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12. ThickLens:

ά!bottle filled with a liquid can 
work as a lens. Arguably, such a 
bottle is dangerous if left on a 

table on a sunny day. 

/ŀƴ ƻƴŜ ǳǎŜ ǎǳŎƘ ŀ ΨƭŜƴǎΩ ǘƻ ǎŎƻǊŎƘ 
a surface?ά
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Bottle as a thick lens
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Howit works
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Section 1 Section 2

Light passing through the bottle Energy of light
Reflection, absorption, dissipationIntensity of incident light
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Different shapes ofbottles

SphereTop view:
CylinderUndefined

shape
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Intensification of light - experiment
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Intensification of light - experiment

Ratio of light intensities
in these points

= intensification
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Patterns and intensifications observed
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Patterns and intensifications observed
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Section 1:
Theoretical estimate of intensification

Two theoretical models

Geometrical model Numerical ray tracing
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GEOMETRICAL MODEL
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Focus of a sphere
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ABERRATION EXPERIMENT
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ABERRATION EXPERIMENT
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ABERRATION EXPERIMENT
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Displacement of the ray
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Theoretical prediction of maximal 
intensity
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Comparison with the experiment

1500Ҏ

Ὅ Ὧ
ρτπππ“

ρφ
ὍḙςχυπὯὍ

Permeability constantincludes
ÅReflection on plastics-air interface
ÅReflection on plastics-liquid interface(2x)
ÅScattering in the liquid
ÅAbsorption in the liquid (depends

on the frequency of the light)

+ other undeterminable losses

15

ὯḙπȢ55



15

16

0

200

400

600

800

1000

1200

1400

1600

0 0,02 0,04 0,06 0,08 0,1 0,12

In
te

n
si

fic
a
tio

n
[1

]

Distance from the focal point [radius]

Intensificationas a function of distance from the focal 
point

0,008 (measured)

1500
(measured)

Unrealistic profile

Motivation for better model



15

16

0

200

400

600

800

1000

1200

1400

1600

0 0,02 0,04 0,06 0,08 0,1 0,12

In
te

n
si

fic
a
tio

n
[1

]

Distance from the focal point [radius]

Intensificationas a function of distance from the focal 
point

0,008 (measured)

1500
(measured)

Unrealistic profile

Motivation for better model

Expected profile



15

NUMERICAL RAY TRACING

Advantages:

accuracy ςspherical aberration, reflection, dispersionwere assumed

results ςfull image of intensity profile curve
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Reflections are conserved

Reflection + refraction at the interfaces
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Ray tracing ςins and outs
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ÅDispersion ς/ŀǳŎƘȅΩǎ equation

Method: included effects

ὲ‗ ρȢρσρωω
Ȣ Ȣ

ȣ[1]

[1] Water Refractive Index in Dependence on Temperature and Wavelength, by Alexey N. Bashkatov, ElinaA. Genina, Optics Department 
Saratov State University, Saratov, Russia 

*for water:

Å{ǳƴΩǎ ǎǇŜŎǘǊǳƳ
- black body radiation
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Ray tracing ςprocessed output

0

200

400

600

800

1000

1200

1400

1600

1800

2000

0 0,01 0,02 0,03 0,04 0,05

In
te

n
s
if
ic

a
tio

n
 [
1]

Distance from Focal Point [radius]

Intensification

without tracing tracing tracing + reflection tracking + reflection + dispersion

22




