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S U M M A R Y  

A circular  Co rectangular waveguide t rans i t ion  i s  described. 
The t rans i t ion  maintains a constant cutoff wavelength equal t o  
t ha t  of the fundamen-tal wave (TE,, ) i n  e i r c d a r  waveguide. 

The parameters of the variable cross-section throughout the 
t ransi t ion a re  computed and normdised t o  the radius of the 
circular  waveguide. 
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1 . INTRODUCTION 

This communication describes a c i rcu lar  t o  rectangular waveguide t r w i t i o n  
which maintains a constant cutoff wavelength, and hence a constant phase velocity, 
of the fundamqntal wave (TE, , o r  TE, , ) . The constant cut off wavelength i s  tha t  of 
the TE, , wave i n  the  circular  waveguide. 

An e a r l i e r  cornmunication(1) described the comput8tion of the phase s h i f t  
introduced by inser t ing a pa i r  ~f diametrically opposite metal plates  n o m d  o r  
para l le l  t o  the e l ec t r i c  f i e ld ,  E of the TE, , wave i n  a c ircular  waveguide o f  
radiua r. Figure 1 i l l u s t r a t e s  the phase sh i f t  effects introduces by the  plates 
of penetration depths d, and d2. Since the effects a re  of oppogite sign f o r  the 
cases when the plates are  normal or  para l le l  t o  the e l ec t r i c  f i e ld  it i s  pgssible, 
with correctly dimensioned plates, t o  introduce both pairs  of plates t o  maintain a 
constant phase-shift  i .e.  a constant cutoff wavelength. 

Figure 2 shows the l imit ing case of a circular  waveguide transformed t o  a rec- 
tangular waveguide ~f dimensions a and b by means o f  two pa i rs  of plates of pene- 
t ra t ion  depths dim and d2MAX. The values of d 

1m a 2 w  a re  readily com- 

puted as  follows: 
The cutoff wavelength of the TE,, wave i n  the circular  waveguide is(2) 

The cutoff wavelength o f  the TE, , wave i n  the rectangular waveguide i s (2)  

hc (TE,(,) = 2a (2) 

Equating hC (TE, , ) and hC '(TE, , ) and solving f o r  d 
2MAX we obtain 

The v a u e  of d l w  follows from the geometry of the system 
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Figure 3 shows a typical c r o s ~ " ~ s e c t i ~ n  of the t rans i t ion  and the expested curve 

of - 4 
r against - f o r  a constant hc (TE,,). r 

d, a2 
The computation of the values of, and. i s  now described. 

3. COMF'UTATXQN OF PLATE DWTES 

jip e a r l i e r  communication(j) describes the computation Q$ the  cutoff wayeletlgth 
of waveguides with per$w%ed cross-sections in e i the r  the  elecCric (E) or rnapekic 
(E) plane. The present analysis d i f fe rs  in t ha t  both E and H p lme  perturbations 
ex is t  and the ~ u t o f f  wavelength i s  fixed. 

Figqre 4 shows one quadrant of the cross-section of a c ircular  waveguide of 
r 

radius r divided in to  N rectiangular s t r i p s  of equal width, and variable heights 

hg 
. The cutoff conditiop of -the TE, , wqve rnay be deeemined by considering the 

fundamental TlBl wave t ravel l ing p~mnal $Q the axis of the waveguide, Each rec- 
tangular s t r i p  i s  regECde& as a33 elementary transmassion l i n e  and mw be rep~esented  
by the transmission matrix(&). J 

The normalised impedance, Z of the general gCh s t r i p  with respect t o  the 
g' 

f i r s t  i s  given by 

The e l ec t r i ca l  leng-bh, 0 of each elementary transmission lime i s  given by 

where h i s  ob tained f r om (1 ) . 
C 

The model used t o  oompute the values of dl and d, t o  maintain a cowtant cutoff 
wavelength i s  shown i n  f igure 5. The value of d, i s  s e t  equal t o  an in tegra l  
number, q of rectangular s t r i p s  i ,e ,  a shorC c i rcu i t  ex is t s  a t  C a t  the end of the 
(N-cq)th elementary transmission l ine .  The object i s  t o  determine the number of 
s t r ip s ,  p each of which have the same b i g h t ,  h as  the p t h ~ t ~ i p  and which +raw- 

P 
f om the short c i r cu i t  a t  C t o  an open c i rcu i t  at AB. The value of 4 i s  given 

by r-h . 
P 
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The voltage V, a ~ d  current I a t  AB (figure 5), are  given by the matrix 
equation. 

which reduces t o  

f(0 [:I = [,,I (8) 

where f ( 8 ) a d  g(8 ) are functions of 8. 
The TEf, wave i n  the c i rcu lar  waveguide i s  cut off when the irnpehnce at AB 

( f igure  5) i s  i n f i n i t e  i.e. when g(8) = 0. 
A dig i ta l  computer may be programmed t o  search f o r  a vaJue of p in(7) such 

t h a t  ,g(8) i s  zero. The depth, d, of the E plane plqte i s  determined f r m  

4. =OR ANALYSIS 

I n  the above determination no account has been taken of the curvature of the 
e l e c t r i c  f ie ld ,  E across the  waveguide. The ef fec t  of considering only t h e  
fundamental TEM wave i s  t o  iqtroduce a b ias  error(3),  which i s  approximately 
constant a t  2.41 per cent f o r  large N and s m a l l  perturbations in e i ther  the E o r  
H plane. When the circular  waveguide i s  transformed t o  a rectangular waveguide 
(f igure 2) it i s  quite correct t o  consider only the fundamental TEM wave and no 

d2 dl bias e r ror  correction i s  required. To compute the curve of against 

the bias  error  must be weighted t o  allow f o r  the extent of perturbation. The 
correct weighting fac tor  i s  found by trial and er ror  and figure 6 shows some 
computed curves using no b ias  error  correction, a bias  e r ror  correction with 
cosine weighting and a b ias  e r ror  correction with 1 - (s ine)4 weighting. It 
was decided t o  use the 1- ( s ine)4  weighting as  t h i s  caused the curve t o  pass 
through the origin. Since the bias  error  i s  so small it i s  quite permissible 
t o  choose a weighting fac tor  by sat isfying the end conditions, 
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5.  COMPUTED ISSULTS AWD C ONCLUSION 

4, The computed values of 7 end % , which may be used t o  4esign a circular  

f a  rectang4.w waveguide  rans sit ion wim a constwt  cutoff wavelength, are shown 
in T P p e  7. The resu l t s  are given i n  both graphical arld .tabular $oms f o r  the 
carrveniwce of the microwave desimer.  

The aukhor wishes .to thank M r .  F.J, Lehany, Chief of the Division of Applied 
Phyg$.cs, C.S.I.R,O, f o r  suggesCing t h i s  problem as an e x t e n s i ~ n  t o  earlien work(3). 
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Figure 1 

PLATE DEPTH, d, PLATE DEPTH, d, 

FIGURE 1. PHASE SHIFT EFFECT OF IKEI'AL PLATES IN CIRCULAR WAVEGUIDE 
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Figum 2 
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METAL PLATES 

CIRCULAR WAVEGUlDE OF RADIUS r 

FIGWE 2. CIRCULAR WAVEGUIDE TRANSFORMED TO RECTANGULAR WAVEGUIDE WITH 
METAL PLATES 
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CIRCULAR WAVEGUIDE 

Tech . Note PAD 94 
Figure 3 

METAL PLATES 

FIGURE 3. TYPICAL CROSS-SECTION OF TRANSITION AND EXPECTED CURVE FOR 
g/r PLOTTED AGAINST d,/r FOR CONSTANT hC 
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Figure 4 
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FIGURE 4. QUADRANT OF CIRCULAR WAVEGUIDE CROSS-SECTION REPFGSENTED 
BY N RECTANGULAR STRIPS 
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Figure 5 

STRIPS 

SHORT CIRCUIT 

CONDUCTING PLANE 

FIGURE 5. MODEL FOR COMPUTATION OF E AND H PLANE PLATE DEPTHS FOR 
CONSTANT A 
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Pigum 6 
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FIGURE 6. EFFECT OF DIFFERENT WEIGHTING FACTORS FOR BIAS m 0 R  I N  
COMPUTING VALUES OF d , / r  AND d,/r 

UNCLASSIFIED 



UNCLASSIFIED Tech .  Note  PAD 94 
F i g u ~  7 
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NORMALISED DEPTH - OF 'E '  PLANE PLATE r 

F I G W  7. COMPUTED VALUES OF d, /r AND d,/r TO GIVE A CIRCULAR TO 
IECTANGUIAR WAVEGUIDE TRANSITION WITH A CONSTANT CUTOFF 
WAVELENGTH 

1 
COMPUTED VALUES 
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d z / r  

0.0100 
0 ~ 0 2 0 0  
0  0300 
0.0400 
0.0500 
0.0600 
0.0700 
0  0800 

d , / r  

0.0148 
0  0288 
0.0430 
0  0560 
0  0746 
0 .0934 
0 .1  145 
0.1381 

d2/ 

0.0900 
0  ~ 1 0 0 0  
0 . 1  100 
0.1200 
0  1300 
0 1400 
0.1450 
0.1469 

dl,'' 

0 .  1648 
0  1946 
0 .2280 
0.2660 
0.311 1 

0.3715 
0 .4233 
0.4783 
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