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INTERNAL GRAVITY WAVES GENERATED BY AN OSCILLATING SOURCE
OF PERTURBATIONS MOVING WITH SUBCRITICAL VELOCITY

V. V. Bulatov and Yu. V. Vladimirov UDC 532.59:534.1

Abstract: This paper considers the problem of constructing far-field asymptotics of internal gravity
waves generated by an oscillating local source of perturbations moving in a stratified flow of finite
depth. The velocity of the perturbation source does not exceed the maximum group velocity of an
individual wave mode. The wave pattern consists of waves of two types: annular and wedge-shaped.
Solutions expressed in terms of the Hankel function are obtained for the asymptotics of annular
waves. The asymptotics of wedge-shaped waves are expressed in terms of the Airy function and its
derivative.
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INTRODUCTION

The fields of internal gravity waves in natural (ocean, Earth atmosphere) and artificial stratified fluids are
generated by perturbation sources of different origin: natural (moving typhoon, flow around the irregularities of the
ocean bottom and land surface) and anthropogenic (marine technological structures, collapse of turbulent mixing
regions, underwater explosions) [1-6]. Existing approaches to the description of the wave pattern are based on the
representation of wave fields in the form of Fourier integrals and the analysis of their asymptotics by the method of
stationary phase or on the construction of envelopes of wave fronts with the use of the kinematic theory of dispersive
waves [4, 5, 7, 8]. As a rule, kinematic theory makes it possible to formulate an analytical representation only for
phase surfaces (lines) [9].

The aim of this paper is to construct asymptotic solutions describing the amplitude—phase characteristics
of the far fields of internal gravity waves generated by oscillating an source of perturbations moving in a stratified
fluid of finite depth. Similar wave motions resulting from a superposition of translational and vibrational motion
of the body, in a stratified fluid were considered in [10-12].

FORMULATION OF THE PROBLEM AND INTEGRAL FORMS OF SOLUTIONS

In this paper, we consider the problem of the far fields of internal gravity waves arising in a stratified flow of
depth H past a point source of perturbations with power @Q. It is assumed that the time dependence of the power of
the source is harmonic: @ = gexp (iwt). The source moves with velocity V along the horizontal x axis, the axis z is
directed upward, and the depth of the source is —zp. The steady-state regime of wave oscillations is considered. In
a linear formulation with the Boussinesq approximation for the vertical displacement of the density contours with
the same time dependence, we write the equation [3-5, 13]
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where N?2(z) is the Brunt—Viiséld frequency, which is assumed to be constant:
dpo(2)
N2 2) = — g ,
(2) po(z) dz

po(2) is the unperturbed density of the fluid and §(x) is the Dirac delta function. The function n(z,y, z) is linked
to the vertical velocity component w(z,y, z) by the relation [3-5, 13]

_ 0
w(x,y, Z) = (Zw +V %)77(3379, Z)

The boundary conditions are given by the rigid lid condition

In the dimensionless variables
o =zrn/H, y*=yn/H, 2*=zr/H, n*=nH?V/(qr?), w*=w/N, t*=tN,

Eq. (1) and boundary conditions (2) are written as follows (the superscript asterisk is omitted):

‘ 9 \2 o 0 ,
(zw +M %) A+ Aoy = (M +M %)5@)5@)5 (2 — 2),

z=0, z=-m n=0. )
Here M = V/c is the Mach number; ¢ = NH /7 is the maximum group velocity of internal gravity waves in a
stratified fluid layer of depth H [3-5]. In a previous study [13], we have considered the case M > 1 and have shown
that far from an oscillating source of perturbations, the generated fields form a system of wedge-shaped waves
enclosed in the corresponding wave fronts. In this paper, we consider the case M < 1.
As in [13], the solution of problem (3) is sought in the form of the Fourier integral

1 r r —i(pxr+v
0w,y 2) = 15 /dV/w(uavaz)e (rtvw) iy,

Then, we have the following boundary-value problem for the function ¢(u, v, 2):

0% 9 1 i 90(z — 2p)
922 k((w—uM)2_1)gp w—pM dzg

(k* = u? +v2).
The solution of problem (4) is represented as the sum of vertical modes:

(i) = > @nlisvy2) = Y Bulp,v) cos (nzo) sin (n2),
n=1 n=1
2nsg 1
m(w—pM) k2((w — pM)=2 — 1) — n2’

BTL(:UHV) =

i.e., in the form of a series in eigenfunctions of the homogeneous boundary-value problem (4). As a result, the
solution of problem (3) has the form
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Fig. 1. Dispersion curves of the first type (I and 2) and second type (3 and 4):
p2(v) (1), p3(v) (2), pa(v) (3), and pa(v) (4).

o0

n(z,y,z) = Z M (z,y) cos (nzp) sin (nz),

n=1

17T (5)
(T, y) = — / dz//Bn(u, v) e ety g
472

Equating the denominator in (5) to zero, we obtain the dispersion relation connecting the horizontal component g
and vertical component v of the wave vector k:

kz(m—l):nz, n=12.... (6)

Consider the first wave mode (n = 1) for the case w < 1. For M < 1, the dispersion equation (6) has two to
four real roots. Figure 1 shows dispersion curves of two types: the curve of the first type is a closed curve [in Fig. 1,
it consists of two parts ps(v) and us(v)], and the curves of the second type are two non-closed curves p(v) and
14(v). Here and below, all the results of numerical calculations are given for M = 0.4 and w = 0.3. The problem
of going around the poles p;(v) (i = 1,2,3,4) on the real axis during integration over the variable u is solved by
the perturbation method. Replacing w in (6) by w —ic (¢ > 0), we obtain the perturbed solutions u;(v) — ier;(v),
where
pi(v) -t
n) = (M - R )
We can show that r;(v) >0 (i = 1,2,4) and r3(rv) < 0 for all v, so that the poles p;(v) (i = 1,2,4) are bypassed
from above, and the pole us(v) from below. During integration over the variable u, the integration contour shown
in Fig. 2 (the poles p;(v) (i = 1,2,3,4) correspond to the value v = 0) is closed downward at > 0 and upward at
2 < 0. Then, the exact solution (taking into account the harmonic dependence of 1 on time) has the form

Ji+Jo+Jy, x>0,

where

1 r —i(p;(V)z+ry—w
Jj:_%/fj(y)e (13 a+vy—t) g,

oM (1M — w)? o
i) = e+ oM —wp = BB
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Fig. 3. Constant phase lines for waves of the first type (annular waves).

CONSTRUCTION OF ASYMPTOTICS FOR ANNULAR WAVES

We first consider annular waves—waves of the first type corresponding to the closed dispersion curve. The
behavior of waves of this type is determined by the integrals J, at * > 0 and Js at x < 0. The integral Js is
investigated (the integral Js is investigated similarly). We denote the phase by ®2 = ps(v)x + vy — wt. Next, we
use the stationarity condition for the phase u)(v) = —y/x. At x > 0, these relations hold for the family of lines of
the constant phase ®5 with the parameter v:

Dy 4wt 1y (V) (Pg + wit)

T ) — i) -

)

pa(v) — vy (v)
At < 0, the family of constant phase lines is described by the same equations with the phase ®3 = us(v)x+vy—wt.
Figure 3 shows the constant phase lines forming closed curves for a fixed value of ¢ and for &9 = &35 = 27k
(k =0.1,...,5). We denote by v, the abscissa of the rightmost point of the closed curve in Fig. 1, at which
to (Vi) = ps(v«) (point with the abscissa —v, is the leftmost point). We represent the integral Jy as the sum of two
terms

Jo =1y + I, (7)
where
1 ‘ —i(pe (v)z+ry—wt) 1 —i(pa(v)z—wt)
Io=—— | fa(v)e "¥2 Y dv, I =—— [ fa(v)e "2 cos (vy) dv.
21 21

Vi Vi
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Fig. 4. Annular waves at = > 0.

For the function ug(r) and the denominator in the expression for function fo(v), the point v, is a branch point of
the second order. The function pg(v) is analytically continued into the domain |v| > v, in such a way that the
imaginary part us(v) is negative. Consequently, in the neighborhood of the point v, the functions ps(v) and fo(v)
can be represented as p2(v) = a+ By/ve — v+ O(ve —v) and fa(v) = (1/7) /v« — v+ O(1). Then, the asymptotics
of the integral I; for large values of x is calculated by integrating by parts:
2sin (ax — wt) cos (V.y) 9
Il = — Wﬂ’yw + O((E ) (8)

The asymptotic behavior of the integral I is calculated by the stationary phase method:

—wt—m/4
1, — _ 2(v(p)) cos (uz(V(p))fj +rlpy —wt—m/4) 0@ ). )
om0 )
Here v(p) is the root of the equation ph(v) = —p; p = y/x; the remainder term O(z~!) is determined by the

contribution to the integral from the boundaries of the domain of integration and is equal to the leading term in
decomposition (8) with the opposite sign. Therefore, the leading term of the asymptotics J; is the same as in (9), but
the remainder term has the form O(z~3/2). The function yj(v) is mutually single-valued with the range (—oc, c0),
which significantly simplifies the determination of the inverse function v(p) for real values of p by mathematical
simulation using Mathematica type systems. The asymptotics of the integral Js is calculated similarly using the
stationary phase method.

Asymptotics (9) also hold for small z (even for x = 0). Indeed, for small z and a fixed value of y (for
example, y > 0) the stationary point 1 is located near the point v.: vy = v — 32/(4p?). Then, asymptotics (9)
becomes

cos (ax + v,y — wt — w/4)
VVTY '
Thus, asymptotics (10) is practically uniform in the region z > 0 for large values of 2% + 2.
Figure 4 shows the three-dimensional pattern of annular waves described by the integral Js in the region

x > b calculated by the stationary phase method (9). We note that for large values of y, expression (10) is the real
part of the asymptotics of the function

Jp = —

(10)

_\/Z e—iaw—iwt Hé2)(u*y)
V2y ’

F(z,y) = (11)

where Héz) is the Hankel function of the second kind.
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Fig. 5. Values of the integrals J3 and J2: the solid curve corresponds to the numerical calculation,
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Fig. 6. The value of J> (solid curve) and the approximate value of J2 determined by the Hankel
function (dashed curve).

Figure 5 shows the values of the integrals Jo and Js (z < 0) for y = 25 and ¢ = 10 calculated by formula (7)
(solid curve) and using the stationary phase approximation (dashed curve). It is seen that in front of the source of

perturbations, the waves have a larger amplitude and a smaller length than behind the source. Figure 6 shows the
integral Jy for x =1 and ¢t = 10 calculated by formula (7) (solid curve) and formula (11) (dashed curve).

CONSTRUCTION OF ASYMPTOTICS FOR WEDGE-SHAPED WAVES

Waves of the second type (wedge-shaped waves) correspond to non-closed dispersion curves of p;(r) and
14(v). The behavior of these waves is completely determined by the integrals J; and Jy, respectively. Next, we
consider the integral J4. The boundary of the wave wedge is defined by the equality y = £pu4(v1)x, where vy is
a root of the equation pj(v) = 0. Uniform asymptotics for integrals of this type were constructed in [13]. The
uniform asymptotics for the integral Jy at large distances from the moving oscillating source of perturbations has
the form

Jy = 1;;(/;3)) Ai (%0 (p)) cos (a(p)z — wt) + T (p)

_— All 332/30' Sill a Tr —wt),
N ( (p)) sin (a(p) t)
<f4(1/2(,0)) g 2 (p)

2¢/a(p)
i IO S 0) )

(12)
T4 (p)

N =
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a(p) = {B/1)[S(valp).r) = Stalp). I}, alp) = [S(i(p). p) + S(r2(p). p))/2,

S(w,p) = pa(v) +pv,  p=y/z,
7 3

1 t
where v (p), v2(p) are roots of the equation S/, (v, p) =0, |va(p)| < [v1(p)], Al () = Py / cos (Tt — §) dt is the

o

—0o0

Airy function, and Ai’(7) is the derivative of the Airy function. The nonuniform asymptotics describing wedge-
shaped waves in the stationary phase approximation can be obtained from the uniform asymptotics if the Airy
function and its derivative in (12) are replaced by their asymptotics for large positive values of the argument [3-5].

CONCLUSIONS

The asymptotic solutions constructed in this paper describe the amplitude—phase characteristics of the far
fields of internal gravity waves generated by a local oscillating source of perturbations moving in a stratified flow of
finite depth. It is shown that if the velocity of the perturbation source does not exceed the maximum group velocity
of an individual wave mode, then the generated fields consist of waves of two types: annular and wedge-shaped.
The obtained far-field asymptotics of annular and wedge-shaped waves can be used not only to calculate their main
characteristics, but also to conduct a qualitative analysis of the solutions obtained. Wave patterns of these fields
can be observed in remote sensing and measurements of internal gravity waves, generated by various sources of
perturbations in natural and artificial stratified media.

This work was supported by the Russian Foundation For Basic Research (Grant No. 14-01-00466).

REFERENCES

1. J. Pedlosky, Waves in the Ocean and Atmosphere: Introduction to Wave Dynamics (Springer, Berlin-Heidelberg,
2010).

2. B. R. Sutherland, Internal Gravity Waves (Cambridge Univ. Press, Cambridge, 2010).

3. V. V. Bulatov and Yu. V. Vladimirov, Dynamics of Nonharmonic Wave Packets in Stratified Fluids (Nauka,
Moscow, 2010) [in Russian].

4. V. V. Bulatov and Yu. V. Vladimirov, Wave Dynamics of Stratified Mediums (Nauka, Moscow, 2012) [in
Russian)].

5. V. V. Bulatov and Yu. V. Vladimirov, Waves in Stratified Fluids (Nauka, Moscow, 2015) [in Russian].

6. Topical Problems of Mechanics. 50th Anniversary of Ishlinskii Institute for Problems in Mechanics of the Rus-
sian Academy of Sciences, Ed. by F. L. Chernousko (Nauka, Moscow, 2015) [in Russian].

7. A. M. Abdilghanie and P. J. Diamessis, “The Internal Gravity Wave Field Emitted by a Stably Stratified
Turbulent Wake,” J. Fluid Mech. 720, 104-139 (2013).

8. T. Rees, K. G. Lamb, and F. J. Poulin, “Asymptotic Analysis of the Forced Internal Gravity Wave Equation,”
SIAM J. Appl. Math. 72 (4), 1041-1060 (2012).

9. P. N. Svirkunov and M. V. Kalashnik, “Phase Patterns of Waves from Localized Sources Moving Relative to
a Stratified Rotating Medium (Moving Hurricane, Orographic Obstacle),” Dokl. Akad. Nauk, Mekhanika 447
(4), 396-400 (2012).

10. R. G. Rehm and H. S. Radt, “Internal Waves Generated by a Translating Oscillating Body,” J. Fluid Mech. 68
(2), 235-258 (1975).

11. E. W. Graham and B. B. Graham, “The Tank Wall Effect on Internal Waves Due to a Transient Vertical Force
Moving at Fixed Depth in a Density-Stratified Fluid,” J. Fluid Mech. 97 (1), 91-114 (1980).

12. 1. V. Sturova, “Internal Waves Generated by the Non-Stationary Motion of a Source in a Continuously Stratified
Fluid,” Izv. Akad. Nauk SSSR, Mekh. Zhidk. Gaza, No. 4, 122-130 (1985).

13. V. V. Bulatov and Yu. V. Vladimirov, “Internal Gravity Waves Generated by a Pulsating Source of Perturba-
tions,” Izv. Akad. Nauk SSSR, Mekh. Zhidk. Gaza, No. 6, 26-34 (2015).

1003



	Abstract
	INTRODUCTION
	FORMULATION OF THE PROBLEM AND INTEGRAL FORMS OF SOLUTIONS
	CONSTRUCTION OF ASYMPTOTICS FOR ANNULAR WAVES
	CONSTRUCTION OF ASYMPTOTICS FOR WEDGE-SHAPED WAVES
	CONCLUSIONS
	REFERENCES


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /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 /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /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 true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /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 <>
    /DEU <>
    /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


