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Abstract—Understanding of the propagation of ultrasound 
through a bubbly medium is a challenging task because of the 
nonlinear dynamics of the bubbles and their effect on the 
attenuation and sound speed of the medium. The majority of 
the studies on this subject apply linear models, which will 
generate inaccurate results, especially at higher-pressure 
excitations. These studies have also ignored the effect of 
bubble-bubble interaction and nonlinear multiple scattering.  
In this work, we have numerically simulated the attenuation 
and sound speed of a bubbly medium by solving our recently 
developed nonlinear model. An efficient method to investigate 
the nonlinear bubble-bubble interaction and multiple 
scattering is developed, and this phenomenon is included the 
numerical investigations through considering a cluster of 130 
randomly distributed interacting bubbles with sizes derived 
from experimental measurements. Broadband experimental 
attenuation measurements of monodisperse lipid-coated 
microbubble solutions were performed with peak acoustic 
pressures ranging within 10-100kPa. The bubble solutions had 
mean diameters of 4-6 micron and peak concentrations of 
1000 to 15000 bubbles/ml. 
At lower concentrations (with minimal bubble-bubble 
interactions), predictions of the model (attenuation and sound 
speed vs frequency) in the absence of interaction are in good 
agreement with experimental measurements. At higher 
concentrations, secondary peaks in the attenuation and sound 
speed diagrams as a function of frequency appear. Through 
considering the bubble-bubble interactions, the numerical 
results can predict the quantitative and qualitative changes in 
the attenuation and frequency as well as the generation of 
secondary peaks. 

I. INTRODUCTION  

Acoustically excited bubbles exhibit nonlinear and chaotic 
dynamics [1-5]. The investigation of the nonlinear dynamics of 
the bubbles has been the focus of numerous studies [1-5]. In 
spite of the complex and nonlinear dynamics, bubbles are one 
of the important parts of several applications and disciplines 
ranging from underwater acoustics [6-7] and sonochemistry [8] 
to diagnostic and therapeutic applications of ultrasound [9]. 

Knowledge on the behavior of the bubbles is key in 
controlling and optimizing the phenomena and applications 
associated with bubble dynamics. However, the nonlinear 
dynamics of the bubbles is complex and is not fully 
understood. The presence of the stabilizing shell (e.g. albumin, 
polymer or lipid), adds to the complexity of the bubble 
behavior by introducing the nonlinear shell behavior (e.g. 
buckling and rupture [10]).  

Additionally, the presence of the bubbles in an ultrasound 
field changes the attenuation and sound speed of the medium. 
The changes in the attenuation and sound speed are nonlinear 
and they depend on the nonlinear oscillations of the bubbles. 
Several models have been developed to understand the effect 
of bubble oscillations on the attenuation and sound speed; 
however, the majority of the studies employ linear models (e.g. 
11) which are only valid for small amplitude bubble 
oscillations. Application of linear approximations can lead to 
inaccurate predictions; this is because most of the applications 
employ higher acoustic pressures which results in nonlinear 
large amplitude bubble oscillations. To address this problem, 
various models have been developed recently [6-8,12]. 
Although the models in [6,8] employ the nonlinear oscillations 
of the bubbles by incorporating the nonlinear scattering cross 
section of the bubble; however, they still employ the linear 
approximations for the other damping factors (e.g. thermal, 
viscous, etc.). Additionally, they neglect the influence of the 
changes of the sound speed. The model in [8] employs the 
nonlinear changes of the damping factors; however, it still 
employ the linear approximations for the changes of the sound 
speed.  

In addition, the existence approaches, neglect the effect of 
the bubble-bubble interaction. Bubble-bubble interaction and 
multiple scattering are nonlinear and significantly influence the 
oscillations of the bubbles [13-15]. Effect of the bubble-bubble 
interaction becomes more significant for higher concentrations 
(due to smaller bubble-bubble distances). To accurately predict 
the attenuation and sound speed of the bubbly medium, the 
large amplitude nonlinear oscillations of the bubbles as well as 
the interaction between the bubbles should be included in the 
model. 

Recently we have developed a model that incorporated the 
nonlinear large oscillations of the bubbles [16]. The predictions 
of the model have been validated with the predictions of the 
existing models [16] as well as with experiments [17]. 
Additionally, we have recently developed an efficient approach 
to simulate the dynamics of large clusters of interacting 
bubbles [14, 15].  

In this work, we will investigate the changes of the 
attenuation and sound speed through solving the nonlinear 
model [16] and incorporating the bubble-bubble interactions.  
Broadband experimental attenuation measurements of 
monodisperse lipid-coated microbubble (MB) solutions will be 
performed with peak acoustic pressures ranging within 10-
100kPa for various concentrations of MBs.  
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II. METHODS 

A. Numerical methods 

The Marmattont model [10] was modified by adding the 
interaction term and then used to numerically investigate the 
oscillations of the lipid coated interacting MBs: 

 

 
                                                                             (1) 
Where Ai is given by 
 

 
 
                                                                                        (2) 

Here R0 is the initial radius, L is the density of the liquid, P0 
is the equilibrium pressure inside the bubble,  is the 
polytropic exponent, L is the viscosity of the surrounding 
liquid, L is the liquid viscosity, 

  
 

      
 

 
 

 
The dynamics of the interacting MBs, were numerically 

simulated for the sizes derived from the experimental 
measurements and pressures of (1kPa-100 kPa) within a 
frequency range of 500 kHz to 3 MHz. The attenuation and 
sound speed was then, calculated through solving equation 
equations   4 and 5 [16]:  

 

 (4) 
 

(5) 
The integration was performed and summed over the 

ranges of the sizes derived from the monodisperse populations 
in the experiments. 

B. Experiments 

The monodisperse lipid coated MBs were produced using 
the method described in [18-20]. Broadband experimental 
attenuation measurements (with 2.25 MHz center frequency) 
of the monodisperse lipid-coated microbubble solutions were 
performed with peak acoustic pressures ranging within 10-
100kPa using the method described in [18-20]. The bubble 
solutions in our experiments had mean diameters of 4-6 
micron and peak concentrations of 1000 to 15000 bubbles/ml. 
Figure 1, shows a sample of the produced lipid coated MBs. 
This sample was used for the experimental measurements in 
this paper. Desired concentrations were achieved by injecting 
5 l (sample 1) and 45 l (sample 2) of this sample in a holder 
of 2.5*4.5*4.5 cm. 

  

 
Figure 1: The size distribution of the lipid coated MBs in 

our experiments. 
 
The numerical simulations were performed by solving 

equation 1, for 10 formations of 130 randomly distribuetd 
MBs in a cube of different lenghts (the lebght of the cubes 
were chosen to match the concenterations in the experiments) 
at each freqeuncy and pressure. The interaction between the 
MBs were simulated using the method described in [14-15] 
Then, equations 4 and 5 were solved and integrated over the 
considered MB sizes to calucate the attenuation and sound 
speed. 

 

 
Figure 2: Two different random formations derived from 

Fig. 1. For simplicty we have shown only 50 MBs in each 
case.  
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III. RESULTS 

 
Figures 3a-b show the measured attenuation of the 

solutions of sample 1 and sample 2 at acoustic pressures of  
12.5, 25, 50 and 100 kPa. 

 
 

 
 
Figure 3: Attenuation of the bubbly medium at various 

pressures. a) Experimentally measured attenuation of sample 
1, b) Experimentally measured attenuation of sample 2, c) 
Numerically calculated attenuation of sample 1 and d) 
Numerically calculated attenuation of sample 2. 

  
For the lower concentration (Fig. 3a, sample 1), there is a 

clear attenuation peak at each pressure. As the pressure 
increases the frequency of the maximum peak (resonance 
frequency) decreases (~ 2.15 MHz to ~1.55 MHz) and the 
magnitude of the peak increases (4.6 dB/cm to ~ 8 dB/cm).   
For the higher concentration (Fig 3b , sample 2), the 
interaction between MBs changes the dynamics of the cloud 
and the attenuation peaks broadens such that there is no 
identifiable attenuation peak at the investigated pressures. At 
the higher pressure (100 kPa), secondary peaks are generated 
in the attenuation diagrams vs frequency. Compared to Fig. 
3a, the magnitude of the attenuation increases nonlinearly with 
concentration increase.  

Results of the numerical simulations are in good 
agreement with the experimental measurements (Fig 3c-d). 
Fig 3c shows the results of simulations for the concentration 
of sample 1. The results of the simulations are very identical 
to the case where the interaction between the MBs is neglected 
(not shown here). Fig. 3d shows the simulated attenuation for 
the sample 2. By considering the MB-MB interaction and the 
concentration of sample 2, the model predicts the qualitative 
changes of the attenuation such as the broadening of the 
attenuation peak and the generation of secondary peaks at 
higher pressures (100 kPa). These changes were not observed 
when the MB-MB interaction was not incorporated in the 
model. 

 
 

 

IV. DISCUSSION 

       The presence of the MBs in a medium changes the 
attenuation and sound speed of the medium. The changes in 
the attenuation and sound speed are nonlinear and depend on 
frequency and pressure of the ultrasonic pulse, nonlinear 
oscillations of the MBs and the interaction between the MBs. 
In this work, we have investigated the effect of pressure and 
frequency and MB interactions both theoretically and 
experimentally. We have shown that, at lower concentrations 
(with minimal bubble-bubble interactions), predictions of the 
nonlinear model (attenuation and sound speed vs frequency) in 
the absence of interaction are in good agreement with 
experimental measurements. At each investigated pressure (10 
kPa-100 kPa); the bubbly medium has one narrow peak, which 
indicates the resonance frequency. At higher concentrations, 
the attenuation peak broadens such that there is no 
distinguishable peak at pressures below 50 kPa. At 100 kPa, 
secondary peaks in the attenuation and sound speed diagrams 
as a function of frequency appear. Through considering the 
bubble-bubble interactions, the numerical results can predict 
the quantitative and qualitative changes in the attenuation and 
frequency as well as the generation of the secondary peaks. 

 

REFERENCES 
[1] Lauterborn, Werner, and Thomas Kurz. "Physics of bubble oscillations." 

Reports on Progress in Physics 73.10 (2010): 106501. 

[2]  Parlitz, U., et al. "Bifurcation structure of bubble oscillators." The 
Journal of the Acoustical Society of America 88.2 (1990): 1061-1077. 

[3] AJ Sojahrood et al., Influence of the pressure-dependent resonance 
frequency on the bifurcation structure and backscattered pressure of 
ultrasound contrast agents: a numerical investigation, Nonlinear 
Dynamics, 80, (2015), 889-904 

[4] Sojahrood, Amin Jafari, and Michael C. Kolios. "Classification of the 
nonlinear dynamics and bifurcation structure of ultrasound contrast 
agents excited at higher multiples of their resonance frequency." Physics 
Letters A 376.33 (2012): 2222-2229. 

[5] Heged s, Ferenc. "Topological analysis of the periodic structures in a 
harmonically driven bubble oscillator near Blake's critical threshold: 
Infinite sequence of two-sided Farey ordering trees." Physics Letters A 
380.9 (2016): 1012-1022.Marmottant et al, A model for large amplitude 
oscillations of coated bubbles accounting for buckling and rupture. J 
AcoustSoc Am, 118 (2005), 3499–3505 

[6] Dogan, Hakan, Paul R. White, and Timothy G. Leighton. "Acoustic 
wave propagation in gassy porous marine sediments: The rheological 
and the elastic effects." The Journal of the Acoustical Society of 
America 141.3 (2017): 2277-2288. 

[7] Mantouka, Agni, et al. "Modelling acoustic scattering, sound speed, and 
attenuation in gassy soft marine sediments." The Journal of the 
Acoustical Society of America 140.1 (2016): 274-282. 

[8] Louisnard, Olivier. "A simple model of ultrasound propagation in a 
cavitating liquid. Part I: Theory, nonlinear attenuation and traveling 
wave generation." Ultrasonics sonochemistry 19.1 (2012): 56-65. 

[9] Ferrara, K., Pollard, R., Borden, M.: Ultrasound microbubble contrast 
agents: fundamentals and application to gene and drug delivery. Ann. 
Rev. Biomed. Eng. 9, 415–447 (2007) 

[10] Marmottant et al, A model for large amplitude oscillations of coated 
bubbles accounting for buckling and rupture. J AcoustSoc Am, 118 
(2005), 3499–3505 

978-1-5386-3383-0/17/$31.00 ©2017 IEEE



[11] Commander, Kerry W., and Andrea Prosperetti. "Linear pressure waves 
in bubbly liquids: Comparison between theory and experiments." The 
Journal of the Acoustical Society of America 85.2 (1989): 732-746. 

[12] Segers, Tim, Nico de Jong, and Michel Versluis. "Uniform scattering 
and attenuation of acoustically sorted ultrasound contrast agents: 
Modeling and experiments." The Journal of the Acoustical Society of 
America 140.4 (2016): 2506-2517. 

[13] Dzaharudin, Fatimah, et al. "Effects of coupling, bubble size, and spatial 
arrangement on chaotic dynamics of microbubble cluster in ultrasonic 
fields." The Journal of the Acoustical Society of America 134.5 (2013): 
3425-3434. 

[14] Jafari Sojahrood, Amin, et al. "Numerical investigation of the nonlinear 
dynamics of interacting microbubbles." The Journal of the Acoustical 
Society of America 140.4 (2016): 3370-3370. 

[15] Haghi, Hossein, et al. "Numerical investigation of the subharmonic 
response of a cloud of interacting microbubbles." The Journal of the 
Acoustical Society of America 141.5 (2017): 3493-3493. 

[16]  Sojahrood, Amin Jafari, et al. "Nonlinear model of acoustical 
attenuation and speed of sound in a bubbly medium." Ultrasonics 
Symposium (IUS), 2015 IEEE International. IEEE, 2015. 

[17] Jafari Sojahrood, Amin, et al. "Towards the accurate characterization of 
the shell parameters of microbubbles based on attenuation and sound 
speed measurements." The Journal of the Acoustical Society of America 
141.5 (2017): 3493-3493. 

[18] Gong, Y., M. Cabodi, and T. Porter. "Relationship between size and 
frequency dependent attenuation of monodisperse populations of lipid 
coated microbubbles." Bubble Science, Engineering & Technology 2.2 
(2010): 41-47. 

[19] Gong, Yanjun, Mario Cabodi, and Tyrone M. Porter. "Acoustic 
investigation of pressure-dependent resonance and shell elasticity of 
lipid-coated monodisperse microbubbles." Applied Physics Letters 
104.7 (2014): 074103. 

[20] Parrales, Miguel A., et al. "Acoustic characterization of monodisperse 
lipid-coated microbubbles: Relationship between size and shell 
viscoelastic properties." The Journal of the Acoustical Society of 
America 136.3 (2014): 1077-1084. 

 

 

 

 

978-1-5386-3383-0/17/$31.00 ©2017 IEEE



<<
  /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


