HOLOGRAPHY AND ITS APPLICATIONS TO THE GRAPHIC-ARTS INDUSTRY

Franco Fancoli%*

Light is a form of physics energy to which the human sight is sen
sitive when an interaction occurs between it and the substance.

Then this interaction is transmitted to the brain and, here, codi
fied and integrated in the sight which supplies different information
(from brightness and its following variations to color included in the
human sight range and to the three-dimensionality of the examined sub
stance).

This interaction involves either absorption or reflection of the
energy light. In the absorption, the color property changes according
to the light wave length. At molecular level, it can be registered an
excitation of the molecula which absorbs all wave lengtls except that,
or those, which supply the real color sensation of the material.

Therefore, a red coloured material absorbs all wave lengths except
the red one which supply, once reflected, that particular sensation-
-stimulus definable in that color which our brain translates into
''red color'' according to past experiences.

The absorption explanation can be carried out at atomic level too,
by considering it as an energy introduction into the system which
causes an increase of energy level.

Naturally, this increase can be carried out by an energy strong
enough to excite the electron and to bring it to an upper energy le
vel by causing an orbital change tending towards the atom nucleus.

Then, coming back at its original energy level the atom releases

energy in the shape of that wave length which is not absorbed and
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corresponds to the color sensation-stimulus perceived from the hu
man ‘sight.

According to the Bohr atomic model, the light absorption process
involves that an electron is transported to an upper energy level,
while the emission process occurs when an electron ''falls' to a lo
wer level. This energy jump "E', between the original level and the
ending one is strictly bound to the emitted light frequency 'V

through the relation:

E = h . V (where "h" is the Planck constant equal to:

6.626 . 10 7 Js).

In the case of wave lenghts which are contemporary emitted with
the same intensity, it results the white light effect (sun, filament
lamps etc.).

Moreover, it can be registered a difference among the incandescent
and un-incandescent light sources.

The first one change color and brightness according to the variation
of the energy supplied to the same source. For the un-incandescent sour
ces color depends on chemical nature of the used material and is indepen
dent from the supplied energy. That involves both sources need an adequa

te energy supplying before emitting light energy.

As photography, holography is a registration method of different

light intensities coming from an object. The registration occurs on a
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photo-sensitive material which reacts chemically to the energy
light stimulation. It is necessary to consider that the information
registration doesn't present particular problems, while the phase
registration involves the carrying out of a relief image enough sui
table to cause a variation on the optical path of a light beam.

The phase information is convertible into a width information by
a reference beam and by carrying out the following registration of
the interference between it and the wave front which contains infor
mation.

The light source used for holography must be ''relatively coherent',
for example like laser.

After the exposure of the object to the light, on the holographic
photo-sensitive material, like on the photographic one, non visible
effect appears. It is possible to observe the image only after the
development, shortstopping and fixing processes.

At this point, the picture can be observed without any particular
instrument except the presence of a light source. However, the regi
stered information is bidimensional, while, in reality, the photo
graphed object is three-dimensional: the depth features are created
by our brain which integrates such lack according to the past expe
riences and instructions.

Besides supplying this three-dimensional effect, holography offers
the possibility of registering the so called "parallax"; that phenome
non which occurs when an object is observed from different positions.

By using coherent light (laser)as light source of the object,
every point of the holographic plate receives information from the
whole subject; moreover, always by using laser, it is possible to
register a drawing of the light wave reflected from the object,
which is called ''interference drawing' and contains all information
of the subject light. These'drawings' are several and allow to pre

serve the parallax and the depth: therefore the three-dimensionality.
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In order to carry out a hologram, it is necessary to divide the
laser beam into two different beams: one lights up the object and is
called "object beam" ("0.B.'); the other is directed to the hologra
phic plate and is called '‘reference beam' ("'R.B."). Its function is
to supply a comparison with the object beam.

Af'ter having covered the same distance, these two beams strike
the holographic plate or film and cause the registration of an in
terference drawing called hologram.

At this point, in order to make it visible, it is necessary to
carry out the development, shortstopping and fixing operations;after
them it is possible to observe it by using laser light (but not al
ways laser is only necessary). This light has the same angle of the
original reference beam.

The hologram divides the coming light into a perfect reproduction
of the object beam one and appears with the same three—dimensional
features of the reproduced.. object.

In the registration of the interference drawing (hologram) it is

possible to obtain information about the intensity of the two co
herent light beams (object beam and reference beam) and also about
their phase connection which is preserved as integrating part of
the interference drawing.

It is above said that the light for holographic reproductions
must be ''relatively coherent', therefore monochramatic and must
be able to create interference.

In order to produce interference, it is necessary to have cohe
rence, which is a feature of the laser monochromatic radiation.

Therefore, coherence means that the two wave lengths are in
phase through space and time, have a simultaneous movement and a
same direction.

According to the quantum theory, light is created by photons
(or wave bunches) with energy values which are equal and in simulta

neous movement through space and time.
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In holography, the time coherence is generally measured according
to the real length of the laser tube: i.e. it is equivalent to the
laser coherence length.

There is a ratio which delimits the dimensions of the reproducing
object according to the lengths of an un-interrupted and continuos
series of coherent light waves emitted by a laser.

For example, if the coherence length of laser is less than the
depth of the subject, the light, which lights it up, will be not
completely coherent. That causes a '"not-registration' of the image.

The space coherence refers to light waves which are in phase both
to the movement direction and to any other direction perpendicular
to the movement direction.

It must be added that when the two in phase light waves maintain
a costant distance, it is fulfilled the lateral coherence which is
based on the lateral equidistance.At the end, when light is defined
spacially coherent, the 'phase' features, time and space coherences,
are fulfilled.

Laser is a light source which is both a monochromatic light sour
ce and spacially coherent. So it doesn't need ''space holes'" to fulfil
such feature, since the generated light is punctiform.

Therefore, it can be said that laser light is the ideal light
source for the holographic reproductions.

While in order to observe holograms this light is not always neces
sary, sometimes it is sufficient to use the common filament lamps.

It is above said that, among several features, to carry out holo
graphic reproductions light must create interference.

But what does interference mean?

It can be simply said that interference means interaction (or also
contact) between two or more monochromatic light waves which are produ

ced by a constant emission source like laser.
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In the very moment when two or more waves of the same laser interfe
re, in the space it is created an interference drawing which can be ob
served if it is intersected by a (bidimensional) plane like, for exam
ple, a screen. When this interference drawing is visible, it appears
either with concentric alternatively clear and dark circles, or like
bands which are always alternatively clear and dark and called "inter
ference fringes'.

The interference drawing is (incorrectly) called "static' because
the interference fringes seem to be standstill or stationary at a
precise point; this phenomenon can be explained because the human sight
cannot register the single moving light vibrations.

In fact, the human sight is able to register intensity variations
which occur during about one twentieth of a second (1/20 sec.).

Therefore, it cannot register interference fringes which vary lO1
times in a second.

This interference drawing is a visible sign of an infinitely small
event: the interference of coherent light waves. According to the
light undulatory theory, this interference is due to a change of the
light general intensity which occurs when two (or more) light waves
are superimposed one upon another.

For example, when two light waves,in phase one with the other, meet
in the space, they originate another light wave equal to the sum of the
width values of the two original light waves.

In the case of the addition of the widths (minimum with minimum and
maximum with maximm), it is produced a light which has a greater width,
i.e. with a greater light intensity than that produced by one wave.

This kind of interference is called ''constructive interference'' (su-
perimposition of light waves like widths sum) and causes the clear frin
ges in the interference drawing.

In the other case, when two light waves are in phase opposition of

180° and interfere, it is produced a light wave with a smaller width
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which results always from the sum of the width values but with oppo
sed polarity corresponding to a smaller light intensity.

This phenomenon is called ''destructive interference'" and produces
the dark fringes in the interference drawing.

This two kind of interference (constructive and destructive) are
independent from the construction or destruction of light. In fact,
in the case of two light waves whichhave equal widths and are in pha
se opposition of 180°, light is not destroyed but simply staggered
towards another direction causing the phenomenon of darkness.

If light goes through a narrow and rectangular opening, it produ
ces an interference drawing with alternatively clear and dark bands;
if it goes through a circular opening (or stenopeic hole) it produ
ces an interference drawing with altermatively clear and dark circles.

It is possible to explain the case relative to an interference
drawing produced by light passing through a rectangular opening, if
it is considered the diffracted light which comes from the opening
and is composed by secondary wave fronts. These irradiate themselves
in all directions and are emitted by secondary punctiform sources, lo
calized in each point of the original diffracted wave front.

Since constructive and destructive interference occur, also among
these secondary wave fronts an interference drawing with clear and
dark fringes is produced.

The interference drawing by single opening is camposed both by a
relatively luminous fringe which is localized at the center and passes

through the opening without causing diffraction and by relatively

narrow clear and dark fringes which stay at the two sides of the
central fringe.

These narrowest fringes correspond to the reciprocal interference

of all secondary wave fronts.
According to the Huygens principle, each point inside the slit

can be considered as a secondary waves sources.
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If the opening is divided into imaginary and small areas with
equal width, it is possible to obtain the total light emitted from
the slit towards a certain direction if it is summed the waves emit
ted by the various areas towards that direction (principle of the
wave superimposition).

Obviously, the sum of the secondary waves is complex by a mathe
matical point of view, but it is possible to simplify if it is ima
gined two among the several areas which divide the slit: one just
under the middie point 'M'" and the other at the end and called '"A'".

It is registered destructive interference when the optical path
difference between the secondary waves coming from "A" and 'M" is

equal to )\/2; 3)/2; 5>/2; etc..
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CONSTRICTIVE INTHRAURENCE DIAGRAaM
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The optical path difference is equal to: 1/2 a sin @, where '"a"

is the slit width.

to observer

ajt
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light from a far source
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P 4
©

For the light coming from "A" and 'M", the first angle where de
structive interference occurs, is represented by the ratio:

1/2 a sin @ = X/Z.

Also the light coming from the lower areas "A" and 'M' has the
same path difference.The same phenomenon is registered for all
couples of areas which are equidistant between them by a half-ope
ning. The above proposed equation represents also a general condi
tion for the first destructive interference and, since the @ angle
is often so small that it can be mistaked for sin 0, it can be
written as: @ =\/a.

The condition to fulfil the destructive interference (therefore
the null width) is given to the ratio: ON = (2N - 1)>\/a.

This ratio provides the position of the width minima. Therefore,
when a light beam passes through a slit or a circular opening, light

is diffracted by the same opening, i.e. it undergoes a deviation
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from its straight line path in all directions.

It can be realized that this phenomenon has important consequences.

Looking out from a window, it can be registered a real image of the
objects beyond it, since the light wave lenght is smaller than the di
mensions of the window. So, according to the ratio 0::\/a, which re
fers to the first angle with destructive interference, almost the who
le light intensity is transmitted with straight line.

When light enters into the human eye pupil, the diffraction of the
light beam is negligible, because the pupil diameter , equal to 2.10_3m.,
is greater than the light wave length which oscillates from 4.10—7m.
to 7.10" m..

This implies that in the normal vision, diffraction doesn't cause dif

ficulties and the resolution limit of the human eye, i.e. the smaller

distance between two objects to be distinctly perceived, is controlled
by the distance among the light sensitive cells on the retina and not

by the dimension of the pupil.

But in the case of operations by spy-satellites of different or
adverse countries, it must be considered the smallest dimensions of

the object which must be observed and it is necessary to remember
that a part of the light, which strikes the object and is, therefore,

reflected, is diffracted during its crossing through the circular
lens of the objective telecamera causing diffraction fringes.

The light,coming from another object point, produces diffraction
fringes too, which don't cause superimposition if they have a very
little width according to their reciprocal separation distance.

For these reasons a neat image of the object is obtained. But if
also a minimum superimposition occurs, the image is vague.

According to the Rayleigh principle, it can be said that two par
ts of an object are resolved if the first maximum of the diffraction
fringes of the one is in correspondence to the first minimum of the
fringes of the other (with a maximum angle separation equal to

@'=1.22M\/a").
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For example, it has been calculated that a lens with a 7.5 om.
diameter assembled on a satellite telecamera objective distant km.
320 from the earth, has the maximum resolvable distance at 3 m.
with a light of >\= 550 nm. .

This is very important if it is considered the high surveillance
degree among opposed and/or adverse countries and in fact it has in
fluenced very much dialogues originated by the SALT treaties.

This is the calculus in order to determine the minimm resolution

quantity:

0 - 1.22 . 5.5 .10 /7.5 .10 > (radiants) =
@' =9 . 10-6 radiants

9.10° . 320 . 10°m. -

=ca. 3m.

If the lens is redoubled, the minimum resolution quantity is re
ducéd to a half (lens with @ = 15 cm. —-+ 1.5).

If the opening,through wich the light goes, is formed by several
and multiple paraller slits withan equal distance and length, it is
called "diffraction reticle'". The obtained diffraction drawing is
formed by a great number of narrower interference fringes which beco
me narrower and narrower to the proportional increase of the slits,
appearing neater and narrower until they don't appear as fringes but
as microscopic narrow lines.

The diffraction reticles are (normally) obtained by engraving the
surface either of glass or of a specular metal or of an evaporated
aluminium layer with proper machines.

These grooves, so obtained, are tens of thousands in a centimeter.

In the case of grooves engraved on glass, it obtains a transmission
reticle, because light is transmitted through the ungrooved glass.

In the case of grooves engraved on aluminium, light, which arrives
on the ungrooved surface, is reflected in the direction of the coming

light and is called reflection reticle.
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In the case of a concave or spherical aluminium surface, it is ob

tained a concave reticle and it can be used to compare different 1i

ght wave length and also to diffract UV frequencies.

In the holographic process, the interference picture is formed
not only on the emulsion surface but through the whole thickness.

Holograms diffract light too and, therefore, they can be conside
red as diffraction reticles. In fact, diffraction occurs through
the emulsion thickness in which silver, fouled down at the develo
ping moment, acts as a mirror reflecting and/or refracting light.

The lighting angle which is necessary to reconstruct the '"0.B."
provided with the intensity (or brightness) as great as possible,
must be equal to the incidence angle of the '"R.B.'.

This involves an obvious but fundamental principle, i.e. in
the presence of an emulsion with an unnegligible thickness, a
hologram must be lighted up during both registration and recon
struction operations. The emulsion thickness affects its behaviour,
because it can produce either tipical effects of the superficial
diffraction reticle in the case of a ''thin" thickness or three-di
mensionality effects in the case of a "high" thickness.

The terms ''thin'"' and "high" must be codified and quantified and
can be defined in such a way if they correspond to the following
features:

a) '"thin" = S¢2y; i.e. with the thickness '"S'" smaller than

the smallest '"2y" periodicity of the reflecting
silver planes

b) 'high'' =S>y; i.e. with the thickness "'S" greater than the
distance '"y'' among the silver planes.

The middle planes product three-dimansionality effects too, but
they are not easily perceived, so they are not examined.

If the silver planes are set more or less perpendicular to the
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length of the holographic plate, a registration of the coming light
is transmitted through the hologram.

This kind of hologram is called "transmission hologram'', because
it diffracts light by transmission. If the hologram diffracts light
by reflection, it is called "reflection hologram'. This occurs when
the planes of the fouled silver grains are parallel to the plane of
the holographic plate and correspond to the planes of the interferen
ce fringes; therefore they reflect back (i.e. the reproduction is vi
sible by reflection).

Light which ''goes into'' a hologram (or diffraction reticle) is

diffracted according to the Bragg equation (or equation for the reti

cle):
20 = ——>‘——;
d
where: 20 = the angle between the on coming light

(or incident light)and the outcaming

light (or diffracted light);
)\ = wave length of the incident light;

d = length of each interference fringe
(i.e. distance among the interference

fringes).

If the wave length of light and the angle between the "R.B.'" and
the "'0.B.'"" are known, it is possible to calculate both the distance
(or space) among the interference fringes and the angle to which
the hologram diffracts the light in the best way.

It is necessary to remember that these calcula of distances,
spaces and angles are expressed in nanometers (the emulsion mea
sures from 6 to 15 nm. and the silver bromide - AgBr - grains
of these holographic emulsions with highst resclution are less

than a 1/10 of nanometer).
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In the holographic plates (or films) the light fringes are re
gistered when the very thick AgBr grains are submitted to a laser
light exposure which interferes constructively; the latent image
is formed by the interaction of light with the electrons present
in the AgBr. By exposure to the laser light and the following de
velopment, the AgBr cristalls of the latent image are transformed

into silver grains which form the visible image.

Holography is based on electromagnetic radiations, the light
waves, correspondent with the optical (or visible) frequencies,
which are modulated and demodulated .

The modulation is intended as superimposition of different wi
dths, frequencies and, therefore, as a phase information on a vec
tor which is an invariable and stable kind of wave and can be re
presented by a sinusoidal wave of alternating current.

The demodulation consists of the decoding of the information

superimposed to the vector.

Therefore, in holography the vector function is carried out by
the hologram and is modulated by phase and width information which
form the holographic image.

In order to have a good result, the holographic reproductions
need the respect of some features.

Aboveall, it is necessary to select the place for the hologra
phic laboratory. It must be isolated and far from vibrations cau
sed by noises, by any kind of mechanical movement and by heat that
could cause the un-registration of the interference fringes drawing.

In fact, even a small vibration produces a movement of the frin
ges and the following un-registration of the hologram: it is neces
sary to have a tollerance stability at least equal to 1/4 of wave
length. All this involves that besides foundations and walls, also

all holographic components need stability.

559



For this reason, it is essential to have an aseismatic table,
built in such a way to minimize all vibrations.

Then, this apparatus must be proved by an interferometric test
which controlls the interference between a punctiform source of the
object light and a punctiform source of the reference light.

The beams form the superimposed reference drawing which create
a single area (called of Fresnel) of concentric altermatively clear
and dark circles.

A minimum vibration (greater than 1/4 of the tollerance wave len

gth) causes the shifting of the clear fringes in the dark fringes
area and, consequentely, of the dark fringes in the clear fringes

area. This doesn't allow the registration of the hologram.

Another feature is represented by the measurement and proof of
the space and time coherence which is considered as coherence len
gth of laser.

In the end, it is necessary to measure the intensity of the
"0.B." and of the '"R.B.'', because from this relation (or light re
lation) it is possible to draw the exposure time.

These two point must be considered unitedly; usually it is adop
ted such a technics which causes the separation of the laser beam
in two different beams with precise and different optical path.

In fact, if it is used a laser with a un-single frequency, it
must be considered that the difference between the two paths must
be less than the coherence length of laser.

Normally, these optical paths are measured in such a way as the
final difference is null or measures only some centimeters.

A single frequency laser with a tube 1 m. long has a coherence
1 km.long; while a helium-neon laser (always with a tube 1 m.long)
has a coherence length of 1 m..

Therefore, it is argued that by using a single frequency laser
it 1s not necessary to measure the two beams, because objects with

great dimensions can be reproduced too.
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On the contrary, by using an un-single frequency laser, it can be
joined to a reflecting cavity, called "etalon' which is formed by

half-reflecting surfaces by glass or quartz.

These are parallel among themselves and '"filter' the laser beam
(which swings longitudinally with various 'modes''); so the laser
beam which comes out from the etalon can be considered as a single
frequency laser.

When the two beams, obtained from the separation of the laser
beam, interferes on the holographic plate, the intensity of each
beam must be measured to determine the exposure time.

It is previously said that this relation is called '"light rela
tion'" and it changes also according to the kind of hologram which
must be obtained.

In the case of a reflection hologram, the relation between the
"0.B." and the "R.B." must be from 1:1 to 3:1; for a transmission

hologram from 2:1 to 10:1.
The '"R.B." is brighter than the '0.B.'", because the first has

the function to 'bring' light, while the second has the information

relative the object and must modulate the first one.

APPLICATIONS AND MATERIALS

In the holographic technics it has an information registration
for each point distributec on the whole hologram.

This has an important advantage, i.e. in case of loss of a part,
the reconstruction of the whole image is not compromised but it is
registered only a reduction of the relation signal - noise.

This occurs because the data contained in the hologram have the
feature to be, among the other things, redundant and self-protected.

This is a very important feature in relation to the possible ap

plications at the communication field and information storage system.
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Also for the graphic arts field it is very interesting the possi
ble information storage carried out by optical memories which offer
a quick access and a wide capacity for data processing.

Such a system will have a great advantage, because the registered
and stored data are not lost, even if negative exterior factors as

scratches or dust occur.

" SELsCTA VISION - R.C.A. "™
SYSTEW

Registration and Reproduction fraunhofer hologram
of television images is used

Image is reproducted standstill
during the translation movement
of the band

[ 3
I

] Translation oi hologram into reproduction =
L__ _| image is reconstructed standstill,because :
image is in "infinite" position in respect
for hologram

On the contrary, these factors caused the deterioration
of data when the where stored by photographic technics with
binary data on microfilms according to a matrix plot.

Moreover, holograms offer the possibility of a high sto
rage density.

This can be very useful; in fact, to store television
signals, a huge quantity of material is needed if the com

mon magnetic method is used.
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By applying the holographic Fourier transform, it is pos
sible to cary out operations for recognition systems, for
example, of type and finger-prints.

Or it is possible to register images also at presence of
aberrations regarding to either the surrounding medium, or
the optical system.

That can be carried out if both beams (''0.B.'" and '"R.B.'")
are allowed to pass through the aberration source (or medium).

In fact the Fourier hologram is neither damaged nor influ
enced by these aberration media.

Precise studies are realized to obtain holograms from sound
(or acustic) waves.

The reading is carried out by luminous sources and gives an

optically visible image as result.

walls,metal Reproduction of
Sound waves structures, images,three-di
bodies etc. mensional too

Use : - Not-destructive analysis of materials;
- Underwater explorations;
~ Underground explorations;
- Identification of vibrations and strains of
va rious structures and mechanical members
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For years, several organisations both industrial and not di
rectly linked to a precise industrial activity have been studying
the reconstruction of images, which come from sound waves.

In fact, it is sufficient to consider the studies realized on
sonar equipment which were able to furnish only a bidimensional
image of specific objects submitted to '"control'' or research.

Also radars are interested by holographic applications, becau
se usually they furmish a bidimensional image.

On the contrary, by the acoustic (or also microwave) hologra-
phy, which preserves intensity and phase information, three-dimen
sional images are obtained.

By using a data processor is possible to calculate and then
create holograms of unreal objects.

So it is possible to observe the three-dimensional images of
these objects which are unreal or exist only partially.

This application of holography to computer is very interesting
for the graphic arts.

With a good program, this system can help planners and/or desi
gners, because it allows to carry out three-dimensional drawings
or 'reproductions' of models, equipments etc., without construc
ting them.

Always in the research field of possible applications to the

graphic arts, it has been carrying out experiments and tests to

reproduce a hologram without using photo-sensitive materials with
high resolution.

In order to be more precise, we are talking about a reproduction
of a hologram, which is already an accurate three-dimensional repro
duction of an object.

This reproduction is intended for graphic field and, particular
ly, for print which, nevertheles, must not be considered with the

common terms given by the graphic technology.
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Unfortunately, it is not possible to speak in detail about these
processes which could interest the print of particular security sy
stems for paper-money.

It can be only said that we have suceeded in obtaining an accu
rate reproduction of a hologram on a plastic stand not photographi
cally sensitive which maintains all features of three-dimensionali
ty, parallax and polychromy.

Successive applications with particular artifices have produced
good results; in fact we have succeeded in reproducing a hologram
reproduction on a special stand, always maintaining the proper
features of three-dimensional, polychrome reproduction.

These steps are graphically visible in the following diagram.

It is clear that from the reproduction on plastic material it

is possible to obtain so many successive reproductions as needed.

Hologram reproduction ]

Treatment
(development,fi¥in~...)

Three—dimensional visible |
hologramn

—

Reproduction on photoresist

Reproduction on plastic
materizl (Lexan — Cobex)

Gulvanic electroplating on
copper plate

Control |

]

] Chromium plating
— |
*PRINTY
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We are studying the application to print and it must start from
obtaining so precise reproductions on plastic material as to sati

sfy the features of security systems for paper-money and currency.

The problem of material for holographic (aboveall three-dimen _
sional) applications is very important, because emulsions with a
high resolution power are needed.

In order to obtain such features, it has registered some disa
vantages like, for example, the low sensibility of the same emul
sion. For this reason, it is necessary long exposure times, calcu
lated on the basis of the relation (called light-relation) between
the intensity of the '"R.B.' and the "O.B.' one.

Obviously, long exposure times need a very good stability of a
holographic circuit to avoid any vibrations.

Both to-day holographic plates and films are able to furnish
very precise three-dimensional results with the emulsion thickness.
It has been studying new kind of materials which can be used,

then "erased' and utilized again.

For this reasons, it has been studying substances composed by
ferro-electrical crystalls, liquid crystalls, etc., but without
obtaining good results.
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