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In this work we investigate numerically the problem of the source
I

excitation of an open, parallel—plate waveguide. The following assump—

tions are made for the source current 1) the current is oriented in the

y—direction, 2) it is located at x 0, 3) ~here is no variation in the

y—direction, 4) and the current has •xp (i1z) behavior along the longi-

tudinal z—direction. We provide graphical output for the EM—field

components as functions of a longitudinal propagation constant and

transverse coordinates and then discuss these results.
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I. INTRODUCTION

In the previous report (1], we derived analytical expressions for

• the source excitation of an open parallel—plate waveguide. However,

these formulas were very complicated, and it became necessary to evaluate

them numerically. The purpose of this report is to present the numerical

results . The computer progras contained in Appendix A was written and

used to obtain the field distribution as a function of the longitudinal

propagation constant and the transverse coordinates. The numerical out-

puts are presented in graphical forms. The Cyber 175 at the University

of Illinois was used for all of the numerical studies.

The organization of the report is as follows: Section II.contains

a statement of the problem and the basic formulation. Section III

presents the real and imaginary parts and the amplitude of  the component

• field distribution as functions of several parameters in graphical form

and a detailed discussion of the numerical results. Finally , Section IV

is the conclusion.

4
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II. STATEMENT OF THE PROBLEM AND BASIC FORMULATION

In this section the fields due to a vertical current located inside

an open, finite vaveguide are investigated. The geometry of the problem

considered is shown in Figure 1. This structure consists of two perfectly

conducting plates with separation 2H located in a homogeneous and isotropic

medium. A Cartesian coordinate system with its y—axis normal to the plates

is erected. Both plates are infi iite in the a—direction and finite in the

x—direction with length 2L as shown in Figure 1. All figures appear at the

end of Chapter II. The current is oriented in the y—direction and is

def ined as .

J — ;(5(x) exp (iaa) , (1)

where ~ is the propagation constant in the z-direction, and 
(5(x) is the

delta function. In (1] using the vector—potential approach and the Wiener—

Hopf technique, we obtained a solution for the problem at hand in a general

form for any parameters with one restriction: kL must be much greater

than 1, i.e.,

kL >> l , (2)

where 
2 2

k—  w c u — 8  (3)

and c , ii are the homogeneous media parameters . Using the solution which r
was obtained in (1], we will perform a numerical calculation for the case:

W — -
~~~ — 0.16670 , (4)

, (5)
0

where
21rA —  (6)

wvE~
.

2
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Figure 1. Geometry of the problem of source excitation of a
parallel—plate waveguide.

3

L



--‘- w- — —--- — - • — - - —

is the free—space wave length. Because of the limitations of Equations

(2) , (3) , and (5) we calculated numerical results for

0<8<0 .93 , (7)

where ~ is the normalized propagation constant 8 — —
~~
- . It can be

readily proved from Equations (3), (4), and (5) that if B is in the region

~ o,
0.931, where

80 — 0.80008997 , (8)

then only the first mode can propagate in the x—direction; therefore, the

electromagnetic field -has only three components (E
r . ~~~ 

H2 ]. When 8

intersects the point 8~ 
and goes to zero , the second mode begins to

propagate, and the EM—field consists of five components (E
s, 

E~ 1 E2, ~~ 
H
2
].

Rewriting the field solution from (1] for the case,uhen no more than two

modes can propagate, we arrive at the EM field:

1’ (x ,y, z) i(x ,y) • exp (iBa) (9)

~‘(x,y,z) — ~(x,y) • exp (iBz) (10)

P. A -E(x ,y) — xE
~ 
+ ~~~ + zE

~ 
(11)

I(xy) — xB~ + ;H2 (12) $

B 
• e sin (ii) sin fe • (13)

• ‘- E~ .‘/
~~~
‘ ion cos (a 

S -~) + 
(1 

— ~~~~ . F~ cos (~ ) cos (e  
•

~ .~!exp (iaI~I)) (14)

B — — 
iJ~ ~~~~ • ~~~~ sin cos (8 • , (15)



___
~

_ _
w- ____ __ • - — - -  — -- — ---•- —

— — p — • l0ir
1~i ~

os (at ) + F2 cos(-lr 
• • cosfe . fl

— exp (ial-~I)) , (16)

H — ipaP 1 sin (~~) + j OY2 cos (ir ~~.) sin (e 
~

) — 0.5 • axp (iaI~i) i~ i
(17)

where

F — 
~+i~~~12 exp (i2a) •[~ + 

2b [M
1~

(a
1)J

2 exp (i2~ °‘~i\ , (18)
1. (l+T 1)a l,•_ 0 )

F2 
- ~~~~~~~~~~~~~~~~~~~~~~~~~~ 

+ 
, (19)

IjM l+(al) ] 2 
exp (i2~~ct1

) I4T1b (a + b)2Th 
-

Q — (1 + T1)a1 ~ 2a I — 

a — 1 - , (20)
1 L 1 + T1 1 J

M~1
(k) — (a

1+b) exp ~~[b(2_C + ln(~ ) + ii.) - + ~~ (~ 
— arc sin

n 2
(21)

- r 
:~ 

b exP~~~[ai
(2_c + in (~~) + i~~)

-

- 
+ ~ — arc sin 

______ 1 ~ 
(22)

n 2  ~ 
~~2 1 J)

- - 1 , (23)

a - k L - l On /1- 8~~2 (24)
- : V

(25)

ira

(26)5



— --

- -

— [M14(k) ]2 exp (i2a) [1 + exp (— I ~.)jJ . (27)

It should be mentioned that we investigated the losaless medium case;

theref ore, in the region 8o < 8 < 0.93 , the propagation constant for

the second mode has only an imaginary part. Because we neglect terms

which decrease exponentially , our results for the above mentioned region

of B reduce to:

1) E • E — 0 andx a
2) more simple expressions for the other three components of the field.

We apply numerical analysis only over the regions 0 < y < H , 0 < x < L.

For the remainder of the waveguide, one can obtain results using the

correlations : -

E ( x ,y) — - E (-x ,y) ; E~ (x ,y) — - E
~

(x ,_y) -

E ( x ,y) — E
7
(—x ,Y) ; E~,(x ,y) — E ( x ,—y)

E2
(x ,y) — E

2(—x ,y) ; E2
(x y) — — E ( x ,—y)

H~ (x~y) - H~(~x~y) ; H,~(x ,y) — H (x,—y)

H ( x ,y) — — H2(—x ,y) ; H2
(x ,y) — n

~
(x ,—y) . (28)

It is interesting to note that E
~
, H2 are continuous and that ~~ E2, H~

are discontinuous when B crosses 8
~ 
(or more exactly: they are exponentially

decreasing). It is also of interest to determine the character of the

behavior of the x—component of Poyuting’s vector. As one can easily see

from the previous expressions for the EM fields , the x—component of

Poynting ’s vector for the second mode is proportional to a1 and goes to

zero when B -
~ 

8
~
. From this, one finds that the energy flow in the

x—direction is continuous when B intersects the point 8o.

6
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III. NUMERICAL STUDY OF ThE PROBLEM

Because the analytical expressions derived in the second section

are rather complicated and difficult to analyze, we numerically evaluated

the solutions using a digital computer. The results are presented in this

section in graphical form. This section consists of two parts: in the

f irst we discuss the f ield components as func tions of the longitudinal

propagation constant; in the second — as functions of the transverse

coordinates.

- 
A. Real and Imaginary Parts and Amplitudes of the Field Components

As Functions of the Longitudinal Propagation Constant

The graphics that are supplied in this section were- plotted with a

step for B equal to 0.005. The point, 8 0.80009 , also was used. The

figures were plotted using 188 points . The output for the real and - 
-

imaginary parts and the amplitudes of all five field components for eight

observation points: ‘~~ — 0.1, 0.4 , 0.6 , 0.9 and — 0.0, 0.5 are presented.

From the figures it is observed that E , H , H
~ 

are dominant components.

In Figures 6—9 the real and imaginary parts of E~ are given. By comparing

these results, one can observe for points -~~ 0.0 and — 0.5 that the

E~ 1 II
~~ 

H~ 
— field behaviors as functions of B are more complicated in

the middle of the waveguide. This. is hardly surprising in view of the

largest contribution of the second mode for the above—mentioned corn—

pon.nts for O.Oa Wh .n the point of observation approaches -
~~~ — 0.5 ,

the contribution of th. second mode for those components decreases and

has a limiting value equal to zero. In Figures 6—9 , 14—17 , 22—25 we

observ, the st p  changing for the E~, H,~ components at 8 • B
~~~

. The

- -  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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second mode is responsible for this misbehavior. When + 0.5 , the

contribution of that step decreases, and for ~~ ‘ — 0.5, it equals zero.

One can observe that the curves are smooth at B — ~~~~~ ‘ It should be

mentioned that :

(a) The discontinuous behavior is observed because we have

neglected the exponentially decreasing terms;

(b) In a lossy medium, the rate of decrease would be less . The

H —component (see Figures 18—21, 26) doesn ’t have the step behavior

- - because the contribution of the second mode is proportional to a1,

which goes to 0, when 8 + Bo. The other two components, E
~ 

and E , are

equal to zero on the x—axis and have their largest contribution for

-

~~ 
— 0 5  (see Figures 2—5 , 10—13) . E

~ 
is smooth and B exhibits the step

behavior at 8a The figures demonstrate that the complexity of the ‘

curves occurs approximately in the region 0 7  < B < 0.8, where we

observe a sharp peak , which is due to the resonance. In the region

0 < B < 0.5 the figures demonstrate the very smooth character of the

curves . - 

- - -

B. Real and Imaginary Parts of the Field Components as Functions

of Transverse Coordinates

In this section we present the real and imaginary parts of the

dominant field components E~, 
~~~~~~

‘ 
H~ as functions of the x—coordinate

for two valu..s of -
~~ • 0.0; 0.5 and two values of B — 0.4; 0.75 . The

graphic output , shown in Figures 28—33 , was obtained using the results

of calculations for 81 points of ‘~~ in the region [0.1 , O .9 1 (step — 0.010).

All the graphs have very smooth characteristics. For B — 0.75 they have

slightly more complicated form than for B — 0.4. As mentioned in the
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previous section , for 0.5 the contribution of the second mode equals

- ; - 

- 
zero. We see that the amplitudes of the curves are constant for the

entire region of view. For the -
~~~ — 0.0, the field components are sums of

the contributions of two modes. One can observe that the amplitudes

- 
of the curves are changing along the x—direction.

L • 

-

• 
41
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IV. CONCLUSiONS

In this report the problem of a source excitation of an open

parallel—plate waveguide was developed. Extensive numerical results for

the field components in the waveg-uide as functions of several parameters 
-

of the waveguide and propagation constant were supplied.

I’,

:
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APPENDIX

SOURCE EXCITATION OF AN OPEN, PARALLEL—PLATE WAVEGUIDE PROGRAM

A complete program for source excitation of an open, parallel—plate wave—

guide program is presented. The computer program provides three—

dimensional data—storage for the real and imaginary parts of five components

of the EM field. Data were obtained for between 0.1 — 0 . 9  with step 0.1;

between 0.0 — 0 . 9  with step 0.1; and B — propagation constant between

0.0 — 0.93 with step 0.005 plus (~~) 0.80009. These data were used to

plot EM field components as functions of the propagation constant. The

program can be readily modified to obtain data for plotting the EM—field

component as a function of the x—coordinate.

1—
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PROGRAM AFIELD( INPUT,OUTPUTpTAPE3,TA FE1:=INPUT) 
- -

COMPLEX BBK,BBAL,T1 ,Fl ~F2~ EX0~ EYO,EZO~ HXO,HZO,CONST,AA,BB
DIMENSION XX (9),YY (1O),BETAB (I,88),REXO (10,9,138),AMEXO (1O,9,183),
$REYO (1O,9,188),AMEYO (1O,9,188),REZO (lO,9,188),AMEZO (10,9,188),
$RHXO ( 10,9, 188) , AMHXO ( 10,9, 188) , RHZO( 10,9, 188) p AMI—f ZO( 10 ,9, 188)

READ( 1p2)W ,Y 8 RI,YBRS ,YBRF ,X EIRI ,XBRS ,XBRF
2 FORMAT (F7.5,6(F7,3))

M= 1000
FI=3.141592654
CONST =CMPLX(0 .,1.)
C O N = 2.  1 1 5 9 3 1 5 2

rETAB ( 1 )=0.
00 70 1=1,160

- 
- BETAB (I+1)=BETAB (I)+0.005

70 CONTINUE
BETAB (162)=0,80009 -

BETAB( 163)=0.803
DO 75 1=1,25

75 BETAB (I+163)=BETAB (I+162)+O.O05
CONTINUE
tIC 98 N=1p161
BETA=BETAB (N)
K=N
A=1O.*PI*SQRT(1. -BETA**2)
B=A*W/PI
ALFA 1=SQRT (B**2—1 .)
tiD=PI*ALFA1/W
CALL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
CALL BE2 (A,B,BBAL~ PI,M~ CON~ ALFA1)
CALL TE1 (ApB,T1,BBK,PI)
CALL F12(A ,B,T 1,A LFA1 ~BBK,BBA L,F1 ,F2)
X=XBRI
J = 1

30 Y=YBRI
1=1

20 EXO= (PI*ALFA1/(iO.*W**2))*F2*SIN (pI*y )*SIN (DII*x)
EY0=10.*PI*(F1*CCS(A*X)+ (l.—U./(iO0,*W**2)))*F2*COSs~1-’I*Y *

S C O S( D D*X )— C EX P ( C M P L X( 0 . ,A *X ) )/ (2 ,*A ) )
EZO=-CONST*BETA*(PI/W)*F2*SIN(pI*y)*COg (tIEI*x)
HXO=—BETA*10.*PI*(F1*COS (A*X)+F2*COS (PI*y)*Co9 (OD*X)— (1./(2.*A))*

~
CEX P(C M P L X ( O . ,A *X ) ) )  -

HZO=CONST*A*F1*SIN (A*X)+CQNST*DD*F2*COS (F’I*y)*SIN (Dti*X)—
$0.5*CEXP(C M P L X(0 . ,A *X ) )  P

• REXO~~I .J ,K)= REAL (EXO)
AME X O ( I ,J ,K) =AIMA G ( EXO)  - ‘
REYO( I~~J ,K)=REA L(EY0)
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AMEYOC I ‘J,K)=AIMAG (EYO)
REZO (I,J,K)=REAL (EZO)
AMEZOC I ,J,K)=AIMAG (EZO )
RHXO (I,J,K)=REAL (HXO)
AMHXO ( I,J,K)=AIMAG (HXO)
RHZ0(I~ J,K)=REAL (HZ0) 

a

AMHZOC I’J~ K )=AIMAGCHZ0)
Y Y+YBRS
1=1+1
IF(Y.LE.YBRF’) GO TO 20
X =X+XBRS
J=J+1 •

IF(X.LE.XBRF) GO TO 30
98 CONTINUE

DO 99 L 162,188
BETA=BETAB CL)
K=L
A=1O.*PI*SQRT ( 1 .—BETA**2)
X =XBRI
J= 1
B=A*W/PI
CALL BE (A,B,BB,PI,M)
X =XBRI

17 AA=CEXP (CMPLX (0. ,A*X))
EYO=—0.5*(AA—BB*COS (A*X) )/SGRT(1.-BETA**2) 

- 

-

HXO=—BETA*EYO
HZO=0.5*(—SIGN (1.,X)*AA+CONST*BB*SIN (A*X))
DO 18 1 1,10
REXO (I,J,K)=O.
AMEXOCI,J,K)=0.
REZOC I ,J,K)=0.
AMEZOC I ,J,K)=0.
REVOC I ,J,K)=REAL (EYO)
AMEYO (I,J,K)=AIMAG (EYO)
RHXOC I ,J,K) REAL (HXO)
AMHXO ( I ,J,K)=AIMAGCHXO )
RHZO (I,J,K)=REALCHZO)

18 A M HZO( I ,J , K ) =AI MAG ( HZ O )
X X + X BR S
J=J+1
IF (X.LE.XBRF ) GO TO 17

99 CONT INUE
WRITEC3, 1 0 1 )  REXO,AMEXO,REYO,AMEYOpREZO,AMEZO,RHXO,AMHXO ,RHZO,AM
$HZO

101 FORMATC1OF8.5)
EIY=0. 1
DX =0• 1
Y Y C 1) = 0 .
DC 50 1=1,9 -

YY (I+1)=YY (I)+DY
50 CONTINUE
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XX (  1 )=0. 1
DC 60 1=1,8
XX (I+1)=XX (I)+DX

60 CONTINUE
WRITE(3,101) YY,XX,BETAB
STOP
END
SUBROUTINE BE1(A~ B,BBK~ PI~ M~CONrALFA1 )
COMPLEX F,BBI<
A M 1= 0 .

DO 10 1=2,11
A M1=A M 1+B/ I—AS IN( B/ t )

10 CONTINUE
F=CEXP (CPIPLX(—B*PI/2.,B*(CON—ALOGCB))—PI/2.+A+AM1))
BBK = C ALFA1+B ) *F
RETURN
ENII

- SUBROUTINE BE2 (A,B~ BBAL,PI~ M,CON~ ALFA1 )
COMPLEX F,BBAL,tI
AM1=O .
00 10 1=2,11
AM1=AM1+ALFA1/I-ASIN (ALFA1/SORT ( I**2—1 .) )

10 CONTINUE
F=CEXP(CMPLX (—ALFA1*PI/2. ‘ALFAl*CCON—ALOG (B) )+AM1+ALFA1*A/B ))
D=CMPLX (1. ,—ALFA1 ) -

BBAL=F*ti*SQRT (2 • ) *ALFA1/B
- 

- RETURN
E NEl
SUBROUTINE TE1 (A,B,T1,BBK,PI)
COMPLEX T1,BBK,D1 

-

D=B*SQRT (PI )/SQRT (A*2.)
01=CMPLX ( 1.+D,—D)
T1=BBK**2*tIl
RETURN -

EN ti
SUBROUTINE F12 (A,B,T1 ,ALFA1 pBBK,BBAL,F1 ,F2)
COMPLEX T1~ BBK,BBAL~ F1,F2,D1

$(2,*ALFA1)-—1 .)

F2=2 • *B*BBN*BBAL/ (A*D1)
RETURN
END -

SUBROUTINE BE (A vDrBB,PI,M)
COMPLEX T,F,BB
CONST=1.115931516
AM1=0. s
00 10 I= 1~ M
AM1=At11+$/I—ASIN (B/I)

10 CONTINUE
T=CEXP(CMPLX (—B*pI,2.* (B* (C QNST—ALOG (B ))-i-A+Al11 )))
F1=SQRT (PI)*B/SQRT (2.*A)
F-CMPLX (1.+F1,—F1)
BB—2.*T/(1.+T*F)
RETURN
END
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