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Abstract Space satellite observations in an electron phase-space hole (electron hole) have shown

that bipolar structures are discovered at the parallel cut of parallel electric field, while unipolar struc-

tures spring from the parallel cut of perpendicular electric field. Particle-in-cell (PIC) simulations

have demonstrated that the electron bi-stream instability induces several electron holes during its

nonlinear evolution. However, how the unipolar structure of the parallel cut of the perpendicular

electric field formed in these electron holes is still an unsolved problem, especially in a strongly mag-

netized plasma (Ωe > ωpe, where Ωe is defined as electron gyrofrequency and ωpe is defined as plasma

frequency, respectively). In this paper, with two-dimensional (2D) electrostatic PIC simulations, the

evolution of the electron two-stream instability with a finite width in strongly magnetized plasma is

investigated. Initially, those conditions lead to monochromatic electrostatic waves, and these waves

coalesce with each other during their nonlinear evolution. At last, a solitary electrostatic structure is

formed. In such an electron hole, a bipolar structure is formed in the parallel cut of parallel electric

field, while a unipolar structure presents in the parallel cut of perpendicular electric field.
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0�Introduction

Since Geotail satellite, which focused on the Earth’s

magnetotail, observed Electrostatic Solitary Waves

(ESWs) in 1994[1], plenty of observing evidences flow

out for various space environments, such as the fore-

shock region of the bow shock[2], the auroral region[3],

the solar wind[4], the magnetosheath[5], and the se-

paratrix region of magnetic reconnection[6−8]. These

observed ESWs have common features that besides

the parallel cut of parallel electric field has a bipolar

structure, its perpendicular component has a unipo-

lar structure[9,10].

ESWs are modeled as a format of electron phase-

space hole by Bernstein et al.[11]. These structures

can be calculated from the Vlasov and Poisson equa-

tions as the stationary solutions of the Bernstein-

Greene-Kruskal (BGK) model[12,13]. Particle-in-cell

(PIC) simulations in one-dimension (1D) have con-

firmed that the electron bi-stream instability would

induce ESWs of several electron holes in the simula-

tion domain during its nonlinear evolution, and the

parallel cut of electric field in the parallel component

at these ESWs has a bipolar structure[14−22]. Also,
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the electron velocity distributions in these ESWs

consist of trapped and passed particles, and there

is a hole in the phase space, which is consistent

with the results of Bernstein et al.[14,18,23,24]. Re-

cently, with two-dimensional (2D) PIC simulations,

ESWs are found to swing due to the effect of trans-

verse instability[25−27]. The transverse instability is

demonstrated to be a kind of self-focusing instability:

perturbations in ESWs lead to the electric potentials’

transverse gradients, which focuses the trapped ele-

ctrons into the areas with the superfluous electrons,

and then the transverse instability occurs[28]. In a

weakly magnetized plasma (Ωe < ωpe, where Ωe is

defined as electron gyrofrequency and ωpe is defined

as plasma frequency), the transverse instability will

break a 1D electron hole into several 2D electron

holes. In these 2D electron holes, the parallel cut of

the electric fields in the parallel component and per-

pendicular cut of the electric field in the perpendicu-

lar components have bipolar and unipolar structures,

respectively[25].

In a strongly magnetized plasma, the parallel cut

of the parallel electric field has a bipolar structure in

an electrons hole, however, whether a unipolar struc-

ture of the perpendicular electric field can be formed

in an electron hole during the electron two-stream in-

stability is still unknown[25]. In this paper, the non-

linear evolution of the electron two-stream instability

with a finite width is investigated with the help of

2D electrostatic PIC simulations. It is found that

besides the bipolar structure of parallel electric field,

the unipolar structure of electric field in the perpen-

dicular component can also be formed in an electron

hole.

1�Simulation Model

In this paper, 2D electrostatic PIC simulations with

periodic boundary conditions in x and y directions

are performed to investigate the nonlinear evolution

of electron bi-stream instability in a strongly magne-

tized plasma[29]. In the electrostatic simulation mo-

del, we set a uniform background magnetic field along

the x direction. Our simulations also employ two dif-

ferent electron components with an initial drift ve-

locity between them, and the Maxwellian distribu-

tion is satisfied for these two different electron com-

ponents, which have the same thermal velocity vte

(vte =
√
kBTe/me, where Te is the electron tempe-

rature). The drift velocity Vd between the two com-

ponents is 4.0 vte, i.e. Vd = 4.0 vte, which is along

the x direction. The time, distance and velocity are

normalized by ω−1
pe (ωpe =

√
n0e2/meε0, and n0 is

the total electron number density), Debye length λD

(λD = (ε0Te/n0e
2)−1/2), and vte, respectively. The

electric field is normalized by meωpevte/e. The cell

size is λD × λD, and the time step Δt = 0.02ω−1
pe .

The simulation uses a scale of grids of 512×256. The

mass ratio of ion to electron mi/me = 1836, and

Ωe/ωpe = 2 and 10.

2�Simulation Results

In this paper, four cases are performed: in CaseA and

C, the electron beam initially flows in the parallel di-

rection with an infinite width; while in CaseB and D

the initial electron beam has a finite width of 32λD,

and it only exists in the region of 112λD < y < 144λD.

In Case A and B, Ωe/ωpe = 2, and in Case C and D,

Ωe/ωpe = 10.

Figure 1 presents the time evolutions of the elec-

tric field components Ex and Ey at ωpet = 400, 1000,

and 1924 for Case A. Nearly monochromatic waves

are firstly excited. Then, these waves coalesce with

each other. At ωpet = 1000, from the distribution of

Ex, it can be found that there are only two electro-

static solitary structures in the simulation area. At

the same time, in these solitary structures, Ey forms

a streaked structure. At ωpet = 1924, there is only

one electrostatic solitary structure for Ex in the sim-

ulation domain, and the streaked structure of Ey oc-

cupies the whole simulation domain. Such a process

of the formation of the solitary electrostatic structure

for Ex and excitation of streaked structure for Ey
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Fig. 1 Time history of the electric field components Ex (a) and Ey (b) at ωpet = 400, 1000, 1924 for Case A

have been described previously in detail by Lu et

al.[25], which is considered to be associated with elec-

trostatic whistler waves emitted in the solitary struc-

ture. Obviously, the parallel cut of the electric field

in the parallel component in the electron hole has a

bipolar structure, however, the unipolar structure for

the parallel cut of the electric field in the perpendic-

ular component cannot be observed.

Figure 2 plots the time evolution of the electric

field components Ex and Ey at ωpet = 400, 1000, 1788

for CaseB. Initially, from Ex, we can find that nearly

monochromatic waves are excited in the region where

the electron beam exists. Then, as in CaseA, these

waves also coalesce with each other. At ωpet = 1000,

from Ex, we can find that there is only one electro-

static solitary structure, where Ey has a negative va-

lue in the lower part but a positive value in the upper

part. Such structures of Ex and Ey can be seen more

clearly at ωpet = 1788, and they could last for more

than one thousand electron plasma periods. Figure 3

plots the parallel cut of Ex and Ey along y = 136λD

and y = 120λD at ωpet = 1788 for Case B. Obviously,

in the solitary structure, a bipolar structure is formed

in the parallel cut of the electric field in the parallel

component, and a unipolar structure presents in the

parallel cut of the perpendicular electric field. Ey has

a positive value in the solitary structure along about

y = 136λD, and it has a negative value along about

y = 120λD. This is easy to be understood, because

an electron hole has a positive potential. When the
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Fig. 2 Time history of the electric field components Ex (a) and Ey (b) at ωpet = 400, 1000, 1788 for Case B

Fig. 3 Profiles of Ex and Ey along y = 136λD (a)

and y = 120λD (b) at ωpet = 1788

for Case B

electron beam has a finite width, the positive poten-

tial also has a finite width along the y direction in the

electron hole. Therefore, Ey has a negative value in

the lower part but positive value in the upper part of

the electron hole.

Figure 4 and 5 show the time evolution of elec-

tric field Ex and Ey at ωpet = 400, 1000, 2000 for

CaseC and D, respectively. Similar to CaseA and

B, from Ex, we can find that one solitary structure

is formed at last. However, only when the electron

beam has a finite width, the parallel cut of the elec-

tric field Ey has a unipolar structure in the solitary

structure. Therefore, we can conclude that in strong-

ly magnetized plasma during the nonlinear evolution
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Fig. 4 Time history of the electric field components Ex (a) and Ey (b) at ωpet = 400, 1000, 2000 for Case C

stage of the electron bi-stream instability with a fi-

nite width, a solitary electrostatic structure can be

formed, where the parallel cuts of the electric fields

in the parallel and perpendicular directions have a

bipolar and unipolar structures, respectively.

3�Conclusions and Discussion

In this paper, with a 2D electrostatic PIC simulation

model, the electron two-stream instability’s nonlinear

evolution in strongly magnetized plasma is investiga-

ted, and the results of the electron beam existing in

the whole simulation domain are compared with that

of the electron beam with a finite width. Our results

show that the evolution of the parallel electric field is

similar, and the solitary electric structure is formed

at the late stage of the simulation through the coales-

cence of the excited waves, where the parallel cut of

the electric field in parallel component has a bipolar

structure. However, the evolution of the electric field

in the perpendicular component is different. In cases

where the electron beam exists in the whole simu-

lation domain, the electric field in the perpendicular

component forms a streaked structure. In cases where

the electron beam has a finite width, the parallel cut

of the electric field in the perpendicular component

has a unipolar structure in the solitary electrostatic

structure.
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Fig. 5 Time history of the electric field components Ex (a) and Ey (b) at ωpet = 400, 1000, 2000 for CaseD

Satellite observations have shown that ESWs

usually have a bipolar structure of the electric field

in the parallel component and a unipolar structure of

the electric field in the perpendicular component[9,10].

Our simulation results have demonstrated that the

formed ESWs during their nonlinear evolution may

have a bipolar structure of the electric field in the

parallel component and a unipolar structure of the

electric field in the perpendicular component when

the electron two-stream instability has a finite width.

The electron beams generated in geophysical environ-

ment, for example in magnetic reconnection, usually

have a finite width[30−32]. Therefore, our results may

explain the observed structures of both the parallel

and perpendicular component of the electric fields in

geophysical environment.
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[7] LI S Y, OMURA Y, LEMBÈGE B, et al. Geotail obser-

vation of counter directed ESWs associated with the sepa-

ratrix of magnetic reconnection in the near-Earth magne-

totail [J]. J. Geophys. Res., 2014, 119(1): 202-210

[8] GRAHAM D B, KHOTYAINTSEV Y V, VAIVADS A,

et al. Electrostatic solitary waves with distinct speeds as-

sociated with asymmetric reconnection [J]. Geophys. Res.

Lett., 2015, 42(2): 215-224

[9] ERGUN R E, CARLSON C W, MCFADDEN J P, et al.

Debye-scale plasma structures associated with magnetic-

field-aligned electric fields [J]. Phys. Rev. Lett., 1998,

81(4): 826-829

[10] FRANZ J R, KINTNER P M, PICKET J S, et al. Polar

observations of coherent electric field structures [J]. Geo-

phys. Res. Lett., 1998, 25(8): 1277-1280

[11] BERNSTEIN I B, GREENE J M, KRUSKAL M D. Ex-

act nonlinear plasma oscillations [J]. Phys. Rev., 1957,

108(3): 546-550

[12] CHEN L J, PICKETT J, KINTNER P, et al. On the

width-amplitude inequality of electron phase space

holes [J]. J. Geophys. Res., 2005, 110(A9):A09211

[13] NG C S, BHATTACHARJEE A, SKIFF F. Weakly colli-

sional Landau damping and three-dimensional Bernstein-

Greene-Kruskal modes: new results on old problems [J].

Phys. Plasmas, 2006, 13(5): 055903

[14] OMURA Y, KOJIMA H, MATSUMOTO H. Computer

simulation of electrostatic solitary waves: a nonlinear

model of broadband electrostatic noise [J]. Geophys. Res.

Lett., 1994, 21(25): 2923-2926

[15] GOLDMAN M V, OPPENHEIM M M, NEWMAN D L.

Nonlinear two-stream instabilities as an explanation for

auroral bipolar wave structures [J]. Geophys. Res. Lett.,

1999, 26(13): 1821-1824

[16] OPPENHEIM M, NEWMAN D L, GOLDMAN M V.

Evolution of electron phase-space holes in a 2D magne-

tized plasma [J]. Phys. Rev. Lett., 1999, 83(12): 2344-

2347

[17] LU Quanming, WANG Shui, DOU Xiankang. Electro-

static waves in an electron-beam plasma system [J]. Phys.

Plasmas, 2005, 12(7): 072903

[18] LU Q M, WANG D Y, WANG S. Generation mechanism

of electrostatic solitary structures in the Earth’s auroral

region [J]. J. Geophys. Res., 2005, 110(A3):A03223

[19] UMEDA T, OMURA Y, MIYAKE T, et al. Nonlinear

evolution of the electron two-stream instability: two-

dimensional particle simulations [J]. J. Geophys. Res.,

2006, 111(A10): A10206

[20] WU Mingyu, LU Quanming, ZHU Jie, et al. The magne-

tic structures of electron phase-space holes formed in the

electron two-stream instability [J]. Astrophys. Space Sci.,

2012, 338(1): 81-85

[21] WU Mingyu, LU Quanming, ZHU Jie, et al. Electromag-

netic particle-in-cell simulations of electron holes formed

during the electron two-stream instability [J]. Plasma Sci.

Technol., 2013, 15(1): 17-24

[22] JAO C S, HAU L N. Fluid aspects of electron strea-

ming instability in electron-ion plasmas [J]. Phys. Plas-

mas, 2014, 21(2): 022103

[23] DU Aimin, WU Mingyu, LU Quanming, et al. Trans-

verse instability and magnetic structures associated with

electron phase space holes [J]. Phys. Plasmas, 2011,

18(3): 032104

[24] WU Mingyu, LU Quanming, DU Aimin, et al. The evo-

lution of the magnetic structures in electron phase-space

holes: two-dimensional particle-in-cell simulations [J]. J.

Geophys. Res., 2011, 116(A10): A10208

[25] LU Q M, LEMBEGE B, TAO J B, et al. Perpen-

dicular electric field in two-dimensional electron phase-

holes: a parameter study [J]. J. Geophys. Res., 2008,

113(A10): A11219

[26] WU Mingyu, LU Quanming, HUANG Can, et al. Trans-

verse instability and perpendicular electric field in two-

dimensional electron phase-space holes [J]. J. Geophys.

Res., 2010, 115(A10): A10245

[27] WU Mingyu, WU Hong, LU Quanming, et al. Effects of

perpendicular thermal velocities on the transverse insta-

bility in electron phase space holes [J]. Chin. Phys. Lett.,

2010, 27(9): 095201

[28] MUSCHIETTI L, ROTH I, CARLSON C W, et al. Trans-

verse instability of magnetized electron holes [J]. Phys.

Rev. Lett., 2000, 85(1): 94-97

[29] LU Quanming, CAI Dongsheng. Implementation of paral-

lel plasma particle-in-cell codes on PC cluster [J]. Comput.

Phys. Commun., 2001, 135(1): 93-104

[30] FU X R, LU Q M, WANG S. The process of electron ac-

celeration during collisionless magnetic reconnection [J].

Phys. Plasmas, 2006, 13(1): 012309

[31] LU Quanming, HUANG Can, XIE Jinlin, et al. Features

of separatrix regions in magnetic reconnection: compari-

son of 2-D particle-in-cell simulations and Cluster obser-

vations[J]. J. Geophys. Res., 2010, 115(A11):A11208

[32] HUANG Can, LU Quanming, WANG Peiran, et al. Cha-

racteristics of electron holes generated in the separatrix re-

gion during antiparallel magnetic reconnection [J]. J. Geo-

phys. Res., 2014, 119(8): 6445-6454



<<
  /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 600
  /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 600
  /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 <<
    /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.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /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


