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Abstract: In this work, we present a comparison between 
plasma reduction factors for the case of a pencil e-beam 
inside a hollow metallic pipe. The values under comparison 
were obtained via analytic expressions given in the 
literature and the result of a 1D large signal time domain 
code. The main distinctive feature of this analysis is the 
additional consideration of dc space charge forces, since 
the actual electrostatic force among particles is computed, 
instead of making the assumption of a neutralizer 
background. In this way, the propagation of space charge 
waves can be simulated and the reduced plasma 
wavelength can be obtained. Simulated results were 
compared to three others obtained via formulae in the 
literature. A discrepancy of 1.6~5.4% for a klystron 
example and 0.7~2.2% for a TWT example, between 
analytic and simulated results were observed. 

Keywords: large signal simulation; lagrangian code; e-
beam disk model; space charge simulation. 

Introduction 

The preliminary steps in the development of a vacuum 
electronic device, such as traveling-wave tubes (TWT) and 
klystron amplifiers, require simple and fast design tools in 
order to obtain the initial manufacturing parameters. 
Several codes for TWT and klystrons were developed using 
the simple and fast lagrangian disk model for the electron 
beam. In the most of them, dc space charge effects are 
neglected by means of an assumption that the e-beam is 
surrounded by a background of neutralizer ions. The ac 
space charge electric field is commonly computed via 
Gauss law, where the electric field is weighted by a space 
charge reduction factor scR , which accounts for the effects 
of the structure around the e-beam. The space charge 
reduction factor can be calculated for a couple of simple 
beam and surrounding structure geometries [1][2]. The 
code Christine 1D [3] presents an improved formula to 
calculate the space charge reduction factor for an e-beam 
surrounded by a sheath helix, which in turn, is surrounded 
by a metallic pipe with vanes and dielectric supports. This 
correction is claimed to be of order of few percent or less 
for typical helix TWT parameters [1 - section 4.2.6]. 
Besides some developed 1D codes, specially Christine 1D, 
have been validated against experimental results, we 

believe that there is some room for improvements while 
keeping the code fast and simple enough to be quickly used 
in the preliminary device design steps. Our purpose is to 
remove the assumption of the neutralizer background and 
compute the actual (dc+ac) force among charged particles 
inside a particular structure (pipe, +tape helix, +vanes, 
+dielectric supports, +etc). Therefore, the calculation of the 
space charge reduction factor is no longer necessary, 
because all the information about the surrounding structure 
is contained in the dc force among particles. By the way, 
the space charge reduction factor may be one of the results 
extracted from the simulation result. This can be done 
"measuring" the reduced plasma wave-length in the 
interference pattern of the fast and slow space charge 
waves excited on the e-beam medium [4] or in the 
maximum of the first harmonic component of the e-beam 
current.  
In the next section, we briefly describe the e-beam model 
and, after that, we present a numerical example, comparing 
the space charge reduction factor obtained by well known 
literature formulae and by the present code. 

The e-beam disk model 

The discrete equations system that describes the 1D motion 
of dN  disks, each one with electric charge q , is simply 
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where ( )scF z�  is the electrostatic force between two 
charged disks inside the particular structure and mod( , )F z t  
is the force that the electric field associated to a modulator 
signal exerts on charged disks. Depending on the type of 
device, i.e., TWT or klystron, mod( , )F z t  is evaluated in 
different ways, e.g., by means of a traveling electric field in 
a TWT slow-wave structure or by means of an evanescent 
axial electric field near a cavity gap of a klystron. modz  is 
the axial position where the modulation occurs. 
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Numerical example 

For a numerical example we use the following parameters 
of a klystron and for a TWT, as well. 

Table I - klystron parameters 
klystron

frequency (GHz) 1.849
cathode voltage (V) 6000

0.525
beam radius (mm) 2.92

drift tube radius (mm) 3.40

dc current (A)

 
Table II - TWT parameters 

TWT
frequency (GHz) 13.75

cathode voltage (V) 6900
0.2

beam radius (mm) 0.500
helix radius (mm) 1.0

helix width/pitch ratio 0.5
guide/helix radius ratio 1.85

number of supports 3.0

dc current (A)

 
The ( )scF z�  component of the total force on the particles 
was computed in two distinctive ways. The first way was 
using an analytic expression for charged disks of radius b 
inside a metallic pipe of radius a > b. In the other way, a 
3D electrostatic solver was used to compute the force 
between two discs as a function of its axial separation. In 
this case, the structures surrounding the pair of disks were: 
1. a metallic pipe of radius a > b; 
2. add a tape helix of radius between a and b (table II); 
3. add 3 BeO dielectric support rods to hold the helix 

inside the pipe. 
Interestingly, the results for cases 2 and 3 are very close to 
that in the case 1, which in turn, agrees very well with the 
analytical case, as presented in Figure 1. Therefore, only 
the analytical expression was used in this work. 
After run the code, the reduced plasma wavelength q�  is 
obtained by "measuring" the /4q� (klystron) and /2q�  
(TWT) point in the result for the harmonic current in the e-
beam, as Figure 2 illustrates. The results for the simulated 
scR  are compared to the calculated ones via literature 

formula [1][2][3] in Table III. 

Table III - Space charge reduction factor comparison 

Ref [1] Ref [2] Ref [3]
klystron 0.335 0.312 0.3279 0.317 5.4% 1.6% 3.3%

TWT 0.500 0.493 0.507 0.496 0.8% 0.7% 2.2%

example
present

work
discrepancy related toformula 

Ref [1]
formula 
Ref [2]

formula 
Ref [3]

 

Conclusion 
In this work, we presented a comparison between space 
charge reduction factors calculated via literature 
expressions and via simulation with a 1D time domain 
klystron-TWT code that considers the dc+ac space charge 

forces. Our results present little discrepancy related to main 
formula results. 

 
Figure 1 - Force between a pair of charged disks as a function 

of its distance for 3 different surrounding structures. 
 

 
Figure 2 - Phase space, instantaneous and harmonic beam 

current for the klystron example. The /4q�  point is indicated in 
the plot. Axial position is given in meters. 

References 

1. R. J. Baker, J. H. Booske, N. C. Luhmann Jr., G. S. 
Nusinovich, Modern microwave and millimeter-wave 
power electronics, IEEE Press, Piscataway, NJ, 2005, 
section (3.3.3). 

2. S. K. Datta and L. Kummar, "A simple closed-form 
formula for plasma-frequency reduction factor for a 
solid cylindrical electron beam," IEEE Trans. Electron 
Devices, vol. 56, no. 6, Jun 2009. 

3. T. M. Antonsen Jr. and B. Levush, “Traveling-wave 
tube devices with nonlinear dielectric elements,” IEEE 
Trans. Plasma Sci., vol. 26, no. 3, pp. 774–786, 1998. 

4. A. S. Gilmour, Principle of traveling wave tubes, 
Artech House, 1994. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


