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Abstract

The present master thesis comprises a study of the characteristics of a single T-slot
cut in the broadwall in a rectangular waveguide. The T-slot has been analyzed for
radiating into one of two regions, a half space or parallel plate region.

The slot impedance is computed. The subsequent formulaton involves derivation
of an integral equation which is solved by the method of moments using entire basis
functions for expansion of the electric filed in the slot.

For verification purposes results for longitudinal and transverse slots are included.
Good agreement with earlier published data has been established. Curves for various
T-slot lengths are presented including resonance data. In case the T-slot radiates into
a parallel plate region the effect of plate spacing on the slot impendance is observed.
Radiation patterns have been computed and justify the feasibility of this slot geometry
for array application having a polarization along the waveguide.
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Preface

Waveguide fed slot arrays are used in many high performance radar and communi-
cation systems. Most applications require a highly polarized radiation characteristic
and a significant suppression of cross-polarized fields. To obtain a polarization across
the waveguide, a design with longitudinal rectangular slots has been the preferred
choice, and well defined synthesis procedures for this configuration have been devel-
oped. When designing an array with a polarization along the waveguide transverse
slots in either the broad wall or the narrow wall are used. However, they both have
their limitations in the control of the excitation and tilting introduces degraded cross
polarization performance.

To overcome these problems a T-slot in the broad wall is suggested as an alter-
native radiating element. It is considered as two rectilinar slots tied together - a
longitudinal slot and a transverse slot. The aim of this research is to study the po-
tential of this slot geometry and develop algorithms for the analysis of a T-slot in a
rectangular waveguide. This includes computation of network parameters and radia-
tion characteristics. Based on earlier work carried out by Robert S. Elliot [1] a moment
method solution is used in the analysis, especially a method using global expansion
and weighting functions which has been applied successfully in similar problems by
Lars Josefsson [2][3][4].

Design and synthesis of arrays can then be done using network theory. However,
since there is no mechanism to introduce 180° phase shift, the element spacing has to
be one guide wavelength for broadside radiation. The grating lobes generated in the
E-plane are suppressed by using a baffle structure.

Overview of the chapters

The report is divided into several parts. Chapter 1 comprises a theoretical study
of a single T-slot involving derivation of an integral eguation for the slot aperture
field. In chapter 2 the applied moment method is outlined and the integral equation
is developed further. In chapter 3 results of the analysis is presented. It includes



Preface

both network data and radiation patterns. The model and software partially verified
comparing results for longitudinal and transverse slot with earlier published results.
A short description of the implemented software is given in chapter 4. Derivation of
waveguide Green’s function and matrix elements are given in appendix B and C with
a description of the equivalence principle in appendix A. Finally, appendix D lists the
implemented software.

Acknowledgements

I want to thank the Department of Electrical and Computer Engineering at California
State University, Northridge and especially Professor Sembiam R. Rengarajan for his
support and supervision of this thesis study. Thanks also go to responsible supervisor
Professor Niels Christian Albertsen, Technical University of Denmark, to Mikael Dich,
Simrad Shipmate and to Hans Erik Gram, Nokia Denmark for proposing this study.

vi



Summary in Danish

Slidset bglgeleder antenner bliver brugt i mange radar- og kommunikationssystemer.
De fleste af disse anvendelser kraever antenner med en veldefinerede polarisation-
skarakteristik og undertrykkelse af krydspolariserede felter. Langsgiende slidser er
det fortrukne valg til opnéelse af en polarisation pa tveers af bglgelederen, og der
er blevet udviklet veldefinerede syntesemetoder til denne antennekonfiguration. Nar
maélet er en polarisation langs bglgelederen benytten tvargdende slidser i enten den
bredde eller smalle side af bglgelederen. De har imidlertid begge deres begrzensniger
i form af en hgj eksitation med et lille dynamikomrade og skrastilning introducere et
krydspolariseret felt.

For at overkomme disse problemer foreslies en T-slids i den bredde side af bglgelederen.
Den kan betragtes som to rektangulaere slidser - en langsgiende og en tvaergiende slids.
Malet med dette arbejde er undersggelse af potentialet for denne slids og udvikling
af algoritmer til analyse af en T-slids i en rektangulser bglgeleder. Dette indebaerer
beregning af spredningsparametre og udstralingskarakteristiker.

Analysemetoderne baserer sig pa tidligere arbejde udfert af Robert S. Elliot [1]. Der
benyttes en moment metode med globale udviklings og testfunktioner, der har veret
anvendt med success til lgsning af ligende opgaver, Lars Josefsson [2][3][4]. Endelig
vaegtykkelse er inkluderet i modelen for langs- og tveergiende slidser. Resultaterne fra
analysen af disse to konfigurationer viser meget god overensstemmelse med tidligere
publicerede resultater.

Impedansen for en T-slids, der staler ind i enten et halvplan eller en uendelig plan
parallel bglgeleder, er blevet undersggt. Denne slids viser sig i modsaetning til fx den
tveergaende slids at have et vaesentligt bedre dynamik over mulig eksitation. Dog
indeholder udstalingen en vaesentlig krydspolariseret komponent. Specielt ved et lille
eksitationsniveau, hvor det elektriske felt bliver dominerende i den langsgiende del af
T-slidsen.

Til design og syntese af arrays benyttes ssedvanligvis netvaerksteori. Da der er i mi-
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Summary in Danish

dlertid ikke findes en mekanisme til at introducere et 180° faseskift, ma de enkelte
elementer have en indbyrdes afstand paa én ledt bgelgeleengde. Dette giver anledning
til en sideslgjfe i E-planet, men ved brug af en plan paralle bglgeleder uden pa den
rektagulaere bglgeleder kan disse undertrykkes. Dette gaelder dog ikke i samme grad
for det krydspolariserede felt. Der er derfor et “trade off” ved den opniede bedre
dynamik i omradet for eksitationsniveauet.
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Chapter 1

Theory of the T-Slot

The objective of this chapter is to develop the theory for the radiation and scattering
from a T-slot in a rectangular waveguide. This T-slot is considered as two rectilinar
slots tied together - a longitudinal slot and a transverse slot - which makes it possible
to verify earlier work on those two types of slots. A first step in such a derivation is
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Figure 1.1.: Geometry of waveguide-fed T-slot.

to identify the structure and geometry of the problem considered. Figure 1.1 shows a
single T-slot in the broadwall of a rectangular waveguide. There are two coordinate
systems. The waveguide is positioned in a global (z,y,2) coordinate system while
a local (&,7,() coordinate system is used for the slot itself. We shall use primed
coordinates denoting source points and unprimed coordinates denoting observation
points. The length of the two slots are 2L, and 2L, respectively. The width of both
slots is w. Furthermore, the offset of the slot is zo as it was defined in [2] for a



Theory of the T-Slot

longitudinal slot. In addition xgo defines the offset of the transverse part of the slot in
a similar manner. The waveguide is shown with zero wall thickness since the model
presented here is based on that assumption. However, for verification purposes we shall
subsequently extended the model to the finite thickness case, but only for longitudinal
and transverse slots.

1.1. General Assumptions

In order to simplify the derivation, it is nessesary to make some assumptions regarding
the field components as well as the structure. Therefore, the following derivation will
be based on the same assumption as those given in [2][4]

e The upper broad wall has zero thickness
e The slot ground plane has infinite extent

e The electric field component along the slot in the longitudinal and transverse
part of the aperture are neglected

e The boundary condition for the magnetic field component along the slot for both
the longitudinal and transverse parts of the T-slot is enforced

e The slot is excited by an incident T'E1¢ wave in the waveguide

e The unknown electric fields are considered to be constant across the slots.

1.2. An Equation for the T-Slot Aperture E-field

Like all other problems dealing with electro dynamics analysis we start with Maxwell’s
equations. For time-harmonic fields, Maxwell’s equations with e/“! are [5]

VXxE = —jwB-M (1.1a)
VxH = jwD+1J (1.1b)
V-D =p (1.1c)
V-B =0 (1.1d)

where j = /=1, w = 270 f, etc., are standard notations in ST — units. The four field
quantities of interest are the electric field E, the magnetic intensity H, the electric
displacement field D and the magnetic flux field B. These fields along with the source
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terms - electric current density J as well as magnetic current density M are the bases
of the following derivations. In a free-space environment the constitutive relations are

D = E (1.2a)
B = uoH (1.2b)

where €y = 1079 /367[F/m] is the permittivity of free space and pg = 47 x 10~ 7[H/m)]
is the permeability of free space.

With the assumptions made above in mind we impose the continuity of the tan-
gential components of the magnetic fields in the slot aperture

HE(R) — HI(R) = HIM(R) (1.3a)
HEY(R) — HIM(R) = HI"(R) (1L.3b)

where ext, int and inc refer to external, internal and incident fields respectively and
R is a field point. Using Schelkunoff’s equivalence principle described in appendix A
permits the slot aperture to be covered with a perfect conducting surface and intro-
duction of appropriate magnetic current sheets in the slot aperture as well as removal
of the infinite ground plane. The electromagnetic fields in the half space n > 0 are
therefore entirely due to the sheets of magnetic sources

AM, = —2n x 2E, = 23E, (1.4a)
iM, = —2n x 3E, = —23E, (1.4Db)

where n is a unit normal vector directed into the region of interest. The factor 2 is due
to the application of image principle. Inside the waveguide, Schelkunoff’s equivalence
principle gives directly

AM, = —n x 3B, = —4E, (1.5a)
iM, = —n x 3E, = 3E, (1.5b)

Finally n x E = 0 applies to the conducting sheet at n = 0.

The objective is now to derive equations for the exterior and interior components
in eq. 1.3a and 1.3b only in terms of the sources M, and M, which through eq. 1.4a-
1.5b is given by the unknown electric field distribution in the slot. Due to the nature
of this problem, we split it into two parts. One dealing with the unbounded exterior
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half space and one dealing with the bounded waveguide region. The first is solved by
introduction of a vector potential and the latter is solved by eigenvalue expansion.

1.2.1. Exterior Contribution to the H-field in a Half Space Enviroment

In this section we shall solve the exterior problem in case the T-slot radiates into a
half space.

Taking the curl of eq. 1.1b, using eq. 1.1a and the constitutive relations, it is found
that

V xV xH-kH = —jweM (1.6)

where k% = w?pgeg is the free space wave number. This is the equation to be solved
to find the magnetic field directly in terms of the specified current source M. An
equation that is simpler to solve is obtained by introducing the vector potential F and
scalar potential ®. Since we do not have any electric currents or charge, the divergence
of the electric displacement field D is identically zero. Therefore, D can be expressed
as [6]

D=-VxF (1.7)
because V-V X F = 0. By using eq. 1.7 in eq. 1.1b, we obtain

Vx(H+jwF)=0 (1.8)
Any function with zero curl can be expressed as a gradient of a scalar function. Thus

H + jwF = -V, (1.9)
In order that eq. 1.1a will hold we require

—VxegE = VXVXF
= JjwpoeoH + M

= jwioeo(—jwF — V&) + ¢¢eM (1.10)

We use the expansion [6] V x V x F = VV - F — V2F to obtain after a rearrangement
of terms

VZF + k*F = —¢gM + V(V - F + jwpoeo®) (1.11)
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We specify the divergence of F according to the the Lorentz condition [6]

V-F = —jwuoeo P, (1.12)
The equation for F now becomes the inhomogeneous Helmholtz equation

V2F + k*F = —¢M (1.13)

This equation is solved by introducing the scalar Green’s function in an unbounded
region, which satisfies the following inhomogeneous scalar wave equation

(V2 +%°)G(R,R) = -5(R—R) (1.14)

where § is the Dirac delta function. If we make a change of variable R — R' = Ry,
the problem will have spherical symmetry with respect to the new origin (/. Hence
the function G will be a function of R; only. In terms of the new spherical coordinate
system, the Green function satisfies the equation

] + k2G(R1,0) = —% (1.15)
Tl

R}dR; ' dR;

The weighting factor 1/4mR? attached to §(R; — 0) is due to the fact
/ S(R—R)dv =1 (1.16)
v

where V encloses 0'. For R; # 0, the homogeneous equation is the same as the
spherical Bessel equation of zero’th order. The appropriate solution for G(R;y,0) must
be proportional to the spherical Hankel function of the first kind of the zero’th order
or [7]

; (1) et
G(R1,0) = ABSD (kRy) = A ( e ) (1.17)

To determine the constant of proportionality A, we make use of the Gauss theorem

/V V2pdV = /S VéidS (1.18)

thus a volume of integration of Eq. 1.15 through a small sperical region with center at
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0’ gives

dG(R1,0)

A R?
M\ TR,

a
+ kQ/ G(R;,0)47R2dR; = —1 (1.19)
Ri=a 0

Upon substituting eq. 1.17 into eq. 1.19 and letting a — 0, we obtain A = jk/4m.
Therefore, the complete expression for G(Ry,0) is given by

_ e—ikR1
G(R:1,0) = oy (1.20)
Tranforming back into the original coordinate system with center at 0 yields
G(R,R) = e /M (1.21)
’ AR

where R = |[R— R'| = /(E=¢)?+(n—n")?+ (( - ¢')®. However, since n = 7'
G(R, R') reduces to a 2 dimensional function. The solution to eq. 1.13 is obtained by
a convolution with the forcing function ¢gM according to

F(R) = / eoM(R)G(R, B')dS' (1.22)
slot

The magnetic fields are now calculated in terms of the vector potential using the
Lorentz condition in Eq. 1.9

_ 7 4 YV F(R)

H(R) = —jwF(R) + — = (1.23)

Seperating into the two components of interest and applying eq. 1.22, the two exterior
terms in eq. 1.3a and 1.3b are rewritten in the following final form

ext Py _ —2 / D! 2 62 » Dl
HER) = - | | BAR) (K4 g0 ) GURR) (1.24a)

2
B(R) ;0GR R’)] as’

ert/ Dy __ 2 / /! 2 82 !
HEYR) = o | En(R) (K + 5 | G(R, ) (1.24b)

2
~B(R) 59 G(R, R’)]ds’
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1.2.2. Interior Contribution to the H-field

The derivation of the expressions for the interior contribution is quite comprehensive
and most details can be seen in appendix B. It involves introduction of several concepts
such as Green’s Theorem, integral transformations as well as derivation of Green’s
functions for the waveguide region.

With our coordinate definition (z,y, z), B.8 and B.43 becomes

2
H™(R) = _1 / E,(R) 0 + k%) Go(R, R (1.25a)
JWHO Jsiot Ox'
_, 0°Gy(R, R!)
o ! ’ !
E.(R) 00z ] d5
H™(R) = 1 / E.(R') 3—2+k2 G1(R, R (1.25D)
? jw,uo slot ’ 02" ! ’ .
_, 0°G1(R, R")
/ ? !
+E,(R )7(%, % ] ds

The two Green’s functions are derived from eq. B.38 and B.40

o 2 X X 9 ! ,
Gi(R,R)= = E g “mn cos T cog L g=mnle= (1.26a)
ab m—0n—0 Jmn a a
2 O = €2 mnz . mrx
GoR,R)= =D ) s i ~Ymn|z=2] 1.26b
2(R,R') ab 2 2 sin —— sin ——e ( )

wherein €gg = 1/2, €m0 = €op = 1/ V2 and €, = 1 otherwise. Finally, propagation
constant 7,,, is given by

e+ () - o

where the branches of the square root must be chosen so that real and imaginary part
of ymn are positive.
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1.2.3. Incident Field Contribution
The incident magnetic field H:** due to a TE;o wave is given by [8]

H;’ILC(R) — jAIO COS @e—jﬂlog (1.28)

where 1 is the wave number of the T E1y wave [5]

Bro=ky[1— (%)2 (1.29)

Ajp gives the amplitude of the incident wave, but for convenience we let A;9 = 1. To
ensure consistency we define the H*® component as [8]

I Jwpo

= —=———— 52X 2X%XVzh, 1.30
ZrE k? — B (1.30)

where Zrg = wpo/B1o. Upon evaluation, this expression becomes

H"(R) = —P10 4 o sin @e—fﬁm (1.31)

/a

1.3. A T-slot Radiating into an Infinite PP Waveguide

With the purpose of studying the applicability of a T-slot for array applications we
shall extend the model of a T-slot radiating into half space to one radiating into a
parallel plate (PP) waveguide. Figure 1.2(a) shows the geometry of the slot problem
which is to be analyzed in this section whereas figure 1.2(b) represents a more practical
configuration with a finite length PP waveguide. Compared with figure 1.1 we have
introduced the parallel plate spacing a’. It is assumed that the baffle structure as well
as the waveguide possess no variation in the direction of the z-axis. This ensures that
the region bounded by the baffles and the waveguide can be assumed cylindrical. The
object of the analysis is the determination of fields in the parallel plate region.

To evaluate the magnetic field in the PP waveguide we will use a modal expansion
of the field. In this way the common double integral in the plane wave expansion of
the external field from a single slot in a ground plane is now replaced by one infinite
integral and one infinite summation.

Similar to previous derivations the H-fields are found from a known Green’s func-
tion and the sources. In this case a thorough derivation of appropriate Green’s function
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Figure 1.2.: Geometry of waveguide-fed T-slot radiating into a parallel plate waveguide

consisting of two baffle plates.

can be found in [7] and for a while we shall make use of the dyadic notation used in
the book by Chen-To Tai. However, as a beginning we shall use the two Maxwell
equations. Taking the curl of eq. 1.1a and inserting eq. 1.1b gives

VxVxH-KEH = —jueM (1.32)
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According to [7] the particular Green’s function for this case is denoted G,y and the
solution of

VXV X Gey— k*Gey = I6(R—R) (1.33)
with the boundary conditions

nxV x Eeg =0 on the conducting boundary (1.34)
Then the H-fields can be found by the convolution

H = ije/@ [ x B]dS' (1.35)
This expression is valid if the source is located at 3y’ = 0 and we have a short at y = 0.

The latter causes a doubling of the magnetic currents M = —n x E. The dyadic
Green’s function is found from eq. 5.105 in [7]

= 1. ) —j2€2,
Geo = 5090(R, R) /dk Z4m D (1.36)

: [Mom(:tkya kz)Mém(:Fkya —k)
+Nem(ikya kz)Ném(:Fkya _kz)] ys y

where k; and k, are independent spectral variables and k, is the propagation constant
in the y-direction. Due to the boundary conditions mentioned above the variable k;
can only take certain discrete values given by

kp= 0 m=1,2,... (1.37)

?
al

Thus the modal expansion is continuous in k, and discrete in k;. The propagation
constant k, is related to k; and k, as

ky = k2 — k2 — k2 (1.38)

where the branches of the square root must be chosen so that its real part is positive
and the imaginary part is negative. Finally the two functions M and N are given by

Mo (ky, k) =  —e I®2=k¥) [35k, sin(kyz) + 2k, cos(ky )] (1.39)
N,

m(ky, k) = %e*j (hezkyy) . (1.40)
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1.3 A T-slot Radiating into an Infinite PP Waveguide

[2jkgky sin(kyz) — § [k2 + k2] cos(kyx) — 2kyk, cos(ky)]

These functions have been changed in order to satisfy a change in origin of the problem
defined by eq. 1.33.

Extracting terms with z and z-directed sources from eq. 1.36 gives

= . ]26 —jk —y —jk.(2— !
Gor = / dk, Z e e e ) (1.41)
21.2
: [xw k2 + Z;’] sin(kzx) sin(kza')

Kok (k2 + k2
—Qzﬁj% cos(kyx) sin(kyx')
kiok: k2]

k2
kiok k2|
k2

2 12
—yzw cos(kyx) cos(kzx')

—225 | kik, + cos (k) sin(kyx')

+22j | kyk, — sin(ky) cos(kyx')

kZk?
+22 [kg + l?/g;] cos(kyx) cos(kxm')]

which can be rewritten as

Geo = /_ dk, Z 27ra’k k2 e~ Iky(y—y") g—ikz(2-2") (1.42)
<[22 (k* — k2) sin(kyz) sin(kyz')
—§2jkyky cos(kyx) sin(kyz'
(k kyx'

z)

(

—2&jkyk, cos(kgx) sin(

+32jk,k, sin(k,x) cos(kyx
(k) cos(

—§2jkyk, cos

11



Theory of the T-Slot

+22 (k* — k2) cos(kzz) cos(kyz')]

Separating eq. 1.35 into components of interest we obtain the following expressions
similar to eq. 1.24a and 1.24a

HEYR) = 2jwe / Glogs (R, B)Eo(R) + Genga( Ry R)EL(R)AS' (1.43a)
slot

HEYR) = 2jwe / Geons (R, R)Ey(R) + Guo ol R, R)E,(R)dS'  (1.43b)
slot

Insertion of ﬁeg gives

_ -1 0o X 2 . .
HEt(R) — / S o sin(hya)e ek (1.44a)
m=0 Y

ma'wiiy J_oo

: [jkwkz / Ey(R') cos(kyz')e*:%' ds"
slot

— (K= K2) | E,(R)sin(kya')e'** dS' | dk,

slot
o 2
H Y (R) = 1 /00 Z ‘m cos(kyz)e IFvye ik (1.44b)
# Ta'wpo J 0o = Ky

: [(k2 —k2) [ Eu(R) cos(kya')e?*=*' ds’

slot

+iksk, | E,(R')sin(kyz')e’** dS'| dk,

slot

which is the final form. Expressions for the interior contribution as well as the incident
fields are identical with those given in sect. 1.2.2 and 1.2.3.

1.4. Scattered Field

The internally scattered field in the waveguide and in particular the amplitude of the
fundamental mode is obtained from one of the functions H"(E,) or H™(E,). The
equivalent network parameters (reflection coefficient, shunt admittance etc.) can be
evaluated easily. Now only looking at H,, the incident field is given in eq. 1.31. The

12



1.4 Scattered Field

fundamental mode of the backscattered field can be written similarly

Pro .. (200 + §) oiB10¢

HYS“'(R) = B 1.45
2" (R) 077 " (1.45)
This quantity can be written in terms of eq. 1.25a
HYseaY(R) = f41° E,(R) ( 3,2 + k2> Ga(R, R') (1.46)
JWHO Jsiot §
_, 0%Gy(R, R')
—E,(R)—=+-—~dS'
m( ) aglagl
Insertion of the Green’s function given in eq. 1.26b, this expression becomes
Hb,scat(R) — _AIO sin [E(iUOO + 5)] ejﬁlo( (1_47)
m wpoab a

w/2 L, B ) ,
[ / BioE,(R') sin [f(xoo n g')] e—IB10¢ gl g
Ly a

—w/2J—

/W/Z / 2(R') cos [ (zo + f')] e_]ﬂloc’dC'df']

w/2

with the field point to the left of the slot ({ < —L,) cf. [8] pp. 421. The branch of the
square root in eq. 1.27 has been chosen so that its imaginary part is positive. Then
equating eq. 1.45 and 1.47 gives the reflection coefficient

B - /w/2 La =n . [T ' —j ’
— = ——— E, — 3B10¢ gedet (1.4
A1o whioabBio |: w2 i, BroE,(R') sin [a (Too + & )] € £'d¢’ (1.48)
w/2 ) ,
/ / 2(R') cos [ (zo + {')] e Ib10¢ dC'df']
w/2
A forward scattered field can be defined similar to eq. 1.45
Ha{,scat(R) = —Cho ﬁ;(()l sin ($0(;+ 5) e—jﬂloC (1.49)

and eq. 1.47 is rewritten as

Hé‘,scat(R) _ ; sin [g($00 + 5)] e—JB10¢ (1.50)

13



Theory of the T-Slot

w/2  rLg B - o
' |: IBIOEZ(RI) sin [—(:1;00 + 5’)] elB10¢ dfldcl
*11}/2 7Lz a
w/2

L, ; B o
[ By oos [Fta +)] ¢ aca |

B —w/2
with the field point to the right of the slot (¢ > L,). Again, the branch of the square

root in eq. 1.27 is chosen so that its imaginary part is positive. Then equating eq. 1.49
and 1.50 gives the forward scattering coeflicient

@ _ R /w/2 Le ﬂ B (R,) sin [E(.'L' + él)] ejﬁIOCIdfldCI (1 51)
A10 (A)IJ/OCLQb/BIO —w/2J—Lg 107 a ” .
w/2

L. o
— / ]—WEI(R') cos [E(xo + f')] P06 dC'd{']
—w/2J—-L, a a

1.5. Radiated Field

The radiation or distant field can easily be evaluated from sources of finite extent. In
this section we shall outline a procedure for calculation of fields in the radiation zone.

We consider a distribution of magnetic currents in the vicinity of the coordinate
origin, immersed in a homogeneous region of infinite extent. The complete solution
can be found in terms of the eq. 1.7 and eq. 1.22. If we specialize to the radiation zone
(r > 1l .4z), We have

|F—7|=r—1"costp (1.52)

where 7 and 7' are the radius coordinate in a conventional spherical coordinate system.
1) is the angle between 7 and 7. Furthermore, the second term of eq. 1.52 can be
neglected in the magnitude factors, |F — 7| !, of eq. 1.22. However, it cannot be
neglected in the phase factors, exp(—jk|r — 7'|). Thus eq. 1.22 reduces to

—jkr
e J
F =

/ M (7 )elhr’ cos g gt (1.53)

A7r

in the radiation zone. The distant field of a current element is essentially outward-
travelling plane waves [9]. Hence the radiation zone is characterized by

Ey= ZyHy,  Ey= —ZoHy (1.54)

14



1.5 Radiated Field

since it is a superposition of the fields from many current elements. Since we only have
magnetic sources, the E field due to M can be evaluated according to E = —V X F.

-1

Retaining only the dominant terms (r~' variation), we have

Eg = —(V X F)g = —jk‘F¢ (1.55&)
Ey = —(VxF)y = jkFy (1.55b)
with H given by eq. 1.54. Thus no differentiation of the vector potential is necessary

to obtain the radiation field. Finally we need to determine 7’ cos) as a function of
source coordinates. With the sources located in a rectangular system, we form

rricosp =77 = xx’ +yy + 2z (1.56)
Substituting for z,y, z, we obtain
' cosp = (z' cos ¢ + y' sin ¢) sin @ + 2’ cos O (1.57)

which is the desired form when rectangular coordinates are choosen for the source.

1.5.1. Half Space Environment

In case the slot radiates into a half space the vector potential is evaluated directly
according to eq. 1.53. With a known electric field in the slot aperture the equiva-
lent magnetic currents are found from eq. 1.4a and 1.4b and the radiated fields are
subsequently found by evaluation of eq. 1.55a and 1.55b.

1.5.2. PP Waveguide

So far we have assumed the PP waveguide having infinite extent in the y-direction as
well as the z-direction. However, in the following we shall outline a method to calculate
the radiated field from PP waveguide with a finite hight b’ as shown in figure 1.2(c).
For an approximate solution to this problem for y > b’, we assume E in the aperture
to be of the form of the incident field, cf. sect. 4-11 in [9]. From this field we form
an equivalent magnetic aperture current M* = —2n x E. Applying this magnetic
aperture current to eq. 1.53, the vector potential F is found and the radiated fields
are subsequently found by evaluation of eq. 1.55a and 1.55b.

To obtain the electric field inside the PP waveguide, we turn to Maxwell’s second

15



Theory of the T-Slot

equation, eq. 1.1b, and eq. 1.35

VxH
Jwe

E =

_ 2/ (V % Cez) - [n  B] S’ (1.58)

where G.s is given by eq. 1.42. Evaluating the curl operator according to eq. 1.43 [7]

. 3 3
X G =Y Y (VG x &)i; (1.59)
ig
where (z1,z2,z3) = (z,v, 2), a new dyadic Green’s function can be written as
G=VxG i |2 96 (1.60)
= = |2z |=— - — .
e2 8:1/ e2,zx 9z e2,yx
.| 0 0
+y$ &Gd,m: - %GEQ,ZZ]
|2 0
+zx %Gez,yz - a—yGeQ,xx]
[ 0 0 1
Lz |+ e2,zz — _Ge z
+Iz ayG 2, 92 2,y ]
.| 0 0 ]
+yz %GCZ,CUZ - %Geﬁ,zz_
.| 0 0
+2z _%GeQ,yz - a_yGeQ,zcz-
which upon evaluation of the derivatives becomes
G = dk, e Tky(y—y') g —ikz(2—2") 1.61
¢ /_ Z 27ra’k k2 ¢ (1.61)

- [~92jk3k, sin(kyz) sin(kyz)

+22jkak, sin(kyz) sin(kyz")

+32 (k2(1 + 7) — jk?) ky cos(kyz) cos(k,z")
+ikgkd sin(kyx) cos(kyz')

+22(j — 1)kgkyk, sin(kyz) cos(kyz')]
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1.5 Radiated Field

Extracting terms giving x and z-directed fields from eq. 1.61 and applying this result
to eq. 1.58 we obtain the following expressions

EPU(R) = =2 [ Gou(R, R)E,(R)dS (1.622)
slot

Egpwg(R) = 2 Gzz(R, RI)EZ (RI) - Gzz(Ra RI)EI(RI)dSI (1'62b)

slot

Insertion of G gives

00002

R = |3 (=) R coslhamle e (L3

Ey(R') cos(kyz')e’*% dS' dk,
slot

_ 1 oo ) .
EPYI(R) = —; Z €2 sin(kyz)e ke k== (1.63Db)
m

. [ E,(R') sin(kyz')e’*:% dS'
lot

_ (LA j)ksk,

12 l Ey(R') cos(kyz')e™ ' dS' | dk,
slot

Assuming the electric field E in the aperture to be of the form of the incident field
we form an equivalent magnetic aperture current

M® = —2n x EPPY(p=g' y=b',2=2) (1.64)

making it possible to calculate the vector potential given in eq. 1.53. However, this
three-dimensional problem having cylindrical boundaries can be reduced to a two-
dimensional problem by applying a Fourier transformation with respect to z. Accord-
ing to sect. 5-11 [9] the radiation field is simply related to the transform of the source

evaluated at k, = —kcos 6. Equation 1.53 then becomes
—jk:r o, .
= / M®(z', k, = —k cos )e/k®' 05 ¢5in6 g (1.65)
47r
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where
ﬁ“(:v', k,=—kcosf) = —2n x f}ppwg(x =z y=b',k,=—kcos ) (1.66)
and the radiated fields are subsequently found by evaluation of eq. 1.55a and 1.55b.

Grating Lobes

A broadside beam from an array of T-slots requires one guide wavelength between
consecutive slots. This results in two grating lobes of considerable magnitude at +45°
from the main beam.

In order to eliminate the grating lobes we apply a PP waveguide as described
in sect. 1.5.2. For baffles of finite height the grating lobes will be attenuated by an
amount given by the decay rate of the evanescent field. The y-directed propagation
factor corresponding to the evanescent field is

ky = —j\/k2 — k2 sin? 0 (1.67)

This gives a simple expression for the attenuation versus baffle height &

GLA = 20log,,e ik (1.68)

The grating lobe attenuation effect will also be seen in the element patterns. Com-
pared to the omnidirectional pattern from a magnetic dipole radiating into free space,
the E-plane will be quite narrow as a consequence of the spatial filtering of the baffles.
The cut-off angle is 6, = arcsin(k,/k), which is the limiting angle for total reflection
at the free space-parallel plate interface.

18



Chapter 2

Numerical Computation Methods

The purpose of this chapter is to decribe the concept of the method of moments and
apply it to the slot problem derived in chap. 1. Furthermore, intergration concepts
and schemes nessesary to overcome some numerical problems arising from using the
method of moments are described in detail.

2.1. Method of Moments

The Method of Moments (MoM) as a numerical procedure is outlined in figure 2.1 [10].
The major steps consist of the formulation of an appropriate integral equation (IE) for
the problem considered, the discretization process, and the solution of the discretized
integral equation. These steps will be discussed in detail in the following sections.

2.1.1. The Integral Equation

The moment method is preferred in the numerical solution mainly due to its for-
mulation by the integral equation. The integral equation reduces the domain of the
operator equation to a finite one, with all the bondary conditions implicitly contained.
We have already seen formulation of the integral equation in sect. 1.2 eq. 1.3a and 1.3a.
It replaces all the equations, from eq. 1.1a to 1.2b as well as eq. 1.4a to 1.5b. Instead
of having to satisfy the Maxwell equations in the entire infinite space it is now only
necessary to satisfy the integral equation on the surface confined to the slot aperture.
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‘Formula,te IE Alx)=y on S ‘
7

(y given, x unknown)

I

‘Discretize IE (Choose expanding functions ¥y,) ‘

x ~x(M) = Zi:;l a:,(lN) v, Approximation of unknown x

1
Zivzl 2V AT, ~y Discretize IE (approximated IE)
!

| Solution of discretized IE |

1

Choose weighting functions

I

Matrix equation

d
The unknown xﬁf") is determined and the solution of IE obtained

I

Figure 2.1.: Outline of the Method of Moments.

2.1.2. Discretization of the Unknown Function

A continuous integral equation, such as eq. 1.3a and 1.3a, can be written in an abbre-
viated form as follows

Alx) =y on S (2.1)

where x denotes the unknown, which is E in eq. 1.3a and 1.3a, and y denotes the
given, which is H™¢. In terms of linear algebra, we call A an operator. y and x are
complex vectorial functions in a linear space £, on which A operates.

The first step in solving a linear operator equation such as eq. 2.1 is to project the
operator onto a finite subspace, or equivalently, approximate the unknown function by
a discretization process. We approximate the unknown x in a finite linear space £V
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2.1 Method of Moments

of dimension N by xV) as
N
x ~x(V) = Z oM, (2.2)
n=1

(N)

where z;, ' are complex constants, and ¥,, is a set of linearly independent functions
called expansion functions. For an exact solution, N must in general be infinite.
Therefore x() is an approximation for the unknown function x.

2.1.3. Solution of the Discretized Operator Equation

Substituting eq- 2.2 into eq. 2.1 and making use of the linearity of the operator A, we
obtain the discretized integral equation as follows

N
Z oM AT,) ~y on S (2.3)
n=1

This equation is an ill-defined statement. The approximate sign is the problem, but
necessary because the left and right sides cannot be exactly equal in the entire domain
S. Additional weighted measures are needed to make this equation meaningful.

2.1.4. The Direct MoM for Solving an Operator Equation

The direct MoM is the method defined by Harrington [11], who outlined a basic prin-
ciple to implement weighted measures to give precise definitions to the discretized
integral equation, eq. 2.3, which is not properly defined. The method consist of choos-
ing N weighting functions and then taking an inner product on eq. 2.3 with each of the
weighting functions, resulting in N precisely defined linear equations. A set of equa-
tions, which are numerically solved by marix methods for N unknowns. The details
are as follows.

We choose a inner product defined as the convolution

(x,y) = /S x-ydS (2.4)

Next we select a set of linearly independent weighting functions wi,ws, ..., wy in the
spatial domain S and take the inner product on eq. 2.3

N
S aM (An) wm) = (yowm)  m=1,2,... N (2:5)
n=1
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We have thus transformed the imprecise eq. 2.3 into a set of precisely defined equations.
This set of equations can be written in matrix form as

[Arn] [257] = [yl (2.6

where

") gy, wli
[x%N )] = xQ_ S al=|
mg;]fv) ] (v, "'UN>
The unknown column matrix [w%N)- is then

(=] = [458] [ym] (2.8)

where [A;}] is the inverse matrix. Note that by choosing various sets of weighting
functions, we can have many different sets of matrix equations, and therefore, different
results for the numerical solution of a particular integral equation.

2.2. Application of the MoM to Slot Problems

As mentioned in sect. 1.1 the unknown electric fields in the longitudinal and the
transverse slot apertures - £, and E, - are assumed to be constant across the respective
slot. As a part of the method of moments the electric fields are expanded using global
sinusoidal functions as follows

N,
Ey(R) =Y Epep(() (2.9a)
p=1
_ No
Ez(R,) = ZErer(fl) (2.9b)
r=1
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2.2 Application of the MoM to Slot Problems

where E, and E, are the unknown coefficients and the expanding functions are

e,(¢') = sin 21’5 (' +L,) (2.10a)
er(¢') = sin 272; (€' + L) (2.10b)

with the local coordinates centered in the slot apertures. These basis functions have
been applied successfully in similar problems by Lars Josefsson [2][3]. Furthermore,
we notice the sinusoidal basis functions automatically satisfy the boundary conditions
at the ends of the slots, where n x E = 0 applies.

The six terms in eq. 1.3a and eq. 1.3b are now defined, and we have an integral
equation where the unknown variables E,; and E, appear in the integrands. This
equation is now transformed into a matrix equation according to the the method of
moments described in sect. 2.1. We use the Galekin’s method with the following entire
domain weighting functions

wy(&,¢) = sin [;gz ¢+ Lz)] 56 g=123,....N, (2.11a)
we(€,¢) = sin [;L” (€ + Lm)] 5¢)  s=1,2,3,...,N, (2.11b)

and inner products defined as in eq. 2.4

(Hyw) = [ H(P)w(P)ds (2.12)

slot

It gives us (N, + N;) x (N, + N;) equations which in a matrix form can be expressed
as

| e i) 5= ][22 ] L 21

where [E,| and [E,] are the unknown column matrixes

[Ep] = (Em,la Ew,Qa EEN Ew,Nz)T (214)

[B] = (B2, Bz, .-, Bon,)” (2.15)

The matrix elements are defined as eq. 2.12 and normalized with Zj; and the electric
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field according to

; - Z
Vot =Yoot = ((H™(By)we) — (H™(Ey), wy)) E(,), (2.16a)
: - Z
Yt =Ygt = ((HEE) we) — (HI(E2), wg)) 7 (2.16b)
3
; - Z
Yylt =Yt = ((Hg™ (Bg), ws) — (HY"(Ez), ws)) EZ (2.16c¢)
Zo

Y =Y = ((HE M (By), wi) — (H™M(Ez), ws)) (2.16d)

E,

The right hand side of eq. 2.13 is a column matrix representing the exitation from the
incident T'Eyy wave, with elements

hite = (H", wg) (2.17a)
W = (Hy',ws) (2.17b)

where H!" and H™® are given in eq. 1.28 and eq. 1.31

Once the matrix elements have been evaluated the solution is obtained after the
matrix inversion

[E] = [Yezt . Yz'nt]*l [hinc] (2.18)

2.2.1. A T-slot Radiating into a Half Space Environment

A full derivation of the matrix elements given in sect. 2.2 is found in appendix C.
However, for convenience the final results are given in the following sections.

Self Terms

For the longitudinal slot, the external terms Y;)eq“ becomes

27

Ye;vt = -
Jm?wio(q* — p?)

rq

[[(k2Lz)2——(qw>2]-1)-y1<q> (2.19)

—Kmuﬁ—wwywm@] —p
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2.2 Application of the MoM to Slot Problems

and

A 2 _ 2Z0q
pr— [(k2L)* = (4m)?] - () Twto

Yo' = yile)  p=gq (2.20)

where the two functions y;(p) and y2(p) are given by

ne) = [ " / Y in (o +1/2)]- o o eijz]dade' (2.21)

Ry Ry
and
w/2 kR in(pmyv
ya2(p) = / i e [(1 —v) cos(prv) + S§)+)] dvd¢' (2.22)

The three quantities R, Ry and Ry are given by

R = /&2 4+ 12412 (2.23a)

Ry = /€2 4 (0 —1/2)24L2 (2.23b)

Ry = /€2 4 (0 +1/2)24L2 (2.23¢)

When p is odd and ¢ is even or vice versa lﬁf(ft = 0. Furthermore, it is noticed that
the matrix is symmetric, which should be utilized to speed up computations.

The internal terms for the longitudinal slot becomes

, 2])\11) N2+ Kk o7
nt __ 2L, mn 2L,
YI.Jq abm Z Z mnW [’)’mn 2 pr 2 2 qr 2 (2.24)
m=on=0 Yn + (ﬁ) Ymn + (T)

()
(1 e72'7anz) + —sz5pq]
Vo + (2pL7r2>

where d,, = 1 for p = g, 0 otherwise. The upper sign is valid for both p and ¢ odd, the
lower sign for both p and ¢ even. When p is odd and ¢ is even or vice versa Y;fgt =0
Like the exterior terms, Ypi;t = 0 when p is odd and ¢ is even or vice versa. The
symmetry properties of Y% are valid to Y™ too.
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In case we have a transverse slot, the contribution from the exterior is given by

vt = (L)~ () )
S [(R2L — () s ()| s (2.25)
and
Yot = 2 [(k2L,)? - (sm)?] - ga(s) + 2y (s) 1= (2.26)

JWT g Jwiio

where the two functions y;(r) and y2(r) are given by

n(r) = / v / 2 (o +1/2)] - [( e eijz] dode’  (2.27)

Ry Ry
and
w/2 1 —jkR .
yo(r) = /0 /0 ° IJ% [cos(rm/)(l —v)+ W] dvdc’ (2.28)

Similarly the three quantities R, R; and Ro are now written as

R = /(7? + 02412 (2.29a)

Ry = /(% + (0 —1/2)%4L2 (2.29b)

Ry = \/(? + (0 +1/2)2412 (2.29¢)

Furthermore, Y,*** = () when r is odd and s is even or vice versa. The symmetry
properties applies to Y,**! as well.

Finally, the interior contributions for a transverse slot Y, are given by

storm | (ma\2 _ 1.2 _ —7mnw/2]
i _ A0 S5t e, EE () K [1-e
ot i e | (32)" - )] | (72)" - @

. r,s odd
|: (3082 m7(rlL$ SlIl2 Mmoo )
2 MAT0 12 MT Ly
cos a sSin a r,s even
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2.2 Application of the MoM to Slot Problems

Like Y, V""" is symmetric and ¥, = 0 when r is odd and s is even or vice versa.

Cross Coupling Terms

The exterior coupling from a longitudinal slot to a transverse is given by

ext —Zop L 8
e—ijl e—]kRz ,
-cos[2L (L, +C)] [ R :|dCdf
where
Ry = \/(Ly —&)*+¢? (2.31a)
Ry = \/(Lw —w— &) (P (2.31b)

and the interior coupling is

o [e o] P ST L1,y MTW

Y’int B 4Z0 L, L. SIDT COs
ps

jwuoabm o [772% + (fLZ)Q] [(227;)2 - (%)2]

s odd

ML

(2.32)

pﬂ] cos "”;L“” sin 700
mwzoo sin mnLg

— COSs a

S even

where Ypigt = 0 when p is odd.
The exterior coupling from a transverse slot to a longitudinal is given by
t Fe
Yert = L, 2.33
e [ [ -

e—ikRL  g—ikR:

.co [2L (Lg +5)H YT ]d&’dg

where

Ry = /(¢ +w/2 - L) + (w/2 - ¢)° (2.34a)

Ry = /(¢ +w/2— L)" + (w/2 + ¢)” (2.34D)
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and the interior coupling is obtained as a sum of two terms
1y yint,23
Ymt Ymt Y;z;Lt, (235)

int,l . .
where Y, is given by

) —270 & mn rm
R DI 230
qu()a/bm 0n= O'Ymn T e 2
2L, ) (T)

r odd

mnLg 3. MTTo0
COs ~a Sin —a :|

) 2 [_ MTTQ gipy MTLy
2 4 (ar Cos =, sin r even
Ymn 2L,

L ogqmw ; _ qmw . _

. [QanLz sin 1L, [e TmnW 1] iL, [e YmnW _ 1]]

and Yy is given by
oo o mm rT
yint,23 _ —27y Z Z mn m”T-'EO a Lg (2 37)
rq ; 2 :
]w/l'()abm 0 ne O’Ymn |:<27zrm) N (%)2]
% [ cos M1Le gipn MTZ00 ]T odd
. z Lm
2 08 mwawoo sin W; T even
Ymn T
. [cos %T [1 - e*"”""w] [ ZJLL L, sin ZZZ)]
+q7T |:e*')’mn(Lz+w/2) _ ef'Ymn(Lz*w/Q)]]
yiabl — y23 — 0 when ¢ is odd.
Excitation Terms
Finally the forcing terms are given by
= T jeos(BroL,) q odd
inc L 0 104z
_ 2 220 2.
g 2 c0s { —sin(B1oL,) g even (2:38)

qm _ 32 a
(sz ) Bo
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(2.39)

hinc —

ST
—B1o Lo cos “Lm sin 720 s odd
m/a [ sx \2 (£)2 — cos 7”200 sin “5’” s even
2Ly a

2.2.2. A T-slot Radiating into an Infinite PP Waveguide

In case the exterior region consists of a parallel plate (PP) waveguide, the exterior
contribution to the matrix elements given in sect. 2.2 changes. However, all other
terms remain unchanged.

Self Terms

For the longitudinal slot, the external term quq” is found by weighting the magnetic
field He*Y(E,) with the weight function wq. That is by applying eq. 2.11a and 2.16a
to eq. 1.44b

Yot = (H™M(Es), we) o (2.40)

L —Zy [P X e (K- kD)
B m’wuo/_ 2 ok
/ / sin [2L (L, +C)] 6(&) cos [kz(zoppre)] €77
w/2
w/2
/ / sm |:
w/2

where g ,, = o — (a — a1)/2. Using eq. C.3 and C.65 the ¢’ and ¢’ integrals reduces
to

PT (L, + g’)] cos [ky (z0,pp + &)] €¥=¢ de'd¢’ ded( dk,

—Zowp [ < m kZ)
Yewt — 0 / -
Pq a'wpoL, z—:o -
w/2 4
/ [ sin [ >] (6) cos [ka (w0 ppr)] o7
w/2
dd
ka'w cos(kaZopp) [ cos(k,L;) "o d€d¢dk
( pw 2 2 —J Sin(kzLZ) Z
ZLZ) e p even

29



Numerical Computation Methods

Applying eq. C.65 in the evaluation of the { we obtain the following final expression

Z o0
paT Z €, smc— cos? (ky 0 pp) (2.42)
=0

Ye;vt _
Pq a W,UOLZ

2L,

/w (k? — k2) [1+ma%1q]“qmmdk
' 2 o\ 2 1 — cos(2k,L,) #
() [ ] e

where we have made use of the fact that the integrand is an even function in k, and
rewritten squared trigonometric functions in terms of the double angle. The same
properties regarding symmetry and zero-terms apply as we saw in the half space case.

In case of a transverse slot, the external terms Y,*** are found by applying eq. 2.11b
and 2.16d to eq. 1.44a

Zo
Y5 = (Hy™(E:),we) & (2.43)
T

oo X e k2)
|2

' m=0

w/2 L ST ]
- / [ sin [2L (L2 +)| 3(¢) sin halgpi ] 7
L, x

w/2J—

w/2 Ly rT 0 ol
S sin | S € sin kg + €] 4 de'ac dedcar

w/2J—

where zgopp = Zoo — (@ — a1)/2. Using eq. C.20 the &’ and ¢’ integrals reduces to

7 oo X2 (k2 k2
Yﬁ,xt _ owr / 6m( w) (2.44)

aleOLx —00 ;=0 ky

w/2 pLg .
/ /2/ sin [QL =t 5)] 8(¢) sin [ky (w00,pp + €)] €742
r odd

dedcdrk,

smc—g— [ cos(kg L) sin(kz 200 pp) ]
T even

( o ) g2 — cos(kzzo0,pp) sin(ky L)
2L, T

Applying eq. C.20 once more in the evaluation of the £ integral we obtain the following
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final expression

(2.45)

2Zywrsm e, (k% — k2)
Yezt _ 0 Z m T
C dewld [(2%)2 - k%] [(ﬁ)z - k2]

[ sz ] odd [
cos (kg @00,pp) sin? (ki L) r, 8 even /0 ky ’

Again, the same symmetry and zero-term properties apply as we saw in the half space
case.

Cross Coupling Terms

The exterior coupling from a longitudinal to a transverse slot Yewt is found by weighting
the magnetic field He*!(E,) with the weight function wj

Z
Yt = (H (o), ws) 2 (2.46)
p
o _jZO /OO = egzkwkz

Ta' Wi

O m=0 ky

w/2 L ST )
S sin | S )] 60 sin g + ]

w/2J—
w/2

/ / sm[
w/2

The integrals in ¢’ and ¢’ are almost identical with the expressions we saw in eq. 2.40

)] cos [kz(20,pp + €')] e*=¢ de'd¢' de d¢ dE:,

and evaluates to

. 327 o ek
Yoo = a'wpoL, / Z . o

w/2 Ly ]

/ / sin [ (Ly + 5)] 6(¢) sin [kz(zo0,pp + )] o I
w/2

s dd

sin k;" COS(kzch,pp) [ CO?(’szz) ]p ? d¢d(dk,
—jsin(k,L,) p even

() ¥
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Using eq. C.20 in the evaluation of the ¢ integral we obtain

Gwpo Lz S, |:(23£rm> . k%:|
cos (ke L) sin(kazooyy) 1° 0% [ k,sin(k,L,)
| = cos(ka00 pp) sin(ks L) ' 7 1k
08 (k00 pp etz) ls even JO [( pr ) _ k2]
Y 2L, z
where Y& = 0 when p is odd.
Similarly the coupling from a transverse to a longitudinal slot is found by
ert __ et ZO 2.49
_ —7 7o /oo — G?nkwkz
Ta'wpo J_oo = ky

w/2
w/2
-/ / sin
w/2

Again, applying eq. C.20 in the evaluation of the ¢’ integral we obtain

/ /ﬂf/2 sin [quz (L, + C)] 8(€) cos [k (o pp + &)] e77F=¢
bR

(Ly + €& )] sin [ky (o0 pp + &)] €758 de' ¢! ded¢ dk,

N

Ly

—j2Z0r [ = €k
yext _ J440 / E m™T 2.50
4 a'wugLy ( )

)] 8(€) cos [ky (zo,pp + )] e77R=C

kb ) r odd
Sln2w:||: COS(ksz) Sln(kmxoo,iﬂp) :| déd(dk,

— cos(kgZ00,pp) sin(ky L) T even
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Evaluating the last integral yields

et 4Zorqm s €2,k cos(ky o pp)

= 2.51
rq G'wHOLsz — |:(r_7r)2 B k;?c:| ( )

2L,
- [ cos(ky L) sin(kgzoo pp) ]T odd
— cos(kgZo0,pp) sin(ky L) T even

dk,

[ sin " sin(k, L)
0 gn \> _ 12
where Y;fift = 0 when q is odd.

2.2.3. Reduction Scheme for Triple Integrals

In the derivation of the expression for the free space contributions lﬁ,e(ft and Y,%*' we
need to consider the reduction of a computationally less efficient triple integral. All
details have been left out in sect. 2.2.1 but the problem is addressed in appendix C.1
and C.2. The object is to reduce these expressions to numerically more efficient double
integrals. This step involves several variable substitutions and application of an inte-
gration scheme. Here we shall outline a reduction scheme described in [12] for V5.
However, with suitable substitutions it applies directly to Y,%*t.

Let’s consider the following integral

w/2
Ipq =/ 2[11 + L] d¢’ (2.52)

ne [ - G o)

-sin [pi(Lz + c’)] M e

2L, R
and
L, —JjkR1 —JjkR2
_ pm . ﬂ . pe . (]
h=-1T /_ ; SIn[QLz(Lz+<)] [( - ]dg (2.54)
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Making the substitutions o = /2L and o’ = (’/2L, eq. 2.53 and 2.54 becomes

12 p1/2
I = [(2L,k)? — (pm) / / sin [gm (o + 1/2)] (2.55)
1/2J-1/2
o JkR
-sin [pr(o’ + 1/2)] do'do
and
1/2 e—ijl e—ijz
JA— / sin [gr(o + 1/2)] [(—1)1’ - do (2.56)
~1/2 Ry Ry
From the above
w/? 2 21, 1 gt
ho= [ QLK —m"] i pria] (2:57)

We shall find simplify 4; and i to obtain numerically more efficient more expressions.

Integration Scheme for i;

From eq. 2.55 and 2.57 we have

/2 p1/2 e JkR
i = / sin [g7 (0 + 1/2)] sin [pr (o’ 4 1/2)] do'do (2.58)
—12J-1/2 R
where
R=+/¢? 4 (0 — 0')24L2 (2.59)

The integration is now carried out on strips of constant v, ¢ — o’ as shown in figure 2.2

e jkR 1/24v
ip = / 7 sin[gn (o + 1/2)]sin [pr(o — v + 1/2)] dodv (2.60)
-1 ~1/2

o—JkR 1/2
/ sin[gm(o + 1/2)]sin [pr(c — v + 1/2)] dodv
—1/24+v

which after evaluation of inner integrals reduces to
1 o—jkR

ih = R [(1 —v) cos(qmv) +

sin(gmv)
qm

dv  p=gq (2.61a)
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\ Re
v=1 1/2 o=1/2
c=1/2+v
\Gl
c=-1/2+v
strips of _|
constant v
c=-1/2 -1/2 v=-1

Figure 2.2.: Integration on strips of constant v, o — o’.

1 e—ij 9
= sin(pmv) — psin(gmv)| dv + g even
/0 R (g2 =) 4sinlpm) —psin(gmv)] P#¢p+q

=0 p+qodd

Thus we see from eq. 2.56, 2.57 and 2.61a that I has been reduced from a triple integral
to a double integral, which is computationally more desirable.

Equation 2.57 can be further simplified by making use of the fact that the matrix
elements are symmetric, lgeq“t = Yq‘;;‘t. Thus the simplified expression for I, when
p # g becomes

I, = ﬁ [(K2L.)? — (¢m)?] - p- () (2.62)

— [(k2L;)* = (pm)?] - q - y1(p) p#q
and

Ipg = 2[(k2L.)* — (qm)*] y2(q) —4qmyi(q) p=g¢q (2.63)
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where the two functions y;(p) and y2(p) are given by

o—JkR1  o—jkRs

n) = [ " | " sinlgr(o + 1/2)] [ s 209

Ry Ry
and
w/2 1 ,—jkR :
y2(p) = /0 /0 © 7 [(1 —v) cos(pmv) + sm;%u)] dvdg' (2.65)

R, Ry and R, are given by
R = €2 112412 (2.66a)
Ry = €2+ (0 —1/2)2412 (2.66b)
Ry = /&2 + (0 +1/2)24L2 (2.66¢)

2.2.4. 1/R Singularity Extraction

Many of the integrals arising in computation of exterior contribution to the H-field
have kernels which are in some sense unpleasant. This is caused by a singularity either
in the integrand or a singular-like behaviour in a low-order derivative of the integrand.

In all cases the singular behaviour arises from the 1/R term, which we can factor
out of the integrand, in the sense that the problem may be formulated as

1
[ 7He.0s (267)

where R becomes zero at some point (£, (), which is within the integration limits.
f(&,¢) is a slowly varying function.

This singularity can be subtracted out. Suppose that the singularity occurs at the
single point (o, (o), eq. 2.67 is rewritten in the form

[ FVE0 0. as+ f(e.o) [ 7as (2.68)

1 1
— [ gote.cras + f(eoco) [ gas

Provided that the last integral can be evaluated either analytically or by a simple
numerical method, eq. 2.67 can be estimated by evaluating the first integral. This
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2.2 Application of the MoM to Slot Problems

is easier than the original problem because g(&o,{o) = 0. However, the singularity
has not completely disappeared. The new integral has a sigular first derivative so
that we have weakened, rather than removed, the difficulty. The subtraction process
can however be repeated, successively if required, to weaken the singularity further.
Including the first derivative we obtain

1
/9 R £0,C0 ¢

£ (&0, o) /Rderaf - /5 éh°dS+ e /C “, s

Moving the origin of the coordinate system (&,() to the singular point (&g, p) and
transforming the problem into polar coordinates, the last three integrals in eq. 2.70
become

// [f(EOaCO) + %

However, since the problem is not well suited for this choice of coordinate system,
we will put a little more effort in describing an integration scheme for this specific
problem. First of all we will limit the region of interst to one of the four quadrants in
the corresponding cartesian coordinate system. The scheme is successively extended

of

of
B¢ — (¢ —<o) 7

f(&,¢) — f(&,<0) — (£ — &o)

] ds (2.69)
€0,C0

Rsinf + g

Rcos@
60 740 BC

0,60

d0dR (2.70)

to cover the entire region by simple summation of the contribution from the four
quadrants. The area confined to [0,&;] x [0,(;] is seperated into three regions as

R,

il

Rl Ql RS
Figure 2.3.: Integration over a rectangular region in polar coordinates.

shown in figure 2.3. The tree quantities R1, Ry and R3 are defined as

Ry = min(|&1], [¢1])
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Ry = max(|&1], [¢1])

Ry = /€2 + (2

Evaluating the 6 integrals for constant values of R, the contribution from region one
becomes

B 0 0
I = / f({o, Co) +sgn(&)R 8f +sgn(¢1)R 6_f dR (2.71)
0 3 £0,¢0 ¢ €060
In case |[(1]| > |&1| the contribution from region two becomes
I, = " f (o, ¢ )arcsin& —sgn(&1) R cos arcsin& -1 of (2.72)
S AR R T R Oley
+sgn(¢1) R sin [arcsm% — 1] gjg o dR
0,80
whereas if |(1| < |£;] the contribution becomes
R2 T R f
I, = — — arccos — | f(&o,Co) + sgn(&1)R cos arccos —| = (2.73)
Ry 2 R 86 gO’CO
. of
+sgn((1)R |1 —sin arccos — dR
8C £0,%0
Similarly, the contribution from region three becomes
R3
Is = / [arcsm _ arccos R—] f(&o,¢0) (2.74)
Ry R
—sgn(é1)R [cos |:arcsin &] — cos [arccos —” of
R 6 €0,C0
. . Ry . of
+sgn((1) R [sm [arcsm —] —sin [arccos —” = dR
Bn(c) R R 1] e
in case |(1] > |&1] and
R3
I3 = / [arcsm R _ arccos R—] f (&, Co) (2.75)
R» R
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if [¢1] < &1

+SgH(C1)R [Sin [arcsin %] — sin |:aI‘CCOS _:|:| ﬂ

—Sgn R |cos |arcsin — | — cos |arccos — ~

R dR

R || ¢

£0,Co0

In order to show the strength of the method the following two kernels have been
extracted from eq. C.62

Ig,

Ig,

1

7 sin [28;; (Ly + {)] cos [2pl7; (L, + C')] cos(kRy) (2.76)
1

7, sin [%(Lw n g)] cos [QPT”Z(LZ + g’)] cos(kRs) (2.77)

both being singular at ¢ = L, and ¢ = L, — w respectively. Applying the method
outlined theses two integrands have been plottet in figure 2.4 and 2.5 for p = 4 and

s = 6.

3000

These results shows that the integrals containing a 1/R kernel can be

AN
";o't
X S
> SRS
x 10

Figure 2.4.: Value of the kernel Ig,.
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Figure 2.5.: Value of the kernel Ig,.

transformed into well behaved integrals. These are much more smooth and can be
evaluated to high accuracy with standard numerical integration algorithms available
in mathematical libraries such as IMSL or NAG.

2.2.5. Deformed Contour Integral

To efficiently evaluate the spectral integrals of the type given in eq. 1.44a and eq. 1.44b
we consider the integrals of the following type

= /0 (k) dk, (2.78)

where the kernel f(k,) has a singularity at k, = 0, i.e. when k, = \/k3 — k2. Secondly,
the integral has an infinite upper limit and the kernel is an oscillating function in k,.

There are different techniques to handle the singularity problem. One way to han-
dle the singularity is to evaluate the integral along a revised or deformed contour [13].
In figure 2.6 the contour has been moved into the complex plane of k, and in the
vicinity of the poles a deformed contour along a half circle is used. The axes of the
half circle is chosen large enough to confine the poles within the circle. The numerical
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Lo dmlk, ]

0 Relk,]
0 K 2k

Figure 2.6.: Integration contour in the complex k. plane.

integration of the integral given in eq. 2.78 is performed along the deformed contour
over 0 < k, < 2k, and along the k, axes for 2k <k, < o0

I= /W f(k[(1 —cosB)+ jsinb)]) k [sinf + j cos 0] dO + /00 f(k,)dk, (2.79)
0 2k

The advantage of using a deformed contour along a half circle is that there is no need
for supplementary information concerning the type and location of the singularities.
The problem solving the integral along the k, axes for 2k < k, < oo is addressed
in sect. 2.2.6.

2.2.6. Method of Weighted Averages

Sommerfeld integrals, as given in e.g. eq. 2.79 can be grouped in a more general class
of integrals defined by

I(k) = / G F(0)dA (2.80)

where

e g(k)) is a complex function whose real and imaginary parts oscillate with a
strictly periodic behavior or behave asymtotically as the product of a periodic
function and monotonic function.

e f(A) is a smooth, non-oscillating function that behaves asymtotically as CA®.
Above a certain value of the argument A, the function f()A) and all its derivatives
have a constant sign. For the sake of simplicity, f()) is assumed to be real.
Complex functions can be handled by working successively with their real and
imaginary parts.
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e The lower integration bound a has been chosen conveniently to ensure that the
interval [a, 00| is far from possible singularities of f(\).

A technique used to evaluate eq. 2.80 is defined by [14]

®  rat+(m+1)p/2

I(k) =) / g(kX) f(N)dA (2.81)

m=0 +mp/2

The integration over each half-cycle is performed prior to the summation. In practice,
the infinite integration must obviously be bounded and we apply a simple technique
based on the concept of weighted average between the half cycle integrals. This accel-
erating device has proven to be faster and very accurate for Sommerfeld integrals.

For clarity we shall show the algorithm for the kernel g(kA) = cos(kA). Partial
values are calculated numerically, defining I}, (m = 1,2,..., M) as [15]

Am
IL =/ cos(kA)f(Nd\, m=1,2,....M (2.82)
a

where the ), are succesive zeros of the oscillatory function cos(kA) beyond the inte-
gration boundary a. The variation between the real value of I and the approximations
I} is given by the value of the integral over [Ap,o0]. This value can be estimated,
dividing the interval into an infinite number of subintervals, each having as its width
one period of cos(k)). Using the conditions described at the beginning of this section,
the function f can be replaced by the first terms of its Taylor series with respect to the
center of the subinterval. The following result is obtained in this way by simultaneously
integrating by parts

I—1I) ~—f(\,)sin(k\,)/k (2.83)
where the term sin(k),,) takes alternative values +1 and —1. The sequence of M
values I}, thus oscillates back and forth around the real value I, its convergence being
determined by the function f()\). A new sequence I2,(m = 1,2,..., M — 1) is then

defined taking the averages of two consective values of the sequence I, following the
general expression

I =1/2(1t + 144, l=1,...,M—1, m=1,...,M—1 (2.84)
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Use of eq. 2.83 shows that
I — 12 ~ (7/2k?) f'(Am) sin(kAy,) (2.85)

where the I2, sequence also has an oscillatory behavior around I, its convergence
depending on the first derivative. Subsequent use of the average relation eq. 2.83
produces new sequences I,. Taking into account the asymptotic behavior of f()\), the
sequence I', with [ > a + 1 is the first one that will converge toward the real value
of 1. Successive sequences converge faster each time. The last sequence reduces to a
single value I which will be closer to the true value than I3, in spite of the fact no
additional evaluations of the integrand have been required.

Noticing that the variation between every term of the I, sequence and the exact
value I depends on m in eq. 2.83, it is apparent that the averaging algorithm can be
improved. The arithmetical mean eq. 2.84 can be replaced by a weighted average, in
which more weight is given to the value of I}, closest to I. The general expression is

I=1,...,M—1,
I = Wl +wha ) +ub) {0 e

For [ =1, the optimal value of weights is

Wi, = (A1/Am)® (2.87)
where, as mentioned previously, « is the asymptotic exponent of the function f(X).
Since, at each successive averaging iteration, the order of the function controlling the

convergence decreases by one unit, eq. 2.87 can be generalized to

why, = (AL/Am)* T (2.88)

2.3. Scattered Field

Knowing the field distribution in the slot aperture, the scattering coefficients given
in eq. 1.48 and eq. 1.51 can be evaluated. Inserting the expansion terms introduced
in sect. 2.2 we obtain the backward scattering coefficient

N
5= G| [ [ e 2 en 37 50

_—— = — E.sin |— (&' + L 2.89
A1 w,UOGQb,Bm[ w2 )or, Bio 2 B 2Lw(£ z) (2.89)
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sin[ano +&)] e 0Cagtac + [ y [z

- coS [g(wo + {')] sin [

P (ot —3B1o¢’ gt ge!
L d<df]

Evaluation of the integrals yields

BlO 27‘(’2 Ne —
_ . 7
— = ———— | sin(w/201p E— 2.90
A wppa?bBio [ (w/ )21 "\ (£)2 (2.90)
r= 2Ly a
[ cos % sin % ]T odd 4is W cos TIQ
) T s Ly .] in
—cos = X sin == r even 2a a

S ) N [t ]p odd
=1 P (%)2 .y jsin(BioLy)

Similarly the forward scattering coefficient becomes

p even

CIO w/2

Ay wHOGQbﬁlo

/ ﬁmZE sin {2L (¢ + L )] (2.91)

—w/2

sm[ (x00+5)]e7ﬂ104d§d¢ /wﬂ/ ”ZE

- cos [g(xo + §’)] sin [2 I (¢'"+L )] efﬁ10<’d¢'d§']

and by evaluation of integrals we obtain

010 27T2 AL -
— = —————|sin(w/2060 E— Lo 2.92
Aqg wpoa?bfio [ (w/ )rz_:l ' (ﬂ)2 _ (1)2 (2.92)
- 2L, a
[ cos Tk gip M0 ]r odd Tw X
. oon e S — jsin — cos —
— cos % sin == | oven 2a a
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_g":Ep = . [cos(ﬁloLz) ]

p odd
—J Sin(ﬁlOLz) ]

p even

2.4. Radiated Field

In the following we shall derive expressions for the electric fields in the radiation zone.
Again we need to distinguish between a slot radiating into half space or a parallel
plate waveguide. However, with a known aperture current distribution, the radiation
fields can be evaluated according to eq. 1.55a and 1.55b which require knowledge of
the vector potentials.

2.4.1. Half Space Environment

The vector potential is obtained from eq. 1.53. With the magnetic current defined by
eq. 1.4b the z-component becomes

e_‘]kr ik /
Fy=——— / E,(7)eIFr cosvqg’ (2.93)

Using eq. 2.9b and 1.57 we obtain

o—dkr Ne w/2 Ly
F,= - E, 2.94
I (294)

r=1 —w/2

sin |:2T17_JT (f' + Lz):| k&' cos psin 6+jk(’ cosed£/d€/
T

Applying the integral formula eq. C.65 this is reduces to the following closed form

expression
—jkr jk(w/2—Ly) cos ¢sin @
F, = € - we’ o sinc [l%w cos 9] (2.95)
‘ AL E.r ‘ [ cos(kLy cos ¢sin 6) ] r odd
2 s .
r=1 (2’%) — k2 cos? ¢psin? 0 jsin(kLy cos ¢sinf) r even
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where the extra phase term exp(jk(w/2— L) cos ¢ sin ) has been included to account
for a coordinate transformation. Similarly the z-component becomes
e—jkr

F, = / B, (7)elr cosv g g (2.96)
27r

Inserting expressions for the electric field yields

efjkr

N, 5 w/2 pL, )
r- /], (2.7

—w/2

sin [2])L7T (C' + Lz):| oI kE’ cos gsinO+jk(’ cos adgldél
z

Again, using the integral formula eq. C.65 this expression reduces to

F, = e:kr 2111]12 sinc [I%U cos ¢ sin 9] (2.98)
. %z: Epp . [ cos(kL, cos 0) ]p odd
p=1 (%)2 ~K2coszg L I8I(RLC080) [ oren
In spherical coordinates, we obtain
Fy = F,cosfcos¢p— F,sinf (2.99a)
F, = —F,sin¢ (2.99b)

The electric fields in the radiation zone are then found from eq. 1.55a and 1.55b.

2.4.2. PP Waveguide

In this case the vector potential is obtained from eq. 1.65. With the magnetic current
defined by eq. 1.66 the z-component becomes

e_jkr u" —_— . ’ .
F, = Mz, k, = —k cos §)elk® cos@sinb g, 2.100
xr
47'(")" 0

where the magnetic current Mg is given by

ﬂg(m', k,=—kcosf) = —2EPPYI(z=1' y=Vb k,=—k cos ) (2.101)
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2.4 Radiated Field

The electric field inside the PP waveguide, E?P"Y, is found from eq. 1.63b and with
the expansion fields given in eq. 2.9a and 2.9b we obtain

o0

~ 1 .
EPPYI(z,y, kz) = — Z €2, sin(kyz)e kY (2.102)
m=0
w/2 Ly r
. E, / / sin [— L,+¢ ]
[Z w/2 L, 2Lz( Zz )
-sin [ky (200 pp + £')] €7F2¢ dg’d(’
w/2
_1+]kaE/ / sm[ ')]
w/2
08 [k (20 pp + €] eijC’dg'dg']
Using eq. C.3, C.20 and C.65 this expression reduces to
~ W — k,w
EPY(z,y,kz) = g Z_Oe sin(kpz)e kY [smc (T) Fi(r, ky) (2.103)
14 9)kzk, . kyw
_( Zz T ZSlnC( 152 )COS (kx-’L'(),pp) FQ(p, kz)]
where
e E, 7~ [ cos (kyLyg) sin (kzTo0 pp) rodd
Fi(r, kg) = 5 . T (2.104)
r=1 (2’%) — k2 | — cos (kawoo,pp) 51t (ko La) [ eyen
N. LS dd
L EBf kL) 17°
Ripk) = > | R (210
p=1 (szﬁz) — k2L J z=2) 1p even
The vector potential F; then becomes
e Ik 2y & _ ) kyw
F, = P ] €2 eIkt [—slnc (%) Fy(r, ky) (2.106)
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14 5)kgk, . kzw
_'_(Z%slnc (JCT) COS (kw.’lr(),pp) F2 (p, kz)]

!

. /a Sin(kxiL")ejkz’ cospsinf 7,1
0
Evaluating the last integral yields

—IkT Qup - k,w
Fy = S 20 NT 2 omikyd l smc( 5 )Fl(r kz) (2.107)

drr wa!
m=0

1 .

kg
k2 cos? ¢sin? 0 — k2

[(_1)mejka’ cospsinf 1]

Similarly the z-component of the vector potential becomes

e Jkr o, .

= / M“ = —kcos 9)e’** cos¢sinf g/ (2.108)
T

where the magnetic current M 2 is given by

Mg(m', k,=—kcos@) = 2EPPYI (z=x' y=V, k,=—k cos 0) (2.109)

The electric field EP"Y is found from eq. 1.63a and with the expansion fields given
in eq. 2.9a we obtain

~ 1 e, . i
BP9 (z,y, kz) = g mz::o 5 (k2 + (k* — k2)) cos(kyz)e k¥ (2.110)
N L, pw/2 ,
‘Y E / / sin [ (L, +¢ )}
pz::l P w1207

- cos [k (o pp + €)] ePF=C dg"d(!
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2.5 Finite Wall Thickness

Using eq. C.3 and C.65 this expression reduces to

_ o 9 .
BP9 (z,y, kz) = % Z 2—73 (jkf + (k% — kg)) cos(kyx)e Tkvy (2.111)
m=0

-sinc <k:$7w> COS (k':zxo,pp) FQ(pa kZ)

The vector potential F, then becomes

47r Ta k2
m=0

e IR 2 €2, 9 9Ny . kzw
F, = — Z 2 (jkZ + (k* — k7)) sinc — | cos (kzzopp) (2.112)

al

e IRYFy(p, k) Cos(kxm')eﬂm, cos ¢sind .1

S~

and upon evaluating of z’ integral we obtain

e Jkr 2jw 2

F, = Z —73 (&2 + (k* — k2)) sinc (I%Tw) cos (kzZo pp) (2.113)

d7r wa'

k cos ¢sin @
k2 cos? ¢psin? 0 — k2

-efjk-"ng(p, kz) [1 _ (_1)mejka’ Cos ¢ sin 0]

In spherical coordinates, the vector potentials are found according to eq. 2.99a
and 2.99b and the electric fields in the radiation zone are then found from eq. 1.55a
and 1.55b.

2.5. Finite Wall Thickness

A rectangular slot in a waveguide of thickness ¢ can be seen as a cavity of length a = 2L,
width b = w and heigth ¢ = ¢t connecting the rectangular waveguide and the exterior
region. This geometry is shown in figure 2.7 where the previous defined coordinate
system remains unchanged. As we shall see, this model is easily incorporated into the
previous model for the zero wall case. Though the model outlined is not valid for a
T-slot, we shall later use it for verification of results for longitudinal and transverse
slots.

With the same assumption made in sect. 1.2 we impose the continuity of the
tangential component of the magnetic field at the two interfaces. For a longitudinal
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Half space/PP waveguide !

interface
2L
l<
\
z
4 t
]
y
w
X '\
Rectangular waveguide
interface

Figure 2.7.: Rectangular cavity representing the finite wall thickness.

slot of lenght 2L we obtain

Hzezt(P) _ Hsav,upper (P) -0 (2114&)

Heavlower (py _ frint(p) — frinc(p) (2.114b)

where cav,lower and cav, upper refer to fields inside the cavity at the lower and upper
interface respectively. Other quantities are identical with those priviously introduced.

The two terms H*""PP¢" and H anv,lower in the integral equation above are written
in terms of a convolution of a cavity Green’s function and the magnetic currents
at the interfaces. Since we have two interfaces, the magnetic fields are obtained by
superposition of such two convolutions

Hgav,lower(P) — / Méower(P’)Gcav(zlzo,ZZO)dS’ _ (2.115&)
slot

/ MUPPET (PG (' =t, 2=0)ds’ (2.115b)
slot

Hzcav,upper(P) — / M;LPPBT(P’)GC‘“’ (ZI =t, z:t)ds’ + (2115(3)
slot

Mlover (PG (7! =0, z=t)ds' (2.1154d)
slot

where the magnetic currents are written in terms of the unknown electric fields at the
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2.5 Finite Wall Thickness

lower and upper interfaces

N

lower A lower _: pm .
Mlover(p) = ,;l Blover sin [ﬁ(g + L)] (2.116a)
N T
M;tpper(Pl) _ Z Egppev" sin [Z_L(CI + L)] (2.116Db)
p=1

The cavity problem has been solved by Chen-To Tai and the Green’s function can be
found in [7]. For the specific component of interest, the solution is given by [12]

G (p, P') —we i i 22, k? — (Tw)? . MTT  mmY (2.117)
, = — 5 sin cos .
ab m=0mn=0 ,an k a b
mrz’  mwy

cos Y g=iBmnlz=7|
a b

wherein egg = 1/2, €mo = €on = 1/v/2 and €, = 1 otherwise. By, is the wave number
of a TE,,, wave as given in eq. 1.27. It is noticed that this quantity can be real as
well as complex depending on whether the mode is propagating or evanescent. In the
latter case we replace it with —jv,,, Now scattering superposition is used to obtain
G (P, P') for the two situations mentioned above [12]

Gca’u(zlz(), ZZO) (2118&)
2
—2006 mm
= Z Z - k(2 ) f(z, 2y, y') cot(Bmnt)
m=0n=0 """
2
2we 2¢2 kK2 — (mz
= Z Z J,), k'(2 ) f(xam',ay’y,) COth(’Ymnt)
m=0n=0 mn
G (#'=0, 2=1) (2.118b)
—2we S N 22, k2 — ()’ . 1
= T T, T, YY) ———
ab ,;”;) Brmn k2 H .y )sm(ﬁmnt)
we O X 262, k2 — (21)? o 1
= — ; T, ,Y,Y ) ————
DI e L ey

where the function f(z,z’,y,y') is the sinusoidal terms in eq. 2.117. The Green’s
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functions G(z = t,2' = t) and G°“(z = t,z' = 0) are due to symmetry identical
to the expressions given in eq. 2.118a and 2.118b respectively. Next we apply eq. 2.12
and the nomalization given in 2.16a to the two equations 2.115b and 2.115d. This
gives the following contribution to the fields at the two interfaces

!
YU = y2_ 7 / sin % [ geav(o, 0) sin 22 ds'ds (2.119a)
P b slot 2L slot 2L
/!
Y2 = V2= 7 / sin T2 [ Geev(0,1) sin 2 ds'ds (2.119D)
slot 2L slot 2L

where the expansion and weighting functions have been changed in accordance with
the new coordinate definition given in figure 2.7. The result of the integrations in
eq. 2.119a and 2.119b becomes very simple because of the orthogonality of the sinu-
soidal functions. Thus all four terms can be written as diagonal matrices with the
following terms

JZ0Lpo

Y;,lpl = Y;pr = o cot(Bpot) propagating modes (2.120)
_ 1%l coth(ypot) evanecent modes
and
Y]'}pQ = Y1)21z;1 = 1 Z0Lbyo ! propagating modes (2.121)

pw  sin(Byot)

_ %l 1
pw  sinh(ypot)

evanecent modes

where 7,0 and By are given by the two branches

Yo = A/ (%)2 — k2, Bpo = \V k? — (%)2 (2.122)

Collecting all terms, eq. 2.115b and 2.115d are written in the following matrix form

[ i Tl e -

where

Vit = Yy — ﬁgt (2.124a)
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2.6 Correction to Rounded Slot Ends

Yiopg = Yo (2.124b)
Yaoipq = Yp! (2.124c)
Yoopg = Yo + Yt (2.124d)

This 2N x 2N matrix equatione is easily solved with only slightly increased compu-
tation time. The most time-consuming part is still computation of the ququ and sz‘gt
terms.

This method is applicable to longitudinal slots and transverse slots only. For T-
slots in a finite wall a special treatment is required and hence it is not considered in
this thesis.

2.6. Correction to Rounded Slot Ends

In the manufacturing of waveguide slot antennas, slots with rounded ends are often
prefered. Especially at lower frequencies where the waveguide dimensions are large, a
milling process is obvious and thereby rounded slot ends.

In order to correct the rounded slot ends the following correction formula is as-
sumed to be valid

Lo—Lg= % (1 - %) (2.125)

where Lo and L are the lengths of rounded and rectangular slot ends respectively,

w is the slot width. eq. 2.125 ensures equal slot area, which was succesfully applied
in [2].
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Chapter 3

Results

The moment method described in chap. 2 has been implemented and used to inves-
tigate longitudinal, transverse and T-slots. In the following sections design data for
these three cases are presented.

3.1. Longitudinal Slots

From the reflection coefficient I' given in sect. 1.4 for the fundamental T'E;g mode the
equivalent normalized slot admittance is obtained as

Y -2

Y o_ 3.1
Y, 14T (3.1)

This simple shunt model implies that the scattering of the slot is symmetrical, i.e.,
the backscattering equals the forward scattering [2]. Figure 3.1 shows the basic char-
acteristic of the admittance for a longditudinal slot cut in a full-height (standard)
X-band waveguide as a function of offsets and slot lengths. The frequency was kept
constant at 9.375GH z and the number of expansion functions for representing the slot
fields was nine. Fewer terms can be used when less accurate results are acceptable to
save computer time. It is seen that the slot acts like a resonant circuit with a certain
(), where a resonant length of a slot is defined by its equivalent admittance being
purely real. The resonant length versus offset from the waveguide centerline is shown
in figure 3.2. This result shows to be in good agreement with computed data given
in [2] though the MoM data is obtained with a different weighting function. In [2]
pulse weighting is applied across the slot aperture while the present MoM relies on
point-matching. A longitudinal slot radiating into an infinite PP waveguide has also
been investigated and the results for two different PP spacings are shown in figure 3.3.
For verification computed data given in [16] has been included and good agreements
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2L/

Figure 3.1.: Longitudinal slot admittance - zero wall thickness.
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Figure 3.2.: Longitudinal slot resonant length versus offset.

are noticed. The small differences are assumed to be due to the different weighting
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3.2 Transverse Slots

function as mentioned before.

05 T T T T T T T T
— a'=.608\ present MoM
O  a'=.608A K. Forooraghi
0.495r| — — a'=.352A present MoM . -
T a'=.352\ K. Forooraghi
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0.49} b=22.15 mm |
w=3.0 mm
t=1.52mm
< : ‘
80.485 |
—
N
0.48} i
T+
04751 E
047 1 1 1 1 1 1 1 1

1 2 3 4 5 6 7 8 9 10
Offset xo—a/2 [mm]

Figure 3.3.: Slot resonant length versus offset for a longitudinal radiating into a PP
region.

3.2. Transverse Slots

The equivalent normalized slot impedance for a transverse slot is obtained as

Z 2T
—-—=— (3.2)
Zy 1-T
This series model implies that the forward and backward scattering are equal in mag-
nitude but 180° out of phase.

Figure 3.4 and 3.5 show the basic impedancecharacteristics for a transverse slot as
a function of frequency. This also acts like a resonant circuit with a certain ¢ and
we define the resonance frequency when the equivalent impedance is purely real. The
number of expansion functions for representing the slot fields was nine.
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Figure 3.4.: Tranverse slot resistance - zero wall and offset.

Figure 3.6 and 3.7 shows the impedance of a centered transverse slot radiating into
an infinite PP waveguide. It demonstrates the effect of changing the slot lenght. We
notice that the characteristic is different from that of transverse slots in an infinite
ground plane. For the latter a change in slot length corresponds to a proportinal
frequency shift, the impedance level largely remaining unchanged. Data from Lars
Josefsson’s paper [3] has been included in figure 3.6 (shown as circles) and a comparison
shows excellent agreement. This is despite use of differnt weighting functions in the
method of moments.

3.3. T-Slots

Finally the T-slot has been investigated. Since this type of slots is more complicated
than the previous two, a simpel network model might not be adequate. However, the
results shown here are for zero offset (o = a/2) which is assumed to be a sufficient
requirement in order to model the slot charateristic as as series impedance.
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Figure 3.5.: Tranverse slot reactance - zero wall and offset.

3.3.1. Analysis of Convergence

Before obtaining valid results, we investigated the convergence requirements of the
series representations for the slot fields. The decay of expansion coefficients has been
investigated for one particular case and the result is seen in figure 3.8. When the T-slot
is centered the expansion terms FE, for p odd are very low. This confirms our expec-
tations regarding the electric fields in the longitudinal part being odd-symmetric. In
the following analysis the number of expansion functions used in the moment method
was 24 for the longitudinal current M, and 13 for the transverse current M,. As seen
in figure 3.8 this should ensure all higher order terms being 50dB below the expansion
term with the highest amplitude.

3.3.2. Electric Field Distribution

Two examples of computed electric field distribution along the slots are shown in fig-
ure 3.9 and 3.10. As expected the electric field E, along the longitudinal part is
odd-symmetric. However, for small excitation levels the fields becomes more confined
to the longitudinal part, which might give rise to a higher cross polarized field in the
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Figure 3.6.: Transverse slot resistance versus frequency for three slot lenghts. The
waveguide has the dimension: a = 39mm and b = 10mm and the wall thickness was
t =1.9mm.

radiation patterns.

3.3.3. Impedance Data

T-slot Radiating into Half Space

Figure 3.11 and 3.12 show computed resistance and reactance for eight diffent slot
lenghts L, as a function of the length L, 4+ 2L,. The slots were cut in a full-height
X-band waveguide and the frequency was kept constant at 9.375GHz. The slot width
w was 1.5875mm. It demonstrates how the level of exitation is changed by changing
the length L,.

Figure 3.13 shows the resonant resistance as a function of slot length L. Compared
to the transverse slot we have significantly better dynamic range. The return loss
varies approximately from 10 to 25dB. Figure 3.14, finally, shows the resonant length
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3.3 T-Slots
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Figure 3.7.: Transverse slot reactance versus frequency for three slot lenghts. The
waveguide has the dimension: a = 39mm and b = 10mm and the wall thickness was
t = 1.9mm.

L, + 2L, versus the length L,. The length L, + 2L — = can in someway be compared
with the resonant length for longitudinal or transverse slots where a resonant length of
a slot is defined by its equivalent admittance or impedance being purely real. Measured
in wavelength the resonant length changes from .49 to .59\ which is significantly more
than any of the former slots.

T-slot Radiating into a PP waveguide

Figure 3.15 and 3.16 show computed resistance and reactance for eight diffent slot
lenghts L, as a function of the length L, + 2L,. The waveguide dimensions, frequency
etc. as before. Compared to the T-slot radiating into half space it demonstrates how
the impedance level is increased. This is expected as we have seen before in figure 3.6
and 3.7.

Figure 3.18 shows the resonant resistance as a function of slot length L. The
dynamic range largely remains unchanged and return loss varies approximately from
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Figure 3.8.: Decay of expansion coefficients in case zo = a/2. log(|Ep|) is always below
-100dB for p odd.

6 to 21dB. Figure 3.17 shows the resonant length L, + 2L — x versus the length L,.
Again, there is only little difference between the half space and PP waveguide.

Figure 3.19 shows for one particular frequency how the impedance changes with
baffle spacing a’. This slot was resonant for a’ = 0.65)\. It remains approximately
resonant for higher spacings but the resistance changes more rapidly. Near cutoff the
impedance decreases rapidly.
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3.3 T-Slots
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Figure 3.9.: Slot electric field distribution. L, = 32mm.
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Figure 3.10.: Slot electric field distribution. L, = 44mm.



3.3 T-Slots

1.2 T T T T T T T T
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Figure 3.11.: T-slot resistance versus slot length L, for eight slot lenghts L,. From
right to left: 2.6, 2.9, 3.2, 3.5, 3.8, 4.1, 4.4 and 4.7mm.
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Figure 3.12.: T-slot reactance versus slot length L. for eight slot lenghts L,. From
right to left: 2.6, 2.9, 3.2, 3.5, 3.8, 4.1, 4.4 and 4.7mm.
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3.3 T-Slots
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T-slot resonant resistance versus slot length L,
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Figure 3.14.: T-slot resonant length Lz + 2L, versus slot length L,



3.3 T-Slots
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Figure 3.15.: T-slot resistance versus slot length L, for eight slot lenghts L,. From
right to left: 2.6, 2.9, 3.2, 3.5, 3.8, 4.1, 4.4 and 4.7mm.
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Figure 3.16.: T-slot reactance versus slot length L. for eight slot lenghts L,. From

right to left: 2.6, 2.9, 3.2, 3.5, 3.8, 4.1, 4.4 and 4.7mm.
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Figure 3.17.: T-slot resonant length Lz + 2L, versus slot length L,
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Figure 3.18.: T-slot resonant resistance versus slot length L,
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3.3 T-Slots
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Figure 3.19.: T-slot impedance versus baffle spacing in free space wavelengths.
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3.3.4. Radiation Patterns

T-slot Radiating into Half Space

Figure 3.20 and 3.21 show computed principle planes for three resonant T-slots radi-
ating into half space. Again, the slot was cut in a full-height X-band waveguide, the
frequency was kept constant at 9.375GHz and the slot width was w = 1.5875mm.
The E-plane is seen to be omnidirectional which indicates that the slot has the same
characteristics as a magnetic dipole. As mentioned earlier, the cross- polarized field
becomes high for low levels of excitation. However, this cross-polarized pattern has a
null at broadside which should be utilized in array applications. The H-plane is seen
to be wide and the level of the cross polarized field is far below the axis.

5 T T T T T T T T
0
-5t o o _
E‘ — ~ o ~
S // b . 7 \\ _
o~ 10 : , . . AN . S / . . N .
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Figure 3.20.: E-plane patterns of a T-slot.

T-slot Radiating into a PP waveguide

Figure 3.22 and 3.23 show computed principle planes for three resonant T-slots ra-
diating into a PP waveguide with the dimensions a’ x b’ = 21.0 x 25.0mm?2. Other
dimensions remain unchanged. Most conspicuous is the cut-off angle occuring at about
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Figure 3.21.: H-plane patterns of a T-slot.

+40°. Asumming only the first order mode is propagating in the PP waveguide, the
theoretical cut-off angle becomes 6, = 90 — arcsin()o/2a’) = 40.3°. Therefore, the
omnidirectional E-plane pattern seen for the T-slot radiating into half space has been
shaped substantially introducing the PP waveguide. Again, the cross polarized field
becomes high for low levels of excitation, but the null at broadside remains unchanged.

Figure 3.24 and 3.25 show computed principle planes for a 9-element array of
uniform excited T-slots (L, = 3.8mm). Computation of these array patterns is based
on the principle of pattern multiplication [6]

D(0,4) < |£(6,)]" |F(0,9)| (3.3)

where D is the directivity. The array factor F(0, ¢) is given by [6]

N
F(8,4) = ) Cuelnitheost=hro) (3.4)

=n
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Figure 3.22.: E-plane patterns of a T-slot.
where C), is the excitation coefficient for the n’th element. d is the element spacing,

which is set to be one guide wavelenght A\, and the element pattern f(6,¢) is found
from

efjkr

E =1(0,9)

(3.5)

47r

The results shows substatially suppression of grating lobes occurring at about +45°,
which indicates the high degree of spatial filtering obatined by application of the PP
waveguide. Even better perfomance can be achieved by decreasing the parallel plate
spacing or applying amplitude tapering.

Figure 3.26 shows computed E-plane pattern for a 9-element array of uniform ex-
cited T-slots, but with the tranverse part of the slot alternating around the centerline.
This will cause the phase of the electric field in the longitudinal part to change 180°
for consective slots. However, it does mainly affect the position of the grating lobes in
the cross polarized pattern.
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Figure 3.23.: H-plane patterns of a T-slot.

Figure 3.27 shows computed E-plane pattern for the same set up except for a
different parallel plate spacing reduced to a’ = 19.5mm. Then the theoretical cut-off
angle becomes 6, = 90—arcsin(\g/2a’) = 34.9° giving better suppression of the grating

lobe at +45°.
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Figure 3.24.: E-plane patterns of a 9 element array of T-slots.
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Figure 3.25.: H-plane patterns of a 9 element array of T-slots.
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Figure 3.26.: E-plane patterns of a 9 element array of T-slots having alternating offset.
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Figure 3.27.: E-plane patterns of a 9 element array of T-slots having alternating offset.
PP spacing was a’ = 19.5mm
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Chapter 4

Software

The implemented MoM program used to investigate the properties of a T-slot is listed
in appendix D. Furthermore, some postprocessing programs are listed.

The MoM code was written in Fortran90 because it’s inherently suitable for com-
plex variables. Also, Fortran is by far the language of choice because of its many
computational advantages and because of a large existing library of mathmatical rou-
tines.

A flowchart for the MoM program is given in figure 4.1 showing the main parts
of the program and the related routine names. However, these routines depends on
several subprograms and library routines. The program uses an input file slot.in
containing all the necessary data for set up of a new simulation or post-processing
of data from a previous run. To fulfill this flexibility requirement the program has
several branches in the control statements and subprograms are not always executed
sequentially as indicated in figure 4.1.

4.1. Organization of the Documentation

The MoM program listed in appendix D contains a concise description of each routine
and all information pertaining to the program is found in the header of each routine.
This header consists of the following information

e Routine Name
e Purpose: a statement of the purpose of the routine

e Usage: the form for referencing the subprogram with arguments listed. There
are two usage forms:
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N

Read input from external file
slot.in and initiate variables

read_input
init_propagation_var

Select which parameter to be
sweept, frequency, a’, the two
T-slot lengths L, and L,. Al-
ternatively go directly to post-

processing
nw_par_fsweep
nw_par_alsweep
nw_par_dlsweep

v

hY

| Fill MoM matrix |
Y_£fill
hinc_£fill

‘ Solve linear equation system ‘
dlsacg

v

‘ Post-processing
hV

Compute and write equiva-
lent network and scattering
parameters

write_nw_par

Open external file efield.dat,
compute and write principle
radiation patterns

read_efield
N rad_field

Figure 4.1.: Flowchart for MoM program.
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4.2 Software Packages

— call sub(argument-1list) for subroutines

— fun(argument-1list) for functions

e Arguments: a description of the arguments in the order of their occurrence.
Input arguments usually first, followed by output arguments. For functions, the
symbolic name is described after the argument descriptions

e Modules: a list of modules used by the routine
e Subroutines: a list of other routines used by the routine
e IMSL subroutines: a list of routine from the IMSL library used by the routine

e Remarks: details pertaining to code usage.

4.2. Software Packages

Some of the subroutines and functions given in appendix D involving evaluation of in-
tegrals and solving linear equation systems relies on the IMSL library [17]. This library
applies fast and accurate algorithms and has reduced the workload significantly and
made it possible to reduce the effort put into implementing and optimizing numerical
algorithms. The following routines have been applied

e dlsacg Solves a complex general system of linear equations with iterative refine-
ment. It computes an LU factorization of the coefficient matrix and obtain the
solution using iterative refinement.

e dgdag Integrates a function using a globally adaptive scheme based on Gauss-
Kronrod rules. It is a general-purpose integrator that uses a globally adaptive
scheme in order to reduce the absolute error. It subdivides the interval [A, B]
and uses a (2k + 1)-point Gauss-Kronrod rule to etimate the integral over each
subinterval. The error for each subinterval is estimated by comparison with the
k-point Gauss quadrature rule. The subinterval with the largest error is then
bisected and the same procedure is applied to both halves. The bisection process
is continued until the error criterium is satisfied.

e dgdagi Integrates a function over an infinite or semi-infinite interval. The rou-
tine uses a globally adaptive scheme in an attempt to reduce the absolute error.
It initially transforms an infinite or semi-infinite interval into the finite interval
[0,1]. Then, dgdagi uses a 21-point Gauss-Kronrod rule to estimate the inte-
gral and error. It bisects any interval with an unacceptable error estimate and
continues the process until termination.
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e dg3nd Integrates an function on a hyper-rectangle. The routine approximates

the n-dimensional iterated integral

b1 bn
/ flx1,...,zp)dey ... dxy
ai a

n

The approximation is achieved by iterated application of product Gauss formu-
las. The integral is first estimated by a two-point tensor product formula in each
direction. Then for 2 = 1,...,n the routine calculates a new estimat by doubling
the number of points in the ¢-th direction, but halving the number immediately
afterwards if the new etsimate does not change appreciably. This process is re-
peated until either one complete sweep results in no increase in the number of
sample points in any dimension, or the number of Gauss points in one direction
exceeds 256.

Visualization of results was made in Matlab v5.3. The graphical solutions shown in

eg. figure 3.11 and the countour plots figure 3.14 and 3.13 mare based on the interp

command [18]. It is a one-dimensional data interpolation (table lookup) algorithm

based on splines [19]. The routine forms a small set of functions for working with

piecewise polynomials and perform cubic spline interpolation.

86



Conclusion

T'he method of moments using entire expansion and weight functions was applied for
solving the field distribution in the T-slot aperture. Based on expressions derived for
the zero wall case, finite wall thickness was included in the formalism for longitudinal
and transverse slots. Results from the analysis of these two configurations show good
agreement with earliere published work.

The impedance of a T-slot radiating into half space or an infinite parallel plate
waveguide was analyzed. It shows that the T-slot gives good control on the excita-
tion, a property the transverse slot lacks. The radiation from a T-slot does have a
considerable cross polarized component. Especially for a low level of excitation where
the electric fields become more confined to the longitudinal part of the T-slot.

In array applications use of a baffle structure shows to be a very efficient way
to suppress grating lobes in the co-polarized E-plane pattern. They arise due to
an element spacing of one guide wavelenght. Application of an amplitude tapering
function could be used to improve the sidelobe level. However, due to the high cross-
polarized field at low levels of excitation, tapering is not likely to significantly improve
the cross-polarization performance.

For larger arrays, the position around the centerline of the transverse part of the
T-slot can be ramdomized giving some perfomance improvement, though it is unlikely
to suppress the cross-polarized field below eg. -25dB. Probably the problem can be
solved by designing larger arrays consisting of a number of small sub-arrays. All single
elements will then be higher excited giving lower cross-polarized fields. However, this
will not utilize the better dynamic range in excitation levels gained by the T-slot.
Therefore, compared with the transverse slot there is a trade off between the degree
of excitation freedom and the cross-polarized field.

If the problem with the cross-polarized field is solved, a possible application of
T-slots is as elements in single and dual polarized array antennas.
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Appendix A

The Equivalence Principle

A short description of the equivalence and image principle applied in the derivation
of eq. 1.4a- 1.5Db.

A.1. Equivalence Principle for an Open Half-Space

With the assumptions made in sect. 1.1, fields in the open half-space are represented by
using a surface equivalence principle in conjunction with a free-space Green’s function.
Figure A.1(a) shows the original problem, and (b) and (c¢) each represent an equivalent
problem as far as region 1 is concerned [10]. In the equivalent problem (b), we have
the same source (J;, M;) as in problem (a). However, in (b), the plane at y = b is a
perfect conducting surface including the aperture area A. The magnetic current M
over aperture A (now replaced by the conducting surface) is given by

M=-axE; =—-nxE* (A.1)

where 1 is a unit normal vector directed into region 1, and E?® is the electric field in
the aperture area A.

Problem (b) is still difficult to solve because of the presence of the conducting plane
at y = b. By using the image theory, we can transform problem (b) into problem (c),
for which the fields due to the sources can be expressed and calculated by using the
Green’s function for an unbounded region. In (c) the total equivalent magnetic current
M; equals 2M, and

M; =2M = —2n x E* =2y x E* for fields in region 1 (A.2)
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The Equivalence Principle
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Figure A.l.: Equivalence for region 1 (y < b).

where the factor 2 is due to application of the image principle. The equivalence between
(a), (b) and (c), as illustrated in figure A.1, is valid only for fileds in region 1 (y < b).
In other words, we have the same (E;,H;) for (y < b) in (a), (b) and (c). However,
because of symmetry in geometry, this equivalence can also be applied to the fields in
region 2, in which case the total equivalent magnetic current M; on aperture A used
to compute fields in region 2 is given by

M;=2M = —-2n x E* = -2 x E* for fields in region 2 (A.3)

In addition, (J;, M;), and its image, must be that in region 2.
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Appendix B

Green’s Functions for Rectangular Waveguides

In chap. 1 we encountered the problem finding the field distribution in the aperture of
a radiating slot cut in the broad wall of a waveguide, when excitation is by an incident
TE10 mode.

In general and specific for rectangular waveguides the transverse fields of a TFE
mode can be determined by taking prescribed spatial derivatives of its H, component.
For a rectangular waveguide filled with air, this longitudinal field component satisfy
the homogeneous wave equation

(V2 + k*)H,(z,y,2) =0 (B.1)

wherein time variation of the form e/“! are implied and k? = w?equo.

B.1. Green’s Integral Theorems

Several integral theorems due to Green facilitate the solution of eq. B.1. However, we
use the following important result

o(R) = ji, (G% - v%) ds’ (B.2)

where v is any scalar function and G is the Green’s function.

If we impose the Dirichlet condition that G(R,R') =0 on S, then

o(R) = — fg U(R')%;’,Rl)ds' (B.3)
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whereas if we impose the Neumann condition dG/dn' =0 on S, then

o Ov(R')

v(R) = G(R,R")dS' (B.4)

S on'

B.2. Green’'s Theorems Applied to the Rectangular Waveg-
uide

Now we can turn out attention specifically to the waveguide prolem. If H,(P') is
the the longitudinal component of any electromagnetic filed that can exist in R, then
H,(R') satiesfies

(Vi+k)H, =0 (B.5)

in R and thus is a candidate for v(R'). Thus

(R = § M) 6, (. a5 (B.6)
in which the Green’s function has the properties

e Gi(R,R) = Gu(R,R) + e 3% (BE) /471 (R, R')

e 0G1(R,R')/On' =0 on S

. Gcl(l:%, R') is regular in R and satisfies (V2 + k2)G1(R, R') = 0 for all R’ and
any R

e G1(R, R') satisfies (V2 + k?)G1(R,R'") = —6(R — R')
Since the dielectric is assumed to be slightly lossy, if the sources creating H,(R') are
all in a finite region, the contribution to eq. B.6 from end caps at z = oo are nil
and eq. B.6 becomes

on'

H.(R) = /S OH-(R) o\ (R, R)ds' (B.7)

where by S we shall mean the skintight surface that lies up against the waveguide
walls and is infinity long. The Neumann form eq. B.7 is the obvious choice for H,
since OH,(R')/0n' will be zero at all points in S except the slot aperture region in the
waveguide.
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B.3 Transformation of the Integral for H,(R)

B.3. Transformation of the Integral for H,(R)

With the perimeter coordinates s’ defined as shown in figure B.1, the integral eq. B.7
can be converted to the more useful form

_ 1 _ 52 _
H,(R) = E, (R k?) Gi(R, R B.8
()= —— [ |BR) (50 + ) GalR ) (B.5)
by the following procedure. The two components of Maxwell’s equations are

|
| Ya

I
b 1—;

S

<
<

Figure B.1.: Definition of coordinates for rectangular waveguide.

OH, OH,

By ~ o = (0 + jwe) Ey (B.9)
O0E, OE, .
5% oal = —jwpoHy (B.10)

Differentiation of eq. B.10 yields

2 2
OH, _ 1 (9B 9B (B.11)
0z' jwpg \ 0%z 0x'0%

When eq. B.9 and B.11 are combined, we obtain
Oy jwpg |\ 022 ¥ 0207 '
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By a similar procedure we can show that

0H, 1 0? ) 0’E,
— B, - ——% B.13
oz jwug [(82”2 Tk ) Y oy'oz (B-13)

Now consider the normal and perimeter coordinates n’ and s’ shown in figure B.1.
Along the upper broad wall, E, = —E;, dz' = —ds', dy’ = dn/, and eq. B.12 becomes

0H 1 9? O’E
z — kK| Es — = B.14
on'  jwpo [(8z’2+ ) : 85’[“)z’] ( )
Along the lower broad wall, E, = E;, di’ = ds', dy’ = —dn', and eq. B.12 once

again becomes B.14. Along the right-side wall, E, = —E,, dz' = —dn’, dy' = dn/,
and eq. B.13 becomes B.14. Finally, along the left-side wall, Ey = E,, dz’ = dn’, dy' =
ds', and eq. B.13 once again becomes B.14. Thus eq. B.14 is a valid representation
for the normal derivative of H, no matter which wall is being considered. This means
that eq. B.8 can be rewritten as

H(R) = — / ” L 2)E - PP gk RS (B.15)
Y jwpg Jo [\ 022 S IT )
This result can be converted to a desirable form through several integrations by parts.
Consider
O°F, G1dS’ f ds' / e O°F, d?' (B.16)
= s .
g 0s'07 ! C s 19507

oE, | > 0FE, 0G
- }[ ds' [(Gl z —/ et dz')]
c 08" |__oo J_oo 08" 0z
where C is the transverse perimeter of the waveguide.

If the dielectric is even slightly lossy, both Gy and OF,/0s’ vanish at z = oo and
eq. B.16 becomes

o0 0G, OFE
_ ! 4 ! — B.l
/Oodz ( 2 05 ds> (B.17)

00 Py 2
e [(Cn] frio
— 0z _p, c 080z
where P; and P» are the starting and ending points of the perimeter C. Since these

: oc, 1 |72
are the same point, the term % E,

makes no contribution and thus we obtain
1
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the transformation

0’E, OE: o 4s — 0’G,

—F, ! B.1
g 0s'0% g 0s'02! ds (B.18)

In a like manner, we can show that

0%E,
S Oz

0?Gy
82"2

> G1dS' = / E,———dS' (B.19)
and thus eq. B.15 transforms to eq. B.8. Since eq. B.15 is itself a transformation
of eq. B.7, we have succeeded in demonstrating that eq. B.8 is a valid represenattion
for the longitudinal component of magnetic field within the waveguide. The reason
for choosing Neumann formulation for H, is now clear, since the integrands in eq. B.8
will be zero except where there are apertures.

B.4. Explicit Expression for Green’s functions G; for a Rect-
angular Waveguide

As a next step, we need to find specific expressions for G1 (R, R'). We select the generic
form [8]

o0 o
_ 2 mnx' nmy' _
Gi1(R,R) = € cos cos Fon(R, 2 B.20
1( ) mZ:onz:o mn \/c% a a mn( ) ( )

wherein €gg = 1/2, €m0 = €0n = 1/ V2, and €, = 1 otherwise. This is a reasonable
starting assumption because the individual terms satisfy the boundary conditions that
0G1/0n'=0o0n S.

Substituting of eq. B.20 in the inhomogeneous wave equation gives

2 [ ymmy2 nmw\2 2 mrz'  nwy
= 3 | () () g eon T s o (21

m=0n=0
mrz'  nny (0?Fpn o _
+%§% (“mb(w+ﬂmzﬂmm

If we multiply through by €,4(2/v/abcos(rrz’/a) cos(smy’ /b) and integrate over [a, b]
the result is

0*F, 9 2 TTE ST

Y '
52 YigFrs cos — = cos —=4(z — 2") (B.22)
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with 72, defined as

2 _ (T2 ST\2 9

= () () =
Thus

_ 2 rUT smY

F ! — Y ! B.24

rs(2, R) em\/@cos 08— frs(2,2) ( )
where

82

It =8 2) (B.25)

Now using the method of undertimed coefficients [8]

Frs(z,2) = v1(2, 2)€7% + vy(z, 2 )e % (B.26)
Then

a a ! a ! ' '

e L (B.27)
Letting

8’1)1 ! 8’1)2 _ !

——eWrs? | Z 27T — () B.28

07! 07! ( )
we obtain

82f 8’01 ! 81]2 _ ’ ! _ Y

E)z’;s = ’)’nge%sz _’yrswe Trs? +fyfsvle7”z +’yfsv2e Yrs® (B.29)

Substitution of eq. B.26 and B.29 in eq. B.25 gives
8’1)1 z ! '
Yrs—— €17 — Ay s——e =§(z — 2') (B.30)
oz

Equation B.28 and B.30 must be satisfied simultaniously by 0vi/0z’ and Ovq/0z.
Thus

0y e ¥ §(z — 2!)

- = B.31
o0z 29rs ( )
vy 12 §(z — 2')

- - "\ =) B.32
oz 2%y ( )
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B.4 Explicit Expression for Green’s functions G, for a Rectangular Waveguide

For a given z, v and v as a function of 2’ have zero slope except at z’ = z Therefore

c1(2) 2 <z
nmz) ={g® 255

, 0 2 <z
’UQ(Z,Z) = 02(2:) 2>z

which fulfill the requirement that f, as it appears in eq. B.26 should be well behaved

at 2/ = +00. We can find ¢;(z) and c3(z) as follows

© g 00 H—Yrs2'
/ L}dz' = / © §(z — 2")d
o 0z 2 27rs

_'Yrszl
, e
v1(z,00) —v1(z,2') =
1( 3 ) 1( ) ) 277‘5
—7 Z’
v1(2,2") = c1(2) S 2 <z
275
Similarly
) = e =S
v9(2,2') = co(z) = — Z >z
29ps
Thus
_emet
frs(z,z') = 672123’ ,
_Q'YT z >z
or
, e~ Yrslz—72'| .
frs(2,2") :—T All z, 2
rs

Substitution of eq. B.36 in B.24 gives

/
, = 2 L smy e Vrsl2=7|
,R) = €;,s—— cos — cos -am—

Vab a b 27

From this it follows that

F.(z

_ o % e=Ymn|2—7|
GUR,R) =) > U y)¥(z,9)—;
m=0n=0 Ymn

<z (B.33)

(B.34)

(B.35)

(B.36)

(B.37)

(B.38)
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with

2 MTT nmY

U(z,y) = emn\/cE cos cos (B.39)

a b

Equation B.38 is Stevenson’s H-type Green’s function for a rectangular waveguide [8].

B.5. An Integral Equation for H,(R)

Analysis of a transverse slot in the broad wall of a waveguide requires knowledge of
the x-component of the magnetic field. Since H,(R) satisfies the homogeneous wave
equation it replaces v(R) in eq. B.2. We can than choose a Green’s function G3(R, R')
to satisfy a hybrid of Dirichlet and Neumann conditions by requiring that G5 be zero
at x = 0, a and that 0G2/dn’ be zero at y = 0, b. This results in the expression

e")’mn‘(‘("
o(R, R) = Z Zqﬁmn 2,y) bmn (', ')~ —— (B.40)
m=0n=0 Ymn
in which
2 . mnz nmy
mn Ty Y) = €mn sin cos B.41
b (2,9) = emn e sin T cos ™ (BAY)

For a slot in the broad wall eq. B.2 reduces in this case to
!
/ Ga2(R (R )dS' (B.42)

Maxwell’s curl equations and two integrations by parts convert eq. B.42 to

D 1 D! 62 D D!
H.(R) = ijwo /S [EZ(R) ( 502 +k2> Go(R, R (B.43)
9%Go(R, R')

— B (R) oz' 0z’

Jas

In eq. B.43 the upper sign is used if the point R is in the upper wall of the waveguide
and the lower sign is used if it is in the lower wall.
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Appendix C

Matrix Elements

In what follows, all the matrix terms used to solve for the electric fields in a slot
aperture are simplified for ease of computation. These are made as general as possible
and applies to both a longitudinal, transverse and a T-slot problems.

C.1. Self Terms for Longitudinal Part of T-Slot

Applying eq. 1.25b and 2.11a to eq. 2.16a gives the following expression for the interior
field contribution to the matrix element number (p, q)

Zy

Yo' = (H"(Ez),wq) 7 E,

(C.1)

—27, w/2 pL, mn
- jwuoab/ [ s [gE o] s Dopotes

w/2 m=0n= O'Ymn

- cos xo+§ /wﬂ/ Sm[ LH)}C%M
a

w/2
2 O | mmnle=¢ gt et
[k - ] T <=l ¢t de! ¢ d

Interchanging integration and summation and evaluation of the integrals with respect
to € and &' yields

vt = 203> S, [ [ ) (©2)

m=0n= Ofymn

]ab7r
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Matrix Elements

L, 82 , ,
[ g )| [+ g e

where we have used the integral formula

cos ———dx = — sin Cos (C.3)

/w/2 mn(zo + ) 2a mrTw ML
—w/2 a mm 2a a

and the quantity W,, is given by

MTW 5 MTT
S

(C.4)

W = sinc
2a a

The derivative is evaluated using the delta function concept and we write it in the
following form

62

8C12e_7mn|< <| — n€ —Ymn|C—¢'| _ 27 6(C C) (05)

Thereby eq. C.2 reduces to

v = 20 S aum /Lz T (C.6)
= € — .
& ]abﬂ' m=0n=0 " " _Lz 2Lz ‘ ’Ymn
b [pm N o rmnl¢—C] gt o | 2T
. 7Lzs1n 2Lz(Lz—l—C) e Tmn d¢" — 2sin 2LZ(LZ—I—C) d¢
Evaluating the inner integral we obtain the following expression
. i\w k2 2
vt = % > Coulbn [ sn g [E2 ©.)
a Ymn
. 1 5 [ pm (e*')’mn(Lz +C) + ef'Ymn(Lz 7())
2L
Yo+ (FE) 22

+ 27, sin [%(Lz + c)” — 2sin [2 (Lt c)] ]dg

where the upper sign is valid for p odd and the lower sign for p even. Evaluating
the last integral leads to the final expression for the interior field contribution to the
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C.1 Self Terms for Longitudinal Part of T-Slot

matrix element number (p, q)

q

; 2j w Z Z 2L V2, + K 2L
mt __ 2z mn 2z
qu b mnW [’Ymn 2 pr \% 2 ar )2 (C8)
Ymn T (2Lz> Y + (QLZ)

m=0n=0

B ()
O R
Vo + (£5)

where 4, = 1 for p = g, 0 otherwise. The upper sign is valid for both p and ¢ odd, the
lower sign for both p and ¢ even. When p is odd and q is even or vice versa Ylfgt =0
because of the orthogonality of the sinusoidal funcions. Beyond the diagonal terms it
is seen from symmetry, that it is only nessesary to compute the terms on the lower
half of the diagonal.

In a similar way, applying eq. 1.24c and 2.11a to eq. 2.16a gives the following
expression for the exterior field contribution to the matrix element number (p, q)

Zy
neqxt — <H§wt(Ez),’wq> E_p

w/2 L,
= / sin [ il (L,
27rjwuo ~w/2J-L, 2L,

w/2 2 —jkR
/ /2/ sm[ (L, -I—C)] [ + 3(2'2] dc¢'de’d¢de

The integration with respect to ¢ is done immediately. Next let us consider the ¢’
integration by parts

(C.9)

+o s

2 1 o JkR
0 ] i’

L, ) P
[} s | o] [+ 5

L. 2
- [ () o[
—L, z

—jkRy —jkRy
™ |: 1 e ]

R
]—kR

(C.10)

R, Ry
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Matrix Elements

where
R =+ ()2 (C.11a)
Ri = VET+ (L) (C.11b)
Ry = €%+ ((+L,)? (C.11c)

Using Eq. C.10, Eq. C.9 becomes

vt g [ n[ 21, +0) [ // N [k . (ggﬂ
-sin [%(Lz + g’)] e}j;RdC'
—2p Li [(—1)p e;’le - e;zR2] dg'd¢ (C.12)
which is written as
Yo' = 2%2/10 / 1:]//22 [ + ] d¢’ (C.13)

The object is to reduce Ypeqzt from a triple integral to numerically more efficient double
integrals. An integration scheme solving this problem is addressed in sect. 2.2.3, and
only the result is given here

Vit = | (0207~ @07] - ponta)
— [(k2L,)* — (pm)?] -q-yl(p)] P#4q (C.14)
and
vt = 20 [(k2L)? - (an)?] 1) — 2Lyi(e)  p=4g (C.15)

JTWio Jwpo

where the two functions y; (p) and y»(p) are given in eq. 2.64 and 2.65. Like the interior
terms, Y]'qut = 0 when p is odd and ¢ is even or vice versa. Similar, the symmetry
properties of Y;fg’t applies Ypeqxt.
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C.2 Self Terms for Transverse Part of T-Slot

When implementing a numerical integration routine it should be noticed that the
integrands have singularities at R; = 0 which occurs when ¢ = 1/2 and at R = 0
which occurs when ¢ = 0, v = 0. In order to achieve a correct result and to make
sure that the program runs stable, these points must be extrated.

C.2. Self Terms for Transverse Part of T-Slot

Applying eq. 1.25a and 2.11b to eq. 2.16d gives the following expression for the interior
field contribution to the matrix element number (r, s)

Yth = <Him(Ez)aws> @ (C.16)
27 w/2 © oo 9
= - 0 / / 51n[ (Ly —I—f):| (C)ZZEW_"
quoab w/2 m=0n=0 '™"
w/2 Ly .
-sin [ (zoo +€) / / sin [T—W(L;C + 5')] e~ Ymn (=]
w/2J —Lyg 2L,

2
: [k2 + 82,2] sin [%(xoo + g’)] de'dc'dedc

Differentiation with respect to &' gives

) _ w/2 Ly
Yt = 2Zo / / sm[
Jwpoab J_y /2

w/2 rLe T mm
. q] : — (L ! . e !
sin [ (200 + ) /w/2/_Lf‘“[2Lw( 2+ €) sin [ ang + €)

mm 2

: [(—) - kQ] e~ 1mnlC=¢'| gel ¢t dgdg

] i \ Enn (C.17)

—_

a

and interchanging summation and integration and evaluating the two £ integrals yields

2% oo o s T

nt E : § : mn L, Ly
Ytr‘s - b 2 2 (018)
Jwioa —0n=0 Ymn ST _ (E)2 T o (1)2
2L, a 2L, a
s odd . r odd
[ Ccos "”rL” sin 200 ] [ cos %L” sin 200 ]
o mwzoo mn Ly o MATQ o MT Ly
cos sin = | o aven COS =~ S == | even
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Matrix Elements

[(5-4] o [

where we have used the following integration scheme

/Lm sin [;L (Lo + g)] sin |7 (woo + &) dé (C.19)

—L

ST

=y 0 (G B )
(5) — (=)

—sin |:m7T (ﬁ + Lw + .’EO())] — 2sin [m(Lw - CE()())]]
a m a

which by use of trigonometric identities reduces to

S cos ™Ls gip mazoo % odd )
z a a (C.20
(25Tﬂ)2 - (%)2 [ — cos 0 sin W;Lx ]s even
The last two ( integrals evaluates to
w/2 w/2 ,
/ 5(()/ e~ tmn ¢l d¢tdg (C.21)
—w/2 —w/2

w/2 ¢ , w/2 ,
:/ 5(¢) / e~ 1mn ((=C) g _|_/ &Ym= gt | d¢
—w/2 —w/2 ¢

— /w/2 5(C)i [2 — e Ymnw/2 (e'ymnC + e—%nnC)] d¢

—w/2 Ymn

Ymn

Inserting this into Y, gives the final expression

2 —
" jwpoab

22 [(;g;) - (2)2] ()" - @]

r,s odd

a
2 MTTo0 sin2 mnLg

a a

0052 mmnLg sin2 mﬂ::oo
COS

T, S even
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C.2 Self Terms for Transverse Part of T-Slot

Like Y;}gt, Y™ is symmetric and due to the orthogonality of the sinusoidal functions,

Y, " = 0 when p is odd and ¢ is even or vice versa.

Derivation of the exterior contribution follows very much the procedure outlined
in the section C.1. However, the following will give all details with the right variables
substituted. Weighting the magnetic field HE*!(E,) with the function ws gives directly
the exterior field contribution to the matrix element number (r, s)

Zo

Yrizt = <H;$t(Ez)aws (0.22)

i /M / sm[ (L, +£)] 5(¢) (C23)

2mjwpg w2
w/2 L, e 82 e_ij
in | 57— (Lo +&)| |F° de'dc’déd
/w/2/_stm |:2LI( $+E)] [ +a£/2:| R §d¢ dgdC
The integration with respect to ¢ is done immediately and the ¢’ integration is done
by parts
v 2 7 —jkR
o, rm 2 8 e~ J
e

] ¢

r e JkR1 o JkR:
e [ Sy ] (C.24)
where
R = \/(?+(£-¢) (C.25a)
Ry = /(% + (£ — Ly)? (C.25D)
Ry = /(% + (£ + Ly)? (C.25¢)

Using Eq. C.24, Eq. C.24 becomes

[l [
" 2mjwpo J - 2L, w/2J Ly

oy

- (22)2]
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Matrix Elements

sin [%(Lx +5')] ¢ —de’

rT r e Ik e JkE2 ,
— — — dc'd 2
o [ - | acae (C.26)
which is written as
_ZO w/2
y,ert = 7/ I + L] d¢’ C.27
TS 27,‘_‘7“)'“0 —w/2[ 1 2] ( )

Once more, the object is to reduce Y,** from a triple integral to numerically more effi-
cient double integrals. Applying the same integration scheme, as we did in section C.1,
we end up with the following result

et = j7r2wu_o2(sz20— r2) [ [(k2L5)? — (sm)*] -7 ya(s)
— [(k2Lz)2 - (7"7r)2] - 8- yl(T)] r#s (C.28)
and
V= 2 (20— (o)) (o)~ () = (©29)

where the two functions y; (r) and yo(r) are given by

yi(r) = /0 v /0 Y [7r (o +1/2)] - [(_1)7"6ij1 - eij2] dod¢’  (C.30)

Ry Ry
and
w/2 1 ,—jkR i
ya(r) = / / c [cos(rm/)(l —v)+ M] dvd(’ (C.31)
0 0 R rm

On the basis of the variable substitutions the three quantities R, Ry and Ro given in
Eq. C.25a, C.25b and C.25c are now written as

R = /(7 4+ 7412 (C.32a)
Ry = /(2 + (0 —1/2)2412 (C.32b)

Ry = /(" + (0 +1/2)24L2 (C.32¢)
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C.3 Cross Coupling Terms

Again, Y,*** = ( when r is odd and s is even or vice versa. The symmetry properties
applies to Y, as well.

It is noticed, the integrands have singularities at Ry = 0 which occurs when o = 1/2
and at R = 0 which occurs when ¢’ =0, v = 0.

C.3. Cross Coupling Terms

The interior field contribution to the matrix element number (p, s) is found by apply-
ing eq. 1.25b and 2.11a to eq. 2.16b

. . 7
Vit = (HM(B2),we) 3 (C-33)
27y /W/2 /Lz [ ] © X
= - sin L, + n
Jwpoab J _y /2 2L, ( ¢ mz:onzzo Ymn
w/2 Ly r
cos (xo + &) / / sin[ ]
0 w/2J —Lg 2L

2
ﬁ on [ o4 €] s

Differentiation with respect to &’ and ¢’ and interchanging summation and integration
gives

in —27) & x (w2 L
v = jwuoﬁbZZGQ e A KO

=0n=0

5 /w/2 /‘Lm . [Mr (L 51):|
-cos (o + sin | — (L +
° w/2J—Ly 2L,

gin [?(xoo + g')] [ie—%m'C—C"] de'dcdcde

where the upper sign is valid when ¢ > ¢’ and lower sign when ¢ < (’. Using eq. C.20,
the ¢’ and ¢ integrals evaluates to

yint _ 2% i ie g TVTT0 (C.35)
" jwuoabm 0n=0 .
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Matrix Elements

r odd

mm T .
“a La cos —m”aL“” sin _mWa.’EOO
)2

’ 2 MTTY0 o34 ML
P _ (M —COSTSIH—“
2Ly a

a :|7‘ even
/ /w/2 o [ (L. + C)] [ief'ymn\CfC’\] dc'de
w/2

The problem is now seperated into three cases depending on the value of ( as
indicated in figure C.1. In case one, the ¢’ integral in eq. C.35 is rewritten as

—
i R
a4 4 3
N X | vl
o = 3 y : b
Ill I|I Do ]I Binices | VAR
w
s s s pN IX o ¥ \

Figure C.1.: Seperating the weighting integral into three cases depending on the value
of ¢.

w/2
/C e_’Ymn(C_C')dC’_/ / Ymn (=gt (C.36)
—w/2 ¢

= L [eomncwr2) _ grmn(crw/2)
| ]

TYmn

Noticing the limits for ¢ have changed, the last integral reduces to

w/2 1
o 'Ymn(C*’w/Q) _ 7'7mn(€+w/2)
/—w/2 Ymn S [2L (L + C):| [e € ] d¢ (037)
1 qm
1 7, Cos 3 W
= 2 |:2'Ym’n 4L [e ¥ +1]
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C.3 Cross Coupling Terms

4T 1 —Ymnw _
AL, [e 1]]

Inserting this into eq. C.35 gives the final expression for case one

Y’int,l — _2Z0 Z Z mn mﬂ'x() %% (C 38)
rq jwuoab — = 'Ymn |:( o )2 B} (_w)2:| .

2L,

. r odd
cos MLz gip) MTToo
a a
mmnLg

' 2 [_ mrzon g
2 o (4r COS == S I even
’Ymn 2L,

W [ _ qrw ¢ _
[2’)’mn 4L [e™7mn® + 1] + cos iL, [e™Ymnt — 1}]
where Yf;t’l = 0 when q is odd.

In case two, the ¢’ integral in eq. C.35 is rewritten as

w/2 ,
/ ., _ () get (C.39)

= L [emnlcw/2) _ grma(Ctw/2)
| ]

Ymn

Changing the limits for { corresponding to the values given in figure C.1, the last
integral reduces to

. Ymn ((—w/2) _ Yma({+w/2)
/—L,, Yo [2Lz (- + O] [e € ] g (C.40)
1
— 1 2L, 5 [[1 — e_’Ymnw] |:q7'rCOS |:4L (2L — ):|

A (£)

mnLesin [ @, )|+ an [t oot

4L,
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Matrix Elements

Inserting this into eq. C.35 gives the final expression for case two

2Z() © o0 mm T

yint,2 _ Z Z mn mwxo a Lg (041)
. b mn T 2 s
s 2 2 T
1 r odd
2L,

cos m7rLz sin mﬂ'aiEo() :|

2 |:_ m7r:c00 mmnLg
) ] cos TH00 gin MTEe  even

|:')’72nn + <2q[7,rz

. [[1 _ e—vmnw] [qw cos [4ql7; (2L, — w)] — 29YmnL,

. q] q_ﬂ- — —Ymn(Lz+w/2) _ ,~Ymn(Lz—w/2)
sin [41)2 (2L, w)” +gqm [e e H

Case three is very much like case two except for some sign changes. The ¢’ integral
in eq. C.35 is rewritten as

w/2 ,
/ , e~ 1mn($=C) g (C.42)

- [efvmn@fw/m _ eﬂmn(Hw/?)]

TYmn

Again, changing the limits for { corresponding to the values given in figure C.1, the
last ¢ integral reduces to

L,
/ 1o [ L C)] e me@w/2) _ g mmn(chur] g (C.43)
w/2 Ymn 2L,
1 1
= 2Ly 5 [[1 —e_%””"] [qﬂcos [4L (2L, —I—w)] + 2Vmn L,

mn '772nn + (QqLﬂ—z)

.gin | I- _1)4 [emn(Latw/2) _ g—vmn(L:—w/2)
sin |:4L2 (2L, —I—w)” + gn(—1) [e e H
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C.3 Cross Coupling Terms

Inserting this into eq. C.35 gives the final expression for case three

Yint,3 _ _2Z0 i Z mn ’m,7‘r.’L‘0 7"277 27; (C 44)
rq - 2 :
JwNOab 0 e 07mn |:<27«T7;) _ (%)2]
1 r odd
2L,

cos mem sin MO0 ]

)2] [ - mﬂaxoo sin "”TTLw 7 even

[+ (4

. [[1 _ efvmnw] [qﬂ cos [4L (2L, + w)] + 29mn L,

. q] qr _1\¢ _'Ymn(Lz+w/2) _ —’Ymn(Lz—’w/Q)
sin |:4Lz (2L, + w)” + gm(—1) [e e H

. 3 2 ) .. . .
Now, since Yy b2 and Yrq b3 are very similar, the two expressions are collected into
one. Identifying the difference as

[1— e 7mnv] [qﬁ cos [fgz (2L, — w)] (C.45)

_2,Yan sin |: (2L _ ’LU):|:| +qm |:e_’7mn(Lz+w/2) _ e_’Ymn(Lz —w/2)]

4L,

+ [1—e Mmnv] [qﬂ cos [ (2L, + w)]

4L,

. T
+29mn L, sin |:4qu

(QLZ + ’w):|:| + q7r(—1)q |:e—’7mn(Lz+w/2) — e_’Ymn(Lz_w/Q)]
which by use of trigonometric identities is rewritten as

2 cos % [1 — e_%”“”} [

qm qmw
4L AL,

+qm [1+ (—1)9] I:e_'Ymn(Lz‘HU/Z) _ e_'Ymn(Lz_w/Z)]

this joint expression becomes

27 oo o0 MmT T

yrint23 _ g HTLo a Ly (C.46)
" jw,u()abmz:on Olymn a |:( T )2_(M)2:|
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r odd

coS mwTLw sin M™7Zoo

1

L,

)2:| — cos Moo gip muLg
a

|:772rm + (qurz

a :| T even

. [cos % [1 — e_%”””] [qﬁ cos 17;: + 2% L, sin %]

. [e—an(Lz +w/2) _ e—vmn@z—w/m]]

int,23

where Y, " = 0 when ¢ is odd.

The exterior contribution to the matrix element number (7, ¢) is found by weighting
the magnetic field H¢*(E,) with the function w,

7
Yt = (HEHE), wg) 3 2

/W/ B

= : sin
2mjwpg w/2

w/2 . 52 efjlcRd e ded

/w/2/ i |5 (e )| s €08

Two times integrations by parts, first with respect to ¢’ and then with respect to &
gives

(C.47)

z

)] 5(6) (C.48)

e —) v 1n[ ]
= [ [ o) s (C.19)

—rmT Ly r e’ij
'2Lw/ [21: (L +§)] R

Evaluating the ¢ integral gives the following computational efficient double integral

w/2

de'dc de
{'=—w/2

Ly
Yo = 4]WOL / / sm[QL (L, +g)] (C.50)
e—ijl e—ijg ,
.co [2L (Ls +5)H R ]d{dg
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C.3 Cross Coupling Terms

where

Ry = /(¢ +w/2 — L) + (w/2 — ¢)? (C.51a)

Ry = /(€ +w/2 - L)* + (w/2 + )’ (C.51b)

The interior field contribution to the other cross term - matrix element number
(p, s) is found by a weighting the magnetic field H"(E,) with the function w,

Zy

VI = (HED), ) (C.52)
—27, /WZ /Lz [s ] o N Emn
= - sin L, + —mn
leloab w/2 2L ( 5) (C)T;)T;) mn
w/2 pL,

. . b !

-sin (zoo + &) / / sin [— L,+¢ ]

[ (00 ooy B o e+ )

32

“Ger %5 (2o + €] e = la'de' g

Differentiation with respect to &’ and ¢’ and interchanging summation and integration
gives

; — oo e w/2
v = 2 " [ / sm[ +9|0@ €5

Jwﬂoab — = w/2

w/2 pL,
. . pm '
.sm[ (oo + &) /w/Z/Lz sin [2LZ(LZ+C)]

- cos [%(aco n 5')] [ie—%m‘C—C"] d¢'de' ded(¢

where the upper sign is valid when ¢ > ¢’ and lower sign when ¢ < (’. Using eq. C.20,
the integral with respect to £ evaluates to

vt = YN e 4 Lo (C.54)

jw,uloabm 0 =0 (2Lx)2_(7ﬂ—)2
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s odd w/2

mnLg 3., MAT00
COS ———=SIn ——— mm !
. a a Rl
|: — cos MTZo gin mrnLg :| / COSs [ a (.’I»'O + f )]
a s even / —w/2

a

: / " 5(¢) / " i [ sz (L, +g)] [ie‘”m"‘g_gl‘] ¢’ d¢de!

—w/2 —L,

Evaluating the &' integral and expanding the inner most intergral gives

) —4Z0 o0 oo SlIl m7rw cos m'n'wo
ant — Ly .
P a2 2 — (C.55)
~0n=0 (m) — (mm)

s odd w/2

[ cos TELE sin 10 ] / 5(¢)
. mwzoo mnLg
cos sin s even J —w/2

a

¢

[ sl
L, ,

_/C Sil’l |:2pLz (L =+ C ):| e’Ymn(g_C )dCI:| dC

where we have used the integral formulation given in eq. C.3. Interchanging the ¢’ and
¢ integrals and directly evaluation of the latter, these integrals reduces to the following
expression

¢ L,
3 ﬂ ! TmnC' g 3 pm ! —Ymn¢’ gt
/Lz sin [2Lz (L, +¢ )] e d¢ /g sin [2Lz (L, +¢ )] e ¢’ (C.56)

which evaluates to

p

2Lz - anz pﬂ-
ﬁ [e v (]. + (_1)]3) — 2 cos 7] (057)
Ymn + (QLZ)
Inserting this into Y;,Tt gives the final expression
o0 pPT s mnrnw m’ﬂ'w()

L_ZL_ sin %a COS

Vo + (QPEZ)Q] [(255;)2 - (%)2}

s odd

(C.58)

vt = sy
" e i 5|

v L pm cos anm sin 7Z00
- leTTmnt: — cos — a
— cos mzo0 sin Moz

a S even
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C.3 Cross Coupling Terms

Y™ = (0 when p is odd.

The exterior contribution to the matrix element number (p, s) is found by weighting
the magnetic field HZ%(E,) with the function wj

A

Ypixt — <Hewt(E ) 'ws> E (059)
w/2 pLg
B 27?qu0 w/2/ sin {ZL (La +€)] o) (©60)

w/2 52 —jkR

Two times integrations by parts, first with respect to ¢ and then with respect to ¢’

gives
w/2 L, ST
Yt = / / i [— L, + ]6 C.61
e T ol o e+ 6] 50 (C.61)
_ L, —jkR |w/2
b b !
5L, cos [QL (L, -I-C)] §’:—w/2d< déd¢

Evaluating the ( integral gives a computational efficient double integral

-z L,
Yt = 4jwu(()§/ / / sin [QL (Ly + 5)] (C.62)
pT , e*]le efijz ,
- COS [E(Lz +¢ )] [ R & } ¢’ d¢
where
Ry = \/(Ly — &)* + (7 (C.63a)
Ry = \/(Ly —w—€)2 4+ ¢7 (C.63b)
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C.4. Excitation Terms

From the incident T'E19 mode we have the magnetic fields eq. 1.28 and 1.31. Apply-
ing eq. 2.11a and 2.11b gives directly

hine = (HI™ wg) (C.64)

w/2
i/ / sin [
w/2
Using the more general integral formula

L p
/ sin [p7r (x + L)] e Ik = ﬁ . { C.O?(kL) p odd (C.65)

)] 8(6) cos [ (ao + €)| M0 dC g

L 2L (&) jsin(kL) p even
eq. C.65 becomes
qm .
me _ L, TZo )7 COS(ﬂlOLz) g odd
ht¢ = 5 €08 — { _sin(BipL.) q even (C.66)
(2Lz ) — B
Similarly we get the following driving term for the z-component
K = (HI, w,) (C.67)
—bio /w/2 /Lm | sm . [m _j
= — (L, § Z iB10¢ e d
a5 o Be O] 8 sin [T (o + ] et dedg

Evaluating this integral and applying various trigometric identities it reduces to the
following final equation

hinc —

(C.68)

ST
—B10 I cos M sin 7% s odd
)2 — cos 7”200 sin ”g“” s even

T () - (
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Appendix D

Source Code

A Tlist of the implemented FORTRAN90 program including all subroutines and func-
tions.

.
©

read_input,init_propagation_var,nw_par_fsweep,nw_par_lsweep,
nw_par_dlsweep,nw_par_alsweep,rad field,rad_field_ppwg

%)
o

1 ViR SRR R SRS R SR R SR S S R R RS RS R RS R
2 !
3 ! Name:
4 ! main
5 !
6 ! Revised:
7 ! February 29, 2000
8 !
9 ! Purpose:
10 ! Reads input file slot.in and initiates simulation.
11 !
12 ! Usage:
13 ! main()
14 !
15 ! Modules:
16 ! gen_var
17 !
18 ! Subroutines:
!
!
1

N
e

program main
!modules
use gen_var, only : freq,freq_O,sw_type
!implicit statement
implicit none

NNNNNNN
® N o g e WN

call read_input()
freq=freq_0
call init_propagation_var()

W oW W N
N B O ©

if (sw_type.eq.1) then
call nw_par_ fsweep()

elseif (sw_type.eq.2) then
call nw_par_lsweep()

elseif (sw_type.eq.3) then

W oW W W
o o & W
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37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95

120

end

Vi#

sub:

call nw_par_dlsweep()
elseif (sw_type.eq.4) then
call nw_par_alsweep()
elseif (sw_type.eq.5) then
call rad_field(1)
call rad_field(2)

else
write(*,*) ’Wrong type of sweep selected!’
endif
HARHARHHAFHRBHRRBHABHRRBBRRBHHAFHRRB B R B R BB AR HHRERH B H BB H RSB H AR HHARRH SRR S
Name :
nw_par_alsweep
Revised:
February 29, 2000
Purpose:
This subroutine performs a sweep over the PP waveguide a’
dimension computing the equivalent network parameters for a
longitudinal, transverse or T-slot.
Usage:
call nw_par_alsweep()
Arguments:
Modules:
slot_var,mom_var,gen_var,ppwg var
Subroutines:

read_input,init_propagation_var,Y fill,hinc_fill,write_nw_par

IMSL subroutines:

dlsacg

Remarks:
The output is printed to standard output.

routine nw_par_alsweep ()

!'modules

use slot_var, only : w,Lx,Lx0,Lz,Lz0,x0,x00,wp

use mom_var, only : Nz,Nx,Y,h_inc,E

use gen_var, only : freq 0,freq

use ppwg_var, only : al

'implicit statement
implicit none

!list of local variables
integer HEE |

Lx=Lx0

Lz=Lz0

x00=x0+w/2.0-Lx

do i= 0,10
al=16.0001E-3_wp+i*1.0E-3_wp
call Y_£ill()
call hinc_fill()
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96
97
98
99
100
101
102

104
105
106
107
108

110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149

151
152
153
154

call dlsacg(Nz+Nx,Y,Nz+Nx,h_inc,1,E)
call write_nw_par()
enddo
return
end

VEESHHB R B BB BB BB B BB B AR RRRR R B R B B BB EH BB BB BRERERRRRR RS HH H334

read_input,init_propagation_var,Y _fill,hinc_fill,write_nw_par

IMSL subroutines:
dlsacg

Remarks:
The output is printed to standard output.

!

! Name:

! nw_par_fsweep

1

! Revised:

! February 29, 2000

!

! Purpose:

! This subroutine performs a frequency sweep computing the
! equivalent network parameters for a longitudinal, transverse or
! T-slot.

1

! Usage:

! call nw_par_ fsweep()

1

! Arguments:

1

! Modules:

! slot_var,mom var,gen_var,wg var
1

! Subroutines:

1

1

!

1

!

1

1

!

subroutine nw_par_fsweep()

!modules

use slot_var, only : w,Lx,Lx0,Lz,Lz0,x0,x00,wp
use mom_var, only : Nz,Nx,Y,h_inc,E

use gen_var, only : freq 0,freq,nfreq,dfreq
use wg_var, only :a

!implicit statement
implicit none

!1list of local variables
integer HE |

!'round end correction

'Lx=Lx0-0.25%0.215%w !for t-slot
'Lx=Lx0-0.1075_up*w !for transverse slot
'Lz=Lz0-0.1075_wp*w !for longitudinal and t-slot
!'no round end correction

Lx=Lx0

Lz=Lz0

x00=x0+w/2.0-Lx

do i= O,nfreq
freq=freq_0+(i-nfreq/2.0_wp) *dfreq
call init_propagation_var()
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122

call Y_£ill()
call hinc_fill()
call dlsacg(Nz+Nx,Y,Nz+Nx,h_ inc,1,E)
call write_nw_par()
enddo

return
end

VHESEHHH BB E R BB B BB R E AR R R R R BB S BB ERERR BRI 5333

Name :
nw_par_dlsweep
Revised:
February 29, 2000
Purpose:
This subroutine performs a sweep over both T-slot dimensions
Lx and Lz computing the equivalent network parameters.
Usage:
call nw_par_dlsweep()
Arguments:
Modules:
slot_var,mom_var,gen_var
Subroutines:

read_input,init_propagation_var,Y fill,hinc_fill,write_nw_par

IMSL subroutines:
dlsacg

Remarks:
The output is printed to standard output.

subroutine nw_par_dlsweep ()

'modules

use slot_var, only : w,Lz,Lz0,Lx,Lx0,x0,x00,wp

use mom_var, only : Nz,Nx,Y,h_inc,E

use gen_var, only : freq_0,freq,lambda_0,nll,d11l,ntl,dtl

'implicit statement
implicit none

'list of local variables
integer HE B |

write(*,1076) (i,i=1,Nz), (j,j=1,Nx)
do i= 3,3 !0,ntl
Lx=Lx0+(i-nt1/2.0_wp) *dtl
Lz0=0.48*1lambda_0-2.0_wp*Lx+w/2.0_wp
x00=x0+w/2.0_wp-Lx
do j=3,3 !0,nll
Lz=Lz0+(3+j-n11/2)*d1l1%lambda_0
call Y_£il11()
call hinc_£ill()
call dlsacg(Nz+Nx,Y,Nz+Nx,h_inc,1,E)
call write_nw_par()
enddo
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enddo

1076 format(9x,’freq[Hz]’,12x,’x0[m]’,12x,’a1[m]’,&

12x,’Lx[m]’,12x,’Lz[m]’>,13x,’z_re’,13x,’z_im’ ,&
13x,’R_re’,13x,’R_im’ ,13x,°’T re’,13x,’T_im’ ,&
24(16x,’Ex(’,12.2,°)°,12x),13(16x,’Ez(’,I2.2,7)’,12x))

return
end

VHSHRRSE SRR SR B R RS R R RS RS S HH RS R RS R R R R RS R R R RS R R RS R R

Name:
nw_par_lsweep

Revised:
February 29, 2000

Purpose:
This subroutine is used to investigate a longitudinal slot
radiating into either a half space or a PP waveguide. Performs a
sweep over both slot length and offset from centerline computing
the equivalent network parameters.

Usage:
call nw_par_lsweep()

Arguments:

Modules:
const,slot_var,mom_var,gen_var,ppwg_var,wg_var

Subroutines:

read_input,init_propagation_var,Y fill,hinc_fill,write_nw_par

IMSL subroutines:
dlsacg

Remarks:
The output is printed to standard output.

subroutine nw_par_lsweep()

!modules

use const, only : mu_O,pi,cj,Z0,wp

use slot_var, only : w,Lz,Lz0,Lx,Lx0,x0,x00

use mom_var, only : Nz,Nx,Y,h_inc,E

use gen_var, only : freq 0,freq,lambda_0,nll,d11l,ntl,dtl
use wg_var, only :a

use ppwg_var, only : al

!implicit statement
implicit nome

!list of local variables
integer HER U |

Lz0=1ambda_0/4.0_wp
do i=0,8 !'offset sweep
x0=a/2.0_wp+2.0E-3_wp+i*1.0E-3_wp
do j= O0,nll !length sweep
Lz=Lz0#* (0.94_wp+d11*j/nll)
call Y_£ill()
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use const

[
@

273 call hinc_£ill()
274 call dlsacg(Nz+Nx,Y,Nz+Nx,h_inc,1,E)
275 call write_y_norm()
276 enddo
277 enddo
278 return
279 end
1 VERHH SRR H R B SRR HH RSB RR B RS BR B BB B BB B R B RS R F B R R R H R BB R B SRR BB F RS SRS 14
2 !
3 !  Name:
4 ! const
5 !
6 ! Revised:
7 ! February 29, 2000
8 !
9 ! Purpose:
10 ! module containing all general constants
11 !
12 ! Usage:
1
1

-
'S

module const
!list of parameters
'kind of double

R
~N o o

18 integer,parameter tiowp = kind(1.0D0)

19 'pi

20 real(wp), parameter :: pi = 3.14159265359_wp
21 !degrees2radians

22 real(wp), parameter :: dtr = 1.74532925199E-2_wp
23 !radians2degrees

24 real (wp), parameter :: rtd = 57.2957795132_wp
25 !inch2meter

26 real(wp), parameter :: itm = 25.4000000E-3_wp
27 !meter2inch

28 real(wp), parameter :: mti = 39.3700787_wp

29 !speed of light in vaccum

30 real (wp), parameter it ocC = 2.997925E8_wp

31 !free space permittivity

32 real(wp), parameter :: eps_0 = 8.8540000E-12_wp
33 !free space permeability

34 real(wp), parameter :: mu_O0 = 1.25663706E-6_wp
35 !free space intrinsic impedance

36 real(wp), parameter :: Z0 = 376.734309_wp

37 !sqrt(-1)

38 complex(wp) ,parameter :: cj = (0.0_wp,1.0_wp)

end module const

VHRHR AR R HHER R R R HHAR BB BH AR AR B HHHRER BB HH B HER BB BB R R RAA BB RH R R R BB BB H R R B R BRI RRSS
!

SR oW
= O ©

Name :

SO
w N

mom_var

'S
IS

Revised:
February 29, 2000

BB
0w N o o

Purpose:
module containing variables and parameters related to the MoM.

o o b
= O ©

!
!
1
!
!
!
!
!
!
! Usage:
!

o
N

use mom_var
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Modules:
const

module mom var

!modules

use const, only : wp

'list of parameters

integer,parameter Nx = 13 'number of transverse exp. func

integer,parameter Nz = 24 !number of longitudinal exp func

integer,parameter mmax = 150 !maximum number of terms in
!interior green’s function.

integer,parameter nmax = 75 !nmax=mmax/2

'1list of variables

integer r,s,p,q 'mode index for exp./weight func.

integer yl_mode,y2_mode !mode index for aux. func. y1/y2

real (wp) kp,kq,kr,ks !wavenumber for exp./weight func.

real (wp) kp_sq,kq_sq 'do squared

real (wp) i1 kr_sq,ks_sq 'do squared

complex (wp) ,dimension(1:Nx+Nz,1:Nx+Nz) :: Y !moment matrix

complex (wp) ,dimension(1:Nx+Nz) :: E 'Exp. coeff.

complex (wp) ,dimension(1:Nx+Nz) :: h_inc lexcitation coeff.

end module mom_var
VERHHHERRBHBERRS BB ERRR B R BR B BB B BERR BB ER BB R EER B R B R R R B ERRR B EERR BB R B S R H 1S

Module containing variables describing a single slot such as

Name:
slot_var
Revised:
February 29, 2000
Purpose:
lengths, offsets, width etc.
Usage:
use slot_var
Modules:

const

module slot_var

end module slot_var

'modules

use const, only :
!variables

real (wp) oW
real (wp) i Lx
real (wp) i Lz
real (wp) :: Lx0
real (wp) :: Lz0
real (wp) :: Ls
real (wp) :: x0
real (wp) :: x00
real (wp) :: x0O_pp
real (wp) :: x00_pp
real (wp) HH

wp

!slot width

!length of transverse slot

!lenght of longitudinal slot

!initial length of transverse slot
!linitial length of longitudinal slot
'aux. variable for any slot length
loffset of longitudinal slot

loffset of transverse slot

loffset of longitudinal slot in PP wg.
loffset of transverse slot in PP wg.

xi,eta,zeta !local coordinates

VHRHRRSEH B R AR B R RS R R RR RS R BB HH BB B R R R RRR RSB H R B R RSB R B HF RSB R R R RR RSB H S B RS

125



Source Code

126

Name:

Revised:

Purpose:

Usage:

Modules:

gen_var

February 29, 2000

Module containing general variables such as frequency, propagation

constants etc.

use gen_var

const

module gen_var

!'modules

use const, only : wp
'list of variables

integer
integer
real (wp)
real (wp)
integer
real (wp)
integer

real (wp)
integer

real (wp)
real (wp)
real (wp)
real (wp)

ext_type
sw_type
freq 0
freq
nfreq
dfreq
nll

dll
ntl

dtl
k0,k0_sq
lambda_0
omega

end module gen_var
VERHH AR R H R BB R FH B AR RR BB AR ER B HERRH BB B R B R R R H B RSB F R AR RSB RR BB SE 4

!
Name:

Revised:

Purpose:

Usage:

1
1
1
1
1
1
1
1
1
1
1
1
1
! Modules:
!

1

wg_var

February 29, 2000

!flag indicating halv-space/PP-ug
!flag indicating kind of sweep to be performed
!design frequency

!frequency

!number of steps in frequency sweep
!size of frequency step in sweep
!number of steps in length sweep for
!longitudinal slot

!size of lenght step

!number of steps in length sweep for
!transverse slot

!size of lenght step

!free space wavenumber and do squared
!free space wavelength

'angular frequency

Module containing parameters and variables related to the main

waveguide.

use wg var

const,mom_var

module wg_var

'modules

use
use

const, only : wp

mom_var, only : mmax,nmax
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!1ist of variables
!wg a dimension

real (wp) ::oa

!wg b dimension

real (wp) : b

!wall thickness

real (wp) ot
'guided wavelenght

real (wp) :: lambda_g

!TE_10 propagation constant

real (wp)

:: beta_10

!propagation constants in waveguide
complex (wp) ,dimension(0:mmax,0:nmax) :: gamma

end module wg_var
VERHHHA R R R R R RR AR AR R R R R H R R R AR R BB BB BB R R SRR R

Name:

Revised:

Purpose:

Usage:

Modules:

ppwg_var

February 29, 2000

Module containing parameters and variables related to the PP
waveguide.

use ppwg_var

const

module ppwg_var

!modules

use

const, only : wp

!list of variables
!pp waveguide a’ dimension

real (wp) : al

!pp waveguide b’ dimension
real (wp) : bl

'kx mode

integer it m

'kx propagation constant
real (wp) 1t kx,kx_sq
'ky propagation constant
complex (wp) :: ky,ky_sq
'kz propagation constant
complex (wp) :: kz,kz_sq

end module ppwg var
VERHHH AR AR AR AR R R R R R R AR R R AR R R R R R

Name:

Revised:

Purpose:

quad_var

February 29, 2000
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This module contains some variables used in the integration of the

function 1/R*f(xi,zeta) over the rectangle: 2Lz*2Lx and in
evaluation of sommerfeld integrals by the method of weighted
averages. Also parameters specifying the accuracy etc.

are included.

Usage:
use quad_var

Modules:
const

module quad_var

end module quad_var
VERHH SRR H R B SRR HH RSB RR B RS BR B BB B BB B R B RS R F B R R R H R BB R B SRR BB F RS SRS 14

!modules

use const, only : wp

!list of parameters

!maximum func. evaluations in quadr.

integer, parameter :: maxfcn = 500000
'relative accuracy desired in quadr.

real (wp) ,parameter :: errrel = 0.0001_wp
'absolute accuracy desired in quadr.

real (wp) ,parameter :: errabs = 0.0_wp
!'number of partial values to be calculated
integer, parameter :: mm = 6

'list of variables

integer i1 c_flag !flag indicating real or imag part

real (wp) :: xi_0,zeta_0 !coordinate of singular point

real (wp) :: xi_1,zeta_1 !upper limits in subintegral (aux. var)
real (wp) L ) !walue of f(xi,zeta) at singular point

real (wp) :r df_dxi !value of xi derivative at sing. point
real(wp) :: df_dzeta !value of zeta derivative at sing. point
real (wp) :: R1 'min(abs(xi_1),abs(zeta_1)) (aux. var)

real (wp) :: R2 'max (abs(xi_1) ,abs(zeta_1)) (aux. var)

real (wp) :: R3 Isqrt (xi_1**2+zeta_1**2) (aux. var)

real (wp) :: kw,kwl,kw2 !wavenumber in osc. part of sommerfelt int.
real (wp) ::  kz_max 'max kz in deformed contour integral

real (wp) :: dkw !wavenumber in osc. part of sommerfelt int.
real(wp) ::  dkz_max !max kz in deformed contour integral

Name:
radfield_var
Revised:
February 29, 2000
Purpose:
Module containing variables related to far zone fields.
Usage:
use radfield var
Modules:

const

module radfield_var

!'modules
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use const, only : wp
!'1ist of variables

!vector holding spherical comp.

complex (wp) ,dimension(1:3)

!vector holding spherical comp.

complex (wp) ,dimension(1:3)

!vector holding spherical comp.

complex (wp) ,dimension(1:3)

!vector holding cartisian comp.

complex (wp) ,dimension(1:3)

!vector holding spherical comp.

complex (wp) ,dimension(1:3)

!vector holding cartesian comp.

complex (wp) ,dimension(1:3)
!coordinate vectors
real (wp) ,dimension(1:3)

end module radfield_var
Vit ittt S S S R R R R R S i S R R R R i

of the E-field

E_sph

of the H-field

H_sph

of the elec.

F_sph

of the elec.

F_xyz

of the magn.

A_sph

of the magn.

A_xy=z

sph,xyz

vector potential
vector potential
vector potential

vector potential

This subroutine reads information from the slot.in file into

ppwg_var,slot_var,mom_var,gen_var,wg_var

Name:

read_input
Revised:

February 29, 2000
Purpose:

a namelist
Usage:

call read_input()
Arguments:
Modules:
Subroutines:
Remarks:

The input files should not contain entries not in namelist.

subroutine read_input ()

!modules

use gen_var, only : freq 0O,nfreq,dfreq,nll,dll,ntl,dtl,ext_type,sw_type

use wg_var, only : a,b,t
use ppwg_var, only : al,bl

use slot_var, only : w,Lz0,Lx0,x0

!implicit statement
implicit none
!declaration of namelist

namelist /var_list/ freq_O,nfreq,dfreq,Lz0,nl1l1,d11,Lx0,ntl,dtl,&
w,x0,a,b,t,ext_type,al,bl,sw_type

!1ist of local variables
integer :: ioerr

OPEN (7, FILE=’slot.in’, STATUS=’0LD’, ACTION=’READ’,I0STAT=ioerr)

READ (UNIT=7,NML=var_list)
CLOSE (7)
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43

a4 return
45 end

46

a7 VHRHR AR R HH R R HHHAR BB BR AR BB HHRRR R R B R H B HER BB B R R RAR B R R HRRRR BB B R B R R R BB R BRI RRS S

48 !
49 !
50 !
51 !
52 !
53 !
54 !
55 !
56 !
57 !
58 !
59 !
60 !
61 !
62 !
63 !
64 !
65 !
66 !
67 !
68 !

Name :
read_efield

Revised:
February 29, 2000

Purpose:
This subroutine reads expansion coefficients from a previous

simulation stored in the efield.dat file

Usage:
call read_efield()

Arguments:

Modules:
const,ppwg_var,slot_var,mom var,gen_var

Subroutines:

69 subroutine read_efield()

70
71
72
73
74
75
76
7
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94

!modules

use const, only : cj,wp

use gen_var, only : freq

use slot_var, only : Lz,Lx,x0
use ppwg_var, only : al

use mom_var, only : Nz,Nx,E
'implicit statement

implicit none

!1list of local variables

integer :: ioerr,i,j

real(wp), dimension(1:2) :: z,R,T
real(wp), dimension(1:2%Nz) :: Ex_in
real(wp), dimension(1:2%Nx) :: Ez_in

OPEN (8, FILE=’efield.dat’, STATUS=’0LD’,ACTION=’READ’,I0STAT=ioerr)
READ(8,1075) freq,x0,al,Lx,Lz,z(1),z(2),R(1),R(2),T(1),T(2),Ex_in,Ez_in
CLOSE (8)

do i=1,Nz
E(1)=Ex_in(2*i-1)+cj*Ex_in(2*i)

enddo

do i=1,Nx
E(i+Nz)=Ez_in(2%i-1)+cj*Ez_in(2*i)

enddo

95 1075 format(2x,EN15.6,4(2x,EN15.6) ,6(2x,E15.6),48(2x,E15.6),26(2x,E15.6))

96 return

97 end

98

99 B2 bEE PR EE R EEES RS EESREEEEIEEEEREEEE SRR RSS2
100 !

101 ! Name:
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init_propagation_var

Revised:
February 29, 2000
Purpose:
This subroutine initialize all propagation variables on
frequency, waveguide dimensions etc.
Usage:
call init_propagation_var()
Arguments:
Modules:
const,mom_var,gen_var,wg_var
Subroutines:

subroutine init_propagation_var()

!'modules

use const, only : eps_O,mu_O,c,pi,cj,wp

use gen_var, only : k0,kO_sq,freq 0,freq,lambda 0,omega
use wg_var, only : a,b,gamma,beta_10,lambda_g
use mom_var, only : mmax,nmax

!implicit statement

implicit nome

!declaration of intrinsic functions

intrinsic dsqrt,cdsqrt,dcmplx

!1ist of local variables

integer :: m,n

omega=2.0_wp*pi*freq

kO=omega*dsqrt (eps_O*mu_0)

kO_sq=k0**2

lambda_O=c/freq

beta_10=k0*dsqrt (1-(lambda_0/(2.0_wp*a))**2)
lambda_g=2.0_wp*pi/beta_10

do m=0,mmax
do n=0,nmax
gamma (m,n) =cdsqrt (demplx ( (m*pi/a)**2+(n*pi/b) **2-k0_sq) )
enddo
enddo

return
end

basis of
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Name :

dsinc
Revised:

February 29, 2000
Purpose:

Calculate the sinc function sin(x)/x
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132

Usage:
dsin(x)
Arguments:
x - Independent variable (Input)
Modules:
const

function dsinc(x)

!modules

use const, only : wp

'implicit statement

implicit none

!declaration of intrinsic functions
intrinsic dsin,dabs

!list of calling arguments

real (wp) ::  dsinc

real(wp), intent(in) ro0x

!list of local parameters

real (wp) ,parameter :: epsilon = 1.0E-30_wp

if (dabs(x) .gt.epsilon) then
dsinc=dsin(x)/x

else
dsinc=1.0_wp

endif

end function dsinc
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Name :
xyz2sph
Revised:
February 29, 2000
Purpose:
Transform cartesian vector components to spherical components
Usage:
xyz2sph(F_xyz,sph,F_sph)
Arguments:
F_xyz - vector holding cartesian components (Input)
sph - spherical coordinates (Input)
F_sph - vector holding spherical components (output)
Modules:

const

subroutine xyz2sph(F_xyz,sph,F_sph)

!modules

use const, only : wp
'implicit statement
implicit none
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!declaration of intrinsic functions
intrinsic dsin,dcos
!1ist of local variables

real(wp), dimension(1:3),intent(in) :: sph
complex(wp), dimension(1:3),intent(out) :: F_sph
complex(wp), dimension(1:3),intent(in) :: F_xyz

F_sph(1)=F_xyz(1)*dsin(sph(2))*dcos(sph(3))+&
F_xyz(2)*dsin(sph(2))*dsin(sph(3))+&
F_xyz(3)*dcos(sph(2))

F_sph(2)=F_xyz(1)*dcos(sph(2))*dcos(sph(3))+&
F_xyz(2)*dcos(sph(2))*dsin(sph(3))-&
F_xyz(3)*dsin(sph(2))

F_sph(3)=-F_xyz (1) *dsin(sph(3))+&
F_xyz(2)*dcos(sph(3))

return

end
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const,slot_var,mom_var,gen_var,wg_var

function yzz_int_pq()

!modules

use const, only : pi,cj,wp

use slot_var, only : w,Lz,x0

use mom_var, only : p,q,mmax,nmax
use gen_var, only : kO_sq,freq,lambda 0
use wg_var, only : a,b,gamma
!implicit statement

implicit none

!declaration of intrinsic functions
intrinsic mod,dcos,dsin,cdexp
!declaration of functions

real (wp) ::  dsinc

!list of calling arguments

complex(wp) :: yzz_int_pq

!1ist of local variables

integer :: m,n

real (wp) :: p_term,q term

real (wp) it w_m,sign

complex(wp) :: suml,sum2, add_terml,add_term2,gam

!

! Name:

! yzz_int_pq

!

! Revised:

! February 29, 2000
1

! Purpose:

! Computes the interior self contribution to the fields in a
! longitudinal slot.
!

! Usage:

! yzz_int_pq()

1

! Arguments:

!

! Modules:

!

!
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42
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57
58
59
60
61
62
63
64
65
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76
77
78
79
80
81
82
83
84
85

sum1=(0.0_wp,0.0_wp)

sum2=(0.0_wp,0.0_wp)

if (mod((p+q),2) .eq.1) then
yzz_int_pq=(0.0_wp,0.0_wp)

else

p_term=(p*pi/(2.0_wp*Lz))**2
q_term=(q*pi/(2.0_wp*Lz))**2
if ((mod(p,2).eq.1) .and. (mod(q,2).eq.1)) then

sign=1.0_wp

else if ((mod(p,2).eq.0).and. (mod(q,2).eq.0)) then

sign=-1.0_wp

end if

do m=0,mmax

if (m.eq.0) then
w_m=2.0_wp
else
w_m=4.0_wp*dsinc ((m*¥pi*w)/(2.0_wp*a))*&
(dcos (m¥*pi*x0/a)) *%2
end if
do n=0,nmax
add_term1=(0.0_wp,0.0_wp)
add_term2=(0.0_wp,0.0_up)
gam=gamma (m,n)
add_terml=(1.0_wp+sign*cdexp(-2.0_wp*gam*Lz))* (gam**2+k0_sq) /&
(gam* (gam**2+p_term) * (gam**2+q_term))

add_term2=w_m/ (gam**2+p_term)
'adjust addterms in case n==
if (n.eq.0) then
add_terml=add_terml*0.5_wp
add_term2=add_term2*0.5_wp
end if

suml=suml+w_m+*add_termil
if(p.eq.q) then
sum2=sum2+add_term2
end if
enddo

enddo
yzz_int_pq=cj*lambda_O*w/(8.0_wp*a*b¥pi)*&

end if

(suml#*p*pi/Lz*q*pi/Lz+sum2*4.0_wp* (kO_sq-p_term) *Lz)

86 end function yzz_int_pq

87
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89 !
90 !
91 !
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93 !
94 !
95 !
96 !
97 !
98 !
99 !
100 !
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Name:

Revised:

Purpose:

Usage:

yxx_int_rs

February 29, 2000

Computes the interior self contribution to the fields in a
transverse slot.
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yxx_int_rs()
Arguments:

Modules:
const,slot_var,mom_var,gen_var,wg_var

function yxx_int_rs()

'modules

use const, only : pi,cj,Z0,mu_O,wp
use slot_var, only : Lx,x00,w

use mom_var, only : r,s,mmax,nmax
use gen_var, only : k0,kO_sq,lambda_0,omega
use wg_var, only : a,b,beta 10,gamma
!implicit statement

implicit none

!declaration of intrinsic functions
intrinsic dsin,dcos,cdexp,mod

'list of calling arguments

complex(wp) :: yxx_int_rs

!1list of local variables

integer i m,n

real (wp) :: w_m,w_half,m term,r_term,s_term
complex(wp) :: sum, add_term, gam

if (mod ((r+s),2).eq.1) then
yxx_int_rs=(0.0_wp,0.0_wp)
else
sum=(0.0_wp,0.0_wp)
w_half=0.5_wp*w
r_term=(r*pi/ (2.0_wp*Lx))**2
s_term=(s*pi/(2.0_wp*Lx) ) **2
do m=0,mmax
m_term=m¥pi/a
w_m=(m_term**2-k0_sq) /&
((r_term-m_term**2) *(s_term-m_term*%*2))
if (mod(r,2).eq.1) then !r odd
w_m=w_m* (dcos (m_term*Lx) *dsin(m_term*x00)) **2
else 'r even
w_m=w_m* (dcos (m_term*x00) *dsin(m_term*Lx)) **2
end if
'adjust w_m in case m==0
if(m.eq.0) then
w_m=w_m*0.5_wp
end if
do n=0,nmax
gam=gamma (m,n)
add_term=w_m* (1.0_wp-cdexp(-gam*w_half))/gam**2
'adjust addterm in case n==
if (n.eq.0) then
add_term=add_term*0.5_wp
end if
sum=sum+add_term
enddo !'n loop
enddo 'm loop

yxx_int_rs=-4.0_wp*Z0/ (cj*omega*mu_O%a*b) *r*pi/Lx*s*pi/Lx*sum

end if
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160 end function yxx_int_rs

161
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164 Name :

yxz_int_rq

1
1
1
!
167 ! Revised:
168 ! February 29, 2000
169 !
170 ! Purpose:
171 ! Computes the interior cross coupling contribution to the fields
172 ! in a longitudinal slot due to currents in a transverse slot.
173 !
174 ! Usage:
175 ! yxz_int_rq()
176 !
177 ! Arguments:
178 !
179 ! Modules:
180 ! const,slot_var,mom_var,gen_ var,wg var
181 !
182 function yxz_int_rq()
183 !'modules
184 use const, only : pi,cj,Z0,mu_O,wp
185 use slot_var, only : Lx,Lz,x0,x00,w
186 use mom_var, only : r,q,mmax,nmax
187 use gen_var, only : kO,omega
188 use wg_var, only : a,b,gamma
189 !implicit statement
190 implicit none
191 !declaration of intrinsic functions
192 intrinsic dsin,dcos,cdexp,mod
193 !list of calling arguments
194 complex(wp) :: yxz_int_rq
195 !list of local variables
196 integer i: m,n
197 real (wp) :: cos_terml,cos_term2,sin_term,w_m,q_term
198 complex(wp) :: w_mn,gam
199 complex(wp) :: sum, add_terml,add_term23
200
201 if (mod(q,2) .eq.1) then !q odd
202 yxz_int_rq=(0.0_wp,0.0_wp)
203 else
204 sum=(0.0,0.0)
205 sin_term=2.0_wp*Lz*dsin(w*q*pi/ (4.0_wp*Lz))
206 cos_terml=q*pi*dcos (wkq*pi/ (4.0_wp*Lz))
207 cos_term2=dcos (q*pi/2.0_wp)
208 q_term=(q*pi/ (2.0_wp*Lz))**2
209 do m=1,mmax
210 w_m=2.0_wp*m*pi/a*dcos (m*pi*x0/a)
211 w_m=w_m/ ((r*pi/(2.0_wp*Lx))**2-(m*pi/a)**2)
212 if (mod(r,2).eq.1) then !r odd
213 w_m=w_m*dcos (m¥pi*Lx/a)*dsin (m¥pi*x00/a)
214 else 'r even
215 w_m=-w_m*dcos (m*pi*x00/a) *dsin (m*pi*Lx/a)
216 end if
217 'adjust w.m in case m==0
218 if (m.eq.0) then
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w_m=w_m*0.5_wp

end if
do n=0,nmax

gam=gamma (m,n)
w_mn=2.0_wp/ (q_term+gam**2)
'ladjust w_mn in case n==
if (n.eq.0) then
w_mn=w_mn*0.5_wp
end if
lcase 1
add_terml=cos_term2* (&
sin_termkgam* (cdexp (-gam*w)+1.0_wp) +&
cos_terml*(cdexp(-gam*w)-1.0_wp))
lcase 2+3
add_term23=cos_term2#* (1.0_wp-cdexp(-gam*w) ) *&
(cos_terml+gam*sin_term)&
+q*pi* (cdexp (-gam* (Lz+w/2.0_wp))-&
cdexp (-gam* (Lz-w/2.0_wp)))
sum=sum+ (add_termi+add_term23) *w_m*w_mn/gam

enddo !'n loop

enddo 'm loop

yxz_int_rq=-Z0/ (cj*omega*mu_O*a*b) *r*pi/Lx/Lz/2.0_wp*sum

end if

end function yxz_int_rq
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Name:

Revised:

Purpose:

Usage:

Arguments:

Modules:

yzx_int_ps

February 29, 2000

yzx_int_ps ()

const,slot_var,mom_var,gen_var,wg_var

function yzx_int_ps()

!modules

use const, only : pi,cj,Z0,mu_O,wp
use slot_var, only : Lx,Lz,x0,x00,w
use mom_var, only : p,s,mmax,nmax
use gen_var, only : kO,omega

use wg_var, only : a,b,gamma
!implicit statement

implicit none

!declaration of intrinsic functions
intrinsic dsin,dcos,mod,cdexp

'list of calling arguments

Computes the interior cross coupling contribution to the fields
in a transverse slot due to currents in a longitudinal slot.
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278 complex(wp) :: yzx_int_ps
279 '1ist of local variables
280 integer :: m,n
281 real (wp) ::  p_term,s_term,cos_term,w_m
282 complex(wp) :: sum,w_mn
283
284 if (mod(p,2) .eq.1) then !p odd
285 yzx_int_ps=(0.0_wp,0.0_wp)
286 else
287 p_term=(p*pi/(2.0_wp*Lz) ) **2
288 s_term=(s*pi/(2.0_wp*Lx) ) **2
289 cos_term=dcos (p*pi/2.0_wp)
290 sum=(0.0,0.0)
291 do m=0,mmax
292 w_m=2.0_wp*dsin(m*pi*w/(2.0_wp+*a)) *dcos (m¥pi*x0/a)
293 w_m=w_m/ (s_term- (m*pi/a)**2)
294 if (mod(s,2).eq.1) then !s odd
295 w_m=w_m*dcos (m¥pi*Lx/a)*dsin (m¥pi*x00/a)
296 else !'s even
297 w_m=-w_m*dcos (m*pi*x00/a) *dsin (m*pi*Lx/a)
298 end if
299 'adjust w_m in case m==
300 if (m.eq.0) then
301 w_m=w_m*0.5_wp
302 end if
303 do n=0,nmax
304 w_mn=2.0_wp/ (p_term+gamma (m,n) **2)
305 'adjust w_mn in case n==
306 if (n.eq.0) then
307 w_mn=w_mn*Q.5_wp
308 end if
309 sum=sum+ (cdexp (-gamma (m,n) ¥Lz) -cos_term) *w_m*w_mn
310 enddo 'n loop
311 enddo !'m loop
312
313 yzx_int_ps=-Z0/(cj*omega*mu_OQ*a*b) *p*pi/Lz*s*pi/Lx*sum
314
315 end if
316 end function yzx_int_ps
1 VERRHHERRRH R B AR BB HBERRR B RS ER B BB B BB B R B E R BB R R BB R ERRR B ER RS BB RF RS H R SRR 14
2 !
3 ! Name:
4 ! yzx_ext_ps
5 !
6 ! Revised:
7 ! February 29, 2000
8 !
9 ! Purpose:
10 ! Computes the exterior cross coupling contribution to the fields
1 ! in a transverse slot due to currents in a longitudinal slot. Used
12 ! in case the slot radiates into half space.
13 !
14 ! Usage:
15 ! yzx_ext_ps()
16 !
17 ! Arguments:
18 !
19 ! Modules:
1

I
o

const,quad_var,slot_var,mom var,gen_var
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Subroutines:

IMSL

yzx_ext_re_ps_p,yzx_ext_im_ps_p,inv_r_int

subroutines:
dq3nd

function yzx_ext_ps()
'modules

use
use
use
use
use

const, only : pi,cj,Z0,mu_O,wp

slot_var, only : Lx,Lz,w

mom_var, only : p,s,ks,kp

gen_var, only : kO,omega

quad_var, only : f_0,df_dxi,df_dzeta,xi_0,zeta_0,maxfcn,errrel,errabs

!implicit statement

implicit none

!declaration of intrinsic functions
intrinsic dsin,dcos,sum,mod
!declaration of functions

real(wp), external 11 yzx_ext_re_ps_p,yzx_ext_im ps_p
real (wp) :: inv_r_int

!list of calling arguments

complex (wp) 11 yzx_ext_ps
!1ist of local variables

real (wp), dimension(1:2) ::  upper

real (wp), dimension(1:2) :: lower

real (wp), dimension(1:2) :: re_val_rl

real (wp), dimension(1:2) :: re_val_r2

real (wp) :: errest,cos_term
real (wp) :: im val

integer 11 der

if (mod(p,2) .eq.1) then !p odd

else

yzx_ext_ps=(0.0_wp,0.0_wp)

upper=(/Lx,Lz/)
lower=(/-Lx,-Lz/)
zeta_0=0.0_wp
cos_term=dcos (p*pi/2.0_wp)
kp=p*pi/(2.0_wp+*Lz)
ks=s*pi/(2.0_wp*Lx)

!real part of 1/R1 term

xi_0=Lx

f_0=0.0_wp

df_dxi=(-1.0_wp)**sxks*cos_term

df_dzeta=0.0_wp

call dq3nd (yzx_ext_re_ps_p,2,lower,upper,&
maxfcn,errabs,errrel,ier,re_val_ri(1),errest)

re_val_ri1(2)=inv_r_int(-Lx,Lx,-Lz,Lz)

'real part of 1/R2 term

xi_0=Lx-w

f_0=-(-1.0_wp) **s*dsin(ks*w) *cos_term

df_dxi=(-1.0_wp) **sxks*dcos (ks*w) *cos_term

df_dzeta=0.0_wp

call dq3nd (yzx_ext_re_ps_p,2,lower,upper,&
maxfcn,errabs,errrel,ier,re_val _r2(1),errest)

re_val_r2(2)=inv_r_int(-Lx,Lx,-Lz,Lz)
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!imaginary part
call dq3nd (yzx_ext_im_ps_p,2,lower,upper,&
maxfcn,errabs,errrel,ier,im_val,errest)

yzx_ext_ps=-Z0*p/ (4.0_wp*cj*omega*mu_0*Lz) *&
(sum(re_val_r1)-sum(re_val_r2)+kO*cj*im_val)
endif

end function yzx_ext_ps
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Name :
yzX_ext_re_ps_p

Revised:
February 29, 2000

Purpose:
Auxiliary function used by the function yzx_ext_ps. Evaluates
the real part of kernel used to compute the exterior cross
coupling contribution to the fields in a transverse slot due to
currents in a longitudinal slot.

Usage:
yzx_ext_re_ps_p(dim,x)

Arguments:

dim - Obsolete!

x - Independent variable (Input)

Modules:

const,quad_var,slot_var,mom_var,gen_var

function yzx_ext_re_ps_p(dim,x)

!'modules

use const, only : pi,wp

use slot_var, only : Lx,Lz

use mom_var, only : s,p,ks,kp

use gen_var, only : kO

use quad_var, only : f_0,df_dxi,df_dzeta,xi_0,zeta_0
'implicit statement

implicit none

!declaration of intrinsic functions
intrinsic dsqrt,dsin,dcos

!list of calling arguments

real (wp) ::  yzx_ext_re_ps_p
real(wp), dimension(1:2), intent(in) :: x
integer , intent(in) :: dim

'list of local variables

real (wp) :: RR

txi=x(1) zeta=x(2)

RR=dsqrt ((x(1)-xi_0) **2+(x(2) -zeta_0) **2)

if (RR.1t.1E-8_wp) then
yzx_ext_re_ps_p=0.0_wp
else
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yzx_ext_re_ps_p=(dsin(ks* (Lx+x(1)))&
*dcos (kp* (Lz+x(2)) ) *dcos (kO*RR) &
-f_0-(x(1)-xi_0)*df_dxi-(x(2)-zeta_0)*df_dzeta)/RR
endif
end function yzx_ext_re_ps_p

VHHHRR S S S HHA B RBRRA SR B RRR SR BB HH BB B R R R RRR RSB H R R R RSB RBHF RSB R R B RR RSB RS B RS

dsinc

!

! Name:

! yzx_ext_im ps_p

!

! Revised:

! February 29, 2000

!

! Purpose:

! Auxiliary function used by the function yzx_ext_ps. Evaluates
! the imaginary part of kernel used to compute the exterior cross
! coupling contribution to the fields in a transverse slot due to
! currents in a longitudinal slot.

!

! Usage:

! yzx_ext_im ps_p(dim,x)

!

! Arguments:

! dim - Obsolete!

! X - Independent variable (Input)

!

! Modules:

! const,quad_var,slot_var,mom_var,gen_var

!

! Subroutines:

!

!

function yzx_ext_im ps_p(dim,x)
!modules
use const, only : pi,wp
use slot_var, only : Lx,Lz,x0,x00,w
use mom_var, only : ks,kp
use gen_var, only : kO
!implicit statement
implicit nome
!declaration of intrinsic functions
intrinsic dsqrt,dsin,dcos
!declaration of functions

real (wp) :: dsinc

!list of calling arguments

real (wp) i1 yzx_ext_im ps_p
real(wp), dimension(1:2),intent(in):: X
integer,intent (in) :: dim

!1ist of local variables

real (wp) :+ R1,R2,xii
Ixi=x(1) zeta=x(2)

xii=(x0-x00)-x(1)

Ri=dsqrt ((xii+w/2.0_wp) **2+x(2) **2)
R2=dsqrt ((xii-w/2.0_wp) **2+x(2) ¥*2)
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198 yzx_ext_im_ps_p=dsin(ks* (Lx+x(1)))*&

199 dcos (kp* (Lz+x(2) ) ) *&

200 (dsinc (kO*R2)-dsinc (kO*R1))

201

202 end function yzx_ext_im ps_p

203
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205

206 Name:

207
208

yxz_ext_rq

226
227
228

yxz_ext_re_rq_p,yxz_ext_im_rq p,inv_r_int

IMSL subroutines:

1
1
1
!
209 ! Revised:
210 ! February 29, 2000
211 !
212 ! Purpose:
213 ! Computes the exterior cross coupling contribution to the fields
214 ! in a longitudinal slot due to currents in a transverse slot. Used
215 ! in case the slot radiates into half space.
216 !
217 ! Usage:
218 ! yxz_ext_rq()
219 !
220 ! Arguments:
221 !
222 ! Modules:
223 ! const,quad_var,slot_var,mom_var,gen_var
224 !
225 ! Subroutines:
1
1
!
229 ! dq3nd
230 !
231 function yxz_ext_rq()
232 !'modules
233 use const, only : pi,cj,Z0,mu_O,wp
234 use slot_var, only : Lx,Lz,w
235 use mom_var, only : q,r,kq,kr
236 use gen_var, only : kO,omega
237 use quad_var, only : f_0,df_dxi,df_dzeta,xi_0,zeta_O,maxfcn,errrel,errabs
238 !implicit statement
239 implicit none
240 !declaration of intrinsic functions
241 intrinsic dsin,dcos,sum,mod
242 !declaration of functions
243 real(wp), external ::  yxz_ext_re rq p,yxz_ext_im rq p
244 real (wp) :: inv_r_int
245 !list of calling arguments
246 complex (wp) 1: yxz_ext_rq
247 '1ist of local variables
248 real(wp), dimension(1:2) ::  upper
249 real (wp), dimension(1:2) ::  lower
250 real(wp), dimension(1:2) :: re val_ril
251 real(wp), dimension(1:2) :: re_val_r2
252 real (wp), dimension(1:3) 1: arg
253 real (wp) ::  errest
254 real (wp) :: im_val
255 integer i1 der

256
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257

if (mod(q,2).eq.1) then !q odd
yxz_ext_rq=(0.0_wp,0.0_wp)
else
upper=(/Lx,Lz/)
lower=(/-Lx,-Lz/)
kq=q*pi/(2.0_wp+*Lz)
kr=r*pi/(2.0_wp+*Lx)
arg=(/kq*(Lz+w/2.0_wp) ,kr*(2.0_wp*Lx-w/2.0_wp) ,kq* (Lz-w/2.0_wp) /)
xi_0=Lx-w/2.0_wp

'real part of 1/R1 term

zeta_0=w/2.0_wp

f_0=dsin(arg(1))*dcos(arg(2))

df_dxi=-kr**dsin(arg(1))*dsin(arg(2))

df_dzeta=kq*dcos(arg(1))*dcos(arg(2))

call dq3nd(yxz_ext_re_rq p,2,lower,upper,&
maxfcn,errabs,errrel,ier,re_val_ri(1),errest)

re_val_ri1(2)=inv_r_int(-Lx,Lx,-Lz,Lz)

'real part of 1/R2 term

zeta_0=-w/2.0_wp

f_0=dsin(arg(3))*dcos(arg(2))

df_dxi=-kr*dsin(arg(3))*dsin(arg(2))

df_dzeta=kq*dcos (arg(2) ) *dcos (arg(3))

call dq3nd(yxz_ext_re_rq_p,2,lower,upper,&
maxfcn,errabs,errrel,ier,re_val r2(1),errest)

re_val_r2(2)=inv_r_int(-Lx,Lx,-Lz,Lz)

!imaginary part
call dq3nd (yxz_ext_im_rq p,2,lower,upper,&

maxfcn,errabs,errrel,ier,im val,errest)

yxz_ext_rq=Z0*r/(4.0_wp*cj*omega*mu_0*Lx) *&
(sum(re_val_r1)-sum(re_val_r2)+cj*kO*im_val)

end if
end function yxz_ext_rq
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1
! Name:

! yxz_ext_re_rq p

1

! Revised:

! February 29, 2000

!

! Purpose:

! Auxiliary function used by the function yxz_ext_rq. Evaluates

! the real part of kernel used to compute the exterior cross

! coupling contribution to the fields in a longitudinal slot due to
! currents in a transverse slot.

!

! Usage:

! yxz_ext_re_rq_p(dim,x)

!

!  Arguments:

! dim - Obsolete!

!ox - Independent variable (Input)
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316

373
374

const,quad_var,slot_var,mom var,gen_var

1
317 ! Modules:
318 ! const,quad_var,slot_var,mom var,gen_var
319 !
320 function yxz_ext_re_rq p(dim,x)
321 !'modules
322 use const, only : pi,wp
323 use slot_var, only : Lx,Lz
324 use mom_var, only : kr,kq
325 use gen_var, only : kO
326 use quad_var, only : f_0,df_dxi,df_dzeta,xi_0,zeta_0
327 !implicit statement
328 implicit none
329 'declaration of intrinsic functions
330 intrinsic dsqrt,dsin,dcos
331 !list of calling arguments
332 real (wp) 1: yxz_ext_re_rq_p
333 real(wp), dimension(1:2),intent(in) :: x
334 integer,intent (in) it dim
335 'list of local variables
336 real (wp) :: RR
337
338 Ixi=x(1) zeta=x(2)
339 RR=sqrt ((x (1) -xi_0) **2+(x(2) -zeta_0) **2)
340
341 if (RR.1t.1E-8_wp) then
342 yxz_ext_re_rq_p=0.0_wp
343 else
344 yxz_ext_re_rq_p=(dsin(kq* (Lz+x(2)))&
345 *dcos (kr* (Lx+x(1))) *dcos (kO*RR) &
346 -f_0-(x(1)-xi_0)*df_dxi-(x(2)-zeta_0)*df_dzeta) /RR
347 endif
348
349 end function yxz_ext_re_rq_p
350
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352 !
353 ! Name:
354 ! yxz_ext_im rq_p
355 !
356 ! Revised:
357 ! February 29, 2000
358 !
359 ! Purpose:
360 ! Auxiliary function used by the function yxz_ ext_rq. Evaluates
361 ! the imaginary part of kernel used to compute the exterior cross
362 ! coupling contribution to the fields in a longitudinal slot due to
363 ! currents in a transverse slot.
364 !
365 ! Usage:
366 ! yxz_ext_im rq_p(dim,x)
367 !
368 ! Arguments:
369 ! dim — Obsolete!
370 !'oox - Independent variable (Input)
371 !
372 ! Modules:
1
1
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375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404

406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433

! Subroutines:

! dsinc

1

function yxz_ext_im rq_p(dim,x)
!modules
use const, only : pi,wp
use slot_var, only : Lx,Lz,x0,x00,w
use mom_var, only : kr,kq
use gen_var, only : kO
!implicit statement
implicit none
!declaration of intrinsic functions
intrinsic dsqrt,dsin,dcos
!declaration of functions

real (wp) :: dsinc

'list of calling arguments

real (wp) t: yxz_ext_im rq_p
real (wp), dimension(1:2),intent(in):: X
integer ,intent(in) it dim

!1ist of local variables

real (wp) :: R1,R2,xii
Ixi=x(1) zeta=x(2)

xii=(x0-x00)-x(1)
Ri=dsqrt (xii**2+(w/2.0_wp-x(2))**2)
R2=dsqrt (xii**2+(w/2.0_wp+x(2))**2)
yxz_ext_im rq_p=dsin(kq* (Lz+x(2)))*&
dcos (kr* (Lx+x(1))) *&
(dsinc (kO*R2) -dsinc (kO*R1))

end function yxz_ext_im_rq_p
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y2,y1

!
! Name:

! y_ext

!

! Revised:

! February 29, 2000

1

! Purpose:

! Computes the exterior self contribution to the MoM matrix for any
! slot of length L. Used in case the slot radiates into half space.
!

! Usage:

! y_ext(p,q,L)

1

! Arguments:

' p - order of expansion function (Input)

' q - order of weighting function (Input)

! L - length of slot (Input)

!

! Modules:

! const,slot_var,mom_var,gen_var

!

!  Subroutines:

!

!
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146

function y_ext(p,q,L)
'modules
use const, only : pi,cj,Z0,mu_O,wp
use mom_var, only : yl_mode,y2_mode
use gen_var, only : kO,omega
use slot_var, only : Ls
!implicit statement
implicit none
!declaration of intrinsic functions
intrinsic mod
!declaration of functions

complex (wp) o y2,y1
'list of calling arguments
complex (wp) t: y_ext
real(wp) ,intent(in) :: L
integer,intent(in) :: p,q
Ls=L

if (mod((p+q),2) .eq.1) then
y_ext=(0.0_wp,0.0_wp)
else if ((p.ne.q).and. (mod((p+q),2).ne.1)) then
yl_mode=q !y1(q)
y_ext=((k0*2.0_wp*Ls) #*2- (q*pi) **2) *p*y1 ()
yl_mode=p !y1(p)
y_ext=(y_ext-((k0%2.0_wp*Ls) #*2- (p*pi) **2) *q*y1 () ) /&
(cj*pix*2xomega* (q**2-p**2))
else if (p.eq.q) then
yl_mode=q !y1(q)
y2_mode=q !'y2(q)
y_ext=1.0_wp/(cj*2.0_wp*pi*omega) * ((kO*2.0_wp*Ls) **2- (q*pi) **2) *&
y2(0 -q/ (cj*omega) *y1 ()

end if
y_ext=2.0_wp*Z0*y_ext/mu_0
end function y_ext
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!

! Name:

! yi

!

! Revised:

! February 29, 2000

!

! Purpose:

! Auxiliary function used by the function y_ext. Computes the value
! of the function yli.
1

! Usage:

! y10

!

! Arguments:

!

! Modules:

! const,quad_var,slot_var,mom_var,gen_var
!

! Subroutines:

1

yl_re_rl pp,yl_re r2 pp,yl_im pp,inv_r_quad_int
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1
494 ! IMSL subroutines:

495 ! dq3nd

496 !

497 function y1()

498 !modules

499 use const, only : cj,pi,wp

500 use gen_var, only : kO

501 use slot_var, only : w,Ls

502 use mom_var, only : yl_mode

503 use quad_var, only : f_0,df_dxi,df dzeta,xi_ 0,zeta_0,xi_1,zeta_1,&
504 maxfcn,errrel,errabs
505 !implicit statement

506 implicit none

507 !declaration of intrinsic functions

508 intrinsic sum

509 !declaration of functions

510 real (wp) ,external :: yl re rl pp,yl re r2 pp,yl_im_pp
511 real (wp) :: inv_r_quad_int

512 !list of calling arguments

513 complex (wp) oyl

514 !1ist of local variables

515 real (wp), dimension(1:2) ::  upper

516 real (wp), dimension(1:2) :: lower

517 real (wp), dimension(1:3) :: re_val

518 real (wp) :: im val

519 real (wp) ::  errest

520 integer 11 der

521

522 upper=(/0.5_wp*w,0.5_wp/)

523 lower=(/0.0_wp,0.0_wp/)

524

525 !real part of 1/R1 term

526 f_0=0.0_wp

527 df_dxi=0.0_wp

528 df_dzeta=yl_mode*pi

529 xi_0=0.0_wp

530 zeta_0=0.5_wp

531 call dq3nd (yl_re_rl pp,2,lower,upper,&

532 maxfcn,errabs,errrel,ier,re_val(l) ,errest)
533

534 !change of variable: zeta -> zeta/(2*Lz)

535 df_dzeta=yl_mode*pi/(2.0_wp*Ls)

536 xi_1=upper(1)-xi_0

537 zeta_1=2.0_wp*Ls*(lower(2)-zeta_0)

538 re_val(2)=inv_r_quad_int()/(2.0_wp+Ls)

539

540 !real part of 1/R2 term

541 call dq3nd (yl_re_r2_pp,2,lower,upper,&

542 maxfcn,errabs,errrel,ier,re_val(3),errest)
543

544 !imaginary part

545 call dq3nd (yl_im_pp,2,lower,upper,&

546 maxfcn,errabs,errrel,ier,im val,errest)
547

548 yl=sum(re_val)+cj*kO*im_val

549

550 end function yi

551
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553

554 Name :

555 y2

556

557 Revised:

558
559

February 29, 2000

560 Purpose:

561 Auxiliary function used by the function y_ext. Computes the value
562 of the function y2.

563

564 Usage:

566

567 Arguments:

568

569 Modules:

570 const,quad_var,slot_var,mom_var,gen_var
571

572 Subroutines:

573
574
575

y2_re_pp,y2_im_pp,inv_r_quad_int

1
1
1
1
1
1
1
1
1
1
1
1
565 ! y20)
1
1
1
1
1
1
1
1
!
! IMSL subroutines:
!
1

576 dq3nd

577 !

578 function y2()

579 !'modules

580 use const, only : cj,wp

581 use gen_var, only : kO

582 use slot_var, only : w,Ls

583 use quad_var, only : f_0,df_dxi,df_dzeta,xi_0,zeta_0,xi_1,zeta_1,&
584 maxfcn,errrel,errabs
585 !implicit statement

586 implicit none

587 !declaration of intrinsic functions

588 intrinsic sum

589 !declaration of functions

590 real(wp), external :: y2_re_pp,y2_im pp
591 real (wp) ::  inv_r_quad_int
592 !list of calling arguments

593 complex (wp) troy2

594 !1ist of local variables

595 real (wp), dimension(1:2) :: re_val

596 real (wp), dimension(1:2) ::  upper

597 real(wp), dimension(1:2) ::  lower

598 real (wp) ::  errest

599 real (wp) ::  im_val

600 integer i1 der

601

602 upper=(/w/2.0_wp,1.0_wp/)

603 lower=(/0.0_wp,0.0_wp/)

604

605 'real part of 1/R term

606 xi_0=0.0_wp

607 zeta_0=0.0_wp

608 f_0=1.0_wp

609 df_dxi=0.0_wp

610 df_dzeta=0.0_wp
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611

612 call dq3nd (y2_re_pp,2,lower,upper,&

613 maxfcn,errabs,errrel,ier,re_val(l) ,errest)
614

615 !change of variable: zeta -> zeta/(2%Lz)

616 xi_1=upper(1)-xi_0

617 zeta_1=2.0_wp*Ls* (upper(2)-zeta_0)

618 re_val(2)=inv_r_quad_int()/(2.0_wp#*Ls) !sum(reg val)
619

620 !imaginary part

621 call dq3nd (y2_im_pp,2,lower,upper,&

622 maxfcn,errabs,errrel,ier,im_val,errest)

623

624 y2=sum(re_val)-cj*kO*im_val

626

626 end function y2

627
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629

630 Name:

631 yl_im_pp

632

633 Revised:

634
635

February 29, 2000

1
!
!
1
1
1
!
636 ! Purpose:
637 ! Auxiliary function used by the function yl. Evaluates the
638 ! imaginary part of the kernel integrated in yl.
639 !
640 ! Usage:
641 ! yil_im pp(dim,x)
642 !
643 ! Arguments:
644 ! dim - Obsolete!
645 ! ox - Independent variable (Input)
646 !
647 ! Modules:
648 ! const,slot_var,mom_var,gen_var
649 !
650 ! Subroutines:
651 ! dsinc
652 !
653 function y1 im pp(dim,x)
654 !modules
655 use const, only : pi,wp
656 use slot_var, only : Ls
657 use mom_var, only : yl_mode
658 use gen_var, only : kO
659 !implicit statement
660 implicit none
661 !declaration of intrinsic functions
662 intrinsic dsin,dsqrt
663 !declaration of functions
664 real (wp) :: dsinc
665 !list of calling arguments
666 real (wp) :: yl_im pp
667 real (wp), dimension(1:2),intent(in) :: x
668 integer,intent (in) :: dim
669 !list of local variables
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670 real (wp) :: R1,R2

671

672 Ri=dsqrt (x (1) **2+4.0_wp*Ls**2% (x(2)-0.5_wp) *¥*2)

673 R2=dsqrt (x (1) #*2+4 . 0_wp*Ls**2% (x(2)+0.5_wp) **2)

674

675 y1_im_pp=dsin(yl_mode*pi*(x(2)+0.5_wp))&

676 *(dsinc (k0*R2) - (-1.0_wp) **y1_mode*dsinc(kO*R1))
677

678 end function yl_im_pp

679
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681

682 Name:

683 yl_re_ri_pp

684

685 Revised:

686
687

February 29, 2000

1
1
1
1
1
1
!
688 ! Purpose:
689 ! Auxiliary function used by the function yl. Evaluates partially
690 ! the real part of the kernel integrated in yl1.
691 !
692 ! Usage:
693 ! yl_re_rl pp(dim,x)
694 !
695 ! Arguments:
696 ! dim — Obsolete!
697 ! b4 - Independent variable (Input)
698 !
699 ! Modules:
700 ! const,slot_var,mom_var,gen_var
701 !
702 function yl_re_rl pp(dim,x)
703 'modules
704 use const, only : pi,wp
705 use slot_var, only : Ls
706 use mom_var, only : yl_mode
707 use gen_var, only : kO
708 use quad_var, only : df_dzeta,zeta_0
709 'implicit statement
710 implicit none
711 !declaration of intrinsic functions
712 intrinsic dsin,dcos,dsqrt
713 !list of calling arguments
714 real (wp) :: yl_re_rl_pp
715 real(wp), dimension(1:2),intent(in) :: x
716 integer,intent (in) t: dim
77 !1ist of local variables
718 real (wp) B R1
719
720 'xi=x(1) sigma=zeta=x(2)
721 Ri=dsqrt (x (1) **2+4.0_wp*Ls**2% (x(2)-0.5_wp) **2)
722
723 if(R1.1t.1E-8_wp) then
724 yl_re_ri_pp=0.0_wp
725 else
726 yl_re_r1l_pp=(dsin(yl_modex*pi*(x(2)+0.5_wp))&
727 *(-1.0_wp) **y1_mode*dcos (kO*¥R1) - (x(2) -zeta_0) *df_dzeta) /R1
728 endif
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730
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775
776
77
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end function yl_re_ril_pp
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const,slot_var,mom var,gen_var

!
! Name:

! yl_re_r2_pp

!

! Revised:

! February 29, 2000

!

! Purpose:

! Auxiliary function used by the function yl. Evaluates partially
! the real part of the kernel integrated in yl1.
!

! Usage:

! yl_re_r2_pp(dim,x)

!

! Arguments:

! dim - Obsolete!

! x - Independent variable (Input)

!

! Modules:

!

!

function yl_re_r2 pp(dim,x)
!modules
use const, only : pi,wp
use slot_var, only : Ls
use mom_var, only : yl_mode
use gen_var, only : kO
!implicit statement
implicit none
!declaration of intrinsic functions
intrinsic dsin,dcos,dsqrt
'list of calling arguments

real (wp) it yl_re_r2 pp
real(wp), dimension(1:2),intent(in) :: x
integer,intent (in) :: dim

!1ist of local variables

real (wp) HY R2

'xi=x(1) sigma=x(2)
R2=dsqrt (x (1) **2+4 . 0_wp*Ls**2x (x(2) +0.5_wp) **2)

yl re_r2 pp=-dsin(yl_modex*pi*(x(2)+0.5_wp))*dcos(k0*R2)/R2
end function yl_re_r2 pp
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!

! Name:

! y2_im_pp

!

! Revised:

! February 29, 2000
!

! Purpose:

1

Auxiliary function used by the function y2. Evaluates the
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imaginary part of the kernel integrated in y2.

Usage:

y2_im_pp(dim,x)
Arguments:
dim - Obsolete!
x - Independent variable (Input)
Modules:

const,slot_var,mom_var,gen_var
Subroutines:

dsinc

function y2_im pp(dim,x)

!'modules

use const, only : pi,wp

use slot_var, only : Ls

use mom_var, only : y2_mode

use gen_var, only : kO

'implicit statement

implicit none

!declaration of intrinsic functions
intrinsic dsin,dcos,dsqrt
!declaration of functions

real (wp) 11 dsinc

!list of calling arguments

real (wp) :: y2_im pp
real(wp), dimension(1:2),intent(in) :: x
integer,intent(in) :: dim

!list of local variables

real (wp) :: R

R=dsqrt (x (1) #*2+(2.0_wp*Ls) ¥*2xx (2) **2)

y2_im_pp=dsinc (kO*R) * (dcos (y2_mode*pi*x(2))*(1.0_wp-x(2))&
+dsin(y2_mode*pi*x(2))/(y2_mode*pi))

end function y2_im_pp
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Name:
y2_re_pp
Revised:
February 29, 2000
Purpose:
Auxiliary function used by the function y2. Evaluates the
real part of the kernel integrated in y2.
Usage:
y2_re_pp(dim,x)
Arguments:
dim - Obsolete!
x - Independent variable (Input)
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Modules:
const,slot_var,mom_var,gen_var

function y2_re_pp(dim,x)

!modules

use const, only : pi,cj,wp
use slot_var, only : Ls

use mom_var, only : y2_mode
use gen_var, only : kO

use quad_var, only : £_0
!implicit statement
implicit none

!declaration of intrinsic functions
intrinsic dsin,dcos,dsqrt
!list of calling arguments

real (wp) 1t y2_re_pp
real(wp), dimension(1:2),intent(in) :: x
integer,intent (in) it dim

!1ist of local variables

real (wp) :: R

R=dsqrt (x (1) #*2+(2.0_wp*Ls) ¥*2*x (2) **2)

if (R.1t.1E-8 wp) then
y2_re_pp=0.0_wp
else
y2_re_pp=(dcos (kO*R) * (&
(1.0_wp-x(2))*dcos (y2_mode*pi*x(2))&
+dsin(y2_mode*pi*x(2))/(pi*y2_mode))-£f_0)/R
endif

end function y2_re_pp
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Name :
yzx_ppwg_ps
Revised:
February 29, 2000
Purpose:
Computes the exterior cross coupling contribution to the fields
in a transverse slot due to currents in a longitudinal slot. Used
in case the slot radiates into a PP waveguide.
Usage:
yzx_ppug_ps ()
Arguments:
Modules:
const,quad_var,slot_var,mom_var,gen_var,ppwg_var,wg var
Subroutines:

yzX_ppwg ps_p_revised_c,yzx_ppwg_ps_p,int_wavg

IMSL subroutines:
dqdag
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function yzx_ppwg ps{)

!'modules

use const, only : pi,cj,Z20,mu_O,wp

use slot_var, only : Lx,Lz,w,x00,x00_pp,x0,x0_pp
use mom_var, only . p,s,kp,ks,kp_sq,ks_sq

use gen_var, only : kO,omega

use ppwg_var, only : m,al,kx,kx_sq

use wg_var, only i a

use quad_var, only : kw,kz_max,errrel,errabs,c_flag

'implicit statement

implicit none

!declaration of intrinsic functions
intrinsic dsin,dcos,mod
!declaration of functions

real (wp), external ::  yzx_ppwg_ps_p_revised c
real (wp), external {1 yZX_ppWg_psS_p
'list of calling arguments

complex (wp) t yZX_ppwg_ps
'list of local parameters
integer,parameter i1 irule=2

real (wp) ,parameter ::  upper=pi

real (wp) ,parameter :: lower=0.0
!list of local variables

complex (wp) :: sum

real (wp) :: re_val

real (wp) ,dimension(1:2) :: im_val

real (wp) :: errest,w._m

if (mod(p,2) .eq.1) then !p odd

else

yzx_ppwg_ps=(0.0_wp,0.0_wp)

'init. of aux. var
x0_pp=x0-(a-al) /2.0_up
x00_pp=x00-(a-al)/2.0_up
kp=p*pi/(2.0_wp*Lz)
ks=s*pi/(2.0_wp*Lx)
kp_sq=kp**2

ks_sq=ks**2

kw=Lz

kz_max=max (k0 ,kp)
sum=(0.0_wp,0.0_wp)

do m=0,100 !100 gives good conv. unless you test a "free space"

kx=(m*pi/al)
kx_sq=kx**2
w_m=dsin(kx*w/2.0_wp) *dcos (kx*x0_pp) / (ks_sq-kx_sq)
if (mod(s,2) .eq.1) then !s odd
w_m=w_m*dcos (kx*Lx) *dsin (kx*x00_pp)
else !'s even
w_m=-w_m*dcos (kx*x00_pp) *dsin (kx*Lx)
end if
lcorrect w_m in case m<1
if (m.eq.0) then
w_m=w_m*0.5_wp
end if

!real part of revised contour
if (kx.1t.k0) then
c_flag=1

case
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call dqdag(yzx_ppwg ps_p_revised_c, lower, upper,&
errabs, errrel, irule, re_val,errest)

else
re_val=0.0_wp
end if
!imaginary part of revised contour
c_flag=2

call dqdag(yzx_ppwg_ps_p_revised_c, lower, upper,&
errabs, errrel, irule, im val(l),errest)

!integration by weighted averages from kz=2kz_max->infty

call int_wavg(yzx_ppwg_ps_p,2.0_wp*kz_max,-2,2,im_val(2))

sum=sumt+w_m* (re_val+cj*(im_val (1) +im val(2)))
enddo !'m loop

yzx_ppwg_ps=—4.0_wp*ZO*p*s*pi/ (al*mu_O*omega*Lx*Lz)*sum

endif

end function yzx_ppwg ps
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Name :
yzX_ppwg _ps_p_revised c

Revised:
February 29, 2000

Purpose:
Auxiliary function used by the function yzx_ ppwg ps. Evaluates
the kernel used to compute the exterior cross coupling
contribution to the fields in a transverse slot due to currents
in a longitudinal slot. The evaluation is perfomed along a
deformed contour in the complex kz plane.

Usage:
yzx_ppwg_ps_p_revised_c(theta)

Arguments:

theta - Independent variable (Input)
Modules:

const,quad_var,mom_var,gen_var,ppwg_var

function yzx_ppwg ps_p_revised_c(theta)

!modules

use const, only : cj,wp

use gen_var, only : kO0,k0O_sq

use mom_var, only : kp_sq

use ppwg_var, only : kx_sq,ky,kz,kz_sq
use quad_var, only : kw,kz max,c_flag
!implicit statement

implicit none

!declaration of intrinsic functions
intrinsic dsin,cdsin,dcos,cdsqrt,dcmplx
'list of calling arguments

real (wp) 1t yzx_ppwg_ps_p_revised_c
!list of local variables
complex(wp) :: tmp
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real (wp) :: theta,csth,snth

csth=dcos(theta)
snth=dsin(theta)

!change of var: kz -> kzmax*(1.0-cos(theta))+cj*0.05*¥kO*sin(theta)
kz=kz_max*(1.0_wp-csth)+0.05_wp*kO*cj*snth
kz_sq=kz**2
ky=cdsqrt (demplx (kO_sq-kx_sq-kz_sq))
tmp=kz*cdsin(kwxkz) /ky/ (kp_sq-kz_sq)* (kz_max*snth+0.05_wp*kO*cj*csth)
if(c_flag.eq.1) then

yZx_ppwg_ps_p_revised_c=dreal (tmp)
else

yzx_ppwg_ps_p_revised_c=dimag(tmp)
endif

end function yzx_ppwg ps_p_revised_c
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Name :
YZX_ppwg_ps_p

Revised:
February 29, 2000

Purpose:
Auxiliary function used by the function yzx_ppwg ps. Evaluates
the kernel used to compute the exterior cross coupling
contribution to the fields in a transverse slot due to currents
in a longitudinal slot. Used in the interval from kz=kz max->infty
where kz_max is chosen so all singular points are avoided.

Usage:
yzx_ppwg_ps_p (kz)

Arguments:

kz - Independent variable (Input)

Modules:

const,quad_var,mom_var,gen_var,ppwg var

function yzx_ppwg_ps_p (kz)

!modules

use const, only : wp

use gen_var, only : kO_sq

use mom_var, only : Kkp_sq

use ppwg_var, only : kx_sq
use quad_var, only : kw
'implicit statement

implicit none

!declaration of intrinsic functions
intrinsic dsqrt

!declaration of functions
real (wp) 1+ dsinc
'list of calling arguments
real (wp) 1! yZX_ppwg_ps_p
real(wp) ,intent(in) :: kz
!list of local variables
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real (wp) :: kz_sq
kz_sq=kz**2
yzx_ppwg_ps_p=kz*dsinc (kwxkz) /&
dsqrt (kz_sq+kx_sq-k0_sq) / (kp_sq-kz_sq)
end function yzx_ppwg ps_p

VHHHERRRHHHRR R B R AR AR B HHRER B R HHHAR BB BHFHBRARBHHHH R BB BB HFRA AR BB HHHEER AR HHHHHS

yXz_ppwg rq p_revised c,yxz_ppwg_rq p,int_wavg

IMSL subroutines:

!
! Name:
! yXz_ppwg_rq
!
! Revised:
! February 29, 2000
1
! Purpose:
! Computes the exterior cross coupling contribution to the fields
! in a longitudinal slot due to currents in a transverse slot. Used
! in case the slot radiates into a PP waveguide.
!
! Usage:
! yxz_ppwg_rq()
1
!  Arguments:
!
! Modules:
! const,quad_var,slot_var,mom_var,gen_var,ppwg_var,wg var
1
! Subroutines:
!
!
!
! dqdag
1
function yxz_ppwg rq()
!modules
use const, only : pi,cj,Z0,mu_O,wp
use slot_var, only : Lx,Lz,w,x00,x00_pp,x0,x0_pp
use mom_var, only : r,q,kq,kr,kq_sq,kr_sq
use gen_var, only : k0, omega
use ppwg_var, only : m,al,kx,kx_sq
use wg_var, only : a
use quad_var, only : kw,kz_max,errrel,errabs,c_flag

!implicit statement

implicit none

!declaration of intrinsic functions
intrinsic dsin,dcos,mod
!declaration of functions

real (wp), external 11 yXz_ppwg_rq_p_revised c
real (wp), external it yXZ_ppwg_rq_p

'list of calling arguments

complex (wp) :  yxz_ppwg rq

'list of local parameters

integer,parameter 11 irule=2

real (wp) ,parameter ::  upper=pi

real (wp) ,parameter :: lower=0.0

!list of local variables

complex (wp) i: sum
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263 real (wp) :: re_val

264 real (wp) ,dimension(1:3) :: im_val

265 real (wp) :: errest,w.m

266

267 if (mod(q,2).eq.1) then !q odd

268 yxz_ppwg_rq=(0.0_wp,0.0_wp)

269 else

270 'init. of aux. var

271 x0_pp=x0-(a-al) /2.0_wp

272 x00_pp=x00-(a-al) /2.0_wp

273 kq=q*pi/(2.0_wp+*Lz)

274 kr=r*pi/(2.0_wp*Lx)

275 kq_sq=kq**2

276 kr_sq=Kkr*#*2

277 kz_max=0.95_wp*max (k0,kq)

278

279 sum=(0.0_wp,0.0_wp)

280 do m=0,100 !100 gives good conv. unless you test a "free space" case
281 kx=(m*pi/al)

282 kx_sq=kx**2

283 w_m=kx*dcos (kx*x0_pp) / (kr_sq-kx_sq)

284 if (mod(r,2) .eq.1) then !r odd

285 w_m=w_m*dcos (kx*Lx) *dsin (kx*x00_pp)

286 else 'r even

287 w_m=-w_m*dcos (kx*x00_pp) *dsin (kx*Lx)

288 end if

289 lcorrect w_m in case m<1

290 if (m.eq.0) then

291 w_m=w_m*0.5_wp

292 end if

293

294 !real part of revised contour

295 if (kx.1t.k0) then

296 c_flag=1

207 call dqdag(yxz_ppwg rq_p_revised_c, lower, upper,&
298 errabs, errrel, irule, re_val,errest)
299 else

300 re_val=0.0_wp

301 end if

302 !imaginary part of revised contour

303 c_flag=2

304 call dqdag(yxz_ppwg rq_p_revised_c, lower, upper,&

305 errabs, errrel, irule, im_val(l),errest)

306 !integration by weighted averages from kz=2kz_max->infty
307 kw=Lz-w/2.0_wp

308 call int_wavg(yxz_ppwg rq p,2.0_wp*kz max,-3,1,im val(2))
309 kw=Lz+w/2.0_wp

310 call int_wavg(yxz_ppwg rq_p,2.0_wp*kz_max,-3,1,im val(3))
311

312 sum=sum+w_m* (re_val+cj*(im_val(1)+im_val(2)-im_val(3)))
313 enddo !m loop

314

315 yxz_ppwg rq=2.0_wp*Z0*r*q*pi/(al*mu_O*omega*Lx*Lz) *sum

316

317 endif

318 end function yxz_ppwg rq

319
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321 !
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Name:
yXz_ppwg rq_p_revised_c

Revised:
February 29, 2000

Purpose:
Auxiliary function used by the function yxz_ppwg rq. Evaluates
the kernel used to compute the exterior cross coupling
contribution to the fields in a longitudinal slot due to currents
in a transverse slot. The evaluation is perfomed along a
deformed contour in the complex kz plane.

Usage:
yxz_ppwg_rq_p_revised_c(theta)

Arguments:

theta - Independent variable (Input)

Modules:

const,quad_var,mom_var,gen_var,ppwg_var

function yxz_ppwg rq p_revised_c(theta)

!modules

use const, only : cj,wp

use gen_var, only : kO0,k0_sq

use mom_var, only : kq_sq

use slot_var, only : Lz,w

use ppwg_var, only : kx_sq,ky,kz,kz_sq
use quad_var, only : kz_max,c_flag
!implicit statement

implicit nome

!declaration of intrinsic functions
intrinsic dsin,cdsin,dcos,cdsqrt,dcmplx
!list of calling arguments

real (wp) ::  yxz_ppwg rq p_revised_c
!list of local variables

complex(wp) :: tmp

real (wp) :: theta,csth,snth,kwl, kw2

csth=dcos (theta)
snth=dsin(theta)
kwl=w/2.0_wp-Lz
kw2=w/2.0_wp+Lz

!change of var: kz -> kzmax#*(1.0-cos(theta))+cj*0.05+%k0O*sin(theta)
kz=kz_max*(1.0_wp-csth)+0.05_wp*kO*cj*snth

kz_sq=kz**2

ky=cdsqrt (demplx (kO_sq-kx_sq-kz_sq))

tmp= (cdcos (kz*kwl) -cdcos (kz*kw2) ) /&
ky/ (kq_sq-kz_sq) * (kz_max*snth+0.05_wp*kO*cj*csth)

if(c_flag.eq.1) then
yXz_ppwg_rq_p_revised_c=dreal (tmp)
else
yxz_ppwg_rq_p_revised_c=dimag(tmp)
endif
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end function yxz_ppwg rq p_revised_c
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Name:
yXz_ppwg_rq_p

Revised:
February 29, 2000

Purpose:
Auxiliary function used by the function yxz_ppwg rq. Evaluates
the kernel used to compute the exterior cross coupling
contribution to the fields in a longitudinal slot due to currents
in a transverse slot. Used in the interval from kz=kz max->infty
where kz_max is chosen so all singular points are avoided.

Usage:
yxz_ppwg_rq_p (kz)

Arguments:

kz - Independent variable (Input)

Modules:

const,quad_var,mom_var,gen_var,ppwg var

function yxz_ppwg_rq_p (kz)

!modules

use const, only : wp

use gen_var, only : kO_sq,kO
use mom_var, only : kq_sq

use ppwg_var, only : kx,kx sq
use quad_var, only : kw
'implicit statement

implicit none

!declaration of intrinsic functions
intrinsic dsqrt,dcos

'list of calling arguments

real (wp) t:  yXzZ_ppwg_rq_p
real(wp) ,intent (in) :: kz

!list of local variables

real (wp) it kz_sq
kz_sq=kz**2

yxz_ppwg_rq_p=dcos (kz*kw) /&
dsqrt (kz_sq+kx_sq-k0_sq)/(kq_sq-kz_sq)

end function yxz_ppwg rq p
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Name:

YXX_ppwg_Ts
Revised:

February 29, 2000
Purpose:

Computes the exterior self contribution to the fields in a
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transverse slot. Used in case the slot radiates into a PP
waveguide.

Usage:
yxx_ppwg_rs()

Arguments:

Modules:
const,quad_var,slot_var,mom var,gen_var,ppwg_var,wg var

Subroutines:
yXX_ppwg rs_p_revised c,yxx_ppwg_rs_p,int_wavg

IMSL subroutines:

dqdag

function yxx_ppwg rs()
!modules
use const, only : pi,cj,Z20,mu_O,wp
use slot_var, only : Lx,w,x00,x00_pp
use mom_var, only . r,s,kr_sq,ks_sq
use gen_var, only : k0,k0_sq,omega
use ppwg_var, only : m,al,kx,kx_sq
use wg_var, only T a

use quad_var, only
!implicit statement
implicit none
!declaration of intrinsic functions
intrinsic dsin,dcos,mod
!declaration of functions
real (wp), external

: kw,kz_max,errrel,errabs,c_flag

11 yXX_ppwg_rs_p_revised_c

real (wp), external 1! yXX_ppwg Trs_p
!list of calling arguments

complex (wp) { yXX_ppWg Trs
'list of local parameters
integer,parameter 1 irule=2
real (wp) ,parameter :: upper=pi
real (wp) ,parameter :: lower=0.0
!list of local variables

complex (wp) 1 sum

real (wp) ,dimension(1:2) :: im val

real (wp) :: re_val

real (wp) 11 errest,w._m

if (mod ((r+s),2).eq.1) then
yxx_ppwg_rs=(0.0_wp,0.0_wp)
else
linit. of aux. var
kz_max=k0
kw=w/2.0_wp
x00_pp=x00-(a-al) /2.0_wp
kr_sq=(r*pi/(2.0_wp*Lx))**2
ks_sq=(s*pi/(2.0_wp*Lx))**2
sum=(0.0_wp,0.0_wp)

do m=0,100 !100 gives good conv. unless you test a "free space"

kx=(m*pi/al)
kx_sq=kx**2
w_m=(k0_sq-kx_sq)/ ((kr_sq-kx_sq) *(ks_sq-kx_sq))

case

161



Source Code

500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557

162

if (mod(r,2).eq.1) then !r and s odd
w_nm=w_m* (dcos (kx*Lx) *dsin (kx*x00_pp) ) **2
else 'r and s even
w_m=vw_m* (dcos (kx*x00_pp) *dsin (kx*Lx) ) **2
end if
lcorrect w_m in case m<1
if (m.eq.0) then
w_m=w_m*0.5_wp
end if
!real part of revised contour
if (kx.1t.k0) then
c_flag=1
call dqdag(yxx_ppwg rs_p_revised_c, lower, upper,&
errabs, errrel, irule, re_val,errest)

else
re_val=0.0_wp
end if
!imaginary part of revised contour
c_flag=2

call dqdag(yxx_ppwg rs_p_revised_c, lower, upper,&
errabs, errrel, irule, im val(l),errest)

!integration by weighted averages from kz=2kz_max->infty

call int_wavg(yxx_ppwg rs_p,2.0_wp*kz max,-2,2,im_val(2))

sum=sum+w_m* (re_val+cj*(im_val(1)+im val(2)))
enddo !'m loop

yxx_ppwg rs=2.0_wp*Z0*wkr*s*pi/(Lx**2%al*mu_O*omega) *sum

endif
end function yxx_ppwg rs
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const,quad_var,mom_var,gen_var,ppwg var

!
! Name:

! yXX_ppwg_rs_p_revised_c

!

! Revised:

! February 29, 2000

!

! Purpose:

! Auxiliary function used by the function yxx_ppwg rs. Evaluates
! the kernel used to compute the exterior self contribution to the
! fields in a transverse slot. The evaluation is perfomed along a
! deformed contour in the complex kz plane.

!

! Usage:

! yxx_ppwg_rs_p_revised_c(theta)

!

! Arguments:

!  theta - Independent variable (Input)

!

! Modules:

!

!

function yxx_ppwg rs_p_revised_c(theta)
'modules
use comnst, only : cj,wp
use gen_var, only : kO0,k0O_sq
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use slot_var, only : w

use ppwg_var, only : kx_sq,ky,kz,kz_sq
use quad_var, only : kw,kz max,c_flag
!implicit statement

implicit none

!declaration of intrinsic functions
intrinsic dsin,cdsin,dcos,cdsqrt,dcmplx
'list of calling arguments

real (wp) t:  yXX_ppwg_rs_p_revised_c
real (wp) ,intent(in) :: theta

!1ist of local variables

complex(wp) :: tmp

real (wp) ::  csth,snth

csth=dcos(theta)
snth=dsin(theta)

!change of var: kz -> kzmax*(1.0-cos(theta))+cj*0.05%k0O*sin(theta)
kz=kz_max* (1.0_wp-csth)+0.05_wp*kO*cj*snth

kz_sq=kz**2

ky=cdsqrt (dcmplx (kO_sq-kx_sq-kz_sq))

tmp=cdsin (kwxkz) / (kw¥kz) /ky* (kz_max*snth+0.05_wp*kO*cj*csth)

if(c_flag.eq.1) then
yxx_ppwg_rs_p_revised_c=dreal (tmp)
else
yXx_ppwg_rs_p_revised_c=dimag(tmp)
endif

end function yxx_ppwg rs_p_revised c
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Name :
YXX_ppwWg Irs_p

Revised:
February 29, 2000

Purpose:
Auxiliary function used by the function yxx_ ppwg rs. Evaluates
the kernel used to compute the exterior self contribution to the
fields in a longitudinal slot. Used in the interval from
kz=kz_max->infty where kz_max is chosen so all singular points
are avoided.

Usage:
yxx_ppwg_rs_p(kz)

Arguments:

kz - Independent variable (Input)
Modules:

const,quad_var,gen_var,ppwg var

function yxx_ppwg_rs_p (kz)

!modules
use const, only : wp
use gen_var, only : kO_sq
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617 use ppwg_var, only : kx_sq

618 use quad_var, only : kw

619 'implicit statement

620 implicit none

621 !declaration of intrinsic functions
622 intrinsic dsqrt

623 !declaration of functions

624 real (wp) 11 dsinc

625 !list of calling arguments

626 real (wp) 1! yXX_ppWg Is_p
627 real(wp) ,intent (in) :: kz

628

629 yxx_ppwg_rs_p=dsinc(kw*kz) /dsqrt (kz**2+kx_sq-k0_sq)
630

631 end function yxx_ppwg rs_p

632
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634

635 Name :

636 yzz_ppvg_Ppq

637

638 Revised:

639
640

February 29, 2000

641 Purpose:

642 Computes the exterior self contribution to the fields in a
643 longitudinal slot. Used in case the slot radiates into a PP
644 waveguide.

645

646 Usage:

647 yzz_ppwg_pq()

648

649 Arguments:

650

651 Modules:

652 const,quad_var,slot_var,mom_var,gen_var,ppwg var,wg var

653

654 Subroutines:

655
656
657

yzz_ppwg_pq_p_revised_c,int_yzz_ppwg pq_inf,int_wavg,dsinc

IMSL subroutines:

658 dqdag

659 !

660 function yzz_ppwg pq()

661 'modules

662 use const, only : pi,cj,Z0,mu_O,wp

663 use slot_var, only : Lz,w,x0,x0_pp

664 use mom_var, only : p,q,kp,kq,kp_sq,kq sq

665 use gen_var, only : kO,omega

666 use ppwg_var, only : m,al,kx,kx sq

667 use wg_var, only : a

668 use quad_var, only : kw,kz_max,errrel,errabs,c_flag

669 'implicit statement

670 implicit none

671 !declaration of intrinsic functions

672 intrinsic dcos,mod,max

673 !declaration of functions

674 real (wp), external 1! yzz_ppwg pq _p_revised_c
675 real (wp) :: dsinc,int_yzz_ppwg pq_inf
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'list of calling arguments

complex (wp) t  yzz_ppwg_pq
'list of local parameters
integer,parameter ¢ irule=2

real (wp) ,parameter upper=pi
real (wp) ,parameter lower=0.0_wp
!1list of local variables

complex (wp) sum

real (wp) re_val

real (wp) ,dimension(1:2) im val

real (wp)

if (mod ((p+q),2) .eq.1) then

errest,w_m

yzz_ppwg_pq=(0.0_wp,0.0_wp)

else
linit. of aux. var

kp=p*pi/(2.0_wp+*Lz)
kq=q*pi/(2.0_wp*Lz)
kp_sq=kp**2
kq_sq=kq**2
kz_max=0.95_wp*max (k0,kp,kq)
kw=2.0_wp*Lz
x0_pp=x0-(a-al)/2.0_wp
sum=(0.0_wp,0.0_wp)
do m=0,100
kx=(m*pi/al)
kx_sq=kx**2
w_m=dsinc (kx*w/2.0_wp) * (dcos (kx*x0_pp) ) ¥*2
'correct w_m in case m<1
if (m.eq.0) then
w_m=w_m*0.5
end if
!real part of revised contour
if (kx.1t.k0) then
c_flag=1
call dqdag(yzz_ppwg_pq_p_revised_c, lower, upper,&
errabs, errrel, irule, re_val,errest)
else
re_val=0.0_wp
end if
!imaginary part of revised contour
c_flag=2
call dqdag(yzz_ppwg_pq_p_revised_c, lower, upper,&
errabs, errrel, irule, im val(l),errest)
!integration of sommerfeld int. by weighted averages
!from kz=2kz max->infty
im_val(2)=int_yzz_ppwg_ pq_inf (2.0%kz_max)

sum=sum+w_m* (re_val+cj*(im_val (1)+im_val(2)))
enddo !'m loop

yzz_ppwg_pq=-Z0*wxp*q*pi/ (al*mu_O*omega*Lz*%2) *sum

endif
end function yzz_ppwg pq
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Name:
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Revised:

Purpose:

Usage:

yZZ_ppwg_pq_p_revised_c

February 29, 2000

Auxiliary function used by the function yzz_ppwg pq. Evaluates
the kernel used to compute the exterior self contribution to the
fields in a longitudinal slot. The evaluation is perfomed along a
deformed contour in the complex kz plane.

yzz_ppwg_pq_p_revised_c(theta)

Arguments:

theta

Modules:

- Independent variable (Input)

const,quad_var,mom_var,gen_var,ppwg_var

function yzz_ppwg pq p_revised_c(theta)

'modules

use const, only : wp,cj

use gen_var, only : kO0,kO_sq

use ppwg_var, only : kx_sq

use quad_var, only : kw,kz_max,c_flag
use mom_var, only : p,q,kp_sq,kq _sq
'implicit statement

implicit none

!declaration of intrinsic functions
intrinsic dsin,dcos,cdcos,cdsqrt,dcmplx
!list of calling arguments

real (wp) 11 yzz_ppwg pq p_revised_c
real (wp) ,intent(in) :: theta

'list of local variables

complex (wp) ::  ky,kz,kz_sq,tmp

real (wp) cos_term,sin_term

cos_term=dcos (theta)
sin_term=dsin(theta)

!change of var: kz -> kzmax*(1.0-cos(theta))+cj*0.05*k0O*sin(theta)
kz=kz_max*(1.0_wp-cos_term)+0.05_wp*kO*cj*sin_term

kz_sq=kz**2

ky=cdsqrt (dcmplx (kO_sq-kx_sq-kz_sq))
tmp=(k0_sq-kz_sq)/(kp_sq-kz_sq) /(kq_sq-kz_sq) /ky*&

(kz_max*sin_term+0.05_wp*kO*cj*cos_term)

if (mod(p,2) .eq.1) then !p and q odd
tmp=tmp* (cdcos (1.0_wp*kz*kw)+1.0_wp)

else

!p and q even

tmp=tmp* (1.0_wp-cdcos(1.0_wpxkz¥kw))

end if

if(c_flag.eq.1) then
yzz_ppwg_pq_p_revised_c=dreal (tmp)

else

yzz_ppwg_pq_p_revised_c=dimag(tmp)

endif
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end function yzz_ppwg pq p_revised c

VHHHHARRHHHARBRBHARARBHHRER BB HHHAR R BB HFHBRRR BB HHHR BB B R B HFRR BB RBHHHERR AR HHHHHH

Yzz_ppwg_pq._p_o0sScC,yzz_ppwg pq_p_mono, int_wavg

IMSL subroutines:
dqdagi

!
! Name:

! int_yzz_ppwg_pq_inf

!

! Revised:

! February 29, 2000

!

! Purpose:

! Auxiliary function used by the function yzz_ppwg pq. Integrates
! the monotomic and oscilating part of the kernel used to compute
! the exterior self contribution to the fields in a longitudinal
! slot. Used in the interval from kz=kz_ low->infty where kz_low is
! chosen so all singular points are avoided.

!

! Usage:

! int_yzz ppwg pq_inf (kz_low)

!

! Arguments:

! kz_low - Lower integration limit (Input)

!

! Modules:

! const,mom_var,quad_var

!

! Subroutines:

!

!

!

1

!

function int_yzz_ppwg_pq_inf (kz_low)
!modules
use const, only : wp
use mom_var, only : p,q
use quad_var, only : errrel,errabs
!implicit statement
implicit none
!declaration of functions

real(wp), external {t  yZZ_ppwg_pq_p_OSC,yZZ_ppWg_Ppd_p_mono
!list of calling argument

real (wp) t:  int_yzz_ppwg pq_inf

real (wp) ,intent (in) :: kz_low

!list of local variables

real (wp) ,dimension(1:2) :: subint

real (wp) i1 errest

! integraton of monotonic part

call dqdagi(yzz_ppwg pq_p_mono,kz_low,1,&
errabs,errrel,subint (1) ,errest)

!integraton of oscillating part

call int_wavg(yzz_ppwg_pq_p_osc,kz_low,-3,1,subint(2))

if (mod(p,2) .eq.1) then !p and q odd
int_yzz_ppwg pq_inf=subint (1)+subint (2)

else !r and s even
int_yzz_ppwg pq inf=subint (1)-subint(2)
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end if
end function int_yzz_ppwg_pq_inf
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const,quad_var,gen_var,ppwg_var,mom_var

!
! Name:

! YZZ_ppwg_pq_p_osc

!

! Revised:

! February 29, 2000

!

! Purpose:

! Auxiliary function used by the function int_yzz_ ppwg_pq_inf.

! Evaluates the oscilating part of the kernel used to compute the
! exterior self contribution to the fields in a longitudinal slot.
!

! Usage:

! yzz_ppwg_pq_p_osc(kz)

!

!  Arguments:

! kz - Independent variable (Input)

!

! Modules:

!

!

function yzz_ppwg pq_p_osc(kz)
!modules
use const, only : wp
use gen_var, only : kO_sq
use ppwg_var, only : kx_sq
use quad_var, only : kw
use mom_var, only : kp_sq,kq sq
'implicit statement
implicit none
!declaration of intrinsic functions
intrinsic dsqrt,dcos
'list of calling arguments

real (wp) 1t yZzZ_ppwg_pq_p_osc
real(wp) ,intent (in) :: kz

!list of local variables

real (wp) it kz_sq
kz_sq=kz**2

yzz_ppwg_pq_p_osc=(k0_sq-kz_sq) / (kp_sq-kz_sq) / (kq_sq-kz_sq) &
/dsqrt (kz_sq+kx_sq-kO0_sq) *dcos (kz¥kw)

end function yzz_ppwg pq p_osc
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!

! Name:

! yZZ_ppwg_pq_p_mono
!

! Revised:

! February 29, 2000
!

! Purpose:

1

Auxiliary function used by the function int_yzz_ppwg_pq_inf.
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Evaluates the monotonic part of the kernel used to compute the

exterior self contribution to the fields in a longitudinal slot.

Usage:

yzz_ppwg_pq_p_mono (kz)
Arguments:
kz - Independent variable (Input)
Modules:

const,quad_var,gen_var,ppwg_var,mom_var

function yzz_ppwg_pq_p_mono (kz)

'modules

use const, only : wp

use gen_var, only : kO_sq

use ppwg_var, only : kx_sq

use quad_var, only : kw

use mom_var, only : kp_sq,kq_sq
!implicit statement

implicit nome

!declaration of intrinsic functions
intrinsic dsqrt

!list of calling arguments

real (wp) 1!  yzz_ppwg pq_p_mono
real (wp) ,intent (in) :: kz

!list of local variables

real (wp) it kz_sq

kz_sq=kz**2

yzz_ppwg_pq_p_mono=(k0_sq-kz_sq) /(kp_sq-kz_sq)/(kq_sq-kz_sq)&
/dsqrt (kz_sq+kx_sq-k0_sq)

end function yzz_ppwg pq_p_mono
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Name :
inv_r_int
Revised:
February 29, 2000
Purpose:
Sets up the integration of the function 1/R*(f(xi_0,zeta 0)+
xi*df_dxi(xi_0,zeta_0)+zeta*df_dzeta(xi_0,zeta_0)). The
integration is performed in polar coordinates over a rectangular
region. The intergration is seperated into the four quadrants
around the singular point specified.
Usage:
inv_r_int (x0,x1,z0,z1)
Arguments:
x0,20 - lower bounds for the rectangular region (Input)
x1,z1 - upper bounds for the rectangular region (Input)
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Modules:
const,quad_var

1
!
!
! Subroutines:
! inv_r_quad_int
1
function inv_r_int(x0,x1,z20,z1)
!'modules
use const, only : wp
use quad_var, only : xi_0,zeta 0,xi_1,zeta_1
'implicit statement
implicit none
!declaration of intrinsic functions
intrinsic sum
!declaration of functions

real (wp) :: inv_r quad_int
!list of calling arguments

real (wp) :: inv_r_int

real (wp) :: x0,x1,20,z1
!1ist of local variables

real (wp), dimension(1:4) ::  value

!1st. quadrant
xi_1=x1-xi 0
zeta_1=zl-zeta 0
value(1)=inv_r_quad_int ()
!2nd. quadrant
xi_1=x1-xi_0
zeta_1=z0-zeta_0
value(2)=inv_r_quad_int ()
!3rd. quadrant
xi_1=x0-xi_0
zeta_1=z0-zeta_0
value(3)=inv_r_quad_int ()
'4th. quadrant
xi_1=x0-xi_0
zeta_1=z1-zeta 0
value(4)=inv_r_quad_int ()

!sum contribution from all four quadrants
inv_r_ int=sum(value)

end function inv_r int
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!

! Name:

! inv_r_quad_int

!

! Revised:

! February 29, 2000

!

! Purpose:

! Integrates the function 1/R*(f(xi_0,zeta 0)+

! xi*df_dxi(xi_0,zeta_0)+zeta*df_dzeta(xi_0,zeta_0)) over one
! quadrant with the singular point located at the origin. The
! integration is seperated into 3 regions.

!

! Usage:
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inv_r_quad_int ()
Arguments:

Modules:
const,quad_var

1
1
1
1
1
1
!
! IMSL subroutines:
! dqdag
!
function inv_r_quad_int ()
!modules
use const, only : wp

use quad_var, only : R1,R2,R3,xi_1,zeta_1,errrel,errabs

!implicit statement

implicit none

!declaration of intrinsic functions
intrinsic min,max,dabs,dsqrt,sum
!declaration of functions

real (wp) ,external :: regl_p,reg2_p,reg3_p
!1list of calling arguments

real (wp) ::  inv_r_quad_int

!list of local parameters

integer, parameter :: irule=2

!list of local variables

real (wp), dimension(1:3) ::  value

real(wp), dimension(1:3) ::  upper

real (wp), dimension(1:3) ::  lower

real (wp) 11 errest

Ri=min(dabs(xi_1) ,dabs(zeta_1))
R2=max (dabs(xi_1) ,dabs(zeta_1))
R3=dsqrt (xi_1**2+zeta_1%%2)
upper=(/R1,R2,R3/)
lower=(/0.0_wp,R1,R2/)

!region 1
CALL DQDAG (regl_p, lower(1), upper(1l),&
ERRABS, ERRREL, IRULE, value(1),ERREST)

! write(*,*) ’regl =’,value(l),’ regl errest = ’,errest

!region 2
CALL DQDAG (reg2_p, lower(2), upper(2),&
ERRABS, ERRREL, IRULE, value(2),ERREST)

! write(*,*) ’reg2 =’,value(2),’ reg2 errest = ’,errest

!region 3
CALL DQDAG (reg3_p, lower(3), upper(3),&
ERRABS, ERRREL, IRULE, value(3),ERREST)

! write(*,*) ’reg3 =’,value(3),’ reg3 errest = ’,errest

!'summation of contribution from all three regions
inv_r quad_int=sum(value)

end function inv_r_quad_int
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!

! Name:

! regl_p
1
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const,quad_var

142 ! Revised:
143 ! February 29, 2000
144 !
145 ! Purpose:
146 ! Auxiliary function used by the function inv_r_quad_int.
147 !
148 ! Usage:
149 ! regl p(R)
150 !
151 ! Arguments:
152 ! R - Independent variable, distance from the origin (Input)
153 !
154 ! Modules:
!
!

157 function regl_p(R)

158 !'modules

159 use const, only : pi,wp

160 use quad_var, only : f_0,df_dxi,df_dzeta,xi_1,zeta_1
161 !implicit statement

162 implicit none

163 'declaration of intrinsic functions

164 intrinsic dsign

165 !list of calling arguments

166 real (wp) i reglp

167 real (wp) ,intent (in)

168

169 regl p=f O%pi/2.0_wp+df_dzeta*R*dsign(1l.0_wp,zeta_1)&
170 +df_dxi*R*dsign(1.0_wp,xi_1)

171

172 end function regl_p

173
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176 Name:

177 reg2_p

178

179 Revised:

February 29, 2000

182 Purpose:

183 Auxiliary function used by the function inv_r_quad_int.
185 Usage:

186 reg2_p(R)

187

188 Arguments:

189 R - Distance from the origin (Input)

190

191 Modules:

!
!
!
!
!
!
!
!
!

184 !
!
!
!
!
!
!
!
! const,quad_var
1

194 function reg2_p(R)

195 !'modules

196 use const, only : pi,wp

197 use quad_var, only : f_0,df_dxi,df_dzeta,xi_1,zeta_1,R1
198 !implicit statement

199 implicit none

200 !declaration of intrinsic functions
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intrinsic dsin,dcos,dasin,dacos,dsign,dabs
!list of calling arguments

real (wp) :: reg2.p

real (wp) ,intent(in) :: R

if (dabs(zeta_1) .gt.dabs(xi_1)) then
reg2_p=f_O*dasin(R1/R)&
+df_dzeta*R*dsign(1.0_wp,zeta_1)*dsin(dasin(R1/R))&
-df_dxi*R*dsign(1.0_wp,xi_1)*(dcos(dasin(R1/R))-1.0_wp)
else
reg2_p=f_0*(pi/2.0_wp-dacos(R1/R))&
+df_dzeta*R*dsign(1.0_wp,zeta_1)*(1.0-dsin(dacos(R1/R)))&
+df_dxi*R#dsign(1.0_wp,xi_1)*dcos(dacos(R1/R))
endif

end function reg2_p

VHHHRAB R HHHAR R B R R AR R HRRR R BB HHH AR B BRRRRRA AR B R HR BB B R B HF R BB BRHHRE RSB HH R RS

const,quad_var

1
! Name:

! reg3_p

1

! Revised:

! February 29, 2000

!

! Purpose:

! Auxiliary function used by the function inv_r_quad_int.
!

! Usage:

! reg3_p(R)

!

!  Arguments:

' R - Distance from the origin (Input)

!

! Modules:

!

!

function reg3_p(R)
!'modules
use const, only : pi,wp
use quad_var, only : f_0,df dxi,df dzeta,xi_1,zeta_1,R2,R1
!implicit statement
implicit none
!declaration of intrinsic functions
intrinsic dsin,dcos,dasin,dacos,dsign,dabs
'list of calling arguments
real (wp) it reg3_p
real (wp) ,intent (in)

if (abs(zeta_1).gt.abs(xi_1)) then
reg3_p=f_0%*(dasin(R1/R)-dacos(R2/R))+&
df_dzeta*R*dsign(1.0_wp,zeta_1)*&
(dsin(dasin(R1/R))-dsin(dacos(R2/R)))-&
df_dxi*R*dsign(1.0_wp,xi_1)*&
(dcos(dasin(R1/R))-dcos(dacos(R2/R)))
else
reg3_p=f_0*(dasin(R2/R)-dacos (R1/R))+&
df_dzeta*R*dsign(1.0_wp,zeta_ 1)*&
(dsin(dasin(R2/R))-dsin(dacos(R1/R)))-&

173



Source Code

w
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const,quad_var

[
W

IMSL subroutines:
dqdag

w w
a e

260 df_dxi*R*dsign(1.0_wp,xi_1)*&
261 (dcos(dasin(R2/R))-dcos(dacos(R1/R)))
262 endif
263
264 end function reg3_p
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2 !
3 ! Name:
4 ! int_wavg
5 !
6 ! Revised:
7 ! February 29, 2000
8 !
9 ! Purpose:
10 ! Integrate a function f(x)=g(x)*w(kw*x) using method of
11 ! weighted averages.
12 !
13 ! Usage:
14 ! call int_w_avg (f, a, alfa,w_type,result)
15 !
16 ! Arguments:
17 ! f - Asymtotic part user-supplied function to be integrated. The
18 ! form is:
19 ! f(x), where
20 ! x - Independent variable. (Input)
21 ! £ - The function value. (Output)
22 ! f must be declared external in the calling program.
23 ' a - Lower limit of integration. (Input)
24 ! alfa - asymtotic exponet of function f(x). (Input)
25 ! w_type - Type of weight function w used. (Input)
26 ! w_type weight
27 ! 1 cos (kw*x)
28 ! 2 sin (kw*x)
29 ! result - Estimate of the integral from a to infinity of g*w. (Output)
30 !
31 ! Modules:
1
!
!
1
!

W W
N o

subroutine int_wavg(f,a,alfa,w_type,result)
!modules
use const, only : pi,cj,wp
use quad_var, only : kw,mm,errrel,errabs
'implicit statement
implicit none
!declaration of intrinsic functions
intrinsic sin,cos,sqrt
!declaration of functions
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46 real, external HEE 3

a7 !list of calling arguments

48 integer,intent(in) :: w_type,alfa

a9 real (wp) ,intent(in) :: a

50 real (wp) ,intent (out) :: result

51 'list of local parameters

52 real (wp) ,allocatable,dimension(:,:) :: I_ml,w_ml
53 real (wp) ,allocatable,dimension(:) ::  lambda_m
54 integer, parameter :: irule=2
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integer :: m,m0,1
integer 11 status
real (wp) :: errest

allocate(I_ml (mm,mm) ,w_ml (mm,mm) ,lambda_m(mm), STAT=status)

!compute succesive zeroes of osc. function superior to lower
'1imit a, and I_ml(m,1)
if (w_type.eq.1) then !w=cos
mO=int ( (a+pi/ (2.0_wp*kw)) ¥kw/pi)
else !w=sin
mO=int (a*kw/pi)
endif
do m=1,mm
if (w_type.eq.1) then !w=cos
lambda_m(m)=(m0+m-0.5_wp) *pi/kw
else !w=sin
lambda_m(m)=(mO+m) *pi/kw
endif
call dqdag(f,a,lambda_m(m) ,errabs,errrel,irule,I_ml(m,1),errest)
enddo
!compute weights
do 1=1,mm-1
do m=1,mm-1+1
w_ml (m,1)=(lambda_m(1)/lambda_m(m)) **(alfa+1-1)
enddo
enddo
!compute partial values
do 1=1,mm-1
do m=1,mm-1
I ml(m,1+1)=(w_ml(m,1)*I_ml(m,1)+w_ml(m+1,1)*I_ml(m+1,1))/&
(w_ml(m,1)+w_ml(m+1,1))
enddo
enddo

result=I_ml (1,mm)

deallocate(I_ml,w_ml,lambda_m, STAT=status)

return
end
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Name:
Y_fill
Revised:
February 29, 2000
Purpose:
Computes the matrix terms filling the lefthand side of the
MoM matrix system.
Usage:
Y_£ill()
Arguments:
Modules:

const,gen_var,slot_var,mom_var
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Subroutines:
y_ext,yzx_ext_ps,yxz_ext_rq,yzz_int_pq,yxx_int_rs,
yzx_int_ps,yxz_int_rq,yxx_ppwg_rs,yzzZ_ppwg_pq,
YyzX_ppwg_ps,yXxz_ppwg rq

subroutine Y_f£fill()

!modules

use const, only : wp

use mom_var, only : r,s,p,q,Nz,Nx,Y

use slot_var, only : Lz,Lx

use gen_var, only : ext_type

'implicit statement

implicit none

!declaration of functions

complex(wp) :: y_ext,yzx_ext_ps,yxz_ext_rq

complex(wp) :: yzz_int_pq,yxx_int_rs,yzx_int_ps,yxz_int_rq

complex(wp) :: yXX_ppwg rs,yzzZ_ppwg_pq,yzZX_ppwg ps,yXZ_ppwg_rq

!self terms for longitudinal part
lurite(*,*) ’Y(q,p) - self term for longi. slot’
do g=1,Nz

do p=1,q-1

Y(q,p)=Y(p,q)

enddo

do p=q,Nz

if (ext_type.eq.1) then
Y(q,p)=y_ext(p,q,Lz)-yzz_int_pq()

else
Y(q,p)=yzz_ppwg_pq()-yzz_int_pq()
endif
lwrite(*,*) q,p,Y(q,p)
enddo

enddo

!self terms for transverse part
lurite(*,*) ’Y(s,r) - self term for transv. slot’
do s=1,Nx
do r=1,s-1
Y(s+Nz,r+Nz) =Y (r+Nz,s+Nz)
enddo
do r=s,Nx
if (ext_type.eq.1) then
Y(s+Nz,r+Nz)=-y_ext(r,s,Lx) -yxx_int_rs()
else
Y (s+Nz,r+Nz)=yxx_ppwg rs()-yxx_int_rs()
endif
lwrite(*,*) s,r,Y(s+Nz,r+Nz)
enddo
enddo

!cross terms in longitudinal part
turite(*,*) ’Y(q,r) - cross term for longi. slot’
do gq=1,Nz
do r=1,Nx
if (ext_type.eq.1) then
Y(q,r+Nz)=yxz_ext_rq()-yxz_int_rq()
else
Y(q,r+Nz)=yxz ppwg rq()-yxz_int_rq()
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endif
lurite(*,*) q,r,Y(q,r+Nz)
enddo
enddo

!cross terms in transverse part
lwrite(*,*) ’Y(s,p) - cross term for transv. slot’
do s=1,Nx
do p=1,Nz
if (ext_type.eq.1) then
Y(s+Nz,p)=yzx_ext_ps()-yzx_int_ps()

else
Y(s+Nz,p)=yzx_ppwg_ps()-yzx_int_ps()
endif
lwrite(*,*) s,p,Y(s+Nz,p)
enddo
enddo
return

end
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!

! Name:

! Y_fill_fnt_thk_long

!

! Revised:

! February 29, 2000

!

! Purpose:

! Computes the matrix terms filling the lefthand side of the
! MoM matrix system. To be used for investigation of a longitudinal
! slot having finite wall thickness.
!

! Usage:

! Y_£ill fnt_thk_long()

!

! Arguments:

!

! Modules:

! const,gen_var,slot_var,mom_var

!

! Subroutines:

!

!

y_ext,yzz_int_pq,yzz_ppwg pq,yll,yl2

subroutine Y_fill_fnt_thk_long()
'modules
use const, only : wp
use mom_var, only : p,q,Nz,Y
use slot_var, only : Lz
use gen_var, only : ext_type
!implicit statement
implicit nome
!declaration of functions
complex(wp) :: y_ext
complex(wp) :: yzz_int_pq
complex(wp) :: yil,y12
complex(wp) :: yzz_ppwg_pq

do p=1,Nz
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138 do g=1,p-1

139 Y(p,q)=Y(q,p)

140 enddo

141 do q=p,Nz

142 Y(p,q)=y11(p,q,Lz)-yzz_int_pq()
143 enddo

144 enddo

145

146 do p=1,Nz

147 do g=1,Nz

148 Y(p,q+Nz)=-y12(p,q,Lz)

149 enddo

150 enddo

151

152 do p=1,Nz

153 do g=1,Nz

154 Y(p+Nz,q)=-y12(p,q,Lz)

155 enddo

156 enddo

157

158 do p=1,Nz

159 do g=1,p-1

160 Y(p+Nz,q+Nz)=Y (q+Nz, p+Nz)

161 enddo

162 do g=p,Nz

163 if (ext_type.eq.1) then

164 Y (p+Nz,q+Nz)=y_ext(p,q,Lz)+y11(p,q,Lz)
165 else

166 Y (p+Nz,q+Nz) =yzz_ppwg_pq{)+y11(p,q,Lz)
167 endif

168 enddo

169 enddo

170

171 return

172 end

173
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176 Name:

Y_£fill_fnt_thk_ trans

1
1
!
!
179 ! Revised:
180 ! February 29, 2000
181 !
182 ! Purpose:
183 ! Computes the matrix terms filling the lefthand side of the
184 ! MoM matrix system. To be used for investigation of a transverse
185 ! slot having finite wall thickness.
186 !
187 ! Usage:
188 ! Y _fill_ fnt_thk trans()
189 !
190 ! Arguments:
191 !
192 ! Modules:
193 ! const,gen_var,slot_var,mom var
194 !
195 ! Subroutines:
!

y_ext,yxx_int_rs,yxx_ppwg_rs,yll,yl2
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subroutine Y_fill_fnt_thk_trans()

'modules

use const, only : wp

use mom_var, only : r,s,Nx,Y
use slot_var, only : Lx

use gen_var, only : ext_type
!implicit statement

implicit none

!declaration of functions
complex(wp) :: y_ext
complex(wp) :: yxx_int_rs
complex(wp) :: yil,y12
complex(wp) :: yXX_ppwg_rs

do r=1,Nx
do s=1,r-1
Y(r,s)=Y(s,r)
enddo
do s=r,Nx
Y(r,s)=-y11(r,s,Lx)-yxx_int_rs()
enddo
enddo
do r=1,Nx
do s=1,Nx
Y(r,s+Nx)=y12(r,s,Lx)
enddo
enddo
do r=1,Nx
do s=1,Nx
Y(r+Nx,s)=y12(r,s,Lx)
enddo
enddo
do r=1,Nx
do s=1,r-1
Y (r+Nx,s+Nx)=Y(s+Nx,r+Nx)
enddo
do s=r,Nx
if (ext_type.eq.1) then
Y(r+Nx,s+Nx)=-y_ext(r,s,Lx)-y11(r,s,Lx)

else
Y (r+Nx,s+Nx)=yxx_ppwg rs()-y11(r,s,Lx)
endif
enddo
enddo
return
end
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Name:

yi1
Revised:

February 29, 2000
Purpose:

Used in the investigation of a transverse or longitudinal slot
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180

of any length having finite wall thickness. Computes the self

contribution to the fields at the two interfaces.

Usage:

yi1(p,q,L)
Arguments:
P - order of expansion function (Input)
q - order of weighting function (Input)
L - length of slot (Input)
Modules:

const,slot_var,mom_var,gen_var

function y11(p,q,L)

!modules

use const, only : pi,cj,Z0,mu_O,wp
use gen_var, only : kO_sq,omega
use wg_var, only : t

'implicit statement

implicit none

!declaration of intrinsic functions
intrinsic dsqrt, dtan, dtanh

!list of calling arguments

complex (wp) toyll

integer ,intent(in) :: p,q

real (wp) ,intent(in) :: L

'list of local variables

real (wp) :: beta,beta_sq

if (p.eq.q) then
beta_sq=k0_sq- (p*pi/ (2.0_wp*L))**2
if (beta_sq.gt.0.0_wp) then
beta=dsqrt (beta_sq)
yll=cj*beta*L/ (mu_O*omega) /dtan(beta*t)*Z0
else
beta=dsqrt (-beta_sq)
yli=cj*beta*L/(mu_O*omega) /dtanh(beta*t) *Z0
end if
else
y11=(0.0_wp,0.0_wp)
end if

end function yii
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Name :
yi2

Revised:
February 29, 2000

Purpose:
Used in the investigation of a transverse or longitudinal slot
of any length having finite wall thickness. Computes the cross
contribution to the fields at the two interfaces.

Usage:
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y12(p,q,L)
Arguments:
P - order of expansion function (Input)
q - order of weighting function (Input)
L - length of slot (Input)

Modules:
const,slot_var,mom_var,gen_var

function yi2(p,q,L)

'modules

use const, only : pi,cj,Z0,mu_O,wp
use gen_var, only : kO_sq,omega
use wg_var, only : t

!implicit statement

implicit nome

!declaration of intrinsic functions
intrinsic dsqrt, dsin, dsinh

'list of calling arguments

complex (wp) 1 oyl2

integer ,intent(in) :: p,q

real (wp) ,intent(in) :: L

!list of local variables

real (wp) :: beta,beta_sq

if (p.eq.q) then
beta_sq=k0_sq- (p*pi/(2.0_wp*L))**2
if (beta_sq.gt.0.0_wp) then
beta=dsqrt (beta_sq)
y12=cj*beta*L/(mu_O*omega) /dsin(beta*t)*Z0
else
beta=dsqrt (-beta_sq)
y12=cj*beta*L/(mu_O*omega) /dsinh(beta*t) *Z0
end if
else
y12=(0.0_wp,0.0_wp)
end if

end function yi12
VR R R R R

Name :

hinc_fill fnt_thk long
Revised:

February 29, 2000
Purpose:

Computes the exitations terms filling the righthand side of the

MoM matrix system.
Usage:

hinc_£ill_fnt_thk long()
Arguments:
Modules:

const,mom_var
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20
21
22

1
!  Subroutines:
!

23 !
!
!
!
1

hz_inc_q

Remarks:
This routine is used invetigating a longitudinal slot including
finite wall thickness.

24
25
26
27

28 subroutine hinc_f£fill_fnt_thk_long()
29 'modules

30 use const, only : wp

31 use mom_var, only : q,Nz,h_inc
32 !implicit statement

33 implicit none

34 !declaration of functions

35 complex(wp) :: hz_inc_q

36

37 do q=1,Nz

38 h_inc(q)=hz_inc_q()

39 enddo

40 do q=Nz+1,2*Nz

a1 h_inc(q)=(0.0_wp,0.0_wp)

42 enddo

43

44 return

45 end

46
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48

49 Name :

50 hinc_fill_fnt_thk_trans

51

1
1
1
!
52 ! Revised:
53 ! February 29, 2000
54 !
55 ! Purpose:
56 ! Computes the exitations terms filling the righthand side of the
57 ! MoM matrix system.
58 !
59 ! Usage:
60 ! hinc_fill_fnt_thk_trans()
61 !
62 ! Arguments:
63 !
64 ! Modules:
65 ! const,mom_var
66 !
67 ! Subroutines:
68 ! hx_inc_s
69 !
70 ! Remarks:
71 ! This routine is used investigating a transverse slot including
72 ! finite wall thickness.
73 !
74 subroutine hinc_fill_fnt_thk_trans()
75 !'modules
76 use const, only : wp
77 use mom_var, only : s,Nx,h_inc
78 !implicit statement
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implicit none
!declaration of functions

complex(wp) :: hx_inc_s
do s=1,Nx

h_inc(s)=hx_inc_s()
enddo

do s=Nx+1,2*Nx
h_inc(s)=(0.0_wp,0.0_wp)
enddo

return
end
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hz_inc_q,hx_inc_s

!

! Name:

! hinc_fill

!

! Revised:

! February 29, 2000
!

! Purpose:

! Computes the exitations terms filling the righthand side of the
! MoM matrix system.
!

! Usage:

! hinc_£i11()

!

! Arguments:

!

! Modules:

! const,mom_var

!

! Subroutines:

!

!

subroutine hinc_f£ill()
!'modules
use const, only : wp
use mom_var, only : q,s,Nz,Nx,h _inc
!implicit statement
implicit none
!declaration of functions

complex(wp) :: hz_inc_q, hx_inc_s
do g=1,Nz
h_inc(q)=hz_inc_q()
enddo
do s=1,Nx
h_inc(Nz+s)=hx_inc_s()
enddo
return

end

VHHHRRSEH B R AR B RRA SRR RRR SR B H HHRR BB R R RRR RSB B R R R RSB RBHF RSB R R B RR RSB R S B RS
1
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138 ! Name:
139 ! hz_inc_q
140 !
141 ! Revised:
142 ! February 29, 2000
143 !
144 ! Purpose:
145 ! Computes the q’th exitations terms for a longitudinal slot.
146 !
147 ! Usage:
148 ! hz_inc_q()
149 !
150 ! Arguments:
151 !
152 ! Modules:
153 ! const,mom_var,slot_var,gen var,wg var
154 !
155 function hz inc q()
156 !modules
157 use const, only : pi,cj,wp
158 use slot_var, only : Lz,x0
159 use mom_var, only : q
160 use gen_var, only : kO
161 use wg_var, only : a,beta_10
162 !implicit statement
163 implicit none
164 !declaration of intrinsic functions
165 intrinsic dcos,dsin
166 !list of calling arguments
167 complex(wp) :: hz_inc_q
168
169 hz_inc_q=pi*q/Lz*dcos(pi*x0/a)/(beta_10%*2-(q*pi/(2.0_wp*Lz))**2)
170
171 if (mod(q,2) .eq.1) then
172 hz_inc_g=-cj*hz_inc_q*dcos(beta_10%*Lz)
173 else
174 hz_inc_q=hz_inc_q*dsin(beta_10%Lz)
175 end if
176
177 end function hz_inc_gq
178
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180 !
181 ! Name:
182 ! hx_inc_s
183 !
184 ! Revised:
185 ! February 29, 2000
186 !
187 ! Purpose:
188 ! Computes the s’th exitations terms for a transverse slot.
189 !
190 ! Usage:
191 ! hx_inc_s()
192 !
193 ! Arguments:
194 !
195 ! Modules:
1

const,mom_var,slot_var, gen_var,wg var
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1
function hx_inc_s()
!modules
use const, only : pi,wp
use mom_var, only : s
use slot_var, only : Lx,x00
use wg_var, only : a,beta_10
!implicit statement
implicit none
!declaration of intrinsic functions
intrinsic dcos,dsin
!list of calling arguments
complex(wp) :: hx_ inc_s

hx_inc_s=-beta_10*a*s/Lx/&
((s*pi/(2.0_wp*Lx))**2-(pi/a)**2)

if (mod(s,2).eq.1) then !s odd
hx_inc_s=hx_inc_s*dcos(pi*Lx/a)*dsin(pi*x00/a)
else !'s even
hx_inc_s=-hx_inc_s*dcos(pi*x00/a)*dsin(pi*Lx/a)
end if

end function hx_inc_s
Vit R SR R S S R R R i o

backscat_trans,backscat_long

1
! Name:

! backscat

!

! Revised:

! February 29, 2000

1

! Purpose:

! Computes the complex refelction coefficient B_10/A_10=s11 for
! both longitudinal, transvers and t-slots
!

! Usage:

! backscat ()

!

! Arguments:

!

! Modules:

! const

1

! Subroutines:

!

!

function backscat()
!modules
use const, only : wp
!implicit statement
implicit none
!declaration of functions

complex(wp) :: backscat_trans,backscat_long
!list of calling arguments
complex(wp) :: backscat

backscat=backscat_trans () +backscat_long()
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36 end function backscat

37
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39

40 Name :

41
42

backscat_long

1
1
1
!
43 ! Revised:
a4 ! February 29, 2000
45 !
46 ! Purpose:
47 ! computes the reflection coefficient B_10/A_10=s11 for a
48 ! longitudinal slot
49 !
50 ! Usage:
51 ! backscat_long()
52 !
53 ! Arguments:
54 !
55 ! Modules:
56 ! const,slot_var,mom_var,gen_ var,wg var
57 !
58 ! Subroutines:
59 !
60 function backscat_long()
61 !'modules
62 use const, only :mu_O,pi,cj,Z0,wp
63 use slot_var, only :w,Lz,x0
64 use mom_var, only :p,Nz,E
65 use gen_var, only : kO,omega
66 use wg_var, only : a,b,beta_10
67 !implicit statement
68 implicit none
69 !declaration of intrinsic functions
70 intrinsic dsin,dcos
71 !list of calling arguments
72 complex(wp) :: backscat_long
73 !1ist of local variables
74 complex(wp) :: sum, add_term
75
76 if(Nz.gt.0) then
77 sum=(0.0_wp,0.0_wp)
78 do p=1,Nz
79 add_term=E(p) *p/ ((p*pi/ (2.0_wp*Lz))**2-beta_10%*2)
80 if (mod(p,2) .eq.1) then !p odd
81 add_term=add_term*dcos(beta_10%*Lz)
82 else 'p even
83 add_term=add_termkcj*dsin(beta_10%Lz)
84 end if
85 sum=sum+add_term
86 enddo
87 backscat_long=-cj*2.0_wp*pi**2*Z0/ (omega*mu_O*a**2xb*Lz*beta_10)
88 backscat_long=backscat_long*dsin(w*pi/(2.0%a))*dcos(x0*pi/a)*sum
89 else
90 backscat_long=(0.0_wp,0.0_wp)
91 endif
92
93 end function backscat_long

94
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Name:
backscat_trans
Revised:
February 29, 2000
Purpose:
computes the reflection coefficient B_10/A_10=s11 for a
transverse slot
Usage:
backscat_trans()
Arguments:
Modules:
const,slot_var,mom_var,gen_var,wg_var
Subroutines:

function backscat_trans()
!modules

use
use
use
use
use

const, only : mu O,pi,cj,Z0,wp
slot_var, only : w,Lx,x0,x00
mom_var, only : r,Nx,Nz,E
gen_var, only : kO,omega
wg_var, only : a,b,beta_10

!implicit statement

implicit none

!declaration of intrinsic functions
intrinsic dsin,dcos

!list of calling arguments

complex(wp) :: backscat_trans
!1ist of local variables
complex(wp) :: sum, add_term

if(Nx.gt.0) then

else

end

sum=(0.0_wp,0.0_wp)
do r=1,Nx
add_term=E (r+Nz) *r/ ((r*pi/ (2.0_wp*Lx) ) **2-(pi/a) **2)
if (mod(r,2).eq.1) then !r odd
add_term=add_term*dcos (pi*Lx/a)*dsin(pi*x00/a)
else 'r even
add_term=-add_term*dcos (pi*x00/a)*dsin(pi*Lx/a)
end if
sum=sum+add_term
enddo
backscat_trans=-2.0_wp*pi**2/(omega*mu_0O*a**2+b*Lx*beta_10)
backscat_trans=backscat_trans*Z0*dsin(w/2.0_wp*beta_10) *sum

backscat_trans=(0.0_wp,0.0_wp)
if

end function backscat_trans
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4 ! Name:
5 ! forwardscat
6 !
7 ! Revised:
8 ! February 29, 2000
9 !
10 ! Purpose:
11 ! Computes the complex transmission coefficient C_10/A_10 for both
12 ! longitudinal, transvers and t-slots
13 !
14 ! Usage:
15 ! forwardscat ()
16 !
17 ! Arguments:
18 ! forwardscat - Function value. (Output)
19 !
20 ! Modules:
21 ! const
22 !
23 ! Subroutines:
24 ! forwardscat_trans,forwardscat_long
25 !
26 function forwardscat()
27 'modules
28 use const, only : wp
29 !implicit statement
30 implicit none
31 'declaration of functions
32 complex(wp) :: forwardscat_trans,forwardscat_long
33 !list of calling arguments
3a complex(wp) :: forwardscat
35
36 forwardscat=forwardscat_trans()+forwardscat_long()
37
38 end function forwardscat
39
40 VERHHH SRR B R B AR BB R B AR BB B RS BR BB R B BB B R B R R R BB R R BB R ERRH B AR RR BB F RS H R S R H 14
a1 !
42 ! Name:
43 ! forwardscat_long
44 !
45 ! Revised:
46 ! February 29, 2000
a7 !
48 ! Purpose:
a9 ! computes the complex transmission coefficient C_10/A_10 for a
50 ! longitudinal slot
51 !
52 ! Usage:
53 ! forwardscat_long()
54 !
55 ! Arguments:
56 ! forwardscat_long - Function value. (Output)
57 !
58 ! Modules:
59 ! const,slot_var,mom_var,gen_var,wg var
60 !
61 ! Subroutines:
1
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function forwardscat_long()

!'modules

use const, only :mu_O,pi,cj,Z0,wp
use slot_var, only :w,Lz,x0

use mom_var, only :p,Nz,E

use gen_var, only : kO,omega

use wg_var, only : a,b,beta_10
!implicit statement

implicit none

!declaration of intrinsic functions
intrinsic dsin,dcos,mod

!list of calling arguments

complex(wp) :: forwardscat_long
!'1ist of local variables
complex (wp) :: sum, add_term

if (Nz.gt.0) then
sum=(0.0_wp,0.0_wp)
do p=1,Nz
add_term=E (p) *p/ ((p*pi/ (2.0_wp*Lz)) **2-beta_10%*2)
if (mod(p,2).eq.1) then !p odd
add_term=add_term*dcos (beta_10%*Lz)

else !p even
add_term=-add_term*cj*dsin(beta_10*Lz)
end if
sum=sum+add_term
enddo

forwardscat_long=2.0_wp*pi**2*Z0/&
(cj*omega*mu_O*a**2*b*Lz*beta_10)
forwardscat_long=forwardscat_long*dsin(w¥pi/ (2.0_wp*a))*&
dcos (x0%pi/a) *sum
else
forwardscat_long=(0.0_wp,0.0_wp)
endif

end function forwardscat_long
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Name:
forwardscat_trans
Revised:
February 29, 2000
Purpose:
computes the complex transmission coefficient C_10/A_10 for a
transverse slot
Usage:
forwardscat_trans()
Arguments:
forwardscat_trans - Function value. (Output)
Modules:
const,slot_var,mom_var,gen_var,wg_var
Subroutines:
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122 !

123 function forwardscat_trans()
124 !'modules
125 use const, only : mu_O,pi,cj,Z0,wp
126 use slot_var, only : w,Lx,x0,x00
127 use mom_var, only : r,Nx,Nz,E
128 use gen_var, only : kO,omega
129 use wg_var, only : a,b,beta_10
130 'implicit statement
131 implicit none
132 'declaration of intrinsic functions
133 intrinsic dsin,dcos,mod
134 !list of calling arguments
135 complex(wp) :: forwardscat_trans
136 'list of local variables
137 complex (wp) :: sum, add_term
138
139 if (Nx.gt.0) then
140 sum=(0.0_wp,0.0_wp)
141 do r=1,Nx
142 add_term=E (r+Nz) *r/ ((r*pi/(2.0_wp+*Lx) ) **2-(pi/a) ¥*2)
143 if (mod(r,2) .eq.1) then !r odd
144 add_term=add_term*dcos(pi*Lx/a)*dsin(pi*x00/a)
145 else 'r even
146 add_term=-add_term*dcos (pi*x00/a)*dsin(pi*Lx/a)
147 end if
148 sum=sum+add_term
149 enddo
150 forwardscat_trans=2.0_wp*pi**2/(omega*mu_O*a**2xb*Lx*beta_10)
151 forwardscat_trans=forwardscat_trans*Z0*dsin(w/2.0_wp*beta_10)*sum
152 else
153 forwardscat_trans=(0.0_wp,0.0_wp)
154 end if
155
156 end function forwardscat_trans
1
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3 !
4 ! Name:
5 ! write_exp_coeff
6 !
7 ! Revised:
8 ! February 29, 2000
9 !
10 ! Purpose:
11 ! This subroutine writes the expansion coefficients in the matrix E
12 !
13 ! Usage:
14 ! call write_exp_ coeff ()
15 !
16 ! Arguments:
17 !
18 ! Modules:
19 ! const,mom_var
20 !
21 ! Subroutines:
22 !
23 ! Remarks:
1

N
i

The output is printed to standard output.
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25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83

subroutine write_exp_coeff ()
!modules
use const, only : wp
use mom_var, only : Nz,Nx,E
!implicit statement
implicit nome
!declaration of intrinsic functions
intrinsic dreal,dimag,cdabs,dlogl0
!1ist of local variables
integer i

do i=1,Nz
write(*,1077) i,dreal(E(i)),dimag(E(i)),&
20.0_wp*dloglO(cdabs(E(i)))
enddo
do i=1,Nx
write(*,1077) i, dreal(E(Nz+i)), dimag(E(Nz+i)),&
20.0%dlogl10(cdabs (E(Nz+i)))
enddo

1077 format(2x,I15,3(2x,F15.6))
return

end
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xyz2sph,dsinc

!

! Name:

! F_sph_fs

1

! Revised:

! February 29, 2000

!

! Purpose:

! This subroutine computes the electric vector potential F in
! spherical coordinates for a slot radiating into half space
1

! Usage:

! call F_sph_fs()

!

! Arguments:

1

! Modules:

! const,gen_var,radfield_var,slot_var,mom var
!

! Subroutines:

1

1

subroutine F_sph_fs()
!'modules
use const, only : pi,cj,wp
use gen_var, only : kO0,k0_sq
use slot_var, only : w,Lx,Lz
use mom_var, only : p,r,Nz,Nx,E
use radfield_var, only : F_sph,F_xyz,sph
!implicit statement
implicit nome
!declaration of intrinsic functions
intrinsic dcos,dsin,cdexp
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84 !declaration of functions

85 real (wp) :: dsinc

86 !list of local variables

87 real (wp) :: csph,csth,snth

88 complex(wp) :: sum, add_term

89

90 'init. of aux. variables

91 csph=dcos(sph(3))

92 csth=dcos(sph(2))

93 snth=dsin(sph(2))

9 F_xyz=(/(0.0_wp,0.0_wp),(0.0_wp,0.0_wp),(0.0_wp,0.0_wp)/)
95

96 !computation of F_x

97 if (Nx.gt.0) then

98 sum=(0.0_wp,0.0_wp)

99 do r=1,Nx

100 add_term=E(r+Nz)*r/&

101 ((r*pi/(2.0_wp*Lx))**2-k0_sq*csph**2*snth**2)
102 if (mod(r,2).eq.1) then !r odd

103 add_term=add_term*dcos (kO*Lx*csph*snth)

104 else 'r even

105 add_term=-add_term*cj*dsin (kO*Lx*csph*snth)
106 end if

107 sum=sum+add_term

108 enddo

109 F_xyz(1)=-w/2.0_wp*cdexp(-cj*k0*sph (1)) /(Lx*sph(1))*&
110 cdexp (cj*k0* (w/2.0_wp-Lx)*csph*snth) *&

111 dsinc (w*k0/2.0_wp*csth) *sum

112 end if

113

114 !computation of F_z

115 if (Nz.gt.0) then

116 sum=(0.0_wp,0.0_wp)

117 do p=1,Nz

118 add_term=E (p) *p/ ((p*pi/ (2.0_wp*Lz) ) **2-k0_sq*csth**2)
119 if (mod(p,2).eq.1) then !p odd

120 add_term=add_term*dcos (kO*Lz*csth)

121 else !p even

122 add_term=-add_term*cj*dsin(kO*Lz*csth)

123 end if

124 sum=sum+add_term

125 enddo

126 F_xyz(3)=w/2.0_wp*cdexp (-cj*k0*sph(1))/(Lz*sph(1))*&
127 dsinc (w*k0/2.0_wp*csph*snth) *sum

128

129 endif

130

131 !transform into spherical coor.

132 call xyz2sph(F_xyz,sph,F_sph)

133

134 return

135 end

136
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138 !

139 ! Name:

140 ! F_sph_ppwg

141 !

142 ! Revised:
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February 29, 2000
Purpose:
This subroutine computes the electric vector potential F in

spherical coordinates for a slot radiating into half space

Usage:
call F_sph fs()

Arguments:

Modules:
const,gen_var,radfield_var,slot_var,mom var

Subroutines:
xyz2sph,dsinc

subroutine F_sph_ppwg()

!modules

use const, only : pi,cj,wp

use gen_var, only : kO0,k0_sq

use slot_var, only : w,Lx,Lz,x00_pp,x0_pp
use mom_var, only : p,r,Nz,Nx,E

use ppwg_var, only : m,al,bl,kx,kx_sq,ky
use radfield var, only : F_sph,F_xyz,sph
!implicit statement

implicit nome

!declaration of intrinsic functions
intrinsic dcos,dsin,cdexp

!declaration of functions

real (wp) :: dsinc

!'1ist of local variables

real (wp) ::  csph,csth,snth,kz,kz_sq,epsilon_m
complex(wp) :: sum, add_term

linit. of aux. variables

csph=dcos(sph(3))

csth=dcos(sph(2))

snth=dsin(sph(2))
F_xyz=(/(0.0_wp,0.0_wp),(0.0_wp,0.0_wp), (0.0_wp,0.0_wp)/)

m=1

epsilon_m=1.0_wp

kx=m*pi/al

kx_sq=kx**2

kz=-kO*csth

kz_sq=kz**2

ky=cdsqrt (dcmplx (kO_sq-kx_sq-kz**2))

if (dimag(ky).gt.0.0_wp) then
ky=-ky

endif

!computation of F_x
if (Nx.gt.0) then
sum=(0.0_wp,0.0_wp)
do r=1,Nx
add_term=E (r+Nz) *r/&
((r*pi/(2.0_wp*Lx))**2-kx_sq)
if (mod(r,2).eq.1) then !r odd
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202 add_term=add_term*dcos (kx*Lx) *dsin (kx*x00_pp)
203 else 'r even

204 add_term=-add_term*dcos (kx*x00_pp) *dsin (kx*Lx)
205 end if

206 sum=sum+add_term

207 enddo

208 F_xyz(1)=(-w*2.0_wp/(Lx*al))*&

209 epsilon_m*dsinc (wxkz/2.0_wp) *&

210 cdexp(-cj*ky*bl) *&

211 kx/ (kO_sq*csph**2*snth**2-kx_sq) *&

212 (cdexp(cj*kO*al*csph*snth) *&

213 (-1.0_wp) #*m-1.0_wp) *sum

214

215 tcdexp(-cj*kO0*sph(1))/(4.0_wp*pi*sph(1))*&
216 end if

217

218 !computation of F_x

219 if(Nz.gt.0) then

220 sum=(0.0_wp,0.0_wp)

221 do p=1,Nz

222 add_term=E (p) *p/&

223 ((p*pi/(2.0_wp*Lz))**2-kz_sq)

224 if (mod(p,2) .eq.1) then !p odd

225 add_term=add_term*dcos (kz*Lz)

226 else !p even

227 add_term=-add_term¥cj*dsin(kz*Lz)

228 end if

229 sum=sum+add_term

230 enddo

231 F_xyz(1)=F_xyz(1)+2.0_wp*(1.0_wp+cj)/(Lz*al) *&

232 epsilon_m¥kz*kx_sq/kO0_sq/(kO_sq*csph¥*2*snth**2-kx_sq) *&
233 dsinc (w¥kx/2.0_wp) *dcos (kx*x0_pp) *cdexp (-cj*ky*bl) *&
234 (cdexp(cj*kO*al*csph*snth)*(-1.0_wp) **m—1.0_wp) *sum
235 lcdexp(-cj*kO*sph(1))/(4.0_wp*pi*sph(1))*&

236

237 end if

238

239 m=0

240 epsilon_m=0.5_wp

241 kx=m¥pi/al

242 kx_sq=kx**2

243 ky=cdsqrt (demplx (kO_sq-kx_sq-kz**2))

244 if (dimag(ky).gt.0.0_wp) then

245 ky=-ky

246 endif

247

248 !computation of F_z

249 if(Nz.gt.0) then

250 sum=(0.0_wp,0.0_wp)

251 do p=1,Nz

252 add_term=E(p)*p/ ((p*pi/(2.0_wp*Lz))**2-k0_sq*csth**2)
253 if (mod(p,2) .eq.1) then !p odd

254 add_term=add_term*dcos (kz*Lz)

255 else !p even

256 add_term=-add_term*cj*dsin(kz*Lz)

257 end if

258 sum=sum+add_term

259 enddo
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F_xyz(3)=2.0_wp*cj*w/(Lz*al) *&
epsilon_m*( (kO_sq-kz_sq)+cj*kz_sq) /kO_sq*&
dsinc (w¥kx/2.0_wp) *dcos (kx*x0_pp) *&
cdexp (-cj*ky*bl) *&
cj*al*dsinc(al*kO*csph*snth)*sum
cdexp (-cj*k0*sph(1))/(4.0_wp*pi*sph(1))*&

endif

!transform into spherical coor.
call xyz2sph(F_xyz,sph,F_sph)

return
end
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The output is printed to standard output.

!

! Name:

! rad_field

!

! Revised:

! February 29, 2000

!

! Purpose:

! This subroutine reads expansion coefficients from external file
! "efield.dat" and computes the principle patterns from a slot
! radiating into either half space or a PP waveguide.
!

! Usage:

! call rad_field()

!

!  Arguments:

! plane - Type of principle plane to be computed. (Input)
! plane principle plane

! E-plane

! 2 H-plane

!

! Modules:

! const,gen_var,slot_var,radfield var,ppwg_var,wg_var
!

! Subroutines:

! read_efield,F_sph_fs,F_sph_ppwg

!

! Remarks:

!

!

subroutine rad_field(plane)

!modules

use const, only : dtr,rtd,cj,wp,Z0,pi

use gen_var, only : lambda_0,k0,ext_type

use slot_var, only : Lx,w,x00,x00_pp,x0,x0_pp
use radfield_var, only : E_sph,F_sph,sph,H_sph
use ppwg_var, only :al

use wg_var, only : a,lambda_g,beta_10

!implicit statement

implicit none

!declaration of intrinsic functions
intrinsic dcos,dsin,cdexp,dcmplx,cdsqrt
!declaration of functions
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320 real (wp) :: dsinc

321 !list of calling arguments

322 integer,intent(in) :: plane

323 !list of local variables

324 complex(wp) :: arrayfactor_copol,arrayfactor_xpol
325 integer :+ i,n,nth

326 real (wp) I |

327

328 call read_efield()

329 x00=x0+w/2.0-Lx

330 x0_pp=x0-(a-al)/2.0_wp

331 x00_pp=x00-(a-al) /2.0_wp

332

333 sph(1)=100.0_wp*lambda_0

334 if (plane.eq.1) then

335 sph(3)=90.0_wp*dtr

336 else

337 sph(2)=90.0_wp*dtr

338 endif

339

340 nth=179%4

341 do i=1,nth,1

342 if(plane.eq.1) then

343 1sph(2)=dtr*i

344 sph(2)=dtr*179.0_wp*dfloat(i)/dfloat (nth)
345 else

346 sph(3)=dtr*179.0_wp*dfloat (i) /dfloat (nth)
347 endif

348 if (ext_type.eq.1) then

349 call F_sph fs()

350 else

351 call F_sph_ppug()

352 endif

353 E_sph(2)=-cj*k0*F_sph(3)

354 E_sph(3)=cj*k0*F_sph(2)

355 H_sph(2)=-E_sph(3)/Z0

356 H_sph(3)=E_sph(2)/Z0

357

358 d=lambda_g

359 arrayfactor_copol=(0.0_wp,0.0_wp)

360 arrayfactor_xpol=(0.0_wp,0.0_wp)

361 do n=1,9

362 arrayfactor_copol=arrayfactor_copol+&

363 cdexp(cj*n* (kO*d*dcos (sph(2))-d*beta_10))
364 arrayfactor_xpol=arrayfactor_xpol+&

365 cdexp (cj*n* (kO*d*dcos (sph(2))-d*beta_10+1.0_wp*pi))
366 enddo

367

368 write(*,1078) rtd*sph(2),rtd*sph(3),&

369 dreal (E_sph(2)*dconjg(H_sph(3))) ,&

370 dreal (-E_sph(3) *dconjg(H_sph(2))),&

371 dreal (arrayfactor_copol*dconjg(arrayfactor_copol)) ,&
372 dreal (arrayfactor_xpol*dconjg(arrayfactor_xpol))
373 enddo

375 1078 format(2(2x,F7.2),4(2x,E15.6))
376 return

377 end

378

196



Source Code

© ® N oW N R

ool oo g o oo g R R AR R R R R DWW W W W W W WWWRNNRNNNDNDRNRNRNNERB R B R R R R R R
© O NP WO RO O NP W RO ©®©®ONOORNWWN RO © MY REN RO ®© NN ®WN R O

VHHHRARRHHHAR R BHHA AR HHHRAR BB HHHAR BB B R HHRRAR BB HHFR BB B BB HFRA BB BHHHERR SR HH HHHH

The output is printed to standard output.

!

! Name:

! write_y_norm

!

! Revised:

! February 29, 2000

!

! Purpose:

! This subroutine computes the equivalent normalized shunt
! admittance. Only recommended for longitudinal slots.
!

! Usage:

! call write_y_norm()

!

! Arguments:

!

! Modules:

! const,slot_var,gen_var
!

! Subroutines:

! backscat

!

! Remarks:

!

!

subroutine write_y_norm()
!modules
use const, only : wp
use slot_var, only :Lz,x0
use gen_var, only : lambda_ O
!implicit statement
implicit none
!declaration of intrinsic functions
intrinsic dreal,dimag
!declaration of functions

complex (wp) ::  backscat
!list of local variables
complex (wp) :: R,y

R=backscat ()
y=-2.0_wp*R/(1.0_wp+R)
write(*,*) x0, 2.0_wp*Lz/lambda_0, dreal(y), dimag(y)

return
end
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This subroutine computes the equivalent normalized
series impedance. It writes frequency, slot length, offset,
series impedance, backward and forward scattering coefficients,

1
! Name:

! write_nw_par

!

! Revised:

! February 29, 2000
1

! Purpose:

!

!

1
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and expansion coefficients.

1
!

62 ! Usage:

63 ! call write_nw_par()

64 !

65 !  Arguments:

66 !

67 ! Modules:

68 ! const,slot_var,gen_var,mom_var,ppwg_var

69 !

70 ! Subroutines:

71 ! backscat,forwardscat

72 !

73 ! Remarks:

74 ! The output is printed to standard output.

75 !

76 subroutine write_nw_par ()

77 !'modules

78 use const, only : rtd,cj,wp

79 use slot_var, only : Lx,Lz,x0

80 use ppwg_var, only : al

81 use gen_var, only : freq

82 use mom_var, only : E

83 'implicit statement

84 implicit none

85 !declaration of intrinsic functions

86 complex backscat, forwardscat

87 !list of local variables

88 complex(wp) R,T,z

89

90 R=backscat ()

91 T=forwardscat ()

92 z=2.0_wp*R/(1.0_wp-R)

93 write(#,1075) freq,x0,al,Lx,Lz,dreal(z),dimag(z),&

94 dreal(R) ,dimag(R) ,dreal(T) ,dimag(T) ,E

96 1075 format(2x,EN15.6,4(2x,EN15.6) ,6(2x,E15.6),48(2x,E15.6) ,26(2x,E15.6))
97 return
98 end

Example of input file slot.in

&var_list

freq 0 = 9.375000E9,
nfreq = 10,

dfreq = 100.000ES6,
Lz0 = 9.324199E-03,
nll = 15,

dll = 0.01000,

Lx0 = 3.80000E-3,
ntl = 10,

dtl = 0.30000E-3,
w = 1.587500E-3,
x0 = 11.43000E-3,
a = 22.86000E-3,
b = 10.16000E-3,
t = 1.27000E-3
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ext_type = 2,

al = 21.0000E-3,
b1l = 25.00000E-3,
sw_type = 5

199



