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The amount of gain, its onset at a drift field high
enough for the electron drift velocity to equal the
elastic wave velocity, and the observed decrease in
gain upon changing the resistivity from the opti-
mum value, are all similar to the case of bulk wave
amplification. It should be noted that in these ex-
periments the drift field existed only between the
transducers, whereas the illumination was uniform
both between and beneath the transducers, producing
some constant attenuation at the transducers. A
higher gain per unit length would be observed if
the illumination or crystal conductivity were altered
so as to eliminate this loss beneath the transducers.

Surface-wave propagation has been observed in
CdS crystals having their ¢ axes either normal or
parallel to the surface plane. For both orientations,
a surface-wave velocity of (1.73 = 0.05) X 10° cm/sec
was inferred from the period of the transducer
electrodes (2.20 X 1072 ¢m) and the measured fre-
quency which maximized the received pulse ampli-
tude. This velocity agrees well with the value 1.70 X
10° cm/sec calculated for CdS from an expression
derived by Stoneley® which is applicable to the first-
mentioned orientation.,

The velocity of surface waves in CdS is only
slightly smaller than the velocity of transverse bulk
waves. That we have indeed dealt here with surface

waves rather than bulk transverse waves is shown by
the following: (a) velocity measurements in experi-
ments with crystalline quartz (in which the velocities
of bulk and surface waves are well separated) showed
that the electrodes function as surface wave trans-
ducers; (b) on quartz, excellent transmission was
observed from one electrode transducer to a metal-
lic comb surface-wave transducer as described by
Viktorov,* and Arzt and Dransfeld;® (c) a drop of
acetone or alcohol on the CdS surface produced ap-
parently complete absorption of the elastic pulse;
(d) probing the CdS crystal with a narrow beam of
light directed parallel to the plane surface pro-
duced a variable attenuation of the received pulse
which showed that the wave amplitude was high
near the surface and that it was negligible at large
depths.
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TWO-BEAM INTERFEROMETRY BY SUCCESSIVE RECORDING OF
INTENSITIES IN A SINGLE HOLOGRAM

(image synthesis; complex addition of wave fronts; T/E)

Heretofore in optics, two-beam interferograms of
a wave front scattered by an object have been gen-
erally recorded by comparing the scattered wave
front (e.g. reflected, transmitted or diffracted by an
object) to a wave front simultaneously reflected from
a reference mirror, for example in a beam-splitting
interferometer, such as that introduced by Michel-
son and others. More generally, two different wave
fronts can thus be added with the aid of beam split-
ters or equivalent arrangements. These interferom-
eters permit the complex amplitudes of the two
wave fronts to be added, provided that the two wave
fronts are made to interfere simultaneously.
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In this Letter we show that two-beam interfero-
grams can be obtained by wave-front reconstruc-
tion from a hologram, which was recorded by having
a coherent background successively interfere in the
same latent image, first with the wave “transmitted”
through the object and next with the wave incident
on the object, or vice versa. Our method is based on
a method which we may call a method of “holo-
graphic intensity interferometry,” first described by
Gabor and Stroke et al.,! who showed that succes-
sive addition of intensities in a hologram could be
made equivalent to a simultaneous addition of com-
plex amplitudes in an interferometer. More pre-
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cisely we showed in our ref. 1 that complex
amplitudes could be added, of not just two but in-
deed of several wave fronts, by making each of the
wave fronts first interfere in succession (in the latent
photographic image) with a same coherent-back-
ground reference wave, thus adding in succession
the intensities of the individual partial holograms, so
as to retrievably store in the resultant hologram the
complex addition of the several wave fronts.

As an example, Gabor and Stroke et al.' consid-
ered an “image synthesis” method, in which the
complex amplitudes of two images were holograph-
ically subtracted according to this principle.

The application of our method of holographic
intensity interferometry’ to two-beam interferom-
etry, which we describe here, has also permitted us
to further clarify a particular form of linearity in
holography, according to which successive holo-
graphic superposition of complex amplitudes in
wave fronts can be made to be equivalent to a simul-
taneous superposition in “classical” interferometry.

As a model we discuss the holographic recording
and reconstruction arrangements shown in Fig. la
and Fig. 1b. Consider first the recording process
which is, itself, formed of two successive steps
(Fig. 1a). In the first step, the object O is not in the
beam originating from R. Let as(x) and ag(x) be
the complex amplitude distributions produced on
the hologram-recording plate by the waves originat-
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Fig. 1. (a) Recording of hologram and (b) reconstruction of
two-beam interferogram in holographic intensity interferom-
etry. Partial intensities in the same latent photographic image
in the single hologram are recorded by making the beam from
R successively interfere with the coherent background refer-
ence beam from S, first with the object in the beam, and next
without the object in the beam, or vice versa. Equivalent ar-
rangements using reflection or diffraction from objects, or
gratings, for example, are readily conceivable.

ing from S and from R, where ag(x) is the ampli-
tude produced on the hologram without the object
O in the beam. The corresponding partial intensity
recorded in the latent photographic image is

11 (x) = a52 + aR2 + as(,lR* + as*aR .

In the second step of the recording process, the
object O is placed in the beam originating from R
(Fig. 1a), and this without disturbing the hologram-
recording plate from its first-step position. With the
object O thus placed in the beam, the partial in-
tensity I,(x) added to the “latent” partial intensity
Ii(x) is

L(x) = aé + a? + asa,* + ag*a, ,

where a,(x) is the complex amplitude produced in
the x plane by the wave Ay, where 4, was produced by
transmission through the object O (of which the
complex-amplitude transmission is equal to 0) of
the wave 4 originating from R (see Fig. la). We
have 4,= ArO. The total exposure of the hologram
in the two-step “double-exposure” process’ is

I=1+1,= (2a¢ + ag® + a?) + ag{ag* + a*)
+ ag*(ag + a,) .

The reconstruction process is illustrated in Fig. 1b.
Because of the usual linearity conditions character-
istic of holography,?7 illumination of the hologram
(as in Fig. 1b) by the wave as(x) originating from §
reconstructs the wave fronts corresponding to the
preceding equation, and produces, in particular,
two aerial images, respectively (4g* + A4,*) and
(Ag + Ao) = Ag(1 + O). The image Ag(1+ O) is noth-
ing but a two-beam interferogram formed be-
tween the reference wave A and the wave AzO
(equal to the complex amplitude transmission of
the phase object O, when illuminated by the wave
Ag). In other words, the reconstructed image
Ar(1 + O) displays a two-beam “equal-thickness”
interference fringe system characteristic of the
phase transmission of the object O.

An example of a two-beam interferogram of a
phase object obtained according to the scheme
which we describe is shown in Fig. 2. [The phase
object was produced by photographing the word
“phase” (20 mm long) and the symbol “¢” on a
Kodak 649F microflat plate, and by bleaching the
developed and fixed plate in Kodak chromium in-
tensifier, so as to obtain a practically “pure” phase
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object (without amplitude contrast), such as that
which might occur in acoustical applications, or in
image “coding,” or in microscopy, for example.
(The phase object is the same object as that used in
the work on reconstruction of phase objects by
holography by Gabor and Stroke et al.?)]

It may be of interest to note that the preceding
scheme of holographic interferometry produces
two-beam interferograms which are not affected by

Fig. 2. Two-beam interferogram of a phase object (about 20
mm long)’ reconstructed as in Fig. 1b from a hologram recorded
according to Fig. la (see text).

aberrations of the interferometer elements. We may
also note that some analogies could be made be-
tween the relation of classical interferometry and
our method of “holographic intensity interfero-
metry,” on the one hand, and on the other, the
relation of two-slit (e.g. stellar) interferometry and
the method of “intensity interferometry” first de-
scribed by Hanbury-Brown and Twiss' in 1954
(see also our ref. 7). Analogies of our method of
holographic interferometry with some other re-
cently described methods,*® also including exten-
sions of our principle of mukiple-exposed holo-
grams (as first described by Gabor and Stroke et al.
in our ref. 1) could also be readily made.

We wish to acknowledge fruitful conversations
with Professor D. Gabor and with D. Brumm,
A. Funkhouser, and R. C. Restrick, and the gen-
erous help of the Office of Naval Research in sup-
porting part of this work.
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GHOST IMAGING BY HOLOGRAMS FORMED IN THE NEAR FIELD

(no auxiliary reference beam; E/T)

The hologram-generated ghost images predicted
by Van Heerden' have recently been observed by
Stroke et al? for the case where a subject trans-
parency is illuminated by collimated laser light and
by Pennington and Collier? for the case where the
transparency is illuminated by diffuse laser light.
The present Letter reports ghost imaging of solid
objects, without the use of Fourier transforming
lenses, so that the hologram plate is in the near
field of the subject scene.
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The hologram is formed by diffuse reflection of
6328-A laser light from two rectangular metal bars
as shown in Fig. 1. The vertical bar was about 1 in.
closer to the hologram plate than the horizontal
one. A bright point source of phase-related laser
light was included as part of the subject scene to aid
in reregistering the developed hologram in the exact
position it had during formation. Providing that the
hologram is reregistered, that the subject illumina-
tion has remained constant and the point source



