
(54) ON-AXIS HOLOGRAPHY                 (71)   We, TEXAS  INSTRUMENTS  IN-
The invention also provides a method of             CORPORATED, a
Corporation organised accord-  constructing a hologram comprising: generat-
50             ing to the laws of the State of Delaware,  ing an energy
wavefront at the front focal             United States of America, of 13500
North  plane of a lens, generating the conjugated          5  Central
Expressway, Dallas, Texas, United  mirror image wavefront of said energy
wave-              States of America, do hereby declare the  front at the
front focal plane of said lens              invention, for which we pray
that a patent  displaced  from   said  energy  wavefront, 55 may be granted
to us, and the method by  generating the Fourier transform  of said
which it is to be performed, to. be particu-  wavefronts on a recording
surface positioned          10 larly described in and by the following
state-  at the rear focal plane of said lens, and              ment:-
generating a bias wavefront having an axis                This invention
relates to a method of on-  coincident with the axis of the Fourier trans-
60              axis holography and more particularly to a  form wavefront
to produce a real and positive              method of holography wherein
the axis of  function at the recording surface.          15  the generated
wavefront is coincident with    Furthermore there is provided a method
the axis of a biasing wavefront.            of optically processing imagery
utilizing as                 Conventional interferometric methods of  a
spatial filter, a hologram  constructed in  65              spatial
frequency  filter synthesis  depend  accordance with a method as defined in
the              upon the recording of a cross-term between a  preceding
paragraph, said imagery proces-    20  signal beam and a reference beam. An
optical  ing  method  comprising:  transmitting  an 20      transformation
of a spatial signal pattern  energy beam through said imergy, focusing
produces a light amplitude distribution which  said energy beam on said
spatial filter after  70               is added. to. the reference wave
prior to  transmission through said imagery, and dis-
photographic detection. It is essential in con-  playing said filtered
energy beam on a view-           25  ventional interferometric methods that
the  ing surface.               reference beam contain a linear-phase term.
In an embodiment of the present inven-               The  conventional
interferometric methods  tion, a hologram is constructed for encoding  75
generate a  real, positive quantity by perform-  a function having
positive, negative, real,               ing square-law detection on the sum
of the  and imaginery components into a function           30  spatial
signal pattern and the superimposed  having only real, positive components
by               reference beam. Square-law  detection pro-  recording a
biased Fourier transform wave-               duces an autocorrelation term
in the recon-  front In the reconstruction process, an optical  80
structed wavefront which has a detrimental  Fourier transform of a hologram
synthesized               effect upon the optical efficiency of the holo-
by this method will reconstruct a pattern in           35  gram.
which the autocorrelation function does not   The present invention
provides apparatus  occur because of the absence of square-law.   for
constructing an on-axis hologram on a  detection performed on the recorded
pattern.. 85                recording medium  comprising: means for  The
reconstructed  pattern  contains  the                generating an energy
wavefront and a con-  original wavefront and its spatial reverse form
40  jugated mirror image wavefront of a desired  in the usual manner,
displaced from  the                function, optical means for forming the
optical axis. However, the separation be-                Fourier transform
of said wavefronts at a  tween the two patterns can be less thereby  90
recording medium, and means for combining  allowing a lower resolution
hologram record-                a biasing wavefront with the Fourier trans-
ing than would be required by conventional            45  form  of said
wavefronts at the recording  recording techniques. The hologram can thus
medium in a manner such that a real and  be recorded on a photographic
material whose                positive recorded- function of the combined
amplitude transmission is linear with respect  95                wavefronts
is produced. .                   to the square root of the light intensity.
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2        In accordance with a specific embodi-    Another portion of the
collimated beam     ment of the invention, an on-axis hologram  transmitted
through the lens 12 is reflected     is constructed by generating a signal
wave-  from a mirrored surface 17 to a beam splitter     front from a
desired function at an energy  18. Light reflected from  the beam  splitter
5  sensitive surface and biasing the wavefront  18 to the recording medium
16 is identified  70     by an energy wave such that it will be both  as a
"bias beam" and consists of a plane     positive and real as recorded on
said energy  wave with no linear phase factor; that is,     sensitive
surface.                          the bias beam  is introduced to the
spatial       A more complete understanding of the in-  frequency plane of
the lens 14 with its axis 10  vention and its advantages will be apparent
coincident with the signal beam axis.    75     from the specification and
claims and from   A hologram is essentially a means for en-     the
accompanying drawings.                  coding a function having positive,
negative,       Referring to the drawings:                real, and
imaginary components into a func-       FIGURE 1 is a schematic diagram of
an  tion having only positive and real com- 15  optical  on-axis
interferometric  hologram   ponents. Consider the object 13 to be in an  80
generating system outside the scope of the  xy plane and representing a
function f(x,y)     present claims,                             which, in
general, will be represented by:       FIGURE 2 symbolizes both biased and
unbiased wavefronts generated by an object 20  wave transmitted through a
spherical lens,      f(xy)=s(x-X,y)+s(-x+X,-y)       FIGURE 3 is an optical
on-axis interfero-     metric hologram generating system embody-     ing
the invention,                          where s is a complex function
having the form       FIGURE 4 is a schematic diagram of a
s(x,y)=s(xy)exp-[err](x,y) where [err](x,y) is the  85 25  system
embodying the invention for con-  phase term of s. X is a displacement
para-     structing an on-axis hologram  of a three-     dimensional
object,                         meter along the x axis. The notation s re-
FIGURE  5  is  an  optical  schematic  fers  to the complex conjugate of s,
i.e.,     diagram of a reconstruction system wherein 30  a hologram
constructed by the system of s(x,y)=s(x,y)exp+i[err](x,y).  The  function
FIGURE 3 is employed as a spatial filter,   s(x,y) reflected in the x,y
plane in the form  90       FIGURE 6 symbolizes the reconstruction
s(-x,-y) is termed the  "mirrored" func-     pattern  of a conventional
interferometric  tion of s(x,y). The mirrored conjugate of s     hologram
and an on-axis hologram, and 35    FIGURE 7 is a plot of light amplitude
is expressed as s(-x,-y)=s(-x,-y)exp     transmission versus light
intensity for a  +i[err]](-x,y).     typical low  resolution photographic
emul-  'Since the recording medium 16 is located  95     sion.
on the output focal plane of the lens 14,       The system shown in FIGURE
1 is NOT  identified as the uv plane, then the Fourier 40  an embodiment of
the invention but is in-  transform of the function f(x,y) is established
cluded to facilitate explanation of the em-  on the recording medium. From
well known     bodiments of the invention.                 Fraunhofer
diffraction and Fourier transform  100       Referring to FIGURE 1, there
is shown a  theory, the amplitude of the light waves on     system for
constructing a hologram including  the recording medium  16 as a result of
a 45  a laser 10 generating a monochromatic co-  spatial signal generated
by the object 13     herent light beam  transmitted through a  will be:
diverging lens 11. A collimating lens 12     intercepts the expanding light
beam emerging              f(x,y) = >F(u,v)        (2)   105     from the
lens 11 and forms a collimated ex- 50  panded light beam. One portion of
the light  where =>  denotes Fourier transformation.     beam from the
collimating lens 12 illumin-  Add to the Fraunhofer diffraction pattern of
ates an object plane 13 located at the input  f(xy) the bias beam reflected
from the beam     focal plane of a spherical lens 14. The block  splitter\
18 then the intensity pattern of the     identified as the object 13 is
intended to re-  resulting light distribution is given by the  110 55
present any desired function either real or  equation:     complex which,
when illuminated, generates     a spatial signal pattern at the input focal
I=[F(u,v)+B][err]       (3)     plane of the lens 14.  Perpendicular to the
optical axis of the lens 14 at its output focal  where B is the amplitude
of the bias beam. 60  plane there is formed a Fraunhofer diffrac-
Equation (3) defines the wavefront pattern     tion pattern of the function
represented by  generated at the recording medium  16 by 115     block 13.
A recording medium  16, such as  action of the lens 14 and the beam
splitter     a photographic emulsion, is located at this  18. Referring to
FIGURE 2, the left curve     plane perpendicular to the optical axis of the
symbolizes a light distribution pattern in the 65  lens 14.
uv plane as generated by the lens 14 alone.     
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FIGURE 2 symbolizes  31 and its mirrored conjugate 31a from the this same
curve biased by a light beam from   optical axis of the lens 32. If S(u,v)
is de-  60             the beam splitter 18 such that the function  fined
by the expression:             recorded is positive for all values of the
5  generated diffraction pattern.
S(u,v)=R(u,v)+jI(u,v)        (6)               Thus an on-axis hologram
can be con-             structed by illuminating the object 13 with  where
R(u,v) and I(uv) are the respective             a collimated coherent light
beam  from  a  real and imaginary parts of s(u,v), respec-
source such as the laser 10. An energy wave-  tivly, then:
65         10  front is generated in accordance with Fourier
transform  theory by the spherical lens 14
F(u,v)=R(u,v)exp(-jXu)+jI(u,v)exp(-jXu)             positioned a focal
distance from  the object    +R(u,v)exp(+jXu)+jI(u,v)exp(+jXu)
plane 13 on a recording medium  16 also       =2R(u,v)cosXu+21(u,v)sinXn
(8)             positioned a focal length from  the lens. A         15
real positive function is formed on the record-  The function F(u,v) is
both positive and nega-             ing medium  16 by the beam  splitter 18
tive as symbolized by the left curve of  70             generating a bias
beam that is introduced to  FIGURE 2. A bias term B added to F(uv)
the spatial frequency plane on-axis. To per-  forms a real, positive
function, F(uv)+B, as             manently record the light distribution
pattern  explained  previously with respect to  the.         20  formed on
the recording medium 16, it may  system of FIGURE 1. include a photographic
emulsion which is    Where the wavefront to be recorded in the  75
processed by developing and fixing.        hologram  represents an object
existing in                Referring to FIGURE 3, there is shown a
three-dimensional space, it is first necessary             system embodying
the invention for generat-  to generate an object wavefront and its
25  ing an on-axis hologram wherein an object 31. mirrored  conjugate prior
to recording by              and a conjugated mirror image 31a of the
means of on-axis holography. Referring to  80              object 31 are
located at the input focal plane  FIGURE 4, there is shown a system for on-
of a condensing lens 32. Objects 31 and 31a. axis holographic recording of
an object 41              correspond  respectively  to s(x-X,y) and
existing in three-dimensional space. A laser
42 generates a coherent collimated light beam         30  s(-x+X,-y) of
equation (1) above. A laser  which is expanded by a diverging lens 43 and
85              33 generates a beam of light which is ex-  collimated. by a
lens 44. A portion of the              panded by a diverging lens 34 and
collimated  light beam from  the lens 44 is transmitted            by a
lens 36. A part of the coherent collimated  through or reflected from  the
object 41 to              light beam emerging from the lens 36 illu-  a
beam  splitter 46. Light passing through 35  minates the object 31 and its
conjugated  the beam splitter 46 is reflected first from a  90
mirror image 31a and another part of the  mirrored surface 47 and then from
a mirrored              beam is focused by means of a converging  surface
48 through Dove prism  58 with a lens 37 at the front focal plane of the
lens  roof on the hypotenuse face to form a mirror              32. A
Fraunhofer diffraction pattern of the  image wavefront of the object 41 at
the front          40  wavefronts transmitted through the object  focal
plane of a lens 49 Dove prism 58 causes  95              31 and its
conjugated mirror image 31a is  an inversion about the x-axis and the
y-axis.              formed at the output focal plane of the lens  The
mirrors 47 and 48 are positioned such              32 on a surface 38.
Light focused by the lens  that the wavefront is displaced a distance X
37 will be collimated by the lens 32 and  from the optical axis of the lens
49. Light re-          45  introduced to the spatial frequency plane to
flected by the beam  splitter 46 is reflected  100              bias the
Fraunhofer diffraction pattern such  from  a mirrored surface 51 and
transmitted              that it is always real and positive.       through
an optical path-length compensator                The amplitude of the
wavefronts at the  52 to, form a wavefront of the object 41 at  surface 38
will be given by the Fourier trans-  the front focal plane of the lens 49
displaced          50  form of the object 31 and is mirrored con-  a
distance X  from  its optical axis. The  105              jugate 31a. From
Equation (1) above, the  optical element 52 also imparts a half wave-
object 31 is represented by the s term and its  length phase shift to the
wavefront in order to
form the complex conjugate of the wavefront.              mirrored
conjugate by the s term. For each  The lens 49 generates the Fraunhofer
dif-              of these terms, the respective wavefronts are  fraction
pattern of the object wavefront and  110              given by the
expressions:                  its complex conjugate onto a surface 53
located at the output focal plane of the lens                 s(x-X,y)= >
S(u,v)exp(-jXu)(4)
Another portion of the collimated light
beam transmitted through the lens 44 is re- 115
flected from a mirror 54 and again from a                  s(-x+X,-y)=
>S(u,v)exP(+jXu) (5)  mirror 56 to the surface 53. The beam is re-
flected from the mirror 56 to the output focal              where X is the
displacement of the object  plane of the lens 49 to bias the Fraunhofer    
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4       diffraction pattern such that it is always real  prevent overlap of
the filtered data. For      and positive. Thus, it is possible to bias the
given separation D  between the signal and      recorded wavefront from
either the front or  the on-axis distribution, the displacement X 65
rear of the recording surface. The wavefront  of the lower distribution
pattern of FIGURE  5  pattern recorded on the surface 53 is given  6 can be
made less than the displacement X     by Equation (7) above as established
in the  of the upper distribution pattern by a distance     discussion of
FIGURE 3.                      equal to the width of the recorded function.
The  resulting. on-axis  hologram   con-  This reduction in construction
pattern separa-  70     structed by the systems described above may  tion
allows  a  lower-resolution  hologram 10  be used for image reconstruction
or as a  recording medium than would be possible by     spatial frequency
filter. Referring to FIGURE   conventional off-axis  interferometric  tech-
5, there is shown a system wherein the on-  niques of hologram
construction.     axis  hologram   constructed  as  described    Referring
to. FIGURE 7 there is shown a  75     above functions as a spatial
frequency filter.  curve of transmission amplitude versus in- 15  A laser
21 generates a monochromatic col-  tensity of exposure of a developed
emulsion     limated light beam transmitted to a diverging  which can be
used in the construction of an     lens 22 to be expanded and further
colli-  on-axis hologram. The material has an am-     mated  by  a lens 23.
Light transmitted  plitude transmission which is linear with  80
through the lens 23 is focused on the spatial  respect to the square root
of the light in- 20  frequency filter 24 by a transforming lens  tensity;
this characteristic is approximated     26. Located between the lens 26 and
the  by low contrast films with a gamma of 1.     filter 24 is an imagery
pattern 27 containing  In the construction of a hologram,  light     the
function to be filtered. A transforming  intensity (square-law) detection
will naturally  85     lens 28 images the light distribution pattern  occur
but since the light-amplitude distribu- 25  of 27 on a correlation plane
29. In operation,  tion at the recording medium is real and posi-     data
is introduced into the optical system by  tive this operation is
reversible. Thus, using     passing the wide beam collimated laser light  a
low contrast film  having a characteristic     through the imagery pattern
27. The millions  curve shown in FIGURE  7 reverses the  90     of bits of
information in the pattern 27 are  square-law  detection thereby increasing
the 30  transformed  into a two-dimensional spatial  optical efficiency of
the reconstructed wave     frequency plane and modified by the spatial
frequency filter 24. A second optical trans-   WHAT WE CLAIM  IS:-
formation by means of the lens 28. produces    1. Apparatus for
constructing an on-axis     an output image on the correlation plane 29
hologram  on a recording medium  compris-  95 35  which is a filtered
modification of the pat-  ing:  means for generating an energy wave-
tern 27.                                     front and a conjugated mirror
image wave-       Three spatially separated images will form  front of a
desired function, optical means for     on the plane 29 in accordance with.
Fourier  forming the Fourier transform of said wave-     transform theory
by operation of the system  fronts at a recording medium, and means for 100
40  of FIGURE  5. The distribution of these  combining a  biasing wavefront
with the     images is shown in the lower portion of  Fourier transform of
said wavefronts at the     FIGURE 6 and given by the expression:
recording medium in a manner such that a
real and positive recorded function of the
combined wavefronts is produced.            105
s(x-X,y)+s(-x+X,-y)+KB[err](x,y).           2. Apparatus as set forth in
Claim  1,                                                  wherein said
optical means includes a lens,     The first term  represents the image of
the  and the energy wavefront and its conjugated 45  real object displaced
from the optical axis by  mirror image wavefront are located at the     a
distance X; the second term  represents a  front focal plane of said lens.
110     mirror image of the object. (with a conjugate    3. Apparatus as
set forth in Claim  2,     phase) and the third term is an approximate
wherein said energy wavefront and its con-     [err] function  lying on the
optical axis. Dif-  jugated mirror image wavefront are positioned 50
fraction effects from the bias beam (uniform   opposite each other at the
front focal plane     light transmission) contributes to the [err] im-  of
said lens and displaced from  its optical 115     pulse on the optical
axis. An important ad-  axis by a distance of X.     vantage gained by
constructing a hologram     4. Apparatus as set forth in either of     as
described above is the absence of an auto-  Claims 2 or 3, further
including a recording 55  correlation function on the optical axis such
medium on which the combined wavefronts     as symbolized by the spatial
distribution 30  are to be disposed such that a real and posi- 120     in
the upper portion of FIGURE 6.         tive amplitude of the combined
wavefronts       In spatial filtering applications the recon-  will be
produced thereon.     structed signal and its autocorrelation func-    5.
Apparatus as set forth in Claim  4, 60  tion must be separated by the
distance D   wherein said recording medium is disposed at     corresponding
to the width along the x' axis  the output focal plane of said lens.  125
of the data to be filtered. This is necessary to    6. Apparatus as set
forth in either of   
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4                 diffraction pattern such that it is always real  prevent
overlap of the filtered data. For                and positive. Thus, it is
possible to bias the  given separation D  between the signal and
recorded wavefront from either the front or  the on-axis distribution, the
displacement X   65                rear of the recording surface. The
wavefront  of the lower distribution pattern of FIGURE            5
pattern recorded on the surface 53 is given  6 can be made less than the
displacement X                by Equation (7) above as established in the
of the upper distribution pattern by a distance                discussion
of FIGURE 3.                      equal to the width of the recorded
function.                  The  resulting  on-axis  hologram   con-  This
reduction in construction pattern separa-  70                structed by
the systems described above may  tion  allows  a  lower-resolution
hologram            10  be used for image reconstruction or as a  recording
medium than would be possible by                spatial frequency filter.
Referring to FIGURE   conventional off-axis  interferometric  tech-
5, there is shown a system wherein the on-  niques of hologram
construction.                axis  hologram  constructed  as  described
Referring to FIGURE 7 there is shown a  75                above functions
as a spatial frequency filter.  curve of transmission amplitude versus in-
15  A laser 21 generates a monochromatic col-  tensity of exposure of a
developed emulsion                limated light beam transmitted to a
diverging  which can be used in the construction of an                lens
22 to be expanded and further colli-  on-axis hologram. The material has an
am-                mated  by  a lens 23. Light transmitted  plitude
transmission which  is linear with  80            20  through the lens 23
is focused on the spatial  respect to the square root of the light in-
20  frequency filter 24 by a transforming lens  tensity; this
characteristic is approximated                26. Located between the lens
26 and the  by low contrast films with a gamma of 1.                filter
24 is an imagery pattern 27 containing  In the construction of a hologram,
light                the function to be filtered. A transforming  intensity
(square-law) detection will naturally  85                lens 28 images the
light distribution pattern  occur but since the light-amplitude distribu-
25  of 27 on a correlation plane 29. In operation,  tion at the recording
medium is real and posi-                data is introduced into the optical
system by  tive this operation is reversible. Thus, using
passing the wide beam collimated laser light  a low contrast film  having a
characteristic                through the imagery pattern 27. The millions
curve shown in FIGURE  7 reverses the  90                of bits of
information in the pattern 27 are  square-law  detection thereby increasing
the            30  transformed into a two-dimensional spatial  optical
efficiency of the reconstructed wave.                frequency plane and
modified by the spatial                frequency filter 24. A second
optical trans-   WHAT WE CLAIM  IS: -                formation by means of
the lens 28 produces    1. Apparatus for constructing an on-axis
an output image on the correlation plane 29  hologram  on a recording
medium  compris-  95            35  which is a filtered modification of the
pat-  ing: means for generating an energy wave-                tern 27.
front and a conjugated mirror image wave-                  Three spatially
separated images will form  front of a desired function, optical means for
on the plane 29 in accordance with Fourier  forming the Fourier transform
of said wave-                transform theory by operation of the system
fronts at a recording medium, and means for 100            40  of FIGURE
5. The distribution of these  combining a  biasing wavefront with  the
images is shown in the lower portion of  Fourier transform of said
wavefronts at the            FIGURE 6 and given by the expression:
recording medium in a manner such that a
real and positive recorded function of the
combined wavefronts is produced.            105
S(-X,y)+s(-X+X,-y) +KB[err](x,y).          2. Apparatus as set forth in
Claim  1,
wherein said optical means includes a lens,                The first term
represents the image of the  and the energy wavefront and its conjugated
45  real object displaced from the optical axis by  mirror image wavefront
are located at the                a distance X; the second term represents
a  front focal plane of said lens.              110                mirror
image of the object (with a conjugate   3. Apparatus as set forth in Claim
2,                phase) and the third term is an approximate  wherein said
energy wavefront and its con-                [err] function lying on the
optical axis. Dif-  jugated mirror image wavefront are positioned
50  fraction effects from the bias beam (uniform   opposite each other at
the front focal plane                light transmission) contributes to the
[err] im-  of said lens and displaced from  its optical 115
pulse on the optical axis. An important ad-  axis by a distance of X.
vantage gained by constructing a hologram     4. Apparatus as set forth in
either of                as described above is the absence of an auto-
Claims 2 or 3, further including a recording            55  correlation
function on the optical axis such  medium on which the combined wavefronts
as symbolized by the spatial distribution 30  are to be disposed such that
a real and posi- 120                in the upper portion of FIGURE 6.
tive amplitude of the combined wavefronts                   In spatial
filtering applications, the recon-  will be produced thereon.
structed signal and its autocorrelation func-    5. Apparatus as set forth
in Claim  4,            60  tion must be separated by the distance D
wherein said recording medium is disposed at 



corresponding to the width along the x' axis  the output focal plane of
said lens.       125 of the data to be filtered. This is necessary to    6.
Apparatus as set forth in either of
1,244,327                                          5                claims
4 or 5, wherein said recording medium   wherein the energy wavefront, its
conjugated  55               exhibits an amplitude transmission function
mirror image wavefront, and the bias wave-               which is linear
with respect to the square  front are coherent light beams derived from
root of the intensity of the light exposing  a source of coherent light
5  the recording medium.                           11. A method as set
forth in either of                 7. Apparatus as set forth in any
preceding  Claims 9 or 10, wherein said recording sur-  60
claim, further including means for generat-  face has an amplitude
transmission function               ing a coherent light beam, said energy
wave-  which is linear with respect to the square               front
comprising an object wavefront and the  root of the intensity of the light
exposing the           10  conjugated mirror image wavefront being of
recording surface.               said object wavefront, and said object
wave-   12. A  method  of optically  processing  65               front and
said conjugated mirror image wave-  imagery utilizing as a spatial filter,
a holo-               front of said object wavefront being generated  gram
constructed  in  accordance  with  a               from said coherent light
beam.               method set forth in any of Claims 9 to 11           15
8. Apparatus for constructing an on-axis  said imagery processing method
compris-               hologram on a recording medium of a three-  ing:
transmitting an energy beam 'through  70             dimensional object
comprising: a recording  said imagery, focusing said energy beam on
medium, means for generating a coherent  said spatial filter after
transmission through               collimated light beam, means for
directing  said imagery, and displacing said filtered           20  a
portion of said light beam from said object,  energy on a viewing surface.
a condensing lens positioned a focal length    13. A method as set forth in
Claim  12,  75               from  said  recording medium, means for
wherein said energy beam is generated by a               generating an
object wavefront from  the  laser. light directed from said object at the
front   14. Apparatus for constructing an on-axis           25  focal plane
of said lens displaced from  the  hologram  on  a  recording  medium,  the
optical axis thereof by a distance X, means  apparatus being substantially
as described  80               for generating a conjugated mirror image of
herein with reference to and as illustrated by               the object
wavefront from the light directed  Figure 3 or Figure 4 of the accompanying
from said object at the front focal plane of  drawings,           30  said
lens and displaced from its optical axis    15. A method of constructing a
hologram,               by a distance X opposite the object wavefront  the
method being substantially as described  85               and thereby form
at the recording medium   herein with reference to and as illustrated by
the Fourier transform of the object wavefront  Figure 3 or Figure 4 of the
accompanying               and its conjugated mirror image, and means
drawings.           35  for directing a portion of said coherent colli-
16. Recording medium having a hologram               mated light beam to
the recording medium to  recorded thereon, the hologram having been  90
be added to said Fourier transform  in a  formed by the use of apparatus as
set forth in               manner such that a real and positive recorded
any of Claims 1 to 8 or Claim  14 or by a               function of the
combined wavefronts is pro-  method as set forth in any of Claims 9 to 11
40  duced on the recording medium.               or Claim 15.
9. A method of constructing a hologram       17. A  method  of optically
processing  95               comprising: generating an energy wavefront
imagery utilizing as a spatial filter, a holo-               at the front
focal plane of a lens, generating  gram  constructed  in  accordance with
a               the conjugated mirror image wavefront of  method set forth
in any of Claims 9 to 11           45  said energy wavefront at the front
focal  or Claim 15, said imagery processing method               plane of
said lens displaced from said energy  being substantially as described
herein with  100               wavefront, generating the Fourier transform
reference to and as illustrated by Figure 5               of said
wavefronts on a recording surface  of the accompanying drawings.
positioned at the rear focal plane of said lens,           50  and
generating a bias wavefront having an                ABEL & IMRAY, axis
coincident with the axis of the Fourier          Chartered Patent Agents,
transform  wavefront to produce a real and            Northumberland House,
positive function at the recording surface.           303-306 High Holborn,
10. A method as set forth in Claim  9,               London, WC1V 7LH.
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