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Abstract

In this paper a computationally efficient Method of Moments (MoM)
formulation for the analysis and evaluation of performance characteristics of
transverse wall round end slot coupled junction between two similar and
dissimilar waveguides is presented. The junction has been analyzed for the
three types of slots, namely the basic rectangular slot, rectangular slot with
semicircular ends (Type 1) and rectangular slot with slightly curved ends
(Type 2). The computations are carried out for both types of round end slots
and rectangular slots, coupling two similar WR-90 X-band rectangular
waveguides. Numerical results are presented for the variations of reflection
coefficient, VSWR, normalised conductance (g) and susceptance (b) with slot
length and slot width for slot coupled junction between two similar
waveguides. A comparison among the numerical results for round end slots of
(Type 1 and Type 2), and the rectangular slots has been presented.
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Introduction

Waveguide fed slots are finding applications in space vehicles, supersonic aircrafts
and guided missiles [1]. Waveguide fed slot radiators are used as antennas in Direct
Broadcasting from Satellite (DBS). Such radiators can be configured by milling the
slots either in the broad wall or in the narrow wall or in the transverse cross-section of
the rectangular waveguide. Waveguide based antennas are finding potential
applications in Satellite and Mobile Communication Systems [2]. Waveguide fed
transverse cross-sectional wall slots are quite useful in the formation of two port
junctions, which can also be configured to realize transitions or step junctions
between dissimilar waveguides. Such applications can also be effectively used to
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study the performance characteristics of waveguide diaphragms or waveguide
discontinuities.

In most of these formulations, the basic rectangular shape of the slot alone has
been taken into account and the analyses are confined to the case of narrow
rectangular slots only. In practice, it is difficult to have rectangular slots with
perfectly rectangular ends, because of fabricational process limitations. The two ends
of these rectangular slots will have slight curvatures, and the slots can therefore be
termed as “round end slots”. A rectangular slot with round ends, will therefore give a
more meaningful description of the shape of the slot aperture, in all practical problems
of interest, if the curvature effects are logically modeled and systematically taken into
account.

Sangster and McCormick successfully[3] presented the mathematical formulation
for the 3-sectional slot model advocating the use of three trigonometric basis
functions for computational accuracies. Two different types of round end slot models
have been proposed in this paper to take into account the deeply curved ends of the
rectangular slots (round end slot - Type 1) and slightly curved ends of rectangular
slots (round end slot - Type 2). The analysis and formulations have been carried out
by considering the thick coupling slot as a short section of a rectangular waveguide
designated as the stub waveguide, taking into account the effect of finite thickness of
the metallic wall in which the slot is milled and the higher order mode coupling with
in the slot/stub waveguide region [4]. The inner products in the MoM analysis have
been evaluated using Galerkin’s technique and the solution of resulting matrix
equation provides the coefficients for the basis functions representing the electric field
distribution in the aperture plane of the slot. The impact of slot width variation and
slot length variation on input VSWR, reflection coefficient and normalized
admittance have been presented for rectangular and round end slots.

MoM Analysis of Round End Slot Coupled Junction

Fig. 1 shows the geometry of a round end slot coupled junction between two similar
rectangular waveguides and the co-ordinate systems used for the analysis. The round
end slot is centered with respect to the cross-sections of the two collinear waveguides,
whose axes coincide. The coupling aperture is in the form of a round end slot, milled
in a metallic plate of thickness ‘t’, which becomes the length of the stub waveguide,
having cross-sectional dimensions 2L x 2W.

Along the length of the slot, the field distribution is

N ‘ ~-L <Y <L
EX,(X,Y)=qz=1Eq e (Y')  for {—w sx'sw} (1)
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Considering the excitation from guide 1, for the set of boundary conditions given
in [5], the amplitude coefficients for the total tangential electric fields at the two
interfaces of the stub waveguide, were given by

[E*'] = {[UI+[B][R"][B]} [R™[BI[R*I[BI-[U1}". [Y™]" 2.[h™] (2)
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The expressions for Y, hi" and Y, are evaluated for round end slots [6].
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Figure 1: Round end slot coupled junction between two similar waveguides.

Reflection Coefficient, Shunt Admittance and VSWR

The Reflection Coefficient I" for rectangular end slot coupled junction between two
similar waveguides is expressed as

N qr
r=-1+> E& 2w 2L ~cos (Ej (4)
et AB - i B
(odd) Z - B

For round end slot coupled junction I' is obtained as
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The normalised shunt admittance seen by guide 1 is of the form
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Numerical Results

For the slot coupled junction shown in Fig. 1, the complex amplitude coefficients are
evaluated from the three types of slots mentioned above. The computations are carried
out for number of basis functions N = 5 for both Type 1 and Type 2 slots, coupling
two similar WR-90 X-band rectangular waveguides. The feed waveguide and coupled
waveguide are assumed to be identical; in which case, the round end slot coupled
junction can also be treated as that of a resonant window or resonant diaphragm in a
rectangular waveguide. Substituting the numerical values of the amplitude

coefficients Eg’ Uin (4) for rectangular end slots and in (5) for round end slots (Type

1/Type 2) and using (6) the reflection coefficient and shunt admittance seen by the
feed waveguide are obtained. The performance characteristics are evaluated for
different slot widths, and lengths over the X-band frequency range of interest.

The variation of magnitude of I', VSWR for f = 9.375 GHz, t = 0.127 cm and 2W
= 0.127 cm are presented in Fig. 2 and VSWR, magnitude of I', g and b for 2W =
0.508 cm are shown in Figs. 3- 4. The variations of VSWR, |I'|, g and b, for 2L = 1.6
cm, f = 9.375 GHz and t = 0.127 cm, with slot width in the range 0.0794 cm - 0.635
cm, for rectangular and round end slots are shown in Figs. 5-6 respectively.
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Figure 2: Variation of the magnitude reflection coefficient and VSWR with slot
length.
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Figure 4: Variation of normalised conductance (g) and susceptance (b) with slot
length.
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Figure 5: Variation of VSWR and magnitude of reflection coefficient with slot width.



Performance Characteristics 67

—= rectangular end slot
—G& - round end slot (Type 1)
0.99 —&— round end slot (Type 2)
A =1.016 cm, B = 2.286 cm,
5 0.98 2L=1.6cm, t = 0.127 cm,
~ f=9.375 GHz, N = 5.
g 0.97
>
2
§ 0.96
E 0.95 -
0.94| . N
N <&
<
0.93 - N
o
0.92 . . . . . .
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
slot width (cm)
-0.1

T= rectangular end slot
-G - round end slot (Type 1)
0.2} —5— round end slot (Type 2)
A =1.016 cm, B = 2.286 cm,
2L=1.6cm, t =0.127 cm,
-0.3 f=9.375 GHz, N = 5. i

0.4}

-0.5

-0.6

normalised susceptance (b)

-0.7

-0.8 I I I I
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

slot width (cm)

Figure 6: Variation of normalised conductance (g) and susceptance (b) with slot width.

Discussions

Analysis by moment method using entire sinusoidal basis and testing functions is
found to be computationally efficient, as the numerical results for all the three types
of slots converge very well for number of basis functions N = 5. It is evident from
Figs.2 - 3 that the nature of variation is same for all the three slot models considered.
However, for a slot width of 0.508 cm, the numerical results show considerable
deviation for round end slot (Type 1). Figs. 2-3 also show almost identical variations
for the electrical parameters of interest, when slot length variations are considered, for
the same thickness of 0.127 cm, and slot width of 0.127 cm. As the slot width is
increased to 0.508 cm, the variations in the numerical results are more pronounced, as
is evident from Figs. 3-4. It is significantly observed from Figs. 3-4, that the
deviations between the numerical results, even at higher slot widths are significantly
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reduced, when larger slot lengths are taken into consideration. A similar effect is
observed from Figs. 5-6, where the deviations become significant when the slot length
is reduced to 1.6 cm. For the transverse wall slot coupled junction between two
rectangular waveguides, the rounding effects are less significant for smaller slot
widths and longer slot lengths and Type 2 slot characteristics are closer to those of
rectangular end slots.

References

[1]

[2]

(3]

[5]

[6]

A Jhansi Rani, P.V.D. Somasakhar Rao, and P.V. Subbaiah “Analysis of
Waveguide Fed Rectangular Slots — A Comparative Study between Variational
and Moment Methods”, National Symposium on Advances in Electronics
Electro-2001, Dept of Electronics Engineering I T —BHU, Jan. 4-6, 2001.

S. Das and A. Chakraborty, “A Novel Modeling Technique to Solve a Class of
Rectangular Waveguide Based Circuits and Radiators”, Progress in
Electromagnetic Research, PIER 61, pp. 231 — 252, 2006.

Sangster A.J. and A.H.I. McCormick, “Moment Method Applied to Round-
Ended Slots”, IEE Proc. Vol. 134, Pt. H, No.3, June 1987, pp.310- 314.
Josefsson L. G., “Analysis of Longitudinal Slots in Rectangular Waveguides”,
IEEE Trans. Antennas and Propagat., Vol. AP-35, No.12, Dec. 1987, pp. 1351-
1357.

A. Jhansi Rani and P.V.D. Somasekhar Rao “Modeling and Analysis of Round
End Slots in Rectangular Waveguides” published in Special issue of IETE
Journal of Research on ‘Microwave Circuits and Systems’ Vol. 54, No.2,
March-April 2008, pp. 129-139.

A. Jhansi Rani “Studies on Round End Slot Coupled Waveguide Junctions and
Radiators,” Ph.D. Thesis, INTU Hyderabad 2008.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


