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Organic Glass Intraocular Lenses: a Simulation of Behaviour
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The paper is focused on the behavioural simulation of the intraocular organic lenses, defined by geometric
characteristics (the accumulation radius, thickness and diameter) [1] and material characteristics, for a
certain incident wavelength [2]. The simulation provides a picture of the ray-tracing for the second and third
reflection/refraction. At the same time, the user can display the print of a ray on a normal plane related to
optical axis direction.  The authors designed the simulation program, aimed to evaluate the wounded through
the multiple reflections in the spectre available for chosen material. Thus  the disparity of a certain parameter
will influence the transference through lenses for some radiation or spectre.  The paper is designed to be
used in optics, to shape the refractive components, and can predict the useful diameter of lenses, diaphragms
or aperture stop.
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The paper is based on a few years of work, the authors
experienced a gap between real and figured image offered
by different optical programs, most of them based on ray-
tracing. The real image is more complex than the designed
one, even all-optical criteria are taken into account. The
authors analysed the second and third order images, due
to the cross between the rays of multiple reflection inside
the lens. The rate of this second order image seems to be
higher than estimated, at least in certain circumstances.

Experimental part
The basics of the program

The fundamentals are the same and well known as main
image gaining. The novelty is the environment MAT LAB
and the interpretation. The level of light beam resulted as
second order images is less than 10% of total light beam.
For a better understanding, the authors shall examine only
one type of lens, for intraocular use and for organic material,
but the program can run any of them. In the telecentric
incident light beam (parallel beam), the target of the lens
is to focus it to the smallest spot possible and gives the
patient the best quality image. The smallest spot occurs
not far from the focal length distance f ’. The lens support is
determined by the former crystalline place and it acts as
an aperture stop and limits the amount of the lens which
can be used to focus the light. As it is shown further, the
amount of light is decreasing due to several reflection and
refraction made on previous surfaces. At the same time a
lot of second order images are appearing on the field, retina
in this case, many of them not so far from focal plan, fovea
plan. The authors did not take into account the diffraction
and interference, phenomena that are linked to the different
shapes of lenses [3]. These new approach will be subject
for a development of this program.

User interfaces
The simulation software is easy and friendly, due to its

interfaces. Figure 1 and figure 2 present the general view
of the interfaces, illustrating the steps to be done in order
to define the calculated lens:
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- input the radius of curvature R1 and R2;
- input the centre thickness d [4];
- input the lens diameter D [5];
- to choose the optical material [4,6]; a library containing

the glasses used frequently by the user was built in; - the
library gives the refractive index for the wavelengths usually
given in glass.

Fig.1. First
interface
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The next step is the optical layout of the defined lens, an
intuitive and efficient means that provides (fig. 3):

- the paraxial characteristics [2] (effective focal length
f ’, front focal length sF, back focal length s’F’);

-the basic parameters [3], such as image distance,
magnification, object-image distance;

- the infinite/finite or finite/finite conjugate design for a
beam passing through the lens, by the use of an exact
trigonometric and vectorial ray tracing; the optical layout
shows the effect of the spherical aberration;

- the ghost images produced by the first order and the
second order internal reflections.

- catalogues; the refractive index can be written as an
input for certain material which was not included in the
library must be selected;

- choose the radiation, defined by its wavelength, in
nanometers; if the desired radiation is ‘other’, the user will
define the correspondent index of refraction;

- input the index of refraction of the media before and
behind the lens respectively [4,6];

- input the object distance ‘s1’ measured from the lens
flanking to the object (infinite or finite);

- angular half field of view ‘sigma1’.

Results and discussion
The simulation software gives the possibility to choose

an optical layout for one ray of light passing the lens at a
certain height of incidence [1]. Figure 4 illustrates the
multiple internal reflections on the lens surfaces. By ray
tracing, the first and second internal reflection lead to ghost
image, which can be shaped by selection and scale the
height of the reference incident ray. The ghost images are
superimposed over the main image, do not obstruct it, but
they appear as spots, halos and small shadows surrounded
by the details of the primary image. The vectorial working
out gives the exact position of a ghost image in the
meridian plane of the lens; it can be compared with the
position either of the primary image or the lens entrance
pupil.

The spot size is dependable on the image plane position
and on the spherical aberration [7]. This fact can be
highlighted by selecting the option ‘image in a plane’ of the
simulation software. Figure 5 presents the image spot in a
plane placed at a certain distance from the last surface of
the lens. The distance is an input from a mouse click on
the optical layout and can fluctuate within an interval from
a cursor. The layout released shows the presence of the
ghost image in the entrance pupil plane of the lens [8].

Fig. 2. Second
interface

Fig. 3 Optical layout for intraocular lens with first and second
order beam

Fig. 4. Optical layout for one ray with first and second order
reflection

Fig. 5. The image captured on a normal plane on optical axis

The software has other features, most of them dedicated
to the lens ability to transfer light by computing the spectral
characteristics [1]. The result is: the transmittance of the
lens according to the height of incidence, the reflection
wounded by multiple internal reflections [9]. These results
are presented either numerically [10]: extreme values and
the corresponding height of incidence (fig. 6), or graphically



MATERIALE PLASTICE ♦ 47♦ Nr. 4 ♦ 2010438

[11]: the transmittance due to the beam passing through
the lens (fig. 7), the transmittance due to first and second
internal reflections which determine the wounded of
incident beam (fig. 8 and  9).

The reflection wounded, with significant values for
uncoated components, depends also on the radiation
wavelength [6]. Software allows the working out the
maximum reflection wounded for the defined lens in certain
spectral field and optical material [12]. Figure 10 shows a
graphical representation of this addiction.

The following figures are made for divergent lens. The
procedure is pretty similar with convergent lens;
differences are only in shapes and curvature of lenses and
images.

Fig. 6. Reflection/
transmission spectral
energetic parameters

Fig. 8. Reflection/transmission layout

Fig. 7. Reflection/transmission layout
Fig. 9. Reflection/transmission layout

Fig. 11. Second and third order reflection tracing for single ray

Fig. 10. Reflection lost layout for a divergent lens
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Conclusions
The program is useful for anyone interested to see

how intraocular lenses work if is taken into account the
spread of the light inside and outside. The authors are
familiar with many ray-tracing application; none of them
are shaped in MAT LAB or in toolboxes.

The authors are grateful to anyone who can suggest
any improvement or remarks advantage and
disadvantage of this program.

The application can suggest some geometrical
placements in the optical layout, the dimensions of the
main apertures and the position of the second order
images due to multiple reflection and refraction.
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