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Abstract
The light scatteringprocessof planewavesby silver halidecrystalsplaysan importantrole in devel-
opmentandoptimizationof silver halidephotographicfilms. Mie theoryis usedfor scatteringcalcula-
tionsof suchcrystalsbecausetheinfluenceof thecrystalgeometryis neglectablewith thenormalcubic
shape.Sincescatteringof crystalscanbecalculatedby othertheorieswhich arenot restrictedto spher-
ical shapes,theoreticaloptimizationof suchfilms by crystalshapebecomespossible.In this paperthe
Multiple Multipole Methodis usedfor simulatingscatteringby oblatesilver halidecrystals.

1 Introduction
Progressin silver halidephotographycanbe achieved by increasingthe sensitivity of a photographic
film without any decreaseof its resolution.Therefore,theelasticscatteringprocessof theincidentlight
with the silver halidecrystalswithin the photosensitive film becomesmoreandmoreinteresting.For
example,thecalculatedscatteringdistributionsof singlecrystalscanbeusedfor Monte-Carlosimulation
to computethemodulationtransferfunctionof aphotographicfilm [1].

Becauseof thelargerelative refractive index of about1.5betweenthesilver halidecrystalsandtheem-
beddinggelatinematrix, the crystalswith diametersof about1 � m have to be taken asMie scatterers
with a large relative scatteringcrosssection.For this reason,thecrystalsitself causea diffusionof the
parallelincidentphotonsandfinally a decreasein sharpnessandresolutionof thephotographicimage.
Fromamicroscopicpointof view, thesolutionof theproblemis looking for crystalswith a largescatter-
ing crosssectionto increasesensitivity and,on theotherhand,with a large forwardmomentumcarried
by thescatteredradiationin orderto keeptheincidentphotonsparallel.

Sincesilver halidecrystalscanbeproducedoblateup to largeaxis ratiosof 20, optimizationof crystal
shapein the describedsensebecomespossibleand hasbeenthe motivation for this paper. Related
theoreticalwork wasalreadypublishedby Kurtz et al. [2] whereoblateAgBr particlesweremodelled
by spheroidallyshapedparticlesandthescatteringprocesswascalculatedby thespheroidalexpansion
method. Berdnik et al. [3] have appliedthe anomalousdiffraction approximationfor calculatingthe
radiative transferequationwith orientatedspheroidalparticles. In this paperthe Multiple Multipole
Method(MMP) wasusedto describethescatteringprocessof an oblatesilver halidecrystalmodelled
by a roundedplatewith anincidentplanewave.

2 MMP-Method
TheMMP-methodwasoriginally derivedby Hafner andBomholt [4]. Like all semi-analyticalmethods



MMP is usinganalyticalsolutionsto describethefieldsof anobjector thesurroundingmedium,whereas
anumericalmethodis appliedto solve theboundaryvalueproblem.Therefore,thereis a largeflexibility
concerningtheparticleshapebut a restrictionto homogeneousvolumes.

Two unknown functions, � and � , aredescribingtheelectricandmagneticfield during thescattering
process.They have to fulfill the3-D Helmholtzequationwith thewave number��	� ��
 � �
�������������

with
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andcanbe expandedin termsof seriesof eigenfunctionsof Eq. (1) relatedto different origins (that is
poles).Becauseof choosingasphericalcoordinatesystem,thepolesincludesphericalBesselfunctions,
sphericalHankel functionsof the secondkind andLegendrefunctions. To createan over-determined
systemof algebraicequationswhich finally is solved by least-squaresprocedures,the expansionsare
matchedto theboundaryconditionsat numerouspoints,theso-calledmatching-points. Thenumberof
matching-pointsrulestheover-determinationof thesystem.Theboundaryconditionsincludetheconti-
nuity of thetangentialelectricandmagneticfield componentson theboundingsurfaceof thescattering
object:  "! � � �$# � � �%� �
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denotesa normalizedvectoron a surfaceelement,
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conductivity,

,
permittivity, and

*
the angular

frequency. An additionalconditionwhich is necessaryto guaranteethephysicalrelevanceof solutionsis
theradiation condition. It canberegardedasaboundaryconditionfor infinity andlimits theasymptotic
behaviour of thefields.For 3-D problemsit canbewrittenas/10123�46587:9�;=< � 7 �; 7 # ( � < � 7 �?>���� � (6)

where < denoteshereany of thefield components,7 is the radius,and � thewave number. Themain
problemof this techniqueis to find thebestarrangementof thepolesandto choosetheirorder.

3 Light Scattering Simulations
3.1 Description of a Crystal
For all given resultsthe following modelof the crystal shapewasused. The edgesof the crystaldo
not seemto be importantbecauseof its neglectableinfluencecomparedto its axis ratio. Therefore,the
crystalwasmodelledby a cylinder with a circumferencingtoruslike sketchedin Fig. 1. Thevolumeof
thecylindrical shapeon theleft sideof thefigureis givenby@BADCFEHG �JILKNMPO �LQ

(7)

Thevolumeof themodelpicturedon theright canbecalculatedby integration:@ 3SRUTWV G � KYXZ[ X
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Figure1: sketchof themodelshape

Thisbodyis canbebuilt up by acylinderwith thesameheight,theunknown radius
Oj\

, andacircumfer-
encingradially cut toruswith thesmallradius

M
andthelargeradius

O	\
. Both volumes,

@ 3SRUTWV G and
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,
aredefinedto beequal.This conditiongivestheradius
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3.2 General Comparison to a Sphere
All givencalculationsaregivenfor thefollowing parameters:u sizeparameter̂

� oqvu relative refractive index w 3 CxA � o Q vu refractive index of embeddinggelatinemediumwzy CF{ � o Q v cu axisratio
OH|}M~�JI

of theoblateparticleu TE polarization

Thesizeparameter̂ of anoblateparticleis definedby asphereof equalvolume.^ � K _�� wzy Cx{� \ (11)_��
in this equationdenotesthediameterof thespherewith equalvolumeand

� \
standsfor thevacuum

wavelength.
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Figure2: sketchto explain thescatteringsituationfor TE polarization

Figure3: far field intensityof planewavescatteringby asphere

In order to discussplanewave scatteringof a sphereor a crystalwith differentorientationsa special
wayof graphicalpresentationwaschosenwhichwill beexplainedby thesketchin Fig. 2. Thescattered
intensityis projectedontothesurfaceof a (sufficient large)cubewherethecolourwhite standsfor high
intensity. Thereis afixedbut no linearor othersimplecolorscale,becausethescalewaschosenin order
to maximizecontrast. In eachcase,like in Fig. 3 wherethe scatteredfar field intensityof a sphereis
given,two cubesareshown. Ontheleft sideonecanseethevisiblesidesof thecubeandontheright the
invisible,coveredsides.Theplanewave is propagatingfrom theleft to theright andis verticalpolarized
in TE case. The orientationof the scatteringparticlewasvariedby rotationof the oblatearoundthe
magneticfield vector. In thesketchanoblateis picturedwith theorientationangle

���
.

As mentionedbefore,thescatteredfar field intensityof a spherecanbeseenin Fig. 3. On theleft cube
onecanseethe forward scatteringon its right side. Obviously, the diffractionalpatterndominatesin
forwarddirection.On theright cube,thebackscatteringregion is givenon its left side.

In comparisonto this, the far field patternof the oblateparticle in Fig. 4 gives a similar result with
a larger numberof oscillationsin directionof diffraction. This is correct,becausethe oblateparticle
with equalvolumehasa larger diameterthanthesphere.The influenceof orientationis shown by the
following figures4 to 13wheretheoblateparticleis rotatedaroundthemagneticfield vectorby stepsof
tendegrees.

While forwardscatteringis dominatedby diffraction,onecandetectmacroscopiceffectslike reflection



Figure4: far field intensityof anoblatescattererwith incidentangle
���

.

Figure5: far field intensityof anoblatescattererwith incidentangle
o ���

Figure6: far field intensityof anoblatescattererwith incidentangle
IL� �



Figure7: far field intensityof anoblatescattererwith incidentangle
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Figure8: far field intensityof anoblatescattererwith incidentanglea ���

Figure9: far field intensityof anoblatescattererwith incidentangle
v � �



Figure10: far field intensityof anoblatescattererwith incidentangle
p ���

Figure11: far field intensityof anoblatescattererwith incidentangle � ���

Figure12: far field intensityof anoblatescattererwith incidentangle � � �



Figure13: far field intensityof anoblatescattererwith incidentangle � � � whentheroundededgeof the
particleis illuminated

in thebackscatteringregion. The latter canvery easilybe observed by themovementof the intensity
spoton theleft sideof theright cubeswhichseemsto bereflectedontotheflat sideof thecrystal.

4 Conclusion
Themacroscopicbehaviour in light scatteringof suchasmalloblateparticleunderlinethelargepossibil-
ities of optimizingsensitivity andsharpnessof a silver halidefilm by thegeometryof its crystals.Even
theverysmalloblateparticlewith adiameterof a few wavelengthshows effectslike reflectionon its flat
side.
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