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ABSTRACT
The propagation charactaristics, such as, propagatisn constant, gaide wave.
length, radial field spread, diviston of power as a function of the diameter and
dieleciric constant o f a circular cylindrical rod dielectric guide exciied in Hyy, £,

and HE,, modes are studied. The study of scattering coefficients of the H?X—Hi
mode transducer which is used to excite the guide in HE, mode, leads to its
represeniation as an equivalent Tee- newwork. The insertion loss and faunching
efficiency of the mods: transducer has been evaluated. The scattering coefficients,
impedance and attention characteristics of the dielectric guide excited in HE,,
mode are also stud

i. INTRODUCTION

A straight infinitely long loss-free dielectric rod behaves like a
wavegnide in ihe sense that eleciromagnetic waves can travel along it without
radinticn loss. The probiem of the propagation of transverse magnetic mode
in & lossless dielectric guide was investigated theoretically by Hondros and
Drebye! and their thsory was experimentally confirmed by Zahn® and by
Schriever’. Important contributions on the theoretical aspects of dielectric
rod waveguides have been made recently by Clarricoats* and Waldren™®
The work by Gillespie® on the negtive wave impedance and power flow in a
diglectric rod puide iIs of sigoificant importance. Theoretical study of the
propagation of backward waves in a bounded dielectric rod guide by Clarrk
coats and Waldron’, Clarricoats® and Brown®, bas opened a new feld of
research. The studv on the attenuvation characteristics of a dielectric rod wave
guide by Chundler'® and Elasser' has also created an interest in the possible
practical utility of a dielectric rod being used as a guide for electromagnetic
woves at microwave frequencies. Several authors {Du Hamel and Duncan®;
Angulo and Chang '; Duncan®; Duncan and Du Hamel'), have made
significant contributions on the excitation problem of a dielectric rod wave-
guide. The probiem of radiation from the feed end of the dielectric rod
gzuide to the discontinuity invariably present at the junction of the mode
transducer and the dielectric rod has been treated by Kay'’, Browsn and

* Br. V. Subrabhmaniam is an Assistant Professor at the Birla fnstitute of Technology and
Science, Pilani, Rajasthan and was on deputation during the period of work.
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Spector®, and Weil”, The object of the paper is to present the results of
investigations on the propagation characteristics of electromagnetic waves on
sobounded circular cylindrical dielectric rod waveguide excited in Hp, Ey
snd HE;; modes at 3.2 ems, wavelength. The main emphasis is on the guide
excited in HE;; mode. It is believed that the contributions specially on the
impedance characteristics, scattering coefficients, division of power of the
dielectric guide, scattering coefficients of the HOC: —~ H: mode transducer and
its equivalent circuit representation, the study of the iansertion loss and the
faunching efficiency om the basis of the scattering psrameters will add
significantly to our existing knowledge in the field of dielectric rod waveguides

2. Freip COMPONENTS

Assuming that the circular cylindrical dielectric rod guide is infinitely
extended in the direction of propaguation and that there is no radiation from
the rod and ug = g2 = dos @1 ~ 0 =0, the field components for the three modes
Hy. Eoy 2nd HEy inside and outside the dielectric guide {Fig. 1) are as

follows

Fra. 1
The circular cylindrical coordinate system employed

Hyy wiode «
Inside the guide. [Region 1, (p=a)]
Egy = — Bk Jo{key pYexp (~y12)
o= B (yykafi o pe) Tolky ) exp (—v12)
H,y = — B{K3]iwpo) Jo (ks p) exp {(~y12) i
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Outside the guide, [Regior 2, (p = a)}
Eyse ~Cha HEY (K p) e5p (~ 722)
Hpwe = C(pakaTout HY (fp) exp { - v 2}
Hyp = —C i wue) HY U plexp (- vaz) £

foside the guide {Region 1, {p=<a)]
By = bl yifiwey 7y Uy plexp { — v, 2)
Ba=b(iwe) Js ki phexp (= z)

Hyw =ik g (exp (= y12) 4
Quiside the guide, [Region 2, p=a}

Ep = —~cl{lyyafiweal BYY (k g) exp { — v237)

Ea=c{dfime) B (Fap)exp{~v22)

Hys = —chy H¥ {kap) exp { = v22) i

where &%=+ i pe.  The time variationis exp {jw?)

HTEy mode

As the wods is formed By a lnear combination of # and £ modes, the
following relations hold good

T T PR ey KD BTk, K ek ey i
Iaside the guids, [Region 1, {p=a)}]
Eoy = — B p} 0y (K p} + /B (y i It wen} 3 Gy p¥] sin g exp (= 2]
Eﬂ’ — Bk Iy (ko p) + {6/ BY (U p3 {1 /imsz”l(/ﬂﬁ;] COS‘/WXPL";":?.?
=BUb/BY(kEiwe) Jy (ke 3} sing exp {~v 18y
ffm =B {lyckifiwpad 1 (ks p) + (BB} (1] p) Iy (kg p¥}cos groxp (- 'flz5
Hu— = BUV o3 (pifiwpd® J (B p) + (8B Ky 3] (e, p' Y sin g op { - 8
Ho= = BUK fwia) i (ks p)] cob p exp (= v, 2) {d

Ouiside the guide, [Region 2, (p=a)]

Epm = ClU/ oY HY (e p} +(e/C) {y2ka/lcwes) =
B (ke p)lsin g exp (~ 327}
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Eyy= =~ Clia HYY (2 p) + (c/CH (1]} (rofiwer} »
HE (fy p) ] cos p exp { — yaz)

Ey= = Clc/C) (ki wer) HS (ka p) ] sim ¢ exp { - v22)
Hyy= C[(yzkg/in@3 H‘,P' (kzﬁ) + ("/C) U/P) %
H(x” {kap)lcose exp { — 22}

Hyp = —~ C[(I/P) (yoliwm) HY Vs o)
+(e/C) ky HIY {ky p) 1 sin g exp { —~ 722}

Ho= — Clk¥iwus) BV (i, p) Y cos ¢ exp. (—y22) 7

3. CuarACTERISTIC EQUATIONS

By applying proper boundary conditions at the interfaces between the
two media and using appropriate ficld components, a set of equations for the
Hy, Eo; and HE modes is obtained. By allowing the determicants of the
coeflicient b, B, ¢, and C to vanish, the following determinantal equations for
the respective modes are obtained,

H oy mode :
key 7§ (ki a) ey HEY By a)
=0 el
[ Kfue) Jolkyay  — (k3 pe) HE (kaa) !
Eoy maode
ky J ok a) by HEY {2 a)
-0 {s1
(e Iolk ey - (13/es) B U a)

HE; mode -

i H

Lditkay L pka) ~kHY (ea) - T—H " {ka) f
' a2 1we; ERENIS !
|

|

|

|

2
-2 g,

&2
0 .10

Toe Ji (ky @) ¢ e |

z

4 |
P (ha) ks Ty @) — = T B (ks) ~ b HEY (Rr ) | 6{10]

A iw alwup !

) 2 = ;

B k) 0 - B gPe o |

i Fwug iwug
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The above equations lead to the following characteristic equations

the respective modes,
Hy mode

Fo (%} % B {3’2)
17 = y)
Folxy) dg) )

By mode:
Jo (Xx\’ o) (e}
= X5 (¢ F7
TGy 2 (afer) H\‘ o
HEy mode :

[1 P AN A EN N R ED TR -4 (’«-5)}
X Ay x HY () 1 x Ax) % H‘;)(Xz)

(x - Xz\i (=3

where xyi=kyja, Kyekia
= s;/az, the dieleciric constant of the rod
x} + (/1Y o (o AfAGY (51— 1)
d =2 a, diaweter of the rod

M= Froe space wavelesgih,

4. SoLuTion oF TRE CHARACTERISTIC RQUATIONS

[12]

o
"

2
[eary

The characteristic equations 11, 12 and 13] bave been solved for
dfAg=0.8, & = 2.6 (see figures 2 and 3} ¥; and ¥, represent the left hand and
right hand sides of [13] respectively. The point of intersection of the iwo

curves gives the root ¥, which with [15] yields x,.

3. PrOPAGATION CONSTANTS

he radial propagation constanis k; and k, calculated from [14] are
functions of 4 and ‘&, of the rod {see figures 4 and 5). The axial propagation

constant v is related to the radial propagation constant & as follows 1~

3 rl k-
ekt wiupe

[16
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and is a function of the diameter and dielectric constant of the rod. The
variations of 3 with d/Xg for the three modes for e 2.6 and for different
values of ¢, in the case of HE,, mode are represenicd graphically (gee
figures 6 and 7). As y = iB is purely imaginary, the axjal phase constanis
representsd in figures$, and 7 as ordinatesare the sarse 83 the axial propsgation

constants in the respective cases.
6. Guipg WAVELENGTH
i N T 12, i Iy
The guide wavelength, A, are calculated from X3 =k} 4 which yislds

Aglho = e — aF Qe @317 {17}
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RADIAL PROPAGATION CTOMSTANT (CHM 1)
o
g

e

d/ag

Fia. 4

i i q he rod
Varlation of radlal propagation constant k, and &, with the diameter of t
for she Hyy, En and HByy modes

. - 4 for
The variations of Ae/ds with d/Ag for the three modes f::s:n‘wdz :raa;;xically
different values of ey in the case of HE;; mode are rep

{see figures 8 and 9)
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w

Fig. 5
Varistion of racial prepagation constant kiand Ay whh the diameter of the rod

7. RELATIVE Power Frow
The power launched in the dielectric rod will be transmitted entirely is

ihe longitudinal direction {z), when there is no radiation ard the dielectric
rod acis entirely as 2 waveguide. But if some pewer is lost by radiation, the
power will not oaly be transmitted in the z-direction but also in ihe radial{p)
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and azimuthal {g) directions. The following calculations will show the
rature of power flow Py, Py and P, in the p, ¢ and z directions respect-

vely,
PowhiRe [fIE,H; — Bz Hy) pdpaz
5

Pyt Re [[ [ Ez Hy — E, B} [dpds
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s

where, § represents the surface normal to the direction of propagation. The
total power flow 2, is divided mainly into two parts of which a fraction P,
flows inside the guide (p =0 to pea) and the rest P? flows outside {p=¢
t0 p=oo) the guide. The limits of ¢ is from g =0 10 $=2= Similarly
P, and P, are divided into two parts P}, P{ and P}, Pp respectively. As
we are interested in the dielectric rod aciling only as a guide, we may replace
p=a10 p=oo by p=a to p=rin the integrals involved in the expression
for P and PJ. where r represents radial distance from the axis of the rod
such that the value of PP and P become inappreciably small  In calculating
P} and PP, the limit of z is from z=0to z =1, the length of the dielectric
rod.  P§ and PY have been evalvated for ¢ = {w/d) as Py =0 for ¢ =0,
wf2, %, 3n/2 and 2w. In calculating Pj and PJ, the limit of ¢ is from
=0 Wgwlnand thatof zis fromz=0to zwf2nd pea
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= IkYpf 1 B 1
p—inp] (L2 _:) Jo (k1 p) 1y (k1 )
<1

iz ik \,uo
n K30 B *a') s 2
- T e ms o e ~ k ‘)'1
5 (uo ol 1 (ki o)} [25]
P 143 1 2 \
PlaiccH| 2 13 p(-—*—f—z“L)H(o”kzﬁ)H(x”(ku’)
{12 w \so € e
w 131 cz!)(( 21
~ErR LV {H Y (ks o)) 3%
Py {\“0 L) (ka2 p)} } [26]

The values of 2'and PY in the p, ¢, z directions have beea calculated asa
function of d/Xq for perspex rod (e, = 2.6). It is found that the power flow
in the radial and circumferential direction is reactive. 8o in calculating the
total pewer flow we will consider only P, The relative percentage power
flowing inside the guide is

i ¥ 0
fci ._P_z/fz 5 % 100 [21]
2 (1+ PP}

which is function of d/A; and "¢, (See figures 10 and 11)

8. CONSTANT PERCENTAGE FPOWER CONTOUR

The amount of the relative power flow outside the guide can be
represented more clearly from the constant percentage power contours round
the guide which are determined as follows. If p, = ry, 1, r3 - - ° 7y represent
the radii of the circles representing the contours inside which constant powers
P.y, Py, Py -+ P, flowing along the rod are located, then the ratio of the
powers with respect to the total power 2, is

Pyl Pp=W at p=r,
P:z{ Peop=Wy at p=ra
P;ni Pz'n“'ﬂ-,n at p=ry [28]
where,
Py = P} + P} contained within a radius p = r,
P.xz = P}, 4+ PY contained within a radius p =ry

.

P Pl PY contained within a radius p =7y, [29]
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Variation of power flow inside the rod as a percentagc of the total powsr flow,
with the relative dielectric constant of the red.

Po=Power flow inside the rod. Pi=Power flow outside the rod.
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P, represents the total power contuined within a contour of radius r, apq
ry <ry <ryrr o <r,  The values of £y, Po,- v+ £y e determimed fron
{11, 22] by replacing the integrals

= exry ey = -1y
For £000 0
e=a p-5  #~a  p=a g

respectively. The constant percentage power contours and its respective

radius for perspex rods (;, =2 6) of different diameters excited in HEy, mode
have been evaluated (See figures 12 and 13}

9. EVALUATION OF THE FiLD COMPONENTS

By using appropriate field components of the HE; mode and apphing
proper boundary conditions, the following relation between the consiants
B, b, ¢ and C are obtained.

¢ x¥ g (x)
— o b L L 30
B 3 HY (xz) L]

e g
x; & HY {2}

b _re x,——'x% xy Jh (x,) &2 B (231
B i wpug x,xz

€ Ju(xx) X HYY (x)

£ _ ye Xi -~ x} [El Jilx) e BV (3N [33)
C iwus X X3 jx Jl(xi) x H{Y (x)

The constants B and C are expressed in terms of the total power flow P, along
the guide as follows:

|B] = {Xz p_My ]uz [34]
lCl=8[X2 PSIy]m [35]
since P=|B2 X%+ 8 ¥ {36]

Substituting | B| and {C| in {6 and 7], the field components of HE; mods
inside and outside the guide are
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is the per cent of power surrounding the rod.
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Inside ithe guide (Rseglcm 1), p=a

P 1i2 ,

( P ‘“( b1
U (R4 - kyJi(ky p) w2 i XU 3 — oz
£y \_Xz+8zyz) \ 141 (ks p) B ime ! &y p) jeos ¢ exp (= v,42)

V2 b /. ;
E‘_1=<_..——S Y') ( AT J, {k, p))smgbexp(—-y‘:) {371
J 2 ”2( viks s b 1

Hy = = - trlik —_— i : - z

P <X9 32 Y‘) inOJ:i 1P)+B p fl(/(lp})cosq&exp( ¥12)
H P» 1/2 1 ( (

fromm e | e B R 4 9 —_ Y 15 -—

51 (Xz_rSAYa) (P iwp Iy (kg p) + 3 k:-’x klP/)Sm¢EXP( y12)

Ha2 2
Hy = ‘(‘*—'L) (.—k'— J1 (knp))cosqﬁexp(—}’zz)
M0

X*+8Y? iw
Outside the guide, (Region 2), p=a

E P VRO g ¢ yika gay )
pp== — & STTeTo — HY (k;p)-i“-— TS HYy (k2ﬂ))7<
P C iwe

X%+ 8y
sin g exp { — y12)
P nz 7 ¢ 1
Egr= S - BHY (kp)+ L — P2 P (% x
2 \Xz+3LY¢> ( 2 B (K p) T 7 e P (k2 p)

cosgexp{ —yaz)

17z 2 3
< ZHD (ks p)) sin ¢ exp ( — 2 2)
1

[ e €2

f
o
PN
§q!
w
4
L
Iy
“
——

P \Y2/ vk ' c 1 (1)
Ho=8{ 2o} (2200 g (1 p) + 5 — B (ke p) }x
X s Tw uo C p
cos ¢ exp ( — ;22)
2 L1y o cay
-5 m—~—) (—- B (k) = S ko HE (k) )
Y p fwug

sin ¢ exp {— 32 2)
P 112 7 kZ \
Hy= — S(X“v in.ﬁ_) (7 2 H P)) cos g exp (- yaz) [34]
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The electric field components E,, E; and E, are functions of d/hg and ‘g, {see
fgures 14, 15 and 16). The components Ep, E; and E, have been normatised.
with respect to their values at p=g. Since E; is discontinucus at p. g,
has been seperately pormalised inside and outside with respect to the surface
values E, so that E,[E;, vs p curves {See fig. 14} are shown as continuous,

Eove ‘
| |
| .
I i
! |
| |
| !
i
}

I
'
S sy
] 3 3 4

Radia! distance in ecm

Fic. 14

Variation of the radial component Ep , of the electric field with the radial distance,
E, is the value of Er on the surface of the rod.

10. EXPERIMENTAL VERIFICATION OF FIELD DISTRIBUTION

Experimental determination {See fiigure 17) of the variation of E,, Es
and E, for the HE,, mode in the radial direction shows fair agreement with
the theory. ‘The variation of only E, is represented graphically {see fig. 18).
A monopoele probe was used to measure Ky and £, and a half wave dipole for
E, components, The precision attenuator is adjusted for each value of p to
keep the output of the probe copstant, so that the crystal in the tuner works
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4 3 2 i o 1 2
Radial distance in cm
Fic. 15

Variation of the azimuthal component Eg , of the electric field with the radial distance.
E’$ 15 the value of Eg on the surface of the rod.

E 26

o
[11]
=
iy
BN

“ 3 2 f o ] 2 3 4
Radigl distance 1 om
Fig. 16

Variation of the axial component £ of the electric field with the radial distance.
E*; is the value of £; on the surfzse of the rod.
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1. Regulated Power Supply with 5. Mode Transformer with 1Q. Broad Brand Crystal
Square-Wave Modulator. Cotlar. i Mount-Prd Type 6122
2. Klystron 723 A/B 6, Dicleciric Rod Waveguide 9. Preciston Attenuator-
3. Flap Attenuaror 7. Probe Prd Type 185 B
4, Frequency Meter PRD Type 8. Coaxial to Rectanguiar 11. Detector Amplifier,
A. Adopter. 12. Shorting Disc.
Fic. 17

Block schematic of experimental setup for the meacurement of field components,

at constant input. This method eliminates the crystal law in field measure-
ments. The experimental and theorstical values of A, as a function of d/A,
for HE;; mode and e1 = 2.6 derived from the standing wave pattern measute-
ment along the guide show fair agreement (see fig 19). All measurements
have been made at the X- band.

11, TmpEpAnCE CHARACTERISTICS

The impedance characteristic of the dielectric guide is studied by
considering it as a microwave network and determining the scattering matrix
of the systern consisting of the mode-transducer, and the dielectric rod. In
order to determine the input impedance of the dislectric guide, it is necessary
to transfer the impedance from the input to the output, of the mode
transducer. The impedance parameters which are determined from the
elements of the matrix enable the representation of the mode transducer as an
equivalent T-network. The insertion loss and the transmission efficiency of
the mode transducer are then determined. The launching efficiency of the
transducer is then calculated from the elements of the scattering matrix.

11.1. CHARACTERISTICS OF THE MoDzs
TrANSDUCER H 7~ H Y,

By using Deschamp’s®® method (see figure 20), the scattering coefficients
of the mode transducer were obtained and are as follows

Syy = 0.140 exp. (i 203.7)
Sy2 = 0.969 exp. (I 67.9) {39}
85y =0.143 exp. {i 471.2)
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Variation of the guide wavelength with the diameter of the rod.

The impedance parameters Zyy, Z;;and 5y are obtained from the scattering
cosfficients by the following transformations.
1+ 83y — Sy — [§]

gy v iy et e R 40
!\~ g \1'—3”—5@-{-[3}) { )

28,
o A (20 Z)) [ e I -_1_,)
Zyy = {2, A)(H—Sn-ng%-IS]

/

2

Fan = T (i.:il + 8- [8]
Sy~ S [S]/

whers, [§] =5y Sp—5%,
Zy = Characieristic impedance of the mode transducer 2t the input termirals
= Characteristic impedance of the rectangular guide excited in Hy mode
- 4.00Q
Z, = Chevacteristic impedance of the mode transducer at the cutput terminals,
=~ Characteristic impedance of the circular metallic guide excited in Hy
mode,
- 43652
Substituting [39] in [40], the impedance parameters reduce to
Z; =9385 451192
Zya=2.994 + ] 427.7 [41]
Zyp =845 4 7 204.6
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Circle diagram showing theconstruction leading to the determination
of the scattering coefficients of mode transducer




Y. SUBRARMANIAN, €1 6f J. Ind. Inst Sei, Vol. 509, §,

we W e

- i omone,
RO g

g
-

Fig 24

Circle diagram showing the construction leading to the determinaiion
of the scattering cosficrenms of the dielectric rod waveguide
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which yields
Zyy ~— Zyy = 6.391 - § 308.5

Zyy — Ligg = 6.651 — j 223.1 [42]

The impedance parameters [41 and 42] lead to the representation of the
equivalent T-network of the HTD — HY | mode transducer {(see fig. 21)

1 . : iz
PR .4 =J3308.% 673223 .4 e
e M 1 ~

Zy~Zyg ’ Zaz=Zi2«
T i‘v | %
I 7 Zyy | | B3+jerra Vs
I
'
o O

Fig. 21
Bquivalent TER petwork of the mode transducor.
The insertion loss £ of the mode transducer is given by the relation

(Ginzton, !957)
— 10 Togig (1 = | S| — 10 togy | Sy} (1 — ] S0 |} = 0.274 qb43]

L{db) =
where, the reflection loss Ly at the input terminals of the transducer is
La{dby = — 10 logg (1 ~| 8y ]?) =0 086 4b [44}
and the dissipation loss in the network is
fas]

Lp{db) = — 10 Jogyg | S1a|*/1 — | Sus [*~0.188 db

The transmission efficiency 5, of the mode trapsducer defined in terms of the

stattering coeflicients is
7oL S (1 -] 517 = 95,70 el

11.2  InpuT IMPEDANCE OF THE DIELECTRIC ROD
By using the nodal shift method, the impedance as seen by t.he slotied
stction for different lengths of the dielectric rod 1s determined. The zm!z\cdnn@
seen by the slotted section is then transferred to the input end of the dielectric
guide with the help of 4, B, ¢, D parameters which sre as follows.
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Qn

= {2y [Zan) = /{2, [22) = 02754 £ 4§ﬂ
B= ﬂzs [Zay) = ~/zl Zy % 0%«4 4 -32.7

= {1/Z2) = 1[4/ (21 Z5)  1.0360 £ — 89 6° el
D {Zyy[Z0)) = /{2,[7,) x 0.4862 /£ ~2.3°

Ll=Zy Zﬁz"zﬁ

Q

where,

[
The transformation of impedance from the input to the output end of the
mode transducer is effected with the aid of the usual relation {see fig. 26a)

Z" = (D7 -BY(CZ - A) [49]

The input impedance of the dielectric rod guide as a function of the
normalised length /| Aq has beer evalvated {See fig. 22).
00

400!’ ! INPUT  IMPEDANCE

N OHMS V
e~

300 RESISTIVE COMPONENT
N OHMS
200 -
; /
iook /
c L v
I 1070 20 g 30 %0
| e —
-IOO\»
\ \Rmcnvg COMPONENT
L W OHMS
-200

Fic. 22
Variation of input impedance with the length of the guide.
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11.3  CHARACTERISTIC IMPEDANCE

The conventional open circuit and short circuit method has been used to
determine the open circuit impedance Z,’,E when the dielectric rod is shorted at
the free end and is of lengih (/+ X | 4) from the feed end, and the short
creuit impedance Z; when under the same condition, the length of the
dielectric rod is changed to I where, { is an integral multiple of A,. The
impedances Z ;. and Z,, seen by the slotted section is then transferred to the
input end of the dielectric rod. The characteristic impedance Z, of the
dielectric guide is then evaluated as a function of the length of the dielectiic
rod {see fig. 23) in terms of the transformed impedances Z,. and Z;. from the

relation,

Zy = V(Zoc Zsc) [50]

o CHARACTERISTIC IMPLDANCE IN OHMS

—

RESISTIVE
LOMPONENT

REACTIVE
COMPONENT

o] 1
10 Ap 20 %0 300

l/ao e

~200

Fre. 23 .
Variation of the characteristic impedance with the length of the guide.
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11.4 SCATIERING MATRIX OF THE Divpectric GuUlpe

The scattering matrix 2 of the system composed of the mods transducer
and the dieleciric rod guide is determined by Deschamp’s {1953} method,
The complex reflection coefficients for difterent lengths of the dielectric guide
js plotted (see fig. 24) as a circle diagram from which the scattering coefficients
Fi1 Zyp and Zgp are determined.

Ty =0.048 exp (7 28)
Bia = 0.675 exp (J 35)

Py = 0.093 exp {j 316) {54
The scattering coefficients o, 042 and ¢ of the the dielectric rod guide is
obtained in terms of the §~ matrix and X — matrix (See Appendix A}.

= Sy + Sta > 4
= o 1
' " 1- 0 Sxy i

Zpm= Su(__.ﬂﬁ_,_.)
Aoy Sy

s = oy (—»3"22 S 52
53 22t 1o Sﬂ) a2 [ ]

which with [39 und 51} yield
C oy =0.1945 exp {J 69.1)
a3 =0.7161 exp { — j 32.9)
#22=0.1191 exp ( ~j 81.8) [53]

11.5 TAUNCHING EFFICIENCY

The launching efficiency is expressed in terms of the S-matrix and
o = matrix (sez Appendix B}
1'1":1“ | 2
o= o e [ S
jl—gy $n)?

=85.5% {54}

12, ATTENUATION CONSFANT

Assurning that there is no loss in the free space surrounding the
dielectric rod, the power transmitted along the guide is

P.=P/+P?
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The power loss, Py, per unit lsngth of the guide excited in HE,, mode is

a

% 2 2
-2 etan (zﬁ(ui-f;-) [ inway
2 T ow'e ;s F

1 .
can 2B U ra
B wer | p

=0

bt okt [ ;
+B-;‘7wj p {7 (kip)}2dp

b:! ,;‘Z ?
+r|kf(1 +23 —;’i;}) { p{dlkip)} dp
Ve

4

wk:(l—i— Ll Pi)fio(knﬂ)']l\k pldp

2=0
k -
+ 4 »%~ ‘%J*;lm ‘{ Jo (ki p) Ji (/fl P} dP] [55]
S
where, oy = gy tan 8

tan § = loss tangent of the dielectric rod ~ 0.005
snd IE[2=’E“I2+IE¢1!2+{E:1(’

The attenwation constant
a e f2 P, KSRSI

has been evaluated and determined experimentally (see fig. 25) by using the
v.8.w 1. method and calculating o from the relation

a = {1/!) are tanh {Ifv.s.wr.) s1
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13. CoNCLUDING REMARKS

The investigations lead to the following conclusions

The radial propagation constant k&, outside the rod increases with
increasing df)o for all the three modes Ey,, Fo and HE,; But k, (HE,) > &
(Hot) > k2 (Ep;) which means that in the radial direction outside the rod
(Field spread)yy,, < (Field spread)y,, < (Field spread)g,, as the argument of
the Hankel function contains kj.

The radial field spread outside the rod decreases with increasing values
of e and d.

The axial phase constant increases at first with increasing d/A; and
tends in the limit to the value corresponding to that of a plane wave
propagating in an infinite medium having u and ¢ the same as that of the
dielectric rod. '

The symmetric modes Ey; and Hy possess a cut-off wavelength depending
on d and €, of the rod. But there is no such cut-off behaviour in the case of
HE\; mode. For small values of d/)g, {A,/A;)—>1, which means that a major
part of the power flows outside the guide,

As df) increases, A,/A, decreases and finally approaches asymptotically
the value of 1/4/ €, which corresponds to the propagation of the wave through
an infinite medium having a dielectric constant equal to €.

The difference between the theoretical and observed variation of the
electric field in the radial direction may be possibly due to the following causes.
Higher order modes may be present due to the discontinuity present invarizbly
at the junction between the mode transducer and the dielectric guide. Though
the probes are placed in preferred direction for a particular component, other
components may induce unwanted currents in the probe. The presence of
the probe may also affzct the measurement due to interaction between the probe

end the guide.
The power flow in the radial and circumferential directions is reactive,
The division of power between the inside and outside of the guide for
the three modes is compared as follows

P°IHE, P';)Hm PYEn

The oscillatory nature of the input impedance of the dielectric guide. for
lower values of I/de and its tendency to become fairly constant for higher
values of l/)\‘, remain to be justified by theory.
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14, AppPrNDIN - A

Scaitering Matrix of the Dielectric Waveguide: Let{7" \*12) be the
g § 22

4

o \
. . . T G
scattering matx of the mode transducer and (\ R T seattering

Ty T2

matrix of the diclectric rod guide orly.  Then, (See fig. 26)

E, S Sll) El\>
: = Al
(~E,z> (Szx Sy (\}z J [l
(Er3)=<’7n Ua:\’ (pa) [A2]
ra, 21 0’::) £y

S0, Eg=81y B+ 81 B
Ep =8 By + 80 £
Epymoy Es+ o by (a3
Eu=ep i +on B
When the networks S and o are connected, so that the teyminals 2.2 2nd 2-3
are joined together
B = &

Fy w B {aq

Substituting [A.4] in [A.2]
(Ez ) - (‘7;} Um) (En\ {A.S]
\Ers T 2 Fy }

which with [A.3] yields

£ =uSubivon ks {A.6]
" Loy Szz

which with [A.3] yields

Ey= SLSH k4 <'1":-;f: - [Aﬂ
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Sin;ilairfy,
S B + 1080 By
Epp = i i A
B L=y Sz [4.8]
711 o5
E, =Sg(—~——3‘—— Ei+ {os - (———-—-—5—‘*——“ Saa} Ey A
* ! Ly Su ' i TR B [A\“]

<
RATY

YRY

‘12> of the mode transducer and the dielectric

22

The composite matrix(
2t

guide is given by the refation
, N
Erl) (ln 112) <El)
. = - A0
(Eu 2o 2] \Es ( ]

where the coeflicients are

- s§3, )
Zhu= Sy | —2 Al
e (1 - 611 8 ) o fa.u]
Zja= Sy x (.____a_'}~) [a.12]
L-opn Sn
0’%-1
Zon = 093 + 2} 8 {aa3)
L - oyy Son

which on substitution of the coeflicients of S-matrix and Z-matrix yield the
co:fficients of the g-matrix,

15. APPENDIX ~ B
LAUNCHING EFFICYENCY
Assuming a matched load at the terminals 4 -4 (see fig. 26) the
launching efficiency HE;; mode on the dieleciric rod guide is derived as
follows

Ey=0 [B.1}

From Appendix A
8.3

[8.7]

Egs= oy B

Egp=0y E;
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. BB — L 3
TE‘ | T Ep
G | I 2

z' z"
Fra. 26 {a)
L Vine, | Sn Si2| Vi, =<
e Vet Sap Veef, s
[ St e e
Ty Ta
Fic. 26 ()

Since S and ¢ networks are cascaded
By Ey
Ea=Eq4
From Appendiz A
Er=oy Ez=0on En
By =Sy By 4oy Sy Epe

- Sn E
Loy Sy

Power enteriug the ¢ — network
Pe-l ‘=gEr2 iz"(l"'l 0‘“[2)

permn R LRI

Therefore, the launching efliciency is

_li'_l_._ (1-—[0‘11[2)

- Syq 2
ks Pa  |l=oy Snl? 5221

where Py represents the power incident on the S-network,

{B.4
B3]

B¢

[.7]

(B3]

[89]
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