=0.’) cm.

The experimental results on input VSWR are also pre-

sented in Fig. 4.

V. CONCLUSION

The self reaction concept has been used to obtain a

network representation of end launcher exciting a domi-

nant TEI ~ mode circular waveguide from a coaxial line.

There is a good agreement between theoretical and experi-

mental results on input VSWR in the frequency range 8.5

to 9,2 GHz. In this frequency range minimum VSWR

attained theoretically and experimentally is of the order of

1.2. The frequency at which the input reactance is zero

and that at which the input resistance is 50 0 are func-

tions of L, and 1. These two frequencies are found to be

different. Further reduction in input VSWR is possible

through an adjustment of L1 and 1such that the difference

between two frequencies is reduced.

The results of analysis show that for the particular

range of L, and 1 chosen, the concentric launcher has a

very high input reactance and cannot, therefore, be used

without a stub for reactance cancellation. Using a collin-

ear stub reactance cancellation is obtained over an ex-

tremely narrow frequency range [4]. An offset launcher

without any additional arrangement for reactance cancel-

lation has low input VSWR over a relatively wider

frequency range. This can be attributed to the fact that as

the launcher is displaced from the axis of the waveguide

the amplitudes of significant higher order modes decrease.

The resulting decrease in the energy storage reduces the

input reactance.
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