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An extension of the 1962 Denisyuk method to record reflection holograms in Lippmann emulsions has per-
mitted us to reconstruct monochromatic images with white light (e.g. sun) and demonstrate possibilities of
simulating three-dimensional gratings for crystallographic studies.

Fig.la shows an arrangement which we have
used for recording holograms of two- or three-
dimensional objects in such a way that illumination
of the hologram with ordinary sun-light (or other
white light, e.g. from a flash light), as infig. 1b
will produce a 'single-color' image of the object
by wavefront reconstruction. An example of a
reconstruction of the image of a grasshopper
which we have obtained with sun-light illumination
of such a hologram is shown in fig. 2. The origi-
nal object in this case was a 24 X 36 mm2 Koda-
chrome transparency placed at about 1 inch from
the photographic plate (along the z-direction), so
as to produce a reflection version of a 'projec~
tion' hologram [1], by recording in 63284 laser
light. Reconstructions with three-dimensional
objects, both diffusing and speculary reflecting
have been equally successful.

The physical principles of holographic imaging
with the method illustrated in fig. 1 may be read-
ily given in simple terms. Basically the 'single-
color' selection in the reconstruction with white
light may be attributed to a multilayer interference
effect, resulting from the stratifications of the
emulsion caused in the recording fig. 1a by the
interference between the reference field and the
field scattered by the object, very much like in
the original Lippmann color photography method
[2], first described in 1894. The spacing of the
stratifications (along the z-direction) in the re-
cording is 1Xin case where both fields are plane
waves incident normally on the plate. In the case
of scattering by an arbitrary object (fig. 1a), the
multilayer stratification maxima are locally
displaced along z, according to the local values

* Parts of this work were first publicly presented by
G.W.Stroke on 5 January 1966 in the board room at
the National Science Foundation, Washington, D.C.,
by special invitation from Dr.John M. Ide, NSF Di-
vision Director for Engineering.
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Fig.la. Recording (in laser light) of crystal (grating)-

like hologram capable of b. reconstructing single-color

images upon white~light illumination, using a Lippmann-~
Bragg diffraction effect.

of the phase of the resultant scattered electric-
field vector (as measured with respect to the
reference field). In addition, the resultant local
intensity modulation of the processed photo-
graphic emulsion (in depth, say along z, for a
given x-coordinate in the plane of the hologram)
is determined by the resultant magnitude of the
scattered field vector.

In the resconstruction (fig. 1b) white-light
illumination of the hologram from the reference
beam side produces, just like from a diffracting
crystal, one spectrally selected single-color
'reconstructed wave', capable of forming an image
by wavefront reconstruction, according to the
principles first described by Gabor in 1948 [3].
In the 'reconstructed wave', (1) the local phase
modulations are determined by the local dis-
placements of the reflecting multiplayer strati-
fications, (2) the local amplitude modulation is
determined by the local intensity modulation of
the hologram, and (3) the color selection is ob-
tained by Bragg diffraction from the grating-
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like stratifications. (The spacing of the stratifi-
cations may be suitably varied by omitting photo-
graphic fixing and other techniques [6, 7].

A basic theory of this type of reflection holo-
gram recording was first given by Yu. N. Denisyuk
in 1962 [4], for the case when the object was
actually illuminated through the hologram, rather
than with a separated beam (split before the in-
cidence on the hologram, as in fig. 1a). An ex-
periment with mirrors used as objects and re-
cording with mercury light was also described
by Denisyuk, but no photographic results were
shown, presumably because of the well known
difficulties of recording good holograms before
the advent of lasers [3]. The readily obtained
very good result which we show here was ob-
tained with sun-light reconstruction from a holo-
gram recorded in 63284 laser light. (Equally
good and readily observable images are obtained
with very sufficient brightness with the light from
a small pocket flash light. )(It may be of interest
to note that an arrangement similar to that which
we use for the recording of Lippmann-Bragg
reflection holograms has been described in ref. 5.
for the purpose of demonstrating the possibility
of using "inverted reference beam' illumination
in the recording of 'monochromatic transmission
holograms', such as those in general use here-
tofore, and not for the purpose of recording the
'white-light reflection holograms' which we des-
cribe here. The inverted reference-beam illu-
mination in the recording of transmission holo-
grams has the important advantage, pointed out
in ref.’5., of permitting one to place the reference
mirror close to the laser source, rather than
next to the distant object, when a sufficient coher-
ence length [1]in the laser is available. Reflec-
tion images from conventional 'transmission’
holograms upon illumination with monochromatic
laser light have also been widely observed. In a
general way all methods of holography are based
on the original work by Gabor [3])

The theoretical description of the white-light
reflection holography process which we describe
here may be readly given in the form of a 'modu-
lated Lippmann-Bragg reflection-grating' formu-
lation., Details will be given in a more extensive
publication [6] For the case of a scattered field
describable by A (x)exp i¢(x) on the hologram
surface(x-plane), say upon normal incidence
along the z-direction, and with the reference
field also incident along the z-direction, the
intensity recorded in the hologram emulsion may
be written as I{x, z2) = 1+ A(x) cos{2kz + ¢(x)},
wherek = 27/ and X is the recording wavelength.
Ilumination with a 'plane' white-light wave re-
constructs the field A (x)exp i ¢(x) in a single
wavelength by a holographic Lippmann-Bragg
diffraction process from the three-dimensional

Fig.2, Image of a grasshopper reconstructed with sun-
light illumination of a hologram according to fig. 1b.
(The original 'object' in this case was a 24x36 mm2
Kodachrome transparency, placed at about 25mm in
front cf the hologram which was recorded in 63284
laser light, see text.) Very bright, sharp images were
obtained by reconstruction from the same hologram
upon illumination with only the light from an ordinary
pocket flash light.

grating described by the equation.

(It may be of interest to note that particularly
brilliant reconstructions are obtained in this
manner by recording the hologram in an arrange-
ment where the scattered field is brought to
focus, say with a lens, at some distance behind
the hologram, on the reference-beam side, after
the illuminating beam has been scattered by the
object, e.g. the transparency used in the recor-
ding of the hologram for fig. 2. Among many other
experimental refinements which we have inves-
tigated, we have also found most useful the tech-
niques of treating Lippmann emulsions described
by Ives [7]in 1908, especially in controlling the
spacing of the elementary stratifications. )

In our ref. 6. we shall also further discuss
extensions of our method of 'reflection holography'
to the generation of three-dimensional crystal~
like gratings in photographic emulsions, which
may be of a particular interest for the purpose
of simulating crystallographic lattices for dif-
fraction studies in the visible-light domain, and
possibly for simplifying or aiding some aspects
of X-ray image synthesis, e.g. in crystallography
and protein structure investigations. Applications
to interferometry, spectroscopy as well as to
color holography, among others, have also ap-
peared to be possible.

We wish to especially acknowledge most fruit-
ful conversations with Gilbert B.Devey which
were at the origin of generating our interest in
investigating possibilities of 'white-light holo-
graphy', such as that described here. We also
wish to acknowledge the interest and fruitful
conversations with several colleagues, notably
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with R. C.Restrick. We are most grateful for a

most generous grant from the National Science
Foundation in support of major parts of our re-
search.
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The electrical breakdown of a gas by a high voltage pulse will excite various sound waves. The propaga-
tion of an axial shock wave and a radial standing sound wave in afterglow plasmas has been studied by

means of Tonks-Dattner resonances.

Recently, we have been using the electro-
acoustic Tonks-Dattner resonances to measure
electron densities [1] and electron temperature
transients {2 ]in noble-gas afterglow plasmas.
During these investigations, we also observed
perturbations on the Tonks-Dattner resonance
curves due to sound waves in the neutral gas.

Other investigators [3]have reported on a
standing sound wave, or a shock with Mach num-
ber very close to unity, following the breakdown
of the gas in a discharge tube with a rectangular
cross section. They detected the sound wave in
the partially ionized gas by means of the changes
that were produced in the transmission of a
microwave signal and in the intensity of the re-
combination light. By means of the new Tonks-
Dattner resonance technique, we have discovered
a radial sound wave following the electrical break-
down of the gas enclosed in a cylindrical dis-
charge tube. The breakdown pulse also produced
a shock wave that traveled parallel to the tube
axis.

A schematic drawing of the hot filament dis-
charge tube is shown in fig. 2. For simplicity,

*This work was supported in part by the Air Force
Cambridge Research Laboratory, Office of Aerospace
Research, under Contract No. AF19(628)-4183.
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we have excluded all electronic equipment. A
microwave signal was applied to the strip line,
which could slide along the tube. The dipolar
electric field between the arms of the strip line
will excite local electroacoustic resonances at
certain electron densities. The excitation and
detection of these resonances is well known from
the literature [4] The microwave signal that is
reflected from the plasma carries with it in-
formation pertaining to the Tonks-Dattner reso-
nances as seen in fig. 1. This is an enlarged
picture showing only the first resonance. Of
particular interest here is the modulation of the
resonance curve. Higher order resonances ex-
hibit a similar modulation. The amplitude of
this modulation was found to increase with the
electrical energy dissipated in the tube. There-
fore, in the following measurements, we used
maximum available breakdown energies, which
were of the order of 0.1 joule. The period 7 of
the modulation was found to be independent of
neutral gas pressures from 1-10 Torr and inde-
pendent of exciting frequencies between 500 and
1800 Mhz. We also found that the period did not
depend on the position of the strip line along the
tube. Furthermore, microwave heating of the
electrons did not change 7,. Finally, the modu-
lation was very weakly damped, since it could
be observed as late as 2.5 msec after breakdown.



