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11. Fingerprints

Fill a glass with a liquid and hold it in your hands. If you look from above at the inner walls of 
the glass, you will notice that the only thing visible through the walls is a very bright and clear 

image of patterns on your fingertips. Study and explain this phenomenon.
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Why do we see the finger?

The finger is not visible unless it is touching the glass.
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The finger is in optical contact with the glass.



Optical contact ïtypical distances
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First experimental investigations 

by Isaac Newton in his Opticks.

Glass prism

Glass lens



Newtonôs experiment
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Newtonôs rings

Angle of observation is small

Black dot

Angle of observation is large

Distances are of the order of ɚ/4 (150 nm)



Is it all in the geometry ?

[ŜǘΩǎ ǘǊȅ ǘƻ ŜȄǇƭŀƛƴ ǘƘƛǎ ƳȅǎǘŜǊƛƻǳǎ ōƭŀŎƪ Řƻǘ 
by means of geometrical optics.
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www.kolo.phys.uni.lodz.pl
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Reflection & refraction

Light at the boundary of two media is reflected and refracted.
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If the angle of incidence is great enough 
total internal reflectionoccurs.
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Total Internal Reflection

Totally internally 

reflected light



Where do the light rays come from?

Path of real rays of light canbe found 
by tracking them backwards from the observer.

Only rays of light with greatest 
intensity were shown

Refractive indices:

Air - 1.00
Glassς1.50
Waterς1.33

Refractive indices do notstrongly 
differ for visible lightof different 
colour.
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Air Glass

Water



For large observation angles 
one can see through the glass wall.

Rays from the outside world
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Air Glass

Water

The observer sees ray C

( )00 90;61Íy





Total internal reflection

But... By no means can we explain 
the pattern appearing in case of optical contact.

Glass has greater optical density than air, this is why at the 
border total internal reflection may occur.

( )00 61;0Íy
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Air Glass

Water

Ray B is totally 

internal reflected



Distances of nanometers? This reminds us of...
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Incidence light

Reflected light

Tunneled light

Tunneling between prisms
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Frustrated Total Internal Reflection

When total internal reflection
occurs,light enters the second
medium and its intensity
rapidlydecayswith distance.

If another medium is close 
enough, light can enter this 
medium.

n1
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Evanescent Wave

n2

n1 Evanescent Wave
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Frustrated Total Internal Reflection

The light intensity decreases exponentially 
with the distance from the boundary.
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WAX PRISMS

MICROWAVE DETECTOR

MICROWAVE EMMITER 3 cm

We can conduct easy experiments with longer waves!



Influence of distance on intensity
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Finger s in range of the evanescent wave
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Fingerprints
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Fingerprints identify people uniquely.

Depth of the pattern 0.1 ï0.4 mm, width: 0.2-0.7 mm

http://medicineworld.org



Finger

Finger is not in optical contact with glass
(0.2 mm gap)

Light is totally internally reflected
(these are brighter spots!)

Finger is in optical contact withglass

Light enters medium (finger), is absorbed
and scattered. Asa result reflected light has
muchsmallerintensity.
(these are darker spots!)
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Finger

Glass



Letôs verify this hypothesis!

Camera Laser

LensAquarium
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Finger here



Fingerprint s

Light is reflected from place
where finger is not in optical
contactwith a glassand creates
the fingerprint pattern.

Fingerprints
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