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Abstract
Following the success of the pedagogic tool for monochromatic holography realized for pedagogic and popular science
purposes a few years ago [Th. Voslion and A. Escarguel, Eur. J. Phys 33, 1803 (2012)], an upgrade has been developed. The
resulting device includes all the necessary equipment to produce far more spectacular 4” × 5” color holograms for science
outreach purposes. Graduate schools are also offered several experiments such as holographic diffraction gratings. Optimized
to be extremely robust to vibrations, particularly by using the weight of the object to avoid unwanted vibrations during
hologram exposure, the robustness of this device is demonstrated through optical microscopy measurements.
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1. Introduction
The reproduction and capture of the image has always
been a fascinating challenge. Humans began by painting.
Then photography was invented in the 19th century, and
constantly improved. The latest phase of this development is
being able to capture the relief of a real scene.
Holography has a particular place in this history, as it is
the only way to record the “whole” relief of a scene [1].
While other processes record the 3D effect for one or a few
points of view, holography records a huge set of points of
view of the scene, some holograms offering a 3D effect over

360°. This is due to the fact that interference is a non-local
effect. Each point of the object illuminated by the coherent
wave diffuses the information over a wide part of the
photosensitive plate, giving rise to an interference pattern
containing the 3D information. A hologram has high
redundancy of information, which is why it is possible to see
the whole object using only one part of the plate.
Producing a hologram requires at least one bright light
source whose coherent beam is divided into two parts, the
object and the reference beams. The first called the object
beam is directed onto the object and retains a footprint of the
wavefront deformation induced by its relief. The second, or
reference beam, is directed onto the recording medium. Its

guaranteed by the same principle as in the previous
pedagogic tool [5]: the good horizontal contact between the
plate and the glass ensures less vibrations. This last point is
verified and the effectiveness of the support is tested by
measuring spatial resolution and interferometric visibility on
the recording plates for different noisy environments.
Finally, we illustrate how this holography color device is
used through two examples: color Denisyuk holograms and
holography diffraction gratings.

interference with the object beam is recorded to reveal the
phase deformation induced by the object, and thus its relief.
For light-diffusing objects, this information is recorded over
the whole hologram [2].
Anyone looking at a hologram thinks that holography is a
“kind of magic”, even though the underlying physics of
interference of coherent light is today well understood. This
makes holography a very motivating tool for engaging
students and teaching them fundamental/applied optics [3,4].
For popular science purposes, realizing a live hologram has a
strong impact on the audience, opening the way to
discussions and thereby to sharing the knowledge coming out
of research laboratories with the public.
This paper details a holography color device that is an
upgrade of the pedagogic tool for monochromatic
holography developed a few years ago [5,6]. The addition of
a second, green laser mixed with the red laser allows color
holograms to be realized, affording new experiments for
university students and continuing education [7].
Because it is light and easy to move, this new holography
color device is very practical for use in amphitheater courses
demonstrations or for science outreach purposes. It can be
used just as effectively in outdoor popular science events as
in high level physics teaching. Since the degree of noise will
differ greatly according to the situation, this upgraded device
is fitted with two different plate-object supports, one for
noisy conditions and the other for quieter conditions. The
success of the first support under noisy conditions is largely

2. Description of the holography color device
The holography color device is a 60cmx40cmx30cm case
containing everything required to produce color holograms
under any noise conditions. The case itself is used as a dualbeam diverging light source during exposure. The device has
been optimized to be simple, robust and to allow easy optical
alignment when necessary.
To ensure good mixing of the two laser beams, the main
component of the device is an optical setup fixed on a small
(400 × 400
) breadboard with three Sorbothane
isolating feet fixed to the bottom of the case (figure 1).
Sorbothane was chosen because its high shock attenuation
[8] keeps the dual beam stable during exposure. The setup
consists of a 20mW-632.8nm HeNe laser, a 20mW-532 nm
DPSS laser (class IIIb), a dichroic mirror to merge the
collimated beams, a rotating polarizing filter in front of the
green beam to control the red/green intensity ratio, and a
glass convex lens placed in the path of the two mixed beams,

Figure 1: Diagram of the holography color device with the optical setup inside a case (left) and photograph (right). L1:
20mW 632.8nm HeNe laser (right fig.: black cylinder); L2: 20mW 532nm DPSS laser (right fig.: black rectangle); PF:
polarizing filter; DM: dichroic mirror; M: front surface mirror; O: shutter; L: lens. In the photograph, the exit port and
the lens L are located on the upper left side of the case. A small case contains the supplementary material and is placed
on top of the laser power supply.
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just in front of an exit hole perforated in the case. The front
surface mirror and the dichroic mirror are fixed on kinematic
mounts with manual adjusters for easy optical alignment. A
zero aperture iris is placed just in front of the lens, making it
possible to block the laser beams. The short convex lens
(f=20mm) reduces laser hazard: only diverging beams are
accessible outside the case.
The two laser beams are mixed via the dichroic mirror,
expanded via the lens, and horizontally reach one of the two
supports described below (figure 2).

To upgrade the monochromatic pedagogic tool, the PO1
support was designed to produce contact reflection
holograms, also called Denisyuk holograms [9], under noisy
conditions. It is optimized for 4"×5" plates (figure 2): the
reflecting prism has been replaced by a cheaper and larger
front surface mirror to reflect the laser beams onto a large
part of the holographic plate. For better stability, the
photosensitive holographic plate is mounted on three
columns with balls at their ends. Beams are deviated
vertically by the 45° mirror, crossing the transparent

Figure 2: Plate/object supports PO1 (left) and PO2 (right); the arrows indicate the orientation of the diverging laser
beams. The plate/object supports are placed far enough from the lasers so that the maximum surface of the 4” × 5” plates
is exposed. PO2 is used for single-shot reflection / transmission holograms: a reflection hologram of the elephant and a
transmission hologram of the cat are produced simultaneously.
The HeNe laser has a coherence length of about 150 mm,
while the green laser is monomode with a much greater
coherence length. Thus, for Denisyuk single-beam color
holograms, the maximum distance D = 75mm between the
holographic plate and the object is imposed by the red laser
(the depth of the object is limited to 75mm). These lasers
cost at least 3800 €, too expensive for a commercial kit
aimed at general public use. But this is what it costs to
realize high quality holograms with 100% success for
pedagogic/popular science purposes. Economies could be
made by replacing HeNe/DPSS with cheaper laser diodes.
However, it is well known that they are not stable enough in
terms of frequency, leading to lower-quality holograms and a
much lower success rate in their realization. Moreover, these
laser diodes are extremely fragile, and particularly vulnerable
to static electricity. This necessitates great care in handling
them and reduces their lifetime.
Two plate/object supports are included in the case: the
first support (PO1) is used in noisy environments, and the
second (PO2) when there is less noise. During exposure, the
chosen support is placed so that the object is a few meters
away from the hole of the case.

photosensitive plate and being back-diffused by the object
which is simply placed on top of the plate. This takes
advantage of gravity to avoid any relative movement during
the realization of the hologram, thus enabling holograms to
be created even in noisy environments like a university
amphitheater crowded with students or a science outreach
session with children. This robustness is due to the fact that
in holography, it is only after separation of the laser beam
into two parts, the reference and the object beams, that any
micrometric vibrations need to be prevented [10]. In our
case, as described in the previous article [5], this implies
avoiding any vibration of the object with respect to the plate
on which it is placed. As in the first pedagogic tool, the
plate/object support is simply placed far enough from the
case to ensure that the combined red/green diverging beams
deviated by the 45° mirror illuminate the largest surface of
the photosensitive plate. Typical exposure times are a few
seconds. This is sufficiently long to precisely expose the
plate to the lasers manually by simply opening the zero
aperture iris and leaving it open, but short enough to avoid
possible perturbing vibrations.
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Because with the second plate/object support (PO2) the
objects are not directly in contact with the plate, it should be
used in quieter environments. This support is specifically
suited to small groups. It is designed for single-shot
reflection/transmission holograms using the diverging laser
beam coming from the bottom (right side, figure 2). The
holographic plate is vertically fixed onto the support with
four screws and plastic washers. Two objects are placed on
both sides of the holographic plate and are secured with
small pieces of modeling clay. The one behind (elephant on
figure 2) is used to create a reflection hologram while the one
in front (cat) is used to create a transmission hologram. A
small mirror can be added at the side to improve the
brightness of the transmission hologram through better
illumination of the object. Due to the divergence of the beam,
this mirror is illuminated by a part of the reference beam and
can be oriented so as to illuminate the object.
All the equipment needed to develop the holographic
plates is inside the case: the developing products (developer,
bleach and wetting agent), the corresponding tools
(thermometer to control the temperature of the developer,
syringe, measuring beaker, hair dryer to dry the plates after
development) and a few 4"×5" silver halide Ultimate 08
color plates [11]. Note that these plates are not pre-swelled,
to keep the rendering colors as real as possible. Developing
an Ultimate plate takes approximately 15min:
- dilute 1:10 in water developer (in darkness) :
6min at 20°C,
- rinse (in darkness) in running water 1min,
- bleach until transparent (3-4min),
- rinse in running water 1min,
- soak 1min in water containing a few drops of
wetting agent,
- dry 2 min (with absorbent paper, then with a hair
dryer).

Figure 3: Experimental setup used to characterize
vibrations – the laser beam simultaneously illuminates
the PO1 support and a classic setup. A radio program is
running during printing time at various noise levels: 40,
60 or 70dBA.
for the reconstruction of the hologram requires that there be
no vibrations along z during recording. This is a limitation:
the planes must not be blurred. For an angle 2α between the
reference beam and the scattered object beam, a laser
wavelength λ, we have:
=

(1)

Here = 632.8
and = 90°, the Bragg planes are
spaced about d=315nm apart in the medium. This cannot be
easily seen with an optical microscope.
However in the (x,y) plane parallel to the plate, the fringes
at the object’s edge can be of the largest sizes visible under
an optical microscope: they follow the Fresnel diffraction
pattern [10,14]. Therefore, in the case of a reflection
hologram of a point-like object, the constructive fringes get
closer to the fringe order n (zero order is at the edge of the
object). In this case, fringe spacing in evolves as:

=

for >> 1, with D the object-plate distance. Fringe intensity
is also decreasing with the increase of order n. If the object is
not like a point, the interference pattern is more complicated.
But fringe spacing always decreases with the increase of n.
Moreover, if the object is placed at y=0, fringe spacing is
decreasing with |!|. Thus, the smallest recorded fringe
spacing will indicate the smallest detail visible in the
reconstruction. If the object has a simple shape, like the edge
of a metal ruler, the smallest detail is easier to measure.
When there is noise during plate exposure to the laser
light, an optical microscopy view of the fringe plane can
provide information on loss of spatial resolution. Note that
loss of image intensity is harder to measure because optical
microscopy only provides information on the (x,y)
vibrations, along the plane of the hologram.
Here, we tested the effectiveness of the PO1 support by
simulating a public exhibition. Two holograms of the same
object (a metal ruler) were realized at the same time: one
using PO1 and the other not using PO1 but placing the ruler
directly on the plate (see figure 3). To reproduce a public
exhibition environment, a radio program was running in the
room: the experiment was repeated under various noise

3. Plate/object anti-vibration support PO1:
qualitative and quantitative proof of robustness
The brightness of a hologram is defined by: (1) the
intensity of the light diffracted by the hologram to
reconstruct the image, which depends on the number of
Bragg planes constructively reflecting the incoming light and
(2) the spatial resolution [12,13], which depends on the finest
detail available in the interference pattern recorded in the
silver halide emulsion of the holographic plate. Thus the size
of the silver grains determines the definition of the
reconstruction: the smaller the grain, the higher the
definition. The grain size of the Ultimate holographic plates
used for this device is extremely small, 8nm on average [11].
In the following, the z axis is perpendicular to the surface
of the holographic plate. For a reflection hologram, the fringe
planes, also named Bragg planes [2], are perpendicular to z
and spaced a distance d apart. Ensuring sufficient intensity
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conditions (measured in human ear weighted units, dBA, at
the recording site): 40, 60 and 70dBA.
Pictures of the holograms obtained under these conditions
are shown in figure 4. Note that the hologram no longer
appears in the 70dBA noisy condition. Only a small part close
to the mechanical contact point is seen. This is qualitative
proof of the robustness of PO1.
Microscopy measurements provide more quantitative
insights. Micrographs of the plane (x,y) were obtained with a
metallographic optical microscope along the edge of the ruler
(figure 5). These micrographs were taken in the white circles
plotted on the hologram pictures from figure 4. A 90°
rotation was performed with respect to the picture in order to
plot the gray level profiles of figure 5 in the same direction.
The gray level profile is a signature of the recorded light
intensity and is encoded on 8bit. When PO1 is used, the
intensity level of the fringes under the 40dBA (no noise) and
the 70dBA (noisy) conditions are similar. The intensity level
is decreasing from the edge of the ruler to the external part
that is clearly visible in the no-noise condition or using PO1:
if the object edge is in y = 0 , the intensity is decreasing with
|!|.
Variations in intensity were measured with the
interferometric visibility defined as Γ =

#$%& '#$()
#$%& *#$()

PO1
Noise (dBA)

40

60

70

70

Interferometric
visibility
0.19
0.91
0.65
0.41
Γ
Smallest detail
1.4
1.5
2.5
0.8
ε (±0.5 µm)
Table 1: Resolution and interferometric visibility obtained
under the different noise conditions
The interferometric visibility is much better without noise or
with PO1. Under very noisy conditions (70dBA), the smallest
detail visible in the plane is three times better with PO1.
Holograms realized with PO1 were roughly identical
whatever the noise conditions. These results confirm that
recording using the weight of the object on the plate directly
to reduce the effect of vibrations is an effective and relevant
method of producing holograms under noisy conditions.
Sound vibrations correspond to the mechanical resonance
of glass, the material of the plate. If the object vibrates
together with the glass, then relative oscillations are damped.
The shorter the mechanical loop, the smaller the oscillations
between the plate and the object. Therefore, the small circle
in the 70dBA condition without support shown in figure 4
corresponds to the lower part of the ruler where the table
adds a contact between the ruler and the plate. The signal is
quickly lost when the mechanical loop increases (5mm away
from the table). This suggests that the best way to ensure
optimum reproducibility when making a hologram is to use
the full weight of the object, and thus to place the plate
horizontally.
We did not test the PO2 support since this is equivalent to
using the mount without support. Mechanical loop is long

. They

correspond to the intensity modulation perpendicular to the
edge of the object. Results on resolution and interferometric
visibility with the gray level profile are reported in Table 1.

Figure 4: Pictures of the holograms obtained for three controlled noise conditions with and without PO1. Even under the
worst acoustic conditions, it is the PO1 support that enables the best hologram to be obtained.
Without PO1

because the object and the plate are placed vertically. PO2 is
only intended for use under quieter environments.

With
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Figure 5: Micrographs taken in the white circles from pictures in figure 4 show the recorded fringes. The gray level
profiles plotted on the right are extracted from the white rectangular zones. The interferometric visibility is clearly better
using PO1. The size of the smallest visible detail is measured on the plane of the recording medium.

4. Experiments for popular science and pedagogy

4.1 Color Denisyuk reflection holograms

The holography color device can be used to realize
multiple experiments for outreach purposes, such as the color
Denisyuk reflection holograms described below or for high
level physics courses. For example, the holography color
device was used for experimental projects with small groups
of Master students at Aix-Marseille University. During 6 3hours sessions, they worked on the realization and the
characterization of diffraction gratings. They began by
creating a single-shot transmission/reflection hologram (with
plate/object support PO2) to understand the differences
between them. Once developed, the distinguishing feature of
such a hologram is that it contains in the same volume a
reflection and a transmission hologram. Depending on how it
is observed, with laser by transmission or with a white light
by reflection [15], students can see each of the two
holograms. This experiment has great pedagogic value: it
raises the student’s awareness of the effect of the relative
orientation of the object/reference beams with respect to the
plate. They also master the different phases of realization of
a hologram: setup mounting, exposure time calculation, and
development. The students subsequently created and
characterized several diffraction gratings and mounted a
complete transmission spectrometer [16].
The reader will find descriptions of different holography
projects using the holography color device in Additional
Information.

For science outreach purposes, color reflection holograms
are spectacular [17,18].
The main advantage of the device is to allow the
realization of spectacular 4”x5” Denisyuk color holograms
[19]. For perfect reproducibility of a wide range of color
shades, at least three lasers with wavelengths corresponding
to three independent primary colors need to be used [20].
However, the realism of « color » holograms realized using
only red and green lasers is very impressive too, even though
it is not possible to obtain pure white and purple/blue shades
(figure 6). When created during science outreach events, the
impact on the audience of such « two-color » 4"×5"
holograms is very strong, much greater than the impact of
small monochromatic holograms. Adding an expensive third
laser in the blue region does not therefore appear essential:
the green laser gives the hologram its luminosity, while
combining it with the red laser gives a wide range of color
shades. Holograms produced with red and green lasers
represent a good compromise between cost and audience
impact. As we will see later in the text, the use of the two
red/green lasers also considerably widens the scope for
experiments illustrating the principles of holography. The
redesigned PO1 releases the experimentalist from concern
over unwanted disturbing vibrations. The device has been
successfully used to realize holograms in noisy environments
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on angle θ as defined in figure 7. For a collimated beam and
a laser wavelength λ, we have:

such as an amphitheater full of students or during outreach
sessions in a museum and in the street with a dark tent.

=

(2)

+

The number of grooves per millimeter can be controlled
through the choice of laser wavelength λ and angle θ. For
pedagogic use of color holography, it is possible to obtain
values of up to 2800 mm-1 on a 4” × 5” holographic plate.

Figure 7: Experimental setup for the realization of a
holographic diffraction grating with PO1. The laser beam L
is coming from the left side. The holographic plate HP is
leaning against the mirror M, emulsion on the mirror side.
The inclination of HP can be varied by changing the position
of the rear post.
Once the diffraction grating is realized, the number of
grooves per millimeter aexp can be experimentally obtained
by measuring the angle of diffraction β2 of an incident
collimated laser beam with an incident angle β1 with respect
to the normal [22]:

Figure 6: Two-color (red/green) hologram of crystals (up)
and originals (down). Crystals are, from the top left to the
bottom right of the image: gold-yellow pyrite, deep green
dioptase, red vanadinite, dual-pyramid purple quartz, and
pale green malachite.

sin/01 2 + sin/0 2 =

45&6

=

. 789:

(3)

Note that if 01 = ;, the measured angle of diffraction
0 = ; also with respect to eq. (2). A diffraction grating was
realized using the green laser and with the mirror inclined at
an angle of θ = 41.5°. The use of relation (3) with two
'1
lasers at 671 nm and 473 nm gives 7<=> = 2513
and

4.2 Holographic diffraction gratings
Holographic diffraction gratings are widely used in
spectroscopy for research and industrial spectroscopic
applications. Such an optical element is obtained when two
coherent equally polarized monochromatic optical beams of
equal intensity intersect each other onto a photo-sensitive
plate. A diffraction grating can also be created from a single
collimated coherent beam, if it is reflected back upon itself.
The use of PO1 allows this configuration: the mirror is
placed vertically against the rear post, with the holographic
plate placed at the original mirror position (figure 7) [21]. A
standing wave pattern will be formed, with intensity maxima
forming planes parallel to the wavefronts. Its intersection
with a photo-sensitive medium yields on its surface a
sinusoidal varying intensity pattern, whose spacing i depends

2457 mm-1 , respectively. This is in very good agreement
with the value predicted from equation (2): a CD =

2491 mm-1 . The effect of the wavelength on the resulting
value of i can also be explored. Two diffraction gratings
were successively created with the red and green lasers of the
device. The use of relation (3) gave a 89: EF = 2254 mm-1

and a 89: GF = 2714 mm-1 . As expected, the ratio
7<=> GF / 7<=> EF I = 1.19 was equal to the ratio of the
laser wavelengths J<K / LJ<< . These two gratings can be
realized at the same time on the same plate, so that two
holographic gratings can coexist with the corresponding
resolutions.
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Note that when realizing diffraction gratings with the
device, the laser beam is divergent. Thus, the optical
wavefront is spherical and relation (2) is not strictly valid.
This means that the distance between successive fringe
patterns 1) differs from the value for a collimated beam and
2) is not constant over the diffraction grating surface. To
check how important these effects are, we measured the
variation of the number of grooves per millimeter over the
surface of a diffraction grating realized with the device:
∆7N < 4%. Moreover, we realized a diffraction grating
7
with a collimated beam by adding a second converging lens
after that used to expand the laser. The ensuing variation was
2.2% lower than that of the diverging beam configuration. It
can therefore be concluded that relation (2) is a good
approximation in our case. An explanation for these results is
that PO1 was positioned far from the laser sources, at a
distance of Q ≈ 4.5 , so that the incoming beam is only
slightly spherical.

excellent source of motivation for students, as well as a very
effective way of capturing the attention of any audience.
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Additional information
The holography color device could also be used to
illustrate data storage (Holographic Versatile Disc) with
wavelength and angle multiplexing. For angle multiplexing,
PO2 is simply rotated to change the incident angle of the
laser beam between two laser exposures of two different
objects on the same plate. Once developed, the image of one
object or the other can be seen, depending on the angle of
observation of the hologram. This experiment can be
performed with a transmission or a reflection hologram,
depending on the position of the object: in front of or behind
the plate. The wavelength multiplexing effect can be realized
with PO1: the same holographic plate is successively
exposed to the two lasers, and the object is changed between
the shots. Once developed, the two red and green images are
superimposed when the hologram is illuminated with white
light. When it is exposed to red and green lights, the
corresponding image can be seen, thus illustrating the
wavelength selectivity of the hologram.
Moreover, as with the pedagogic tool for monochromatic
holography, it is possible to realize experiments on doubleexposure holographic interferometry (mechanical stress
diagnostics) and notch filters (Raman spectroscopy). For
more information on these experiments, the reader can refer
to our previous publication [5]. The experiments are enriched
by the presence of two lasers in the holography color device.
For example, a double-notch filter can be realized by using a
front surface mirror exposed to the red and green lasers at the
same time, with two reflection spectral bands centered on the
lasers’ wavelengths.

5. Conclusion
Our first monochromatic pedagogic tool for holography
developed in 2012 has been widely used for teaching
purposes at Aix-Marseille University, for continuing
education and for popular science events. Since 2015, it has
been upgraded to a holography color device described in this
publication. This provides more pedagogic opportunities to
engage an audience, with no particular need for an expensive
active or passive anti-vibration apparatus. The device is
portable and contains a stable dual (red/green) beam
diverging light source (the case), an anti-vibration
plate/object support, a single shot reflexion/transmission
support and the developing chemistry.
To test the effectiveness of the anti-vibration support in
controlling vibrations, we used the Fresnel diffraction
recording of a metal ruler. This allowed us to measure the
smallest detail available on the recording, used to indicate the
hologram’s brightness. Several noise conditions were tested
and unambiguously showed that noise is not a problem when
using the anti-vibration support. The device can be used for
outreach purposes, during public exhibitions, science
festivals, conferences, and for middle and secondary school
in-service teacher training.
Associated with an additional support included in the
holography color device, it is possible to develop more
complex educational experiments compare to the first
pedagogic tool: color holography, comparison of
reflection/transmission holograms, Bragg effect, angular and
wavelength multiplexing principles, diffraction gratings with
control of the number of grooves per millimeter, notch filters
with central wavelength control.
Holography offers opportunities to explore a wide range
of fundamental principles of optics. At the same time, the
spectacular ability of holography to reproduce reality is an
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