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A GEOMETRI C METHOD OF CONSTRUCTING AN IMAGE RECOVERED FROM SURFACE

HOLOGRAMS

V. I. flandrosov

In 1 1) we used a wave approach to the theory of holog rams

located on nonpianar surfac es. On the other hand , the author of (2)

examined a geom etric method of constructing an image recovered from

plane holograms in the paraxial region. The purpose of the present

communica tion is to generalize this method to the case of off—axis

• nonpiana r holograms of arbitrary tori.

To analyze the geometric properties of nonplanar surface

holograms, let us in troduce the coordinate system (z,y, z) with its

origin at the apex of a hologram and with axis a directed alon g the

nor.al to the apex .
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Let us also introduce the following designations: 11(x 1 ,y1 ,z1)

— coordinates of a point on the object ;l1 (11,Y 1,Z1) — coo rd inates of

the source of the reference signal ; i2 (z2,y2 ,a) — coor d ina tes of the

observation point; ldX 2,Y2,Z2) — coordin ates of the source of the

record ing signal; k 1 = 2i/X 1 — wav e numbe r of the reference—signa l

source; k, = 2w,/X 2 — wave number of the recording—signal source ;
• 

P(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.

The n, in Presnel approximation the diffraction zone that forms

the imagin ary and rea l image of the point of the ob ject can be

represe nted in the form (1):

E ±~~f±’~(O~ 
0) 

Sexpi  [ii’; (0, 0)x + 1’~’ (0~ 0) y +r 2A~ 
• (1)

+ -~-~Iç(0, O)x2 + xip~ (0, O)y +-~-~ ;~(o. 0)y 2]  dx dy,

.b.r.~~I~(x, y ) k iI r i — r I kiI R j --- r I+ k ,II — r l -- k2 I r 2 — I j s tk. tota1

phas. of the field .

Let us divide the hologram into small segments with origins in

coordinates x,,, . y,
~
. z,,~~ = z (X rn , &,~

) and ink. a substitution of variables

Z~~~~Xm + S ,Y  Y~~+ t
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Then, in the vicinity of the •n—th segment, the fieU from the

point on the object, provided that

• ~~~~~~~~~~~~~~~~~~~~~~~~~~ (2)

can be represente d in the form

E = _
~~Se

xpi [(1px’(0, 0)± ip~ (0, 0)Xm + ~~~~ 0) y ~) s  +

-f- (4’,,’ (0, 0) + ~~~~ 0) y~ + xm4’~ (0, 0)) fl ds dl

(the nonessential phase factors are not considered here).

Thus, with observation of condition (2) th. total phase of the

field 4’ in the vicinity of the ma—th segment is a linear function of

s and t, i.e., of the coordinates of the point on the hologram.

Starting with this fact, we can show that for a given segment

the recording and restoration process occurs just as for a

• Franenhofer hologram. Such a hologram is formed with the restoration

of two quasi—planar beams located, as easily shown, with respect to

beam S2L passing from the reconstructing source at the same angle as

that at wh ich the reference source S1 and the corresponding point 0~
• on the object are seen from the •n—th segment (3] (see the figure).

Constructing the restored quasi—planar bea~~ in two such

segments mad continuing these beams until they intersect, we cam

construct two images of point O~ of the ob ject: the imaginary O,~

and real O~ images. When part of the hologram is located on the path
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of, or even near, the line connecting reference source S1 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 form ing the image of the given

point will pass in the same direction as the beam from the

reconstructing source to the given sequent (2] (beam S2P in the

figure).

Thus, knowing the position of the reference and reconstructing

sources we can construct an image of the object, restored over the

surface of a nonpianar hologram. We can show, in this case, that the

position of the restored images coincides in the parazial region with

the position of the image calculated using the Kirchhoff principle.

• Consequently, the geometric method is applicable primarily in the

parazial region.
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Figure caption

Geometric construction of imaginar y and real images, restored over a

curvilinear hologram: S1 — ref.r.mc. source; S, 
- reconstructing

source h - hologram.
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