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ABSTRACT 

Maximum power carrying capacity of a dielectric rod waveguide for 7,=2.6 
and d=2.54 cms has been calculated for Mu, E0 1  and ffEn  modes. For the HEit 
mode the variation of the maximum power carrying capacity of the dielectric rod 
waveguide with its diameter has been studied. The radial decay of the electric 
field outside the dielectric rod waveguide and the guide wavelength x g  of the 
waveguide have been experimentally measured at x 0 =3.2 cms when the dielectric 
rod waveguide is excited in HEii  mode. 

FIELD COMPONENTS 

The field components' are (Ref. Fig. 1) given below, omitting the time 
factor ei" i  . 

H01  mode: Inside the rod (medium 1), p r, 

E4, = 	B Jo' (K i  p)es -Y , 

FIG. I 

The Coordinate system (p, 4„ ) in the dielectric rod waveguide 
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In the equations [11 to [6], 
K 1  =radial porpagation constant inside the rod 

Ks, c radial nronaQation constant outside the rod — 

Yi = 	— 	e l  = axial propagation constant inside the rod 

Y2 =1Ki CO2  M2 €2 = axial propagation constant outside the rod 

A.41 , p.2 are the permeabilities of the media (1) and (2) 

E l , C2  are the permittivities of the media (1) and (2) 

A, B, C, D, b and c are constants. 

For the same mode to propagate inside and outside the dielectric rod wave- 
guide, 

Yt a Y2 
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which means that K 1  and K2 must satisfy the equation 

where 
	 Xi a Kir, 

K2r, 

d = 2r r- diameter of the rod, 

relative dielectric constant of medium (1), 

A0 al  free space wavelength of the waves. 

CH ARACTERI STIC EQUAl ION 

I101  mode : The characteristic equation for this mode is 

Jo(Xi) (1) /
x2/ Ho  k 

X2 -Th ■ X/ ti 	
IF I ) ev• 
n 0 	'42  JOkx1) 

[8] 

Equations [7] and [8] are to be simultaneously solved for x i  and x2. x1  and 
x2  are obtained graphically, as shown in Fig. 2, for perspex rod of f = 2.6 
and diameter d ,gt 2.54 ems. x1  and x2  are found to be 

= 2.78, x2  1.486 i 

K1 -2.189. 14--= 1.173 1 

and 
	

V =2.285 i. 
	

[91 
The values of K1 , 14 and y are expressed per cm. 

Eol  mode: The characteristic equation of this mode is 

&ICAO  — 	II(01) (X2) E Y X 	 =2  I —2 	 • 
Jo (xI) 	 ) (x2) 

[I o} 

For i i  0=2.6 and d an 2,54 ans., x 1  and x2  satisfying the equations [10] and [7] 
simultaneously, obtained from the Fig. 2 are 

x i  ea 2.95, 	X2 r 1.11 i 

K1 -2.32, 14 ant 0.87 i 

and 	 sc 2.15 i 
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2 	 2,5 	 3 

X I  

Fm. II 

Graphical solution of the characteristic equations [8] and [10] for 
d1X 0 =0.8., ; /=2.6 and X0 =3.2 ems. 

Ho  (x,) and Ifol  (x2 ) in the graph are Hankel functions of the 1st kind. 

HEii  mode: For this mode x 1  and x, must satisfy the equation [7] and 
the following equation. 

[

1 J; (x 1 ) 
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xi  and x2 are obtained graphically 2  for i t  a 2.6 and for various values of d 
For d - 

2.54 ems., 

x1  = 1.995, x2  go 2.438 I 

Ki  = 1.57, K2 us 1.921 

and 
	 = 2.75 1. 	 (13] 

MAXIMUM POWER CARRYING CAPACITY 

In the case of a dielectric rod waveguide, the electromagnetic field exists 
inside as well as outside the waveguide. The maximum power carrying capacity 
of the waveguide is determined by the breakdown field strength of the medium I 
or that of the medium 2, whichever is lower. Since air breaks down earlier 
than solid dielectrics, if the surrounding medium is air, the maximum 
permissible field strength in medium 2 is E, the break down field strength 
for air. 

I101  mode : The constants B and D in the field equations [1] and [2] are 
expressed in terms of the break down field strength of air. The only electric 
field component outside the rod, E32  is maximum at the surface of the rod 
where p = rag 1.27 cms 

D i=g — • 	 [i] 
0.2102 

At the boundary 	 p c r , 4, Eqs 2  

B D 
K2 

• 
HS I )1  (K2 	109i• which yields 	 . 	 [15] 

K1 	r) 

The mean value of the power flow along Z-axis inside the rod is 

P2 .1= -IRe 
2 

4, =0 

HA pdpchp 

p 

1  Re 	2/TB B* K;7 4,*  
2 	halA i  

p (Ki d pi 

p 

The integral has been evaluated by numerical methods. Substituting the 
values from [9] and [14]. 

IM 0.0116 £2. 	 [16] 
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The mean value of the power flow along Z-axis outside the rod is 

21T co 

pzo. 1 — Re 	— 	1114 PdPd q5  
2 

=-0 p r 

CO 

1 	
2 D  K2 K? 	(0  Re  

2 	1 icy tu2 
p =r 

0.0048 112  

Adding [161 and DA, the maximum power flow is 

Pz= Pz i + Pero = 0.0164 "a2  

For air at microwave frequencies at normal temperature and pressure, the 
breakdown field strength 3  is E 2 . 9 x 109  Vim. Hence, 

1'2 a313 .87  Megawatts. 	 [18] 

E01  mode : Considering the field components given in the equation [4], 
both radial and axial electric field components outside the rod are maximum 
at p = r. The maximum value of the electric field is 

E=11Ep21 2  +14212 • 

But, in this case, the radial and axial field components are in time quadrature 
so that the maximum value of the resultant field is the maximum value of the 
larger component. Hence, the maximum resultant electric field is 

	

ill5C, 	i11/1151. 	 [19] 

At the boundary p = r, En = E„ 

[20] 
A 	. 	 = 0.003 

K E2 	(KI 

The mean value of the power flow along the z-axis inside the rod waveguide is 
2-n 

Pi.= —1  Re 
' 	2 	j 

=o 

Ep1 *H4„pdpd0 
p 0 

• 

I.  

aim 
1

Re r 2tr  A A* lay i  
--  
2 	1. heti € 

p 

p.1? (Ki  p) d pi 

na 0.005 12  . 	 [2 1] 
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The mean value of the power flow along Z-axis outside the rod waveguide i s  

2art 

p.. =  _L Re 	Ep, 	2 p dpd çb  
2 

=0 P-r-er 

1  Re [ C 	C*  K2  K? 2 11' J P 	(K2 P) 11 7 ) 	P) d pi ins 2 	ho €2 
Per 

a 0.016 :12  • 	 [22 

Adding [21 and [221, the maximum power flow is 

Pz= P. + F. 	17.76 megawatts. 

HEii  mode : The instantaneous absolute values of 
components outside at the surface of the rod, for d= 2.54 
obtained from the equations [6] are 

E p, en 0.1402 C sin sin cot, 

0.0552 C cos sin cot, 

= 0.0888 CskqS cos cot. 

the electric field 
cms and I I  =2.6, 

[231 

The instantaneous absolute value of the resultant electric field intensity at the 
surface outside the rod is 

E I !EP! + 1E0212  ± lEZ212  

This is maximum when cot ma 142 and p = 42 

	

Fe= 0.1402 C or C= VO.1402 	 [24] 

Applying the boundary conditions at p eg• r yields2  

2 y ei x2  i 	x 2 Ei 	(x 1 ) € 2 	)' (X2) 	I  

B i co A i 	x? xi  .1 (xi) x2  

2 	2 1 C 	y E 2  x i  —x 2  E l  ft  (x i ) 	€2  1111. 1)1 (x2) l is■ i=1  
C 	

• 

	

H ( I 	) co ,u2  x? x 22  x i  J1  (x 1 ) X2 	X2 

B 	A I)  (K2  r) 4=1  	 [25] 
K1 J i (K i  0 	1.0686 
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The mean value of the power flow2  inside the dielectric rod waveguide along 
the Z-axis is 
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Adding [26] and [271, the maximum power flow is 

P2 -= Pzi + Pro  n II Megawatts. 

The maximum power flow for perspex rod (i i  = 2.6), excited in the hybrid 
mode, of various diameters has been calculated and is presented graphically 
in Fig. III. 

EXPERIMENTAL SET UP FOR THE MEASUREMENT OF ELECTRIC FIELD 
COMPONEN TS 

The general experimental set up for the measurement of electric field 
components is shown in Fig. IV and Plate I, and is discussed below. 

1. Feed end of the guide: A rectangular guide is excited in its dominant 
TE10 made by 723 AM klystron. Using a mode transformer this is converted 
to I/11  mode in a circular guide. Since the field configuration of 1/ 11  mode in 
the circular guide is similar to that of the hybrid mode, the latter is excited by 
inserting the dielectric rod guide into the circular guide, the inserted end of the 
rod being tapered over 3A to ensure proper matching. As the diameter of the 
circular guide is more than that of the rod, a collor is used, which is gradually 
tapered over a length of 3A to the required diameter of the rod. The generator 
is isolated from the guide by an attenuator. 

laystron Feed: The klystron 723 AM is mounted directly on the broadside 
of a rectangular waveguide, so that the output of the probe of the klystorn 
protrudes through a hole made at the center of the broad face into the guide. 
This enables the excitation of the dominant TE lo  mode in the rectangnlar guide. 
One end of the guide is fitted with an adjustable plunger. The plunger and the 
length of the output probe of klystron inside the guide are adjusted for maxi- 
mum power transfer. The required voltages for the klystron is given by an 
electronically stabilized power supply. The reflector is modulated by 1000 cis 
square wave. 

Mode Transformer: The mode transformer is used to convert the dominant 
TE10  mode in a rectangular guide to the dominant H I , mode in a circular guide. 
The change of cross-section from rectangular to circular is brought about 
gradually over a length of 3A to ensure proper matching and maximum power 
transfer. The mode transformer is shown in Plate 11.1. 

Collar : The diameters of the dielectric rod guides that are used, are 
much smaller than that of the circular metal guide. Hence, to excite the 
dielectric rod in the hybrid mode, the diameter of the metal guide is reduced to 
the proper value required using appropriate collar. A collar is essential)/ a 
circular metal guide, gradually tapered to a lower diameter. The collars are 
shown in Plates 11.2 to 11.5. 
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0.5 	 1.0 

d/A0  

• 

FIG. III 
Maximum poser carrying capacity of the dielectric rod waveguide excited in II Ell  mode as a 

function of d1X0 . 	 X0=3.2 ems.) 

FIG. IV 
Block Schematic diagram of experimental set up 

(1) Regulated power supply with square wave modulator. (2) Klystron, 723 A/B. (3) Variable 
attenuator, P.R.D. type 160. (4) Mode Transformer. (5) Guide collar. (6) Dielectric Rod 
guide. (7) Probe. (8) Coaxial to rectangular adopter. (9) Precision Attenuator, P.R.D. 
Type 185 B. (10) &cal band crystal mount, P.R.D. Type 612/A. (i1) Detector Amplifier. 

(L2) Shorting dis 
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For lower diameters of the rod guide, it was found that the efficiency o f 
launching is very poor. Hence in this case to improve the launching efficiency 
a dielectric collar is used. A dielectric rod of 1 diameter is taken and tapered 
to a point over a length of 3A on one side which is inserted into the metal 
guide. At the other end of the collar the diameter is gradually reduced to a 
required value and an axial hole is bored, into which the rod waveguide is 

inserted. 

2. The Free end of the guide: The length of the guide is about 4' and 
the free end of the guide is shorted by a metal plate:1 1  in diameter as shown in the 
Plate III. The guide is suspended by means of nylon threads. 

3. Detector System: The detecting system consists of a A/4 or A/2 probe 
connected through a precision attenuator (P.R.!). Type 185B) and a broad 
band crystal mount (P.R.D. Type 612A) to the detector amplifier. The probe 
along with the accessories is mounted on a probe carriage which has three 
independent, mutually perpendicular motions. The probe along with other 
accessories can be seen in the Plate Ill. The detector amplifier is a selective 
amplifier with a twin-tee tuned to 1 kc, the frequency of the square-wave with 
which the reflector voltage of the klystron is modulated. 

MEASUREMENT OF ELECTRIC FIELD COMPONENTS, 

The probe is set parallel to the electric field component, that is being 
measured, close to the surface of the rod, almost touching the rod. The 
reflector voltage, the amplitude and the frequency of the square wave are 
tuned for the maximum detector reading. The crystal mount is tuned for the 
maximum. The attenuator is adjusted to some value so that the micrometer 
reads some low convenient value which is well above the noise reading of the 
detector amplifier. The position of the probe with respect to a scale provided 
is noted. The probe then is moved in steps of 1 mm and each time the 
attenuator is adjusted so as to get the same meter reading and the attenuator 
reading noted. The corresponding value of db is obtained from the calibration 
chart. A dipole probe is used for the measurement of E, and a A/4 probe for 
the measurement of Ep and Ec6. The measurements are done for rods of 
diameters 1", 3/4" and 1/2" at A o  = 3.2 erns. The eleetric field components 
Ep, E0 and E, measured and normalized with respect to the surface value for 
different diameters are shown in the figures, V, VI and VII, along with the 
theoretical curves. 

The guide wavelength is measured by moving the probe longitudinally 
parallel to the axis of the rod and taking the standing wave pattern. The 
guide wavelength obtained from the standing pattern is normalized with the 
free space wavelength and a plot of the graph A RIA°  vs. dIA 0  is shown, along 
with the theoretical curve, in Fig. VIII. 
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1.0 

I. — Theoretical 
5 	 I ndia. 4 o 

. 	
dr. 

• d = 	Expti, 

A d 1 ' 

0•75 

0 
	 A 

0•25 

OL 
0.6 
	

2 
	

3 

Radial distance from the axis of the rod Fri cm 

FIG. V 

Variation of radial component, Ep of the electric Field with the radial distance, p 
[7i =2.6., X 0 =3.2 ems.] 

(Ep has been normalized with respect to its value E l ia on the surface of the rod) 
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Padial distance from the axis of the rod in cm 

FIG. VI  
Variation of the azimuthal component, Eg is of the electric field with the radial distanced). 

X 0 =-3.2 ems.) 
(Et', has been normalized with respect to its value E'4, on the surface of the rod) 
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1,0 

i a 	3" 	 — Theoretical 
a 4-i. 	 1 " 0 d r. i 

• d = 1 " 	Expti. 

h i 

4 

A d • 1 

0.6 	1 
	

2 	 3 

Radial distance from the axis of the rod in cm 

FIG. VII 
Variation of the axial cemponent, Ez  of the electric field w;th the radial distance, P. 

(71 =2 6, N e =3.2 cms) 
(Ez  has been normalized with respect to its value E' z  on the surface of the rod) 
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— Theoretical 

o Experimental 

1.0 
0 

0 

o 

0.6 

0.4 
0.1 	 0.5 
	

' 0 

dh o  

FIG. VIII 
1 	2 	 1  

Variation of X,1 X0  with diX0 . (a.' ) — 	 . 
X 0 	(Xo --€1—xl rTdr 

(; 1 =2.6., X0=3.2 cms ) 

DISCUSSION. 

It is observed from the results that the power carrying capacities when 
the dielectric rod wave guide is excited by the E-modes are more than when it is 
excited by H or HE modes. It may be mentioned that in the case of metallic 
waveguide it has been shown 4  that the guide has the highest power carrying 
capacity when it is excited by E-modes. 

The experimental results for the variation of A 1/A0  as a function of ao 
agrees favourably with that obtained by theory. It is seen from the figures V, 
VI and VII that there is fair agreement between theoretical and experimental 
results upto only small radial distances from the guide. The appreciable 
departure between the theory and experiment at larger radial distances from the 
guide remains to be explained. 
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