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Abstract

The light scatteringprocessof planewaves by silver halide crystalsplaysan importantrole in devel-
opmentandoptimizationof silver halide photographidilms. Mie theoryis usedfor scatteringcalcula-
tionsof suchcrystalshecausehe influenceof the crystalgeometryis neglectablewith the normalcubic
shape.Sincescatteringof crystalscanbe calculatedby othertheorieswhich arenot restrictedio spher
ical shapestheoreticaloptimizationof suchfilms by crystalshapebecomegossible.In this paperthe
Multiple Multipole Methodis usedfor simulatingscatteringoy oblatesilver halidecrystals.

1Introduction

Progressn silver halide photographycan be achieved by increasingthe sensitvity of a photographic
film without ary decreasef its resolution.Therefore the elasticscatteringporocessof the incidentlight
with the silver halide crystalswithin the photosensitie film becomesnore and moreinteresting. For
example thecalculatedscatteringlistributionsof singlecrystalscanbeusedfor Monte-Carlosimulation
to computethe modulationtransferfunction of a photographidilm [1].

Becausef thelargerelative refractive index of aboutl.5 betweenthe silver halidecrystalsandtheem-
beddinggelatinematrix, the crystalswith diametersof aboutl pym have to be taken asMie scatterers
with a large relative scatteringcrosssection. For this reasonthe crystalsitself causea diffusion of the
parallelincidentphotonsandfinally a decreasén sharpnesandresolutionof the photographidmage.
Fromamicroscopigpoint of view, thesolutionof the problemis looking for crystalswith alarge scatter
ing crosssectionto increasesensitvity and,on the otherhand,with a large forward momentuncarried
by the scatteredadiationin orderto keeptheincidentphotonsparallel.

Sincesilver halide crystalscanbe producedoblateup to large axis ratiosof 20, optimizationof crystal
shapein the describedsensebecomespossibleand has beenthe motivation for this paper Related
theoreticalwork wasalreadypublishedby Kurtz et al. [2] whereoblate AgBr particleswere modelled
by spheroidallyshapedparticlesandthe scatteringprocesswvascalculatedby the spheroidalexpansion
method. Berdnik et al. [3] have appliedthe anomaloudiffraction approximationfor calculatingthe
radiatve transferequationwith orientatedspheroidalparticles. In this paperthe Multiple Multipole
Method (MMP) wasusedto describethe scatteringorocessof an oblatesilver halide crystalmodelled
by aroundedplatewith anincidentplanewave.

2 MMP-Method
The MMP-methodwasoriginally derived by Hafner andBomholt [4]. Like all semi-analyticamethods



MMP is usinganalyticalsolutionsto describehefieldsof anobjector thesurroundingnedium whereas
anumericalmethodis appliedto solve the boundaryalueproblem.Thereforethereis alargeflexibility
concerninghe particleshapebut arestrictionto homogeneougolumes.

Two unknavn functions,E andH, are describingthe electricand magneticfield during the scattering
processThey have to fulfill the 3-D Helmholtzequationwith the wave numberk

(V2+4*)U)=0 with Ue{EH} 1)

andcanbe expandedn termsof seriesof eigenfunctionf Eq. (1) relatedto different origins (thatis
poles).Becausef choosinga sphericakoordinatesystemthe polesincludesphericaBessefunctions,
sphericalHankel functionsof the secondkind and Legendrefunctions. To createan over-determined
systemof algebraicequationswhich finally is solved by least-squareproceduresthe expansionsare
matchedo the boundaryconditionsat numerougoints,the so-calledmatching-points. The numberof
matching-pointsulesthe over-determinatiorof the system.The boundaryconditionsincludethe conti-
nuity of the tangentialelectricandmagneticfield component®n the boundingsurfaceof the scattering
object:

nx (E;—Ey) = 0 )

n ((o1 + iwe1)E1 — (02 +iwea)Eg) = 0 3)
nx (H —Hy) = 0 (4)

n(uH; — poHy) = 0 (5)

n denotesa normalizedvectoron a suriaceelement,o conductvity, e permittvity, andw the angular
frequeng. An additionalconditionwhichis necessaryo guarante¢he physicalrelevanceof solutionsis

theradiation condition. It canberegardedasaboundaryconditionfor infinity andlimits theasymptotic
behaiour of thefields. For 3-D problemst canbewritten as

lim 1 | 2907)

r—00 or

—ikU(r)| =0, (6)

whereU denoteshereary of thefield componentsy is theradius,andk the wave number The main
problemof this techniquds to find the bestarrangementf the polesandto chooseheir order

3 Light Scattering Simulations

3.1 Description of a Crystal

For all given resultsthe following model of the crystal shapewas used. The edgesof the crystaldo
not seemto be importantbecausef its ngglectableinfluencecomparedo its axisratio. Therefore the
crystalwasmodelledby a cylinder with a circumferencingoruslike sketchedin Fig. 1. Thevolumeof
thecylindrical shapeon theleft sideof thefigureis givenby

Vieft = 2mab?. @)

Thevolumeof themodelpicturedon theright canbe calculatedoy integration:

’ 2
Viight = 7T/ (bo + Va? —:c2) dz (8)

—a

4
= 2maby® + §7Ta3 + 72a?by (9)
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Figurel: sketchof themodelshape

Thisbodyis canbebuilt up by a cylinder with the sameheight,the unknavn radiusb,, anda circumfer
encingradially cuttoruswith the smallradiuse andthe largeradiusby. Both volumes,V, ;g5 and Vi 4,
aredefinedto be equal.This conditiongivestheradiusby:
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3.2 General Comparison to a Sphere
All givencalculationsaregivenfor thefollowing parameters:

sizeparameter = 15

relative refractve index n,.¢; = 1.5

refractive index of embeddingelatinemediumn pseq = 1.53

axisratiob/a = 2 of the oblateparticle

TE polarization

Thesizeparameter: of anoblateparticleis definedby a sphereof equalvolume.

Ao
dy in this equationdenoteghe diameterof the spherewith equalvolumeand )\, standgfor the vacuum
wavelength.
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Figure2: sketchto explain the scatteringsituationfor TE polarization
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Figure3: farfield intensityof planewave scatteringoy asphere

In orderto discussplanewave scatteringof a sphereor a crystalwith differentorientationsa special
way of graphicalpresentationvaschoserwhichwill be explainedby the sketchin Fig. 2. Thescattered
intensityis projectedontothe surfaceof a (sufficient large) cubewherethe colourwhite standsor high
intensity Thereis afixedbut nolinearor othersimplecolor scale becaus¢he scalewaschoserin order
to maximizecontrast. In eachcase like in Fig. 3 wherethe scatteredar field intensity of a sphereis
given,two cubesareshavn. Ontheleft sideonecanseethevisible sidesof the cubeandontheright the
invisible, coveredsides.Theplanewave is propagatingrom theleft to theright andis vertical polarized
in TE case. The orientationof the scatteringparticle was varied by rotation of the oblatearoundthe
magnetidield vector In the sketchanoblateis picturedwith the orientationangle0°.

As mentionedbefore,the scatteredar field intensityof a spherecanbe seenin Fig. 3. Ontheleft cube
one canseethe forward scatteringon its right side. Obviously, the diffractional patterndominatesn
forwarddirection.On theright cube the backscatteringegionis givenonits left side.

In comparisorto this, the far field patternof the oblate particlein Fig. 4 givesa similar resultwith
a larger numberof oscillationsin direction of diffraction. This is correct,becausehe oblateparticle
with equalvolumehasa larger diameterthanthe sphere.The influenceof orientationis shavn by the
following figures4 to 13 wherethe oblateparticleis rotatedaroundthe magnetidield vectorby stepsof
tendeggrees.

While forward scatterings dominatedoy diffraction, onecandetectmacroscopi@ffectslike reflection



Figure4: farfield intensityof anoblatescatterewith incidentangle(°.

Figureb: farfield intensityof anoblatescatteremith incidentangle10°
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Figure®: farfield intensityof anoblatescatterewith incidentangle20°




Figure8: farfield intensityof anoblatescatteremith incidentangle40°

Figure9: farfield intensityof anoblatescatterewith incidentangle50°



Figurel0: farfield intensityof anoblatescatteremwith incidentangle60°
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Figurel1l: farfield intensityof anoblatescatterewith incidentangle70°

Figurel12: farfield intensityof anoblatescatteremwith incidentangle80°



Figurel13: farfield intensityof anoblatescatterewith incidentangle90° whentheroundededgeof the
particleis illuminated

in the backscatteringregion. The latter canvery easily be obsered by the movementof the intensity
spotontheleft sideof theright cubeswvhich seemgo bereflectedontotheflat sideof the crystal.

4 Conclusion

Themacroscopibdehaiour in light scatteringdf suchasmalloblateparticleunderlinethelarge possibil-
ities of optimizing sensitvity andsharpnessf a silver halidefilm by the geometryof its crystals.Even
thevery smalloblateparticlewith a diameterof afew wavelengthshaws effectslik e reflectiononits flat
side.
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