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A GEOMETRIC METHOD OF CONSTRUCTING AN IMAGE RECOVERED FROM SURFACE

HOLOGRAMNS

V. I. Mandrosov

In [1) ve used a wave approach to the theory of holograms
located on nonplanar surfaces. On the cther hand, the author of [2)]
examined a geometric method of constructing an image recovered fronm
plane holograms in the paraxial region. The purpose of the present
conmunication is to generalize this method to the case of off-axis

nonplanar holograms of arbitrary foram.

To analyze the geometric properties of nonplanar surface

holograms, let us introduce the coordinate system (x,y,z) with its
origin at the apex of a hologram and with axis z directed along the

normal to the apex.
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Let us also introduce the following designations: 1?,(:,,y,,z,)
- coordinates of a point on the object:.?;(x,.t,,z,) - coordinates of
the source of the reference signal:-?;(xz,yz,z) - coordinates of the
observation point;.?;(xz,!z,zz) - coordinates of the source of the
recording signal; k, = 2w»/\, - vave number of the reference-signal
source; k, = 2r/\, - wave number of the recording-signal source;
?}x.y,z) - coordinates of the point on the hologram, where z = z(x,y)

is the equation of the surface on which the hologram is located.

Then, in Presnel approximation the diffraction zone that foras
the imaginary and real image of the point of the object can be

represented in the form (1]:

E= M}l«)—i Sexpi [\p,' 0,0z +¢,/(0,0)y +

1 ("M

» » 1o il
(0,02 + 29, (0, 00y + ¥, 0. 0 | dedy,
vhere V (.t, y) e kl l-;x —7”‘1'7?1 ‘_;'l +kz|ﬁ: —-;I o k:l7: —;l is the total

phase of the field.

Let us divide the hologram into small segments with origins in

coordinates .. y.. Zn, = z2(z, ¥.) and make a substitution of variables

4 :Im+svy =yn+‘.
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Then, in the vicinity of the mn-th segment, the field from the
point on the object, provided that

1

- j L
7 Va0 0+ 9,0, st + 74, (0,02 < g

(2)

can be represented in the form
E= - (expi (0 0.0) + 4.0, 0)n + 45,0, 0))s +
2
+ (¢, (0, 0) + \p“'m(O, 0)y, + ?m\r';,, (0, 0)) t] dsdt

(the nonessential phase factors are not considered here).
Thas, with observation of comdition (2) the total phase of the
field Vv in the vicinity of the ma-th segment is a linear function of

s and ¢, i.e., of the coordinates of the point on the hologran.

Starting with this fact, we can show that for a given segment
the recording and restoration process occurs just as for a
Frauenhofer hologram. Such a hologram is formed with the restoration
of two quasi-planar beams located, as easily shovwn, with respect to
beam S,L passing from the reconstructing source at the same angle as
that at which the reference source S; and the corresponding point O,

on the object are seen from the an-th segment [3] (see the figure).

Constructing the restored quasi-planar beams in two such
segments and continuing these beams until they intersect, we can

construct two images of point 0, of the object: the imaginary 0.

and real 0. images. When part of the hologram is located on the path
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of, or even near, the line connecting reference source S, with the
point on the object 0,, one of the segments is conveniently selected
at the intersection P of this line with the hologram (or, mentally,
on the intersection with the extension of the hologram), as shown in

the figure.

In this case the contribution to the distribution function on
this segment from the point on the object will be virtually constant,
and the beams that participate in forming the image of the given
point will pass in the same direction as the beaa from the

reconstructing source to the given segment [2] (beam S,P in the

figure).

Thus, knowing the position of the reference and reconstructing

sources ve can construct an image of the object, restored over the
surface of a nonplanar hologram. We can show, in this case, that the

position of the restored images coincides in the paraxial region with

1 the position of the image calculated using the Kirchhoff principle.
Consequently, the geometric method is applicable primarily in the

paraxial region.

Motion Picture Scientific Research Institute (NIKFI)
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