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Abstract: An extension of the modified Jiles-Atherton description to include the effect 
of anisotropy is presented. Anisotropy is related to the value of the angular momentum 
quantum number J, which affects the form of the Brillouin function used to describe the 
anhysteretic magnetization. Moreover the shape of magnetization dependent R (m) func-
tion is influenced by the choice of the J value. 
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1. Introduction 
 
 Modelling of hysteresis loops in soft magnetic materials is important for optimal design of 
magnetic circuits in electric devices. The shape of magnetization curves is affected by number 
of physical phenomena, e.g. eddy currents, anisotropy, applied stress etc., which should be 
taken into account when developing the appropriate descriptions of magnetization processes. 
 The macroscopic Jiles-Atherton hysteresis model [11] is one of the most popular models of 
the phenomenon due to its physical background and relatively easy form of model equations. 
The original model formulation has been developed in order to describe hysteresis loops in 
isotropic soft magnetic materials. Its essential features are:  
  $ the averaged interactions between magnetic domains within the material are considered 

using the concept of “effective field”,  
  $ the major loop branches are obtained by the introduction of an offset from the “anhyste-

retic” curve, which describes a hypothetical medium devoid of imperfections inherent in 
the magnetic material (inclusions, voids, dislocations of crystalline lattice etc.). For the de-
scription of the anhysteretic curve the model developers have chosen the modified 
Langevin function. 

                                                 
*This is extended version of a paper which was presented at the 21st Symposium on Electromagnetic 
Phenomena in Nonlinear Circuits, Essen-Dortmund, 29.06-02.07, 2010. 
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 The description has been later extended to include the effect of anisotropy by the introduction 
of an additional energy term in the argument of the modified Langevin function [17]. This con-
cept has been developed in a number of subsequent papers, including the recent one [16].  
 In the present paper another possible approach is considered. The Langevin function is 
replaced with a more general Brillouin function. Moreover a magnetization dependent R(m) 
function is introduced into the model equation. The form of the R(m) function depends on the 
value of the angular momentum quantum number J, which affects the form of the Brillouin 
function. Modelling of major hysteresis loops is carried out for different classes of contem-
porary soft magnetic materials, i.e. Fe-based amorphous alloys, NiFe alloys and Fe-based na-
nocrystalline materials. 
 
 

2. Model description 
 
 The modified version of the Jiles-Atherton model equations, outlined in recent papers [2-4, 
6, 7] is considered. In the modified description the equation for total differential susceptibility 
is written in the form similar to that envisaged by Gy. Kádár in his product Preisach model 
[13-15]: 
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where $ [!] is a model parameter, interpreted as initial susceptibility, whereas dMirr /dH may 
be obtained from the fundamental Jiles-Atherton relationship 
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where MHHe α+=  is the so-called effective field, δ  is the sign of time derivative of flux 
density, which is the input variable in the normalized measurement conditions (IEC60404), 
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" [!], a[A/m] and k [A/m] are the model parameters. The values of the latter two parameters 
may be expressed as power laws with respect to magnetization in order to obtain an accurate 
representation of minor loops [4, 6-7]. 1,0∈m  denotes reduced magnetization, which is 
actual magnetization referred to saturation magnetization. 
 The function R(m), interpreted as a measure of active domain wall surface [1] in the first 
approximation is given as  

  .1)( 2mmR −=  (4) 

Man in Eq. (2) is the anhysteretic magnetization, which is envisaged to be the modified 
Brillouin function 
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where J is the angular momentum quantum number in the considered magnetic material, 
whereas x denotes the reduced effective field x = He/a for brevity. Ms [A/m] is a model para-
meter (saturation magnetization). 
 The Brillouin function is a more general function than the Langevin function =anM  

[ ]xxM s /1coth −=  used in the original description. J takes discrete values, the lowest pos-
sible one is 0.5 – this corresponds to a two level, uniaxial anisotropy case. Typical values of 
this parameter, appropriate for description of magnetization phenomena in modern oriented 
and non-oriented steels are 0.5 and 1, respectively [4, 6-7]. The Brillouin function for J = 0.5 
becomes then the hyperbolic tangent. For ∞→J  (isotropic case) the Brillouin function 
becomes the Langevin function. These two extreme cases are depicted in Fig. 1. 
 

 

Fig. 1. Two limiting cases of the Brillouin function 
 

 It can be easily understood, that the J value is a measure of anisotropy of the magnetic 
material. It affects the Man = f(x) dependence, but moreover it also affects the form of the R(m) 
function. In Refs. [14-15] a concept has been expressed, that R(m) could be the derivative of 
the Brillouin function with respect to x, expressed in terms of magnetization itself, cf. Fig. 2 
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 Analytical calculation is possible only for ,5.0=J  == )(cosh/1/)tanh( 2 xdxxd  
22 1)(tanh1 mx −=−= . For other J values one has to resort to numerical methods to evaluate 

the value of )(mR function for a given value of x. 
 From Figures 1 and 2 it follows that anisotropy, whose measure could be the J value, af-
fects the shape of modelled hysteresis loop in a complex way: it changes the shape of the 
anhysteretic curve, but it also modifies the total susceptibility by a change of the shape of the 
R(m) function. The latter impact should be pronounced for higher excitation levels. 
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Fig. 2. The effect of changing the J value on the shape of R (m) function 
 
 The modified Jiles-Atherton description has been developed to describe magnetization 
curves of electrical steels [2, 4, 6-7]. For these soft magnetic materials the assumed values of J 
parameter could be equal to 0.5 (for grain oriented steels) or to 1 (for non-oriented steels). 
Recently, the model has been applied to evaluate the effects of anisotropy and ambient 
temperature variations in MnZn ferrites [3]. 
 
 

3. Modelling 
 
 In the present paper the proposed description is applied to model magnetization curves of 
chosen soft magnetic materials used in electrical engineering and power electronics, cf. Fig. 3. 
Model equations (1-3, 5, 6) are transformed to yield the relationship dM/dB, necessary for the 
so-called inverse model. 
 

 

Fig. 3. Properties of chosen soft magnetic materials 
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 Measurements of hysteresis loops are carried out on toroid samples of permalloys, Fe-
based amorphous and nanocrystalline materials using a laboratory setup, which fulfills all the 
requirements of IEC60404 standard. The excitation frequency is kept as low as possible, in 
order to avoid the disturbing effect of eddy currents on hysteresis loop [18]. In modelling this 
effect is therefore neglected. 

In order to recover the optimal set of model parameters, the Matlab implementation of the 
global optimization algorithm DIRECT is used [9, 12]. This robust procedure has already been 
successfully applied for this purpose in the context of the “classical” Jiles-Atherton model in 
Ref. [5]. The fitness value is the squared sum of errors between the measured and the modelled 
values of magnetization in a number of points (given in the first column of Table 1) on hysteresis 
loops. The number of the considered data points is chosen larger than the problem dimension i.e. 
redundant, so that the effects from inevitable measurement errors could be avoided. 

Table 1. 

 J 
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fitness 
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[s] 
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                                        [!]                                                        [A/m] 

0.5 3.926  8.12 5185 3.45 1.138 1.178 1011 209 523 
1.0 3.952  5.97 12687 3.38 1.170  1.078 1011 249 551 
2.5 3.938  4.12 15313 3.38 1.221  8.768 1010 401 667 
5.0 3.945  3.57 12017 3.38 1.259  7.387 1010 534 681 

10.0 3.945  3.29 8319 3.38 1.295  6.377 1010 681 785 

Metglas 
(31 points) 

25.0 3.952  3.11 3657 3.38 1.322  6.325 1010 897 737 
0.5 0.443  1.796 40349 1.308 1.098  8.937 1011 182 443 
1.0 0.442 1.798 52268 0.876 1.141  5.311 1011 265 539 
2.5 0.444  1.798 29721 0.807 1.243  2.280 1011 350 539 
5.0 0.442 1.798 36098 0.716 1.308  1.387 1011 753 685 

10.0 0.443  1.798 43386 0.691 1.328  1.309 1011 965 623 

Vitroperm  
800 F 

(40 points) 

25.0 0.443  1.789 60922 0.661 1.328  1.802 1011 1184 515 
0.5 8.677  6.71 30394 4.69 0.695  1.943 1010 228 629 
2.0 9.594  5.69 48464 4.56 0.726  2.147 1010 207 551 
2.5 8.669 3.12 63551 4.69 0.743  1.284 1010 411 817 
5.0 8.027  2.46 60393 4.82 0.765  1.132 1010 437 639 

10.0 9.542  2.33 12938 4.71 0.775  1.087 1010 501 673 

Permalloy 
79 NiFe 

(51 points) 

25.0 9.612  2.15 40657 4.74 0.774  8.866 1010 642 587 

 Modelling strategy consists in sweeping the J value over an interval, what implies an ap-
propriate adjustment of the shape of R(m) function, followed by the search for optimal values 
of other parameters. Briefly speaking, the DIRECT algorithm allows us to set two stopping 
conditions: exceeding a specified number of iterations or fitness function evaluations, if the 
global minimum is unknown. The results are given in Table 1. In all cases the algorithm has 
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stopped due to exceeding the prescribed number of iterations. The last column provides the 
information about the final number of fitness function evaluations. The fitness is defined here 
as the squared sum of errors for a number data points belonging to the experimental and the 
modelled hysteresis loops.  
 The bounds, which define the search space for the optimization routine, are preset in 
a manner similar to that explained in the earlier paper [5]. Parameters a and k should take 
values close to coercivity, thus .3;5.0, cc HHka ∈  The value of saturation magnetization Ms 
is expected to be larger than magnetization at loop tip MTIP. The theoretical value at the zero K 
temperature decreases for most soft magnetic materials according to the well known Bloch's 
3/2 law [8, 10], thus magnetization values at room temperature are significantly lower. It is 
assumed, that .4.1; TIPTIPs MMM ∈  The mean field parameter " should be of the order 

./ sc MH  Finally, the values of $ parameter should be comparable to values presented in data 
sheets and reference textbooks. It is also useful to consider Rayleigh equation for a small 
amplitude loop and obtain a first approximation, if direct measurements of initial permeability 
at H = 0.4 A/m cannot be carried out properly e.g. due to the drift problems. This approach is 
followed in the present paper, but the search range for this parameter is deliberately enlarged 
to ,5;5.0 11 ββ  where 1β is the aforementioned first guess value. This explains a quite large 
scatter of the final values for this parameter and different values of J quantum number in some 
materials, what is noticeable in Table 1. The obtained values of $ parameter correspond to 
those published in the available literature. 
 The set of model parameters, which exhibits the lowest fitness value for the considered 
material, is assumed as the optimal one. Figures 4-6 depict the measured and modelled 
hysteresis loops for the optimal cases from Table 1. It can be stated, that a reasonable 
agreement between the measured and the modelled loops is obtained. 
 

 
Fig. 4. The measured and the modelled hysteresis loops for the Metglas sample 

 The differences between the measured and the modelled hysteresis loops measured in the 
characteristic points of the magnetization curve (coercivity, remanence) did not exceed 15%. 
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 Figure 7 depicts an exemplary action of the optimization procedure for the Vitroperm 
800 F sample. It can be noticed, that in the presented case the fitness value achieves a steady 
state after some 20 iterations. Thus the arbitrarily chosen value 25 iterations is sufficient for 
obtaining acceptable modelling results, cf. Fig. 5.  
 

 

Fig. 5. The measured and the modelled 
hysteresis loops for the Vitroperm 

800 F sample 

 

Fig. 6. The measured and the modelled 
hysteresis loops for the permalloy 

79NiFe sample 

 

 

Fig. 7. Fitness variation during 
estimation of model parameters 
for the Vitroperm 800 F sample 
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4. Conclusions 
 
 The recently developed modified Jiles-Atherton description of magnetic properties was 
applied to model hysteresis loops of diverse magnetic materials: Fe-based amorphous alloys, 
NiFe alloys and Fe-based nanocrystalline materials. It was found that major hysteresis loops 
of the examined soft magnetic materials could be modelled using the proposed description 
with accuracy sufficient for engineering purposes. Different anisotropy levels of the 
considered materials could be modelled by an appropriate choice of the value of the angular 
momentum quantum number J. The form of the magnetization-dependent R(m) function was 
updated upon the change of J value. The form of model equations was thus related to the 
magnetic anisotropy (or its lack) of the examined material. For estimation of model 
parameters a robust “branch and bound” optimization algorithm was used. It should be 
stressed that the model identification issue was difficult, because the search domain for the J 
parameter was discrete, whereas for other parameters it was continuous. Another constraint for 
exhaustive search in the considered six dimensional space was the prohibitive estimation time, 
especially for higher values of J parameter. The use of “branch and bound” optimization 
routine as a black-box allowed us to obtain solve the estimation issue successfully within 
a reasonable time.  
 The forthcoming research shall be focused at description of minor loops in the considered 
soft magnetic materials with the presented approach. 
 
 
Acknowledgements 
Vacuumschmelze GmbH, Hanau is thanked for supplying the samples. The authors are grateful to 
Professor W. Wilczyński from Institute of Electrical Engineering, Warsaw, for the possibility to carry 
out measurements. 
 
 
References 
 [1] Basso V., Bertotti G., Hysteresis models for the description of domain wall motion. IEEE 

Transactions on Magnetics 32(5): 4210-4212 (1996). 
 [2] Chwastek K., Frequency behaviour of the modified Jiles-Atherton model. Phys. B 403: 2484-2487 

(2008).  
 [3] Chwastek K., Modelling magnetic properties of MnZn ferrites with the modified Jiles-Atherton 

description. Journal of Physics D: Applied Physics 43: 015005-5 (2010). 
 [4] Chwastek K., Modelling offset minor hysteresis loops with the modified Jiles-Atherton description. 

Journal of Physics D: Applied Physics 42: 165002-5 (2009). 
 [5] Chwastek K., Szczygłowski J., An alternative method to estimate the parameters of Jiles-Atherton 

model. Journal of Magnetism and Magnetic Materials 314: 47-51 (2007).  
 [6] Chwastek K., Szczygłowski J., Wilczyński W., Modelling dynamic hysteresis loops in steel sheets. 

COMPEL 28(3): 603-612 (2009). 
 [7] Chwastek K., Szczygłowski J., Wilczyński W., Modelling magnetic properties of high silicon 

steel. Journal of Magnetism and Magnetic Materials 322: 799-803 (2010). 
 [8] Cullity B.D., Introduction to magnetic materials, Addison-Wesley, Reading (1972).  
 [9] Finkel D.E., Global optimization with the DIRECT algorithm, PhD Thesis, North Carolina State 

University, Raleigh (2005). 



Vol.  60(2011)       The effect of anisotropy in the modified Jiles-Atherton model of static hysteresis  57 

[10] Holzer D., Pérez de Albéniz I., Grössinger R., Sassik H., Low temperature properties of nano-
crystalline Fe73.5Cu1Nb3Si13.5B9 ribbons, Journal of Magnetism and Magnetic Materials 203: 83-88 
(1999). 

[11] Jiles D.C., Atherton D.L., Theory of ferromagnetic hysteresis. Journal of Magnetism and Magnetic 
Materials 61: 48-60 (1986). 

[12] Jones D.R., Perttunen C.D., Stuckman B.E., Lipschitzian optimization without the Lipschitz con-
stant. Journal of Optimization Theory and Applications 79(1): 157-181 (1993). 

[13] Kádár Gy., The bilinear product model of hysteretic phenomena. Physica Scripta T25: 161-164 
(1989). 

[14] Kádár Gy., The Preisach-type product model of magnetic hysteresis, in Iványi A. (Ed.), Preisach 
Memorial Book, Akadémiai Kiadó, Budapest: 15-27 (2005).  

[15] Kádár Gy., Szabó Zs., Magnetization process as a combined function of field and temperature in the 
product model of hysteresis, Journal of Magnetism and Magnetic Materials 272-276: e547-e549 
(2004). 

[16] Raghunathan A., Melikhov Y., Snyder J.E., Jiles D.C., Generalized form of anhysteretic magne-
tization function for Jiles-Atherton model of hysteresis. Applied Physics Letters 95: 172510-3 
(2009). 

[17] Ramesh A., Jiles D.C., Roderick J.M., A model of anisotropic anhysteretic magnetization, IEEE 
Transactions on Magnetics 32(5): 4234-4326 (1996). 

[18] Szczygłowski J., Influence of eddy currents on magnetic hysteresis loops in soft magnetic mate-
rials, Journal of Magnetism and Magnetic Materials 223: 97-102 (2001). 



<<
  /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 /CMYK
  /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


