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The cone photoreceptors of all birds and some reptiles, amphibians, mammals and fish contain both
coloured and transparent oil droplets (Walls, 1942). The light incident on the photesemsgjtin of such
receptors is preconditioned by this oil droplet lens. Coloured oil droplets (which form the majority of the oil
droplet population) act as long-pass filters and are thus responsible for spectral tuning. valbaceref
transparent oil droplets throughout thertebrate classes, such as the T-type oil droplets found in theitléta
or Violet-Sensitve (UVS/VS) photoreceptors of birds, suggests an auxiliary dioptric function operating outside
of colour filtering (Young & Martin, 1984). It is hypothesized that an oil droplet lens enhances light collection
efficieny and - perhaps more importantly - detection directionalijpe outstanding features of an idealised
photoreceptor can be modelled in the framodk of the electromagnetic theoryrhe table indicates the set of
characteristic parameters that are used in the construction of this model.

Model Parameter Value (um)
Oil Droplet 2.5
Outer Segment (OS) Length 10.0
OS Base Diameter 15
OS Tip Diameter 1.0
Region Refractive I ndex
Cone Outer Segment 1.387 - 0.0D11
Extracellular Matrix 1.340
Transparent Oil Droplet 1.480

The geometric optics approximation cannot be applied to this problem sincawdength of light and
the dimensions of the system are of a comparable order of magnitbdalioptric function of oil droplets has
previously been considered in the context of the Mie scattering thetigh provides an analytic solution to
Maxwell's equations of electromagnetics for spherical particleeg(\Normann & Barbel983). Dueto the
compleity of ary realistic photoreceptor structure, a complete analytic solution is not possthalber,
numerical methods within electromagnetic theory must be emglo TheFinite-Difference Tme-Domain
technique (FDTD) appears to be an attiactiiternatve o investigate the light coupling &€iency of the
photosensitie regon in the presence of an oil dropleEDTD provides a full field solution of Maxwedl’
equations for some specific dielectric structure. Numerical data setsbhan obtained for theevtebrate
photoreceptor structures of rods, cones and cones containing transparent oil droplets under broad-band plan
wave exitation. Preliminaryesults she that in the presence of an oil droplet, conegeha increased light
coupling efficieng whilst in the retinal mosaic.
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a function of both the awvdength and the angle of incidence of the
plane vave Maximal coupling at normal incidence is significantly

| blue-shifted when preconditioned by an oil droplet lens. Since the
photopigment found in UVS/VS photoreceptors characteristically
| have @sorption maxima between 360 and 430 nm, such peak
+ | shifting is indicatve d spectral tuning. Both the geometry and
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dielectric properties of photoreceptors are expected to change

\ during in vitro analysis. Thus, numericahvestigation of the
- model parameters that determine the degree of peak shifting is

currently being conducted.
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