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ABSTRACT 

Wedge diffraction theory is applied to analyze the aperture  r e -  
flection coefficients of TEM and TEol parallel-plate waveguide aper tures .  
Fields of the guides are used in conjunction with the guide effective 
apertures  to obtain the reflection coefficients and hence aperture  admit- 
tances . Calculated results of reflection cocfficients versus  guide widths 
a r e  verified by measurements  and resul ts  f rom other methods of analysis.  
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APERTURE REFLECTION COEFFICIENT 

BY WEDGE DIFFRACTION ANALYSIS 
O F  A PARALLEL- PLATE WAVEGUIDE 

I. INTRODUCTION 

The aperture  admittance o r  the reflection coefficient of parallel-  
plate guide apertures  is analyzed by application of wedge diffraction. 
This technique has been successh i iy  applied to the calculation of the 
radiation patterns of parallel-plate guides and coupling between such 
guides. 2 

The diffracted fields f rom the aperture  of the parallel-plate 
guide a r e  analyzed in t e r m s  of the diffractions of plane and cylindrical 
waves incident upon a perfectly conducting wedge . 3  
equations for  the far fields of the aperture  a r e  given in Section 11. The 
effective aperture  of the guide is derived in  Section 111. The reflection 
coefficient of the guide aperture  is derived f rom the effective aperture  
in Section IV. Numerical resul ts  a r e  presented in Section V along with 
comparisons with measured reflection coefficients and those calculated 
by other methods. 

The appropriate 

TI. FIELDS O F  PARALLEL- PLATE WAVEGUIDES 

A.  TEMMode 

By the edge-diffraction method the field diffracted from the parallel-  
plate guide aper ture  is obtained by superimposing the diffracted fields 
f r o m  each edge. 
wave illumination and subsequent interactions of the diffracted waves from 
each edge. 
ones of in te res t .  

The field f rom each edge is that caused by the incident 

In this discussion, fields in  the far field region a r e  the only 
Consequently, a field quantity may be represented by 

where D is commonly denoted as a diffraction coefficient and R is denoted 
h e r e  as a r a y .  

F o r  the TEM mode the component of the field perpendicular to the 

The incident modal field in 
plane of F ig .  1 is the magnetic field and the fields radiated from the guide 
are  everywhere t ransverse  magnetic (TM). 
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F i g .  1 .  TEM mode in a paral le l -plate  waveguide. 

the guide is uniform a c r o s s  the guide c r o s s  section and thus the incident 
power flow fo r  a unit-amplitude magnetic field is given by 

(2) Po = a Zo, z o = G  

The modal cur ren t  associated with this mode is given by 

The f i r s t -order  diffracted r ays  which resul t  f rom the incident wave 
a r e  given by 
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and 

. 1 TT -jka cot eg  1 
( 5 )  ~ z ( ~ ) ( e )  = - sin-  e 

s r - e  

n2 
- cos- 

n2 n.2 

I where the subscript  denotes edge and the superscr ipt  deer,~tes the o rde r  of 
I aiifraction. 

The interactions between the wedges a r e  treated in t e r m s  of multiple 

Thus each subsequent 
diffractions between the edges. 
cylindrical wave emanating f r o m  a particular edge. 
diffraction may be approximated by the diffraction of a cylindrical wave 
by the opposite wedge. 
second-order diffraction at  edge 2 which, by assuming cylindrical wave 
illumination, is given by 

Each diffracted wave appears to be a 

The f i r s t -order  wave from edge 1 causes a 

where 

(7) 

There a r e  subsequent diffractions which result  in third- and higher- 
o r d e r s  of diffraction f rom edge 2 .  
edge 1 can be expressed a s  

However, the total  illumination f rom 

where Rl(6) is the total  diffracted ray from edge 1 .  
total higher-order  diffraction ( i . e  ., second-order and higher) from edge 
2 is given by 

Consequently, the 
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Thus the total  diffracted wave f rom edge 2 is given by . 

It should be noted that R 1 ~  andr consequently, Rz( h) and R2 are  unknown 

a t  this point. Two singly diffracted rays,  

produce the doubly diffracted wave f rom edge 1, as given by 

The total higher-order  illumination of edge 1 is given by 

Thus the total higher-order  diffraction from edge 1 is given b y  
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Consequently, the total  diffraction from edge 1 i s  given by 

The diffracted waves f r o m  edges 1 and 2 a r e  given in t e r m s  of the 
unknown illuminating rays  RIG, R2Gr and R l p .  However, these three 
rays can be determined by the solution of three simultaneous l inear  
equations formed by exprcssifig e a c h  unkno-.vii r a y  iii t e r m s  or" Eq.  ( i O j  
o r  Eq. (17):  

where the quantities v1GJ V l P J  and V Z ~  a r e  the unit-wave diffractions 
used  in Eqs .  (6) and (13 ) .  

The total diffracted wave f r o m  the aperture  may be expressed as 
the superposition of the total diffracted rays f rom edges 1 and 2 plus 
the total reflected ray  to yield 

Each t e r m  in Eq. (19) contributes to the radiation pattern only in  cer ta in  
regions as follows: 

The exponential factors re fer  each t e r m  to a common phase reference at 
edge 1.  
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For the case in which eg = 90', no reflected rays contribute to the 
radiation pattern and 

(21) R l p  = 0, for  Og = 90" . 

In this case there a r e  only two unknown rays RIG and R 2 ~ ;  and the 
simultaneous equations a r e  

O g  = 90": , (22) 

The total radiation pattern for the = 90" case is given by 

where the appropriate regions for the respective t e r m s  a r e  

B. TEol Mode 

The diffraction a t  the aper ture  of the parallel-plate waveguide may 
be treated fo r  the TEol mode in a s imi l a r  manner  a s  was the TEM mode. 
F o r  the TEol case the electr ic  field i s  the component perpendicular to the 
plane of Fig.  2 and thus the fields a r e  t r ansve r se  electr ic  (TE)  everywhere.  
The incident mode in the guide may be represented by a plane wave r e -  
flecting between the guide wal l s  a s  shown in  Fig.  2 .  
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Fig. 2 .  TEol mode in a parallel-plate waveguide. 
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The ang le  A, of reflection between the walls i s  given by 

x A. = sin- '  - 
2 a  

2 

where a is  the guide width. - 

The resulting modal distribution i s  sinusoidal ac ross  the guide c ros s  
section with an incident power flow of 

(26 )  Po = 2 a Yo cos Ao, Yo=-. 

F o r  Eq. (26) the incident wave is assumed to have unit-amplitude electr ic  
field in each of i ts  two plane wave components. 
voltage is 

The associated modal 

where Yg is the characterist ic admittance of the TEol mode. 

Examination of Fig.  2 reveals that two cases  must  be distinguished 
in  analyzing the fields,  as determined by 

Case I :  A, > Og 

and 

Case 11: A. 5 O g  . 
Case I corresponds to the situation in  which edge 2 is not illuminated by 
the incident plane wave. 
f rom edge 2 .  
hence singly diffracted rays emanate f rom both edges.  

Thus, f o r  Case I no singly diffracted r a y  emanates 
F o r  Case I1 both edges a r e  illuminated by the incident wave 

Since the electr ic  field is polarized paral le l  to the edges of the wedges 
f o r  the TEol mode, it i s  representable by a s c a l a r  function. The singly 
diffracted ray from edge 1 with the incident wave phase reference at the 
aperture center is 
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r 
1 

lr n t e - ~ ~  
cos - - cos 

Rl1) (e)  = - 1 
' (28) 

nl 

nl nl 

I 

d Tr 
Jk z c o s  A. - j 7 

Y - 1 

where the exponential factor  represents  the phase of the incident plane 
wave at edge 1. It should be noted that R k ) ( e )  and all other  diffracted 
rays represent  waves that appear to emanate f rom the edges where 
diffraction took place. 

F o r  Case I1 (Ao 5 eg) the singly diffracted r ay  from edge 2 is given by 

h 
I -jk 2 cOs(eg - A,) 1 * T r  

n2 n2 
( 2 9 )  Rz(')(e) = - sin- e 

- 
T - e t ~ ,  -1. 1 1 

l r - e - ~ o  lr 
cos - -  cos IT cos - - cos 

n2 n2 n2 n2 

where the exponential factor represents  the phase of the incident plane 
wave at edge 2 .  The f i r s t -o rde r  reflected rays  a r e  given by 

where the preceding minus sign resul ts  from the reflection. 

Multiple diffractions occur in  the same manner  f o r  the TEol mode 
Thus as fo r  the TEM mode but with its appropriate diffraction formula.  

the total  higher-order  diffracted waves from edges 1 and 2 f o r  the TEoi 
mode are given by 
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and 

The total wave f rom each edge is obtained by using the TEol rays  in the 
same  equations valid fo r  the TEM mode; i.e . , Eqs . (1 0) and (17) through 
(24) .  The unknown illuminating rays a r e  determined in the same manner  
as with the TEM mode by using the formulations for  R1(1), RJ1), Rl(h), 
and R z ( ~ )  given above for  the TEol mode. 

It should be noted that this analysis is approximate insofar as the 
second- and higher-order diffractions a r e  approximated by wedge dif- 
fractions resulting f rom uniform cylindrical wave incidence. Thus the 
accuracy of the resul ts  is governed by the s imilar i ty  that each diffracted 
wave has  to a uniform cylindrical wave in the vicinity of the edge which 
i t  illuminates. In general  each diffracted wave approximates a uniform 
cylindrical wave if viewed sufficiently far f rom any shadow boundary 
that results f rom its source.  
in  such cases  by assuming cylindrical wave diffraction. 
the validity of the cylindrical wave approximation can be based on the 
character is t ics  of the V B ( r , + )  function. 
grea te r  than a cer ta in  magnitude the VB function takes on the charac te r i s t ics  
of a cylindrical wave radiating f rom the edge. 
f o r  values of r and + which correspond to another edge at  which a subse- 
quent diffraction takes place, then the assumption of cylindrical wave 
incidence is valid. Values of r ( l  t cos 9) grea te r  than one wavelength 
are quite adequate for  this purpose,  and fair ly  good resul ts  can be ob- 
tained f o r  values as low a s  X/4. In the case  of the eg = 90" guide, f o r  
example, the singly diffracted wave f r o m  each edge has a value of 9 = 
90" which corresponds to the direction of the opposite edge. Thus the 
doubly diffracted waves may be adequately t rea ted  as those of cylindrical  
wave illumination for  guide widths (which correspond to  r for  this case)  
down to about X / 4 .  However, each  doubly diffracted wave has  a shadow 
boundary fo r  i ts  reflected component which coincides with the opposite 
edge; e g . ,  R/') (8) has a reflection boundary a t  e=  - T /  2,. corresponding 
to the direction of edge 2 .  Hence the t r iply diffracted wave RJ3) which 

Thus multiple diffractions may  be analyzed 
A cr i te r ion  f o r  

F o r  values of r ( 1  t cos 4) 

If this c r i te r ion  is sat isf ied 
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resul ts  f rom the illumination of edge 2 by the doubly diffracte,d, wave 
RIZ) is not accurately given fo r  the (3g = 90" case by assuming R1(') to be a 
cylindrical wave radiating f rom edge 1.  

Consequently, the use of cylindrical wave diffraction i s  not very 
accurate  for  third- and higher-orders of diffraction in the eg = 90" case .  
Moreover,  the use of only the f i r s t  two o rde r s  (singly and doubly dif- 
fracted waves) is  quite accurate over most  of the pattern, except in 
the vicinity of 9 = 2 90" for guide widths leas  than 3 wave?ength. F o r  
other guide angles ( i .e . ,  eg< 90') the use  of higher-order diffraction 
is m o r e  accurate.  

111. EFFECTIVE APERTURE 

A. TEMMode 

In the derivation of the formulation for the reflec-ion coefficien 
the effective aperture  of the guide for plane wave incidence is used. 
The modal current  induced in a guide by an incident plane wave may 
readily be derived in t e rms  of the more general case of an incident 
cylindrical  wave. 
may be obtained by reciprocity, a s  illustrated in Fig.  3. 

The modal current induced in a guide by a line source 
The modal 

t 
I1 

c -- 

Y --- I \ 
Fig. 3. Use of reciprocity to obtain the response 

of a guide to a line source.  
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curren t  induced in the line source by the guide with modal current  ex- 
citation 11 i s  f i r s t  obtained. The power received by the line source is 
the product of the effective aperture  of the line source, X/2n, and the 
power density, and is given by 

Thus the modal current  induced by an  incident cylindrical wave with i ts  
source in the far field of the guide is given by , 

(33) 

where H T ~  is the field of the guide at  point Q as shown in F i g .  3a .  
modal current received by the line source is thus given by 

The 

where HT(Q) is the field a t  point Q for an incident wave in the guide of 
unit-amplitude magnetic field; and hence the associated modal cur ren t  of 
the incident mode is (a. 
induced in the guide by the line source excited by a modal current  11. 

By reciprocity, current  I is the modal cur ren t  

If the line source is located in the far-field region of the guide, 
the r ay  form given in Eq. ( 1 )  may be used.  Then 

But the field a t  the guide aperture  which is attributed to the line source 
is given by 

where Hi is the incident field a t  the guide ape r tu re .  
applicable for an incident plane wave. 

Equation (37) is also 
F o r  grazing incidence along the 
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surface of the guide as employed in  the derivation of reflection coefficient, 
the concept of the incident field must  be properly interpreted.  F o r  graz-  
ing incidence, one-half of the field incident along the surface of the guide 
must  be t reated a s  the incident field and the other half as  the reflected 
field. This may be seen f rom F i g .  4 in which the magnetic line source 
is located on an  infinite ground plane. F o r  non-grazing incidence, as 
shown in F i g .  4a, the effective aperture of the line source is X / m .  If 
the effective aperture  for  grazing incidence is defined as LIT, then the 
incident field intensity H' must be taker? 1 s  c?r?e-ha?f of the total fieid 
Ht incident on the line source; the other half must  be considered as the 
reflected field Hr, as shown in Fig.  4b. 

Fig.  4 .  Effective aperture  of a line source 
on a ground plane. 

B. TEol Mode 

Reciprocity is again applied to  obtain the TEol response of a guide 
to a line source .  
charac te r i s t ic  admittance Yo in Fig. Ea is given by 

The modal voltage received by the line source with 

ET(Q) is the field at point Q due to the guide with a modal voltage 
excitation given by Eq. (27)  as 

13 



I, = YOV* *------- 
Q I t V T  n 

Fig. 5. Response of the TEol receiving guide 
to the equivalent line source .  

and phase-referenced to the guide aperture  center .  
I induced in the guide by the line source,  a s  shown in Fig.  5b is  given by 
reciprocity4 a s  

The modal cur ren t  

(40) I =  

where VL is he modal voltage of the line so1 r c e .  The field Ei of the line 
source incident upon the guide aper ture  may be written in t e r m s  of the 
modal voltage VL a s  

-j (kr - z )  

If the line source is located in  the fa r - f ie ld  region of the guide, the ray 
fo rm of the field ET(Q) may be used  in Eq. (38); this gives 

14 



' where DT( 8 ) is  the diffraction coefficient of the guide in the direction 
of the line source with its phase referenced a t  the guide aperture  center .  
Using Eqs.  (39 ) ,  (41),  and (42) in Eq. (40), the modal voltage induced in 
the guide by an incident cylindrical wave may be written as 

... 

where Ei is the incident field a t  the guide aperture  center .  

IV REFLECTION COEFFICIENT 
O F  APERTURE 

A. TEMMode 

The reflection coefficient of the parallel-plate guide aperture  can 
Because 

Thus the power r e -  

be analyzed by identifying the two situations shown in Fig.  6. 
of the symmetry  of half-plane diffraction, the diffracted field dis t r i -  
butions of (a) and (b) a r e  identical except for  sign. 
flected back into the guide by mismatch a t  the aperture  (a) is the same 
as that received by the guide from the plane waves incident outside the 
guide (b) .  The modal current  of (a) is the negative of that of (b) .  

(a) (b) 

Fig. 6 .  Incident plane w a v e  cases .  
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The modal cur ren t  induced in the guide by the two incident plane 
waves as shown in Fig. 6b is given by the use  of Eq. (37). 
plane wave incident upon edge 1 in (b)  the total  diffraction coefficient 
is given by 

F o r  the 

(44)  

. l T  
- 1  - 

where R1 is obtained f rom Eq. ( 1 7 ) .  
incidence the incident field of Eq. (37) must  be taken as one-half of that 
shown in Fig.  6b. 
incident on edge 1 is given by 

Because the plane wave has grazing 

Thus the modal cur ren t  induced by the plane wave 

IT 

The modal cur ren t  induced by the plane wave incident on edge 2 is 
derived in the same manner,  giving 

where 1 / 2  e-jkd is the incident field of the incident wave at  edge 2 .  
By superposition the total modal cur ren t  ( - I )  induced in the guide of 
(b) is given by 

(47) 

The modal current  I of the reflected wave of (a) may be writ ten 
in a form which yields a direct  physical interpretation; i .e . ,  

16 



~ In Eq. (48) the modal current  of the reflected wave is obtained in terms of 
the rays  diffracted back along the inside instead of the outside of the 
waveguide walls.  
directly f rom Eq. (37) by assuming that Eq. (37) is valid for  a plane 
wave incident within the guide. 

In fact Eq. (48) gives the same result  as is obtained 

The TEM reflection coefficient of the parallel-  plate waveguide 
aperture  with phase re fer red  to edge 1 is thus given by 

where D1(+ = 0) and a(+ = 0) a r e  the total diffraction coefficients for  
edges 1 and 2 corresponding to the rays diffracted back along the inside 
of the waveguide walls.  

The derivation of Eq. (49) is valid only for  thin-walled guides ( ze ro  
wedge angles).  However, the physical interpretation that the reflection 
coefficient is given by the diffraction coefficients along the inside of the 
guide walls suggests that the formula may be applicable to waveguides 
with walls formed f rom non-zero angle wedges. By comparison with 
measurements  and other methods of analysis the formula of Eq. (49) 
has been shown to give cor rec t  resul ts  for reflection coefficient of 
guides with 90" wedge angles; this  comparison is given in  the section 
on r e su l t s .  Equation (49) is believed to be valid fo r  all  wedge angles.  
It should be noted that the reflection coefficient defined by Eq. (49) is 
in t e r m s  of magnetic fields, and hence differs by a minus sign from the 
normal  t ransmiss ion  line definition of voltage reflection coefficient. 

B. TEol Mode 

The reflection coefficient of the parallel-plate waveguide for  the 
TEo1 mode may be analogously derived as  was that for the TEM mode. 
Again because of the symmetry of half-plane diffraction, the diffracted 
field distribution of Fig.  7 a  and b are identical because fo r  zero  wedge 
angle 

Equation (43) is used to obtain the modal voltage induced in the guide by 
the two incident plane waves of Fig.  7b.  

17 
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8 

Fig. 7 .  Incident plane wave case,  TEol mode. 

For  the plane wave incident on edge 1 in F i g .  7b the total diffraction 
coefficient is given by 

IT - j  - 
4 e 

(51)  D1(+ = ZIT - A,) = R1(e = IT - A,) 

where R1 is obtained f rom Eq. (17) for the TEol mode. The modal voltage 
induced by the plane wave incident on edge 1 in Fig.  7b is given by Eq. (43) 
by 

X e  tj [k $sin eg cos A, - 4 
J 

where the phase t e r m  resul ts  f r o m  re fe r r ing  the incident plane wave to 
the guide aperture  center .  
incident on edge 2 is s imilar ly  given by 

The modal voltage induced by the plane wave 

18 



The total  modal voltage, V,  induced i n  the guide i s  given by 

1 h 
j[k 2 s in  eg cos A, 

R1(e = TT - A,) e 

sin eg cos A, 

- 1  v = 
2.rrl\lZa cos A. 

-j [. t R2(0= A, - IT) e 

The TEol reflection 
with phase r e fe r r ed  
and (54) as 

(55) 

coefficient of the parallel-plate waveguide aperture  
to aper ture  center  i s  thus obtained from Eqs. (40) 

311 
-j 4 

h e  
2a cos A, 

where  DI(8 = A, - H) and D2(0 = H - A,) a re  the total diffraction coefficients 
f o r  edges 1 and 2 with phase re fer red  to aper ture  center corresponding to 
the rays  diffracted back into the waveguide. 
pretation concerning non-zero wedge angles is applied for  the TEol 

The same physical inter-  
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mode as  was the TEM mode. 
general for  a l l  wedge angles. 

Consequently, Eq. (55) i s  a l so  believed 

V. NUMERICAL RESULTS 

A .  TEMMode 

The TEM reflection coefficient of the parallel  plate waveguide was 
calculated as a function of guide width with the aid of two SCATRAN 
programs on the IBM 7094 digital computer. Two principal wedge angles 
( O o  and 9 0 " )  were  considered although this analysis may be applied to  any 
other  wedge angles.  
coefficient; i .e. , Double- Diffraction and Higher- Order  Concept. 
Double- Diffraction method considers  only up  to second-order  diffraction 
t e r m s ,  while the Higher-Order method employs the simultaneous equa- 
tion solution of higher - orde r  diffraction contributions. 

Two methods were  used to compute the reflection 
The 

Experimental  verification for  the TEM reflection coefficient were  
obtained with the aid of a slotted sec tora l  horn,  as shown in F i g .  8 .  
The horn, with i t s  l a rge  width a t  the aper ture  and small f la re  angle, 
adequately s imulates  an infinite parallel-plate waveguide. 
wave w a s  measured along the slot  i n  the "parallel-plate" sec tor  of the 
horn.  To measure  reflection coefficient a t  the aper ture ,  however, the 
f la re  angle of the horn must  be taken into account because of the sec tora l  
divergence of energy along the axis of the horn.  

The standing- 

I 
-. {SLOT 

1120 me--- SWR 
I) 

I 
-. {SLOT 

1120 me--- SWR 
I) 

WAVEGUIDE 
0.4" 

Fig. 8 .  TEM sec to ra l  horn.  
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The envelope of the SWR curve was measured by plotting the SWR 
minima and rrLaxima a s  a function of position along the slot .  
tending the measured SWR envelope to the aper ture ,  the aperture  r e -  
flection coefficient of the parallel-plate waveguide w a s  obtained. 
width variations were  obtained by varying the frequency of operation. 

By ex- 

Guide . 
Other forms of analysis for  the reflection coefficient were also 

calculated a s  verifications. They a re :  for the half-plane giiide, Nohlc 
(Wiener-Hopf technique); for  the 90" wedge angle guide, Compton and 
H a r r i n g t ~ n ~ ' ~  and Do Amaral  and Bautista Vidal. The results for  the 
TEM reflection coefficient a r e  shown in F i g s .  9 through 19. 

5 

8 99 

Figure 9 shows the Double- Diffraction method reflection coefficient 
magnitudes fo r  the half-plane guide ( W A  = 0" )  with Og = 30.,  60", and 40". 
The reflection coefficient as a function of guide width is seen to become 
oscillatory as the guide truncation angle €Jg is decreased. 

~ 

Figures  10 through 15 compare the Double Diffraction and Higher- 
Order  methods.  The reflection coefficient magnitudes for  the half-plane 
guides, eg = 90", case a r e  presented in Fig.  10  with the experimentally 
measured  resul ts  and the values computed by the Weiner-Hopf technique .5  

Because of the previously mentioned shadow boundaries the Higher-Order 
method resu l t s  a r e  seen to be l e s s  accurate than the Double-Diffraction 
Method. Figure 11 shows the computed reflection coefficient phase for 
the same  guides. The 
measu red  reflection coefficient magnitudes a r e  shown in the same  com- 
par ison fo r  Bg = 30" in Fig.  14. Because the reflection coefficients in 
question a r e  quite low, absolute levels become difficult to measure ,  
but the s a m e  t rends a r e  nevertheless observed for  both the measured  
and calculated resu l t s .  
coefficient phase for  double - versus  higher-order diffraction. 

Figures 12 and 13 show the results for eg = 60". 

Figure 15 presents the comparison in reflection 

F igure  16 shows the reflection coefficient magnitudes computed by 
the Double-Diffraction Method for  WA = 0"  and 90". Experimental r e -  
sul ts  f o r  both c a s e s  a r e  presented along with analytical resul ts  obtained 
f r o m  Compton and H a r r i n g t ~ n ~ ' ~  and Do Amaral and Bautista Vidala for 
the W A  = Y O "  case .  Figure 17 presents the corresponding phase com- 
par ison.  F igures  18 and 19 show the reflection coefficients of ground- 
plane mounted guides with truncation angles of 30", 6 0 " ,  and 90".  
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B. TEol Mode 

Double- Diffraction and Higher-Order Methods a r e  used in calcu- 
lating the TEol reflection coefficient. The Scatran computer programs 
used were s imi la r  to those used for the TEM mode except for changes in 
the appropriate diffraction functions. The calculated resul ts  a r e  plotted 
in  F igs .  20-22 with Wiener-Hopf technique results'O for  a half-plane guide 
with 90" truncation angle. 
flection coefficients fo r  ground-plane mounted guides compared with the 
variational solution from Harrington. 

Figures  23 and 24 show the calculated r e -  

11 

VI. CONCLUSIONS 

The reflection coefficient of the parallel-plate waveguide aper ture  
is analyzed by wedge diffraction techniques for  both TEM and TEol modes.  
Upon comparison with calculations f rom other analyses the accuracy of 
this method is found to be generally quite good. This method agrees  quite 
well with the Wiener-Hopf method which gives the exact solution for  the 
normally truncated, thin-walled guide. Close agreement with variational 
analyses i,s obtained for  the normally truncated guide mounted in a ground 
plane. 

Numerical results a r e  given for  a number of cases  f rom which the 
influence of guide width, truncation angle, and wedge angles is seen.  
The reflection coefficient generally decreases  as a function of increasing 
guide width, although truncation angles may introduce oscillations in the 
curve.  Furthermore,  truncation angles different f rom normal  usually 
produce lower reflection coefficient levels than does normal  truncation. 
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. APPENDIX 

The reflection coefficient f o r  half-plane (WA = 0")) normally 
truncated (eg = d o " ) ,  parallel-plate waveguides may be obtained through 
Wiener-Hopf techniques. F o r  the TEM mode guide, Nobles obtained the 
reflection coefficient a s  

10 For the TEol mode guide Heins 
X/Z < a < h  a s  

obtained the reflection coefficient for  

where 

K' = kZ - (:)' , 
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