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In this work we investigate numerically the problem of the source
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 i
y-direction, 4) and the current has exp (166) 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 [l1], we derived analytical expressions for
the source excitation of an open parallel-plate waveguide. Howéver,
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 program 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 IIIL
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.
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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 waveguide 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 infinite in the z-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

defined as

7= yhialoeam G, eh

where B is the propagation constant in the z~direction, and §(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 >> 1 5 (2)

where
k = /uley - g (3)

and €, Y are the homogenedus media parameters. Using the solution which

was obtained in [1], we will perform a numerical calculation for the case:

W= % - 0.16670 (%)
L
=5 (5)
Ao
where
AO A ) (6)
w/en

e
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Figure 1. Geometry of the problem of source excitation of a
parallel-plate waveguide.
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is the free-space wave length. Because of the limitations of Equations

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

0<B8<0.93 , (7) ’
where 8 i1s the normalized propagation constant 8 = -—é-. It can be
w/en

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

[éo,'0.93], where

o, |

80 = 0.80008997 , (8)

then only the first mode can propagate in the x-direction; therefore, the
electromagnetic field has only three components [Ey, Hx’ Hz]. When E
intersects the point EO and goes to zero, the second mode begins to
propagate, and the EM-field consists of five components [Ex’ Ey, Ez, Hx’ Hz].
Rewriting the field solutfon from (1] for the case,when no more than two

modes can propagate, we arrive at the EM field:

E'(x,y,2z) = E(x,y) * exp (182) (9)
H'(x,y,z) = H(x,y) * exp (18z) (10)
E(x,y) = §zx + ;:y + ;Ez : (11)
H(x,y) = Axux + ;uz (12) H
y-\/g'()l e‘Fzsin(-gy) sin (9-%) (13)
E, -\/g- 10m ( ¥, cos (a . {-)4- 1-9-‘;%1-) * F, cos (%y) cos (e . %]

ia

1 x
T L

} (14) .

--1/1—-—-—1?2 sin (nL) cos LS (15)

wryey




A

);-
i

- - . . z L] . —x-
Hx u wfe-ﬁ lOw(l cos ‘T) + F cos( H) cos(e L)
” E-a]; exp .ia i )j (16)
H = iuaF sin (af’ + 1er cos (ﬂz) sin (6 . —) - 0.5 * exp (1;5 -|xl .
(17)
where
2 2 8
;- (M, (k)] exp (i2a) {1+ 2b[H1+(a )] exp (125 al)} a8
1+ Tl)a
2b (k)l‘l +(®) exp [iail + —-)
v, - "+ 1) i
M (a )] exp (122 )[ar o (g + 3
1+ %y 1 f
= (1+T)a ¢ - -1. , (20)
1’71 Zal 1+ 1 o, J

-

+l(k) = (a +b) . exp(E:(Z-C + ln(-) + 1 ) -3 + Z (—- - arc sin —)

-

(21)
l-ia f‘
M (a)) = = /2 a ° exp{ ij ®,(2-C + 1n (—) * ie 7)
o |
+ ) | = - arc sin (22)
n-Z(n ]}
- 1
o, = - B (23)
a-kL-lon/1-{B‘uz : (24)
\w/En|
b=a-:d | (25)
o
1
2] s - (26)
5

TR




'I.‘1 = [M1+(k)]2 exp (12a) [1 + %/i exp (- 1 34-)] : (27)

It should be mentioned that we investigated the lossless medium case;
k therefore, in the region BO < B < D.93, the propagation constant for

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

which decrease expomentially, our results for the above mentioned region

of B reduce to:
1) E =E =0 and

X 2 J

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: 2

|

Ex(x,y) = - Ex(-x,y) 3 Ex(x,y) = - Ex(x,-y) :

Ey(x.y) = Ey(-x,y) s Ey(x.y) = Ey(x,-y)

Ez(x.y) = Ez(-x.y) H Ez(x,y) - Ez(x,-y)

Hx(x.y) = Hx(-x.y) 3 B (x,y) = Hx(x,-y)
Hz(x,y) - - Hz(-x.y) 3 B o(x,y) = H (x,-y) . (28)

It is interesting to note that Ex’ Hz are continuous and that Ey' Ez, ﬁx

~ ~

are discontinuous when B crosses 80 (or more exactly: they are exponentially
decreasing). It is also of interest to determine the character of the '
behavior of the x-component of Poynting'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 oy and goes to ;_

zero when B + 80. From this, one finds that the energy flow in the s

-~ ~

x-direction is continuous when B intersects the point Bo.

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
first we discuss the field components as functions 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 é equal to 0.005. The point, é = 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 Ey’ Hx’ Hz are dominant components.
In Figures 6-9 the real and imaginary parts of Ey are given. By comparing
these results, one can observe for points % = 0.0 and % = 0.5 that the

Ey, Hx, Hz - 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 com-

ponents for % = 0.0. When the point of observation approaches % = 0.5,

the contribution of the second mode for those components decreases and
has a limiting value equal to zero. In Figures 6-9, 14-17, 22-25 we

observe the step changing for the Ey, Hx components at.E = 80. The




.y

T p—— —

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 = Bo. 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 woula be less. The
Hz-component (see Figures 18-21, 26) doesn't have the step behavior
because the contribution of the second mode is proportional to %y
which goes to 0, when E - EO' The other two components, Ex and Ez’ are
equal to zero on the x-axis and have their largest contribution for
% = 0.5 (see Figures 2-5, 10-13). Ex is smooth and Ez exhibits the step
behavior at BO' 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< E < 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_, Hx' Hz as functions of the x-coordinate

y
for two values of<§ = 0.0; 0.5 and two values of E = 0.4; 0.75. The
graphic output, shown in Figures 28-33, was obtained using the results

of c.lculationl.tor 81 points of % in the region [0.1, 0.9] (step = 0.010).
All the graphs have very smooth characteristics. For é = 0.75 they have

slightly more complicated form than for 8 = 0.4. As mentioned in the

40
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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 b
the contributions of two modes. One can observe that the amplitudes

of the curves are changing along the x-direction.

e,

41




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 waveguide as functions of several parameters

of the waveguide and propagation constant were supplied.

42
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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 ; - 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.
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70

30

FROGRAM AFIELDC(INFUT»OUTFUT»TAFE3» TAFEL1:=INFUT)

COMFLEX BEKyBBAL»T1sF1sF2yEXO»EYOYEZOyHXOyHZOyCONST»AAsEE
DIMENSION XX(9)»YY(10)yBETARB(188) yREX0(10y9s188) yAMEX0(10+9y188)»
$REY0(10+y9,188) yAMEYO0(10,9»188)yREZ0(10+9,188) yAMEZO(10,9+188) »
$RHX0(10,9,188) yAMHX0(10+9,188) yRHZ0O(10+9,188) yAMHZO(10+y9,188)
REANC1y2)Ws YBRI » YBRSy YERF » XBRI » XERS vy XBRF

FORMAT(F7+596(F7.3))

M=1000

FI=3.,141592654

CONST=CMPLX(0.v1.)

CON=2.,11593152

BEETAE(1)=0. ‘
0Dg 70 I=1+160 |
BETAERCI+1)=BETAB(I)+0.00%5 |
CONTINUE

BETAE(162)=0.80009

RETAB(163)=0.805

00 795 I=1+25

BETAEB(I+163)=BETAB(I+162)40.005

CONTINUE

N0 98 N=1,161

BETA=BETAE(N)

K=N

A=10. XFIXSQRT(1.~-EETAXX2)

B=AXW/FI

ALFAL=SAQRT (BXX2-1.)

Dn=FIXALFAl/W

CALL BE1(AsBsBEKsFIyMyCONyALFALl)

CALL. EBE2(AyByBBALFPIsMyCONvALFAl)

CALL TE1(AyByT1sBEKFI)

CALL F12(AyByT1yALFA1lyREKyBRALYF1sF2)

X=XBRI

J=1

Y=YRBRI

I=1

EXO=(FIXALFAL/ (10, XKWXX2) )KF2XSINCFIXY)XSINCILIXX)
EYO=10.XPIXK(F1XCOSCAXX)+C(Ls=C1+s/CL100XKWKX2)))IKFR2KCOSCFIXY) X
$COSCDDRX)~CEXP (CMFLXC(O+yAXX) ) /(2.%A))
EZQO=~CONSTXBETAX(FPI/W)XF2XSINC(FIXY)XCOS(NDXX)

HXO=~BETAXK10 . XFPIX(F1XkCOS(AXX)+F2XCOS(FIKY)XCOS(ODKRX)~Cle /(2. XA) )X
SCEXP(CMFLX(O.vyAXX)))
HZO=CONSTXAXFL1AXSINC(AXX)+CONSTXDDXF2XCOSC(FIXY ) KSIN(DIKX) ~
$0.IXCEXF (CMFLX(O+sAXX))

REXO{(Is»JyK)=REAL(EXO)

AMEXOC(I vy JyK)=AIMAG(EXO) 5
REYO(I»JyK)=REALCEYO) &
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L)

AMEYO(I»JyRK)=AIMAG(EYO)
REZO(IyJyK)=REAL(EZO)
AMEZO(I» JyK)=AIMAG(EZO)
RHXO(Iy»JyK)=REAL (HX0)
AMHXO(I»JsyK)=AIMAG (HXO0)
RHZO(I»JyK)=REAL(HZO)
AMHZO(I» JyK)=AIMAG(HZO)
Y=Y+YERS
I=I+1
IFCY.LE.YBRF) GO TO 20
X=X+XERS
J=Jd+1 !
IF(X.LE.XBRF) GO TO 30
78 CONTINUE
N0 99 L=162,188
EETA=BETAB(L)
K=L
A=10. XFIXSQRT(1.~BETAXX2)
X=XBRI
J=1
B=AXW/FI
CALL EBE(AyByBEsFIsM)
X=XBRI
17 AA=CEXF (CMPLX(O.,»AXX))
EYO=-0,5% (AA-BBXCOS(A%XX))/SART(1,-BETAXX2)
HX0=-BETAXEYQ
HZO=0.3%(~-SIGN(1, 9 X)XAA+CONSTXBRXSIN(AXX))
no 18 I1=1+10
REXO(I»JsKI=0,
AMEXO(IyJyK)=0.
REZO(I»JyK)=0.
AMEZO(TI»JyK)=0,
REYO(IyJsK)=REALCEYO)
AMEYO(I» JyK)=AIMAG(EYO)
RHXO(Iy»JyK)=REAL (HXO0)
AMHXO0 (I y» JyK)=AIMAG(HX0)
RHZO(I»JyK)=REAL(HZO) <
18 AMHZO(I»JyK)=AIMAG(HZO)
X=X+XBRS
J=J+1
IF(X.LE+XBRF) GO TO 17
99 CONTINUE
WRITE(3»101) REXOsAMEXOsREYOyAMEYOYREZOy»AMEZO s RHXO» AMHXO0 » RHZO v AM
$HZO
101 FORMAT(10F8.3)
0DY=0.1
DX=0,1
YY(1)=0,
DO S0 I=1,9 :
YYCI+1)=YY(I)+DY
30 CONTINUE
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XX(1)=0.1
D0 40 I=1+8
XX(I+1)=XX(I)+DX
CONTINUE
WRITE(3y101) YYyXXsBETAR
STOF
END
SUBROUTINE BE1(AYByBBKyFIsMyCONyALFAL)
COMFLEX FsEEK
AM1=0.,
N0 10 I=2+M
AM1=AM1+B/I-ASIN(B/I)
CONTINUE
F=CEXF(CMPLX(-BXFI/2.,»BX(CON-ALOG(R))--PI/2.+A+AM1))
BBK=(ALFA1+B)XF
RETURN
END
SUBROUTINE RE2(AyByBRALYFIyMyCONyALFAl)
COMFLEX FsBEAL+D
AM1=0.
DO 10 I=2+sM
AM1=AM1+ALFAL1/I-ASINCALFAL1/SQRT(IXX2-1.))
CONTINUE
F=CEXF(CMFLX(-ALFALXFI/2.,yALFALX(CON-ALOG(R))+AM1+ALFALXA/R))
D=CMFLX(1.s-ALFAl) ;
BBAL=FXDXSQRT(2.)XALFA1/R
RETURN
END
SUBRROUTINE TEL1(AsEsyT1yEBEKyFI)
COMPLEX T1yBEKyD1
=RXSQRT(FI)/SART(AX2.
01=CMPLX(1.+D;-D)
T1=BRKXX2X[I1
RETURN
ENID
SUBROUTINE F12(AyEyT1yALFAl1yEBEKyBRALYF1sF2)
COMFLEX T1sREKsBBALYF1sF2,D1
D1=ALFALXC(1.+T1)X(BBALXX2X(4 ., XT1XE/(1.+T1)~(ALFAL+E)XX2/ALFAL)/

$(2.kALFALI=14)

Fl=(BBKXX2/((1.+T1)XA))IXK(1,+2, KEXBRALXX2/01)
F2=2 . KBXBBKXBBAL/ (AXD1)

RETURN

END

SUBROUTINE BE(A;B:BB;PI;M)

COMPLEX Ts»FsEE

CONST=1,113931516

AM1=0.

00 10 I=1sM

AM1=AM1+B/I-ASIN(B/I)

CONTINUE

T=CEXP (CMPLX(~BXPIy2,X(BX(CONST-ALOG(E))+A+AM1)))
F1=SQRT(FI)XB/SQRT(2.%A)

F=CMPLX(1.+F1y-F1)

s s

BB=2,.KkT/(1.+TXF)
RETURN
END
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