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Abstract

More than one hundred years ago Gabriel Lippmann recorded the first permanent colour photographsin France.
His technique based on recorded light interference structures in an emulson produced unique colour
photographs. It is known as interferential photography or interference colour photography, as well as
Lippmann photography. Thistype of direct colour photography was rather complicated, which iswhy only very
few people recorded such photographs after Lippmann reveded his technique in 1891. When correctly
performed, very beautiful colour photographs could be obtained. The fact that the colours of the early
Lippmann photographs are well preserved indicates that their archival properties are very good. The principle of
Lippmann photography is presented, and a review of its early history is provided. Important early contributions
were made by Eduard Vdenta, the Lumiére brothers, Richard Neuhauss and Hans Lehmann. They improved, in
particular, the recording emulsions and recorded many beautiful colour photographs.

Over the last few years there has been increasing interest in Lippmann's unique photographic technique. Recent
progress in panchromatic ultrafine-grain recording materids for holography has made it possible to record
Lippmann photographs again. Since a Lippmann photograph can record the entire colour spectrum, it can
provide the best possible photographic colour rendition. In particular, human skin and reflections from metdlic
objects ook extremely redigtic. Because of ultrahigh resolution, image detail quality is aso remarkable.

Today, high-resolution panchromatic recording materials, suitable for Lippmann photography, are on the
market. Improved and simplified techniques to record modern Lippmann photographs are described.
Photographs of some recent Lippmann colour images are included. Due to the fact that no dyes or
pigments are used in the emulsion of the fina colour photograph, high archival stability of the colour
image can be predicted.

I ntroduction
Today there is an interest in image recording techniques with perfect colour rendition. As regards colour
rendition, Lippmann photography is the only imaging technique that directly can record the entire colour
spectrum of an object or scene. After the invention of black-and-white photography in the 19th century,
there was alot of interest in finding ways of recording natural colour photographs. The somewhat difficult
but very interesting interferential photographic technique, invented by Lippmann, provided such imagesin
1891.



Lippmann Photography

Gabriel Lippmann (1845 - 1921) was able to record colours as standing light waves in an emulsion. His
technique has become known as interferential photography or interference colour photography. In 1891
Lippmann announced that he had succeeded in recording a true-colour spectrum.” A little more than one
year |ater Lippmann displayed four colour photographs of different objects.” Lippmann developed the first
theory of recording monochromatic and polychromatic spectra.® He applied Fourier mathematics to optics,
which was a new approach at that time. Although the new photographic colour recording technique, also
known as Lippmann photography, was extremely interesting from a scientific point of view, it was not
very effective for colour photography since the technique was complicated and the exposure times were
too long for practical use. The difficulty in viewing the photographs was another contributing factor, in
addition to the copying problem, which prevented Lippmann photography from becoming a practica
photographic colour-recording method. However, one-hundred-year-old Lippmann photographs are very
beautiful and the fact that the colours are so well preserved indicates something about their archival
properties. Lippmann was awarded the Nobel Prize in Physics in 1908 - the only Nobdl Prize awarded in the
field of photography.

The principle of Lippmann photography is shown in Fig. 1. Because of the demand for high resolving
power in making Lippmann photographs, the material had to be a very fine-grain emulsion and thus of
very low sengtivity. The emulsion side of the Lippmann plate was brought in contact with a highly
reflective surface, mercury, reflecting the light into the emulsion and then interfering with the light coming
from the other side of the emulsion. The standing waves of the interfering light produced a very fine fringe
pattern throughout the emulsion with a periodic spacing of A/(2n) that had to be recorded (A is the
wavelength of light in air and n is the refractive index of the emulsion). The colour information was stored
locally in this way. The larger the separation between the fringes, the longer was the wavelength of the
recorded part of image information. This is only correct when monochromatic colours are recorded. A
polychrome recording is more complex, and was first mathematically treated by Lippmann.3
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Figure 1. The principle of Lippmann photography



When the developed photograph was viewed in white light, different parts of the recorded image produced
different colours. This was due to the separation of the recorded fringes in the emulsion. The light was
reflected from the fringes, creating different colours corresponding to the original ones that had produced
them during the recording. In order to observe the correct colours, the illumination and observation have to
be at normal incidence. If the angle changes, the colours of the image will change. This change of colour with
angle, known as iridescence, is of the same type as found in peacock feathers and mother of pearl.

Severd scientists and researchers began to exgl ore and further develop this new colour photography technique.
Among them, Auguste and Louis Lumiére,*> Hermann Krone®’ Eduard Vaenta® Otto Wiener," Richard
Neuhauss," Herbert Ives,” Hans Lehmann,*™* and Ramén y Cga™ contributed extensively to the progress in this
field. There are also several books published on Lippmann photography.’®* The most important contributions
were made by Neuhauss and Lehmann, both active in Germany. They devoted alot of time to the perfection of the
Lippmann process. Many beautiful photographs were recorded by them, some of which have been preserved and
are part of photographic collectionsin different museums.

Many of the professional photographic cameras used at the end of the 19th century were cameras for glass plates.
The use of mercury as the light-reflecting and phase-locking technique was generdly used by Lippmann
photographers. It worked rather well, but involved both practica problems and safety concerns. Fog and stresks
caused by mercury in contact with the silver haide emulsion were abig problem The main required additiond piece
of equipment for the Lippmann photographer was the mercury dark dide. At firgt, the dide had to be made up by
the person who wanted to record a colour photograph. However, after some time it was possible to obtain the
equipment from camera manufacturers. Carl Zeiss Kamerawerke in Jena manufactured mercury plate holders,
filters, viewing and projection apparatus. Equipment was also made by other German companies: Stegemann,
Braun, and the plate manufacturer Kranseder & Cie. In England dark dides were manufactured by Watson & Sons
and Penrose & Co.

Neuhauss was a physician and one of the most experienced experimenters. Between 1894 and 1908, he produced
about 2500 plates and performed experiments in his home in Gross-Lichterfelde located outside Berlin. His test
object was most often a stuffed parrot ingtalled on his balcony, but aso landscapes and severd portraits were
recorded by him. His book™ contains important information on emulson making. The early Lippmann
photographers had to mix their own Lippmann emulsion and coat the glass plates. Thiswas a very difficult task and
the emulsion had to be of the highest quality to be able to record perfect Lippmann photographs. Neuhauss stresses
the importance of gelatin quality for making successful emulsions. One example of his Lippmann photographs,
shown in Fg. 2, isan image of the parrot, which belongs to the collection of the National Museum of Photography,
Flm and Televison in Bradford, England, where the API'S 2002 symposium took place.

The processing of the colour photographs was done in more or less the same way by most of the photographers.
They used devel opers based on pyrogallol and ammonia, which were formulated to suit the particular emulsion. A
surface developer will perform well Snce no image information is located deep insde the emulsion. In addition, the
hardening effect on geatin that pyrogdlol provides is important. The Lumiér developer was frequently
recommended and can dso be used for modern Lippmann photographs. Development time was one to three
minutes. Mogt often the image was fixed. However, it was sometimes recommended not to fix the developed
image, snce that would change the thickness of the emulson and, thus, change the colour of the image. Many
Lippmann photographers used image intensfication by a bleaching and redeveloping process, which compensated
for the shrinkage introduced by the fixing step.



Figure 2. Lippmann photograph by Neuhauss from 1899

Viewing Lippmann Photographs
There is one particular problem in viewing Lippmann photographs. The reflection from the gelatin surface of the
emulsion can cause colour digtortion as a result of the phase shift in the gelatin/mercury interface during recording.
In addition, the specular surface reflection has to be separated from the image in order to seeit clearly. This can be
accomplished by attaching a wedged (angle about 10°) glass plate on top of the emulsion using an index-matching
glue, most often Canada balsam (n = 1.52 - 1.54). The old Lippmann photographs were painted black (e.g. flowing
on asphatum varnish mixed with machine oil) covered with black paper and the edges were sealed.

The images have to be observed in pardld diffuse light and shielded from dl sde light. A good condition for
viewing is by a smdl opening in a wdl facing a brilliant white sky. If the observer stands with his back to the
opening and holds the picture at arm's length reflecting the sky the image appears a its best. In the Lippmann times
there were specid viewing devices, such as dioptric and catoptric viewing apparatus, which facilitated the display
of these beautiful colour photographs. The photographs could aso be viewed enlarged, by projecting the reflected
image using a specid projector. The image could not be projected like a modern dide. The reflected image had to
be projected which required a projector of the aphengescope-type. Carl Zeiss in Jena in Germany produced the
viewing and projecting equipment for Lippmann photographs.

There was very little interest in making silver halide plates of the Lippmann type after this type of
photography disappeared in the early 1900s. However, the need for such plates came back when holography
started to become popular in the late 1960s. Recent progress in development of colour holography has
opened up new possibilities to investigate Lippmann photography again. Using new and improved
panchromatic recording materials (silver-halide and photopolymer) combined with special processing
techniques for colour holograms have made it possible to record high-quality interference colour
photographs.



Modern Lippmann Photography

The new interest in Lippmann's technology has been manifested by many recent publications. Lippmann
photography shows similarities to holography. In both cases an interference structure is recorded in a fine-
grain emulsion as a b/w pattern. The fundamenta difference is that, in the Lippmann case, there is no phase
recording involved; the recorded interference structure is a result of phase-locking the light by the reflecting
mirror. In holography, the phase information is actually recorded, being encoded as an interference pattern
created between the light reflected from the object and a coherent reference beam. To some extent, a
Lippmann photograph can be regarded as a reflection image-plane hologram recorded with light of very short
tempora coherence. The reference wave is a diffuse complex wavefront (the mirror image of the exit pupil of
the recording lens.)
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The recording of monochromatic light in a Lippmann emulsion is easy to understand, and it is very similar
to recording a reflection volume hologram. A broadband polychromatic spectrum, such as a landscape
image, is very different. In this case, the recorded interference structure in the emulsion is located only
very close to the surface of the emulsion in contact with the reflecting mirror. A colour reflection
hologram, on the other hand, is a result of the three-colour red-green-blue process involving three
monochrome recordings superimposed in the same emulsion. Bjelkhagen et al®* demonstrated the
possibility to record Lippmann photographs in Slavich PFG-03c panchromatic holographic emulsion. In
order to record Lippmann photographs it is not necessary to use mercury as the light reflector. The
gelatin-air interface can act as areflector of light. The plate isinserted in a conventiona dark dide with the
emulsion side facing away from camera lens. Inside the adapter, black velvet is attached in order to reduce
scattered light. When the plate is exposed without mercury, the exposure time is dlightly increased
compared to arecording with a mercury reflector.

The reason why it is possible to obtain a Lippmann photograph without mercury can be explained in the
following way. One must study the difference between a reflection at the mercury surface or a reflection
obtained at the gelatin-air interface as shown in Fig. 3. A node is located at the mercury reflector (an
optically thicker medium than gelatin), which means at the gelatin surface. The phase shift thereis <. On
the contrary, a crest is located at the surface when the reflection is obtained from the gelatin-air interface
(an optically thinner medium than gelatin), which means, since no phase shift occurs in this case, a silver
layer will be created at the emulsion surface after development. In the mercury case the first silver layer is
located at a distance of A/4 insde the gelatin emulsion. When using air reflection, the exposure must be
dightly increased to bring the recording up on the linear part of the Hurter-Driffield curve.

The weaker fringe modulation caused by the Fresndl reflection at the air-gelatin interface is amplified in
the developing process. The problem, pointed out by Wiener, about the surface reflection being out of
phase with the image when viewing a Lippmann photograph only exists in the mercury case. When using
the air reflector, the surface reflection is in phase with the image.
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Figure 3. Light reflected at an optically thicker medium (mercury, R;) and at an optically thinner medium (air, Ry).
Sisthe gelatin emulsion.

Recor ding Lippmann Photographs without Mercury

To be able to record Lippmann photographs it is necessary to use extremely low light-scattering
panchromatic recording materials. It is very difficult to make ultrafine-grain silver halide emulsions and
only a few people have been able to do that since the time Lippmann photography was practiced.
However, there is a commercia panchromatic holographic emulsion for recording colour holograms. This
emulsion has very fine silver halide grains (grain size about 10 nm) and it is possible to use it for recording
Lippmann photographs as well. It is the Russian Slavich PFG-03c emulsion coated on glass plates, which
the author has employed for all Lippmann photographs presented here. Characteristics of the Savich
materia are presented in Table 1.

Table 1. Characteristics of the Slavich emulsion.

Silver hdide materia PFG-03c

Emulsion thickness 7 mm

Grainsize 12 - 20 nm
Resolution ~10000 Ip/mm

Blue sensitivity ~1.0 - 1.540° Jem’
Green sensitivity ~1.2 - 1.610° Jem’
Red sensitivity ~0.8- 1.240° Jem/”

Color sensitivity peaked at: 633 nm, and 530 nm

The new Lippmann photographs by the author were al recorded without using mercury. The camera used was an
Eastman Kodak Co. (Folmer & Schwing Div.) Auto Graflex 4" by 5" camera equipped with a Kodak Aero Ektar
/2.5, 178 mm lens. The unexposed Lippmann plate is inserted in a dark dide with the emulsion side facing away
from the camera lens. A modified Graphic Film Pack Adapter was used as the dark dide. Insde the adapter, black
velvet was attached in order to reduce scattered light. The light reflected at the interface between the emulsion and
aristhe only light allowed to hit the emulsion, all other light reflected insde the dark dide has to be absorbed. The
principle of recording Lippmann photographs without the need for mercury is shown in Fig. 4.
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Figure 4. Modern Lippmann photography recording principle

The processing of the Lippmann photographs is critical. The interference pattern is recorded only in a very
thin volume at the top of the emulsion. This area has to be maintained intact after processing. Emulsion
shrinkage and other emulsion distortions caused by the developer must be avoided. Among the old
Lippmann developers, the Lumiere pyrogallol-ammonia developer gives good results. To avoid shrinkage
the plates are not fixed, only washed after development. The Slavich emulsion requires pre-devel opment
hardening in a formaldehyde solution.

Lumiére developer:

Solution A:

Pyrogallol 1g
Alcohol (propanal) 100 ml
Solution B:

Potassum bromide 10g
Water (distilled) 100 ml

Working solution: Mix 20 ml solution A + 30 ml solution B + 140 ml water.
Add 10 ml ammonia (sw. 0.960 at 18 degree C) just before using.
Use only once. Use at 15 degree C. (Both important)

Figure 5 demonstrates what a processed Lippmann photographic plate looks like when illuminated and
observed in different ways. When the plate is viewed in reflected light, where illumination or observation is
not performed perpendicularly to the plate, a negative image is seen (a). When the plate is studied in
transmitted light, a red positive image can be seen (b). Caused by the absorption of light by minute
colloidal silver particles in the emulsion, the image appears red. When illumination and observation is
perpendicular in relation to the plate, the correct colour image is seen (c). The illumination has to be
emitted from a large diffuse area above the plate.
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Figure 5. Lippmann photographic plate illuminated and observed in different ways

a. Negative reflected image seen when illumination and observation is not perpendicular
b. Positive red image seen in transmitted illumination caused by colloidal silver particles
C.

Colour reflected image seen when illumination and observation is perpendicular

A beautiful example of a modern Lippmann photograph is shown in Fig. 6. Blue is the most demanding
colour to record caused by the fact that blue light creates the finest interference structure in the emulsion,
which has to be resolved during recording. A decorative plate, Princess of the Iris (by M. Noble), was

recorded in diffuse light from an overcast sky requiring a six-minute exposure at aperture f/4 on a Slavich
PFG-03c panchromatic holographic plate, size 4" by 5.”

Figure 6. Lippmann photograph of “ Princess of the Iris’ decorative plate



Figure 7. Lippmann photograph of an elephant with metallic gold reflections

Metallic reflections are accurately recorded in Lippmann photographs. An example of thisis a4’ by 5
recording of a white porcelain elephant, illustrated in Fig. 7. The photograph was recorded outside in
daylight illumination on a Slavich plate.

Another modern Lippmann photograph is a portrait of the author reproduced in Fig. 8. The plate sizeis 4”
by 5. The exposure time was two minutes at aperture f/4. The reproduction of human skin is remarkably
realistic in a Lippmann photograph. It was recorded in bright sunlight softened with diffuser on a Slavich
plate.

After being processed, the back of the Lippmann plates was painted black. For better viewing of the
image, a wedged glass plate (Wiener prism) was cemented to the emulsion side of each plate. The
photographs of the Lippmann plates have been recorded with a digital camera.

Since conventional photography, conventional or digital, cannot record the colours recorded in a
Lippmann photograph, only by viewing rea Lippmann photographs, one can appreciate the quality of
them. It is also difficult to obtain the very high image resolution of the Lippmann images when
reproducing them by digital photography.



Figure 8. Lippmann portrait of the author

Conclusion

Modern Lippmann photography may have limited applications in photography and colour imaging, but
may very well appeal to artists and art photographers. The Lippmann photograph is virtually impossible to
copy, which makes it a unique, one of its kind, photographic recording combined with extremely high
archival stability. Since the quality of a Lippmann photograph mainly depends on the recording material,
gpecia isochromatic ultrafine-grain emulsions are absolutely necessary in order to record photographs
with the correct colour rendition. The holographic plates used here are not realy designed for Lippmann
photography and, thus, it is not possible to demonstrate the perfect quality that theoretically can be
obtained with interferential colour imaging.

A potentid gpplication of Lippmann photography is a new type of Optical Variable Device (OVD) currently
under devel opment.35 A Lippmann OVD can be gpplied as a unique security device on security documents, such
as, eg., identification cards, passports, credit cards, and other documents where a high degree of security is
needed. A Lippmann photograph is amost impossble to copy, which makes it a unique colour photographic
recording. The iridescence of the Lippmann photograph is another important security feature as well as the
switch between a negative and positive colour image, easly seen when tilting the document.
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