
h
::liiflCS

Bii If liN(ii\n'I

Unitcd States, ::esidirrg

Sap I.ranciscc,, State of

useful im'Provenents j-n

that i, ILpYD G" CRC):S, a citj::en +:: tir'':

ic{J t Ccr-:i:tY oi'in tire Cj.LY of San F::ii::cj-:'

Califoinia, have j'nvent*<l ce'rrt'er'.'i) nerv and

a-
t

I{rrTiloD AND APPAlA',Lqr I'q8 ".r rrfarn n
ll-l,f\.,l-L\u fl

HOLOGRp_lirc PR0DUCI

the follorving is a specification'

Abstract of the gllgfoqu:S

t'

l:'of rEhich

ii
t;
ti

i,

10 Method and apparatus for making a hologram from a

' - i..inn nir:t-ur-e f ilm taken of a subject;ll

i, "orrr*r,tionarl1y 
exposed motiOn picture f ilrn taKen .,r c7 =L*rJ(:uu'

j: 
a <---*^^ ^5 +ta^ m6-{-i,.n nir } sequentia}l12i,

i, riie individual f rames of the mo'i:ion picture f ilm are
:,
i1 - -.! ! 1^ ^^L^van {- 'i 1 I rrm i n a-
li j$aged onto a variable transrnittance slit with coherent illumina-

i,ticn.Coherentiil.uminationthatisnotirnagedthroughthemoti-cn
\1

:!

, picture film is also direcled onto the varj-ai:le transmj-tlance slit
ll 

* 
i r- - : -^-^,i -nzl nnn-'i rnnopd 

l

il so that an interference pattern between the imaged and non-imaged 
i

i - -1.:! l^^F r

ii irruo.,ination is formed.' The variable transmittance slit has a

ii - -a.! --^ ^^r rra{-r.raan traro sicje oortions having
iiclear central portion disposed betrveen two sicle port

li 
--- 

rL^! ^^n+{-rrnrr<lr; der:l
ii.r, illumination transmittance that continuor:sly decreases an a

li
I,airection horizontally away from the central portion of the slit'
ii.,
|io" the interference pattern passes througtr the slj-t' the illumi-

li ,.ra:-or. is absorbed. accordLng to the variation in transmittance'

il
i;ephotosensrtive'filmisplacedbehindthesLit'to
ii
t'
i:terference pattern. In operation, afrer each interference pattern
i,

ii ,= r..ord.ed on the photosensitive f ilm, t]:e f ilm is acvanced r+ith
iti; - -.!^^ ^€ in4-orfcren(:e DaEcerns c..i-v
ii respect tc the slit so that a Series of interference patterns al:o
!
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10

i.ecal:ded cn i;he f j-}m j.n a p::ed.eterminec, Qv,.rl.apping l:elationship"

&ft.er the photosensiti.ve film has ]:een exposeel, 1,he film is con'-

venLionally processed int6 a hologralr' In one cnt]>odinient' a holo-

gram is made that reconstructs a color i-mage using incandescent

1ight,.

ii Backgror"rncl of the rlv-ention
)r
ll

ii ti"ru o, .n.-r.,r.,,.to'' I

ii 
---- 

_--L^1 ,-a.'n_i
il This inver:rion generally relates ro rhe art of holo- 

i

i! . i r ---i.- r-^ ,-,.a orrrrinment f or olacing holo- I!:|israrnvan(lmoreparticutarlytotheequipmentforp}acrngno-L()-i
il qraphic images on f ilm
il
il
ii
ll
ri
jl DesqfiPtion of the Prior Art
ii

ii =n 
generar, a hologram is a photographic recording of

li an" interference pattern formed by an object beam and a reference

li r--- -^sl^n+.ina a hoam ofti

||uearn.Theobjectbeamisusuatlycreated,byreftectingabeamc

ii .on*rur,a ilruminarion off of the object being recorded. The 
:r-

ii ,"r*n"e beam is a beam of coherent ilrumination coming directry 
i

ll 
t +e E

', n" illur.ination source. The obiect Deam anq Lrrs !s!v! 
ill from the sarne illumination source' The object beam and the refer-
I

ii *".. beam are combined together to generate an interference pattern
:Il -*r^.i^ &rrnan^rAn(1v, called a hologram.ti

li :'"": :::"'ded 
on " nn":"::":: 

::::T"".::.1.,.","sram," i
il fo reconstruct an image of the origint I rlclruvr 

Ili r" J-r=vvrrs . I

li ,-^* r-^xinA r'ructing beam of illumination
li irr"*inated from behind vrith a reconstructl-ng Ded,t L'',. r4!wlrrt'$--- 

I

li nrrrrr., the same characteristics as the reference beam used in' 
i

ii 
=t*" urrdr'":=:-".-:^-:"1 

Ai cr.r:ce,ion of h 
i

ii makinq the hologram. A fund'amental discussion of holography is 
i

li ;r;";'ir, ,.i.,",_.iri" *u=i.ur,, rune re6s, pases z4-3s, bv I'tr' Leith
i

i:- i
lr . . I

i: and ur. UPatnieks ' 
I
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It is well-knoll'n to make a holoEr;im fronl t'he successav

f::ames of a mcticn picturc film. The objeet i,r photor'r::apheC i"ith

a motion picture camera and the transparcncy clevelopecl frorn the

film is iLiuminaterl frame by frarne with coherent light to forrn

the object beam. If either the objcct or t'he camera is noved

d^uring the exposllre, then the fran:es of the film contain dala on

various aspects of the object. This data can be incorporated in-

to a hologram to produce a t]:rce-dimensional image of the original

obj ect.

10 It is also well-known to form a 3600 cylindrical

graln with a plurality of interference patterns sequentially

ded thereon.

Even the slight-

the exposure

holo-

recor-
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Heretofore,oneoftheproblemsinmakingholograms

has been the requirement to illuminate the object b.eing photo-

graphed vrith a coherent beam of light. This limitation has meant

that for all practical purposes hoiographic subjects have had to

be illuminated by a beam of light from a laser. Thus, holography

has been heretofore unavailable for natural and artificially light

ed subjects, for outdoor photograPhY, cathod'e-ray tube displays'

and for medical diagnosis.

A further problem occuring during the

film has been the maintenance of interferometric

tween the object being photographed and the film'

est vibration oi relative motion occuring during

period causes the hologram to become distorted'

exposure of the

registration be- 
1

In add.ition, in order to view the hologram and t<>

reconstruct the image recorcled thereon, the observer needed either

25



10

an expensive laser or a costly mercr.lry arc liqht. Consequently,

commercially feasible, io?,' cost holograms hat,e been heretofore

; unavailable.
!

I

,

1 Another unsolved problenr in the prior art has been
I

Itfr. lenticulatj-on of the j-mage occuring r+hen a series of inLer-

I f.r.r,"e patterns are recor{ed on a hologram in partially over-
t-
:l_I Japplng retaLiorrship us-i-ng a hard-edgecl slit. The lenticulation

ii i" a variaLion in photographic density due to the slit structure
lt-
ii ""a appears as a plural.ity of equidistant, spaced-apart, paralle1
ii
li fines that breaks up the image reeonstructed from the hologram'i;rinesthatbreaksuptheimagereeongtructedfromthehologramii-.ril: -

ii tn" l.ines are caused by either a gap between the interference :

Ij 
...- J 4ravs r-r 

i

if nattern= or an overlap of two patterns so that there is not z

l!

[i smooth variation in photographic density betr','een the exposure'
I
!i

ii -- ^ n .1^ 6t ^ ^-r.t +-1^.t rlDar.Firr u. s. Patent 3, 63 2,869 entitled, "Partially Overlap-
li
ii ping Hologram Mot.ion picture Record" issued to Bartolini et aI.
l;II

li ai=cro="= an apparatus for recorcj;g hoiogra;r's tha-r- par.-:a--i;
li

li overlap each other on a motion picture record. The holograms

ii "r" overlaped in order to conserve recording material and a uni-
il

ll 
t"t* exposure density on the film is not attempted'

ti
tl

It
li surmarY of the rnvention
tl

ti

li *he present invention is directed to a method and

l! "nn.r.a,r= 
for making a hologram that consists of a plurarity of

li

!i irrt.rterence pdtterns recorded in overrapping relationship to ob-

li

ll a"i" a uniform photographic iensity. The apParatus includes a

li "rit having a spatially variable transmittance across its hori-

il ,or,au, dimension. The slit is placed in front of a photosensitive

li ttr* that records Lhe interference patterns, and the slit selec-
li - rrJ--- LL- r
li ti.r"r,, attenuates the i11r.:r.ination falling on the fi1m. The ap-

li - a---.!-^-L-11-. *^,,.i-^
li n.r"a"= also includes means for horizontarly moving the photosen-

lr
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L0

i::itj.r,e fi1r,t wj-ih respeci to the slrt so tha.; the interference pa:-
:It*r.,= are recorCecl on the film in a predetermined, overlapping
l

, relationshiP
:

i.
L

i; it is an object of the present invention to provide
i:

ii a novel method, apparatus, and holographic product that overcomes
ii

i,tne timitations and disadvantages of tte prior art.
i

ll
iri: A further object of the present invention is to con-
il
11rl

i; pletely eliminate the need for illuminating the original object
II
!:

llwitfr coherent light from a Iaser. In the present invention co-
i:
il herent light is only used to expose the photosensitive film r'rhile
il

ll

iirecording the interference patterns. Laser illumination is not
;.

i,usea to illuminate the original object and is not used to recon-
i!
It

l! struct the image
tit,

ti!l ,

ii:i
!l

j; eliminate the rigid registration heretofore required between the
il
it

ll object in the original scene and. the camera record:-ng its image.

ti

il 
:" tir".present invention the object is photographed' with a con-

il

llventional motj-on picture camera and 360o of relative motion can

lir__!_
il 
O. accomodated.. The registration required to make a hologram is

ii.".o*nlished thereafter using the apparatus of the present inven-

An add.itj-onal object of the present invention is to

15

20

tion.

A further object of the present invention

nate any vertical parallax occuring when the hologram

is to elimi- I

I
I

is reconstruc-

25

ii
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il
il

li
l!
:1

il
iT
rl
il
ltti

ted. With the present invention an extended, vertical, white

light source such as a conventional fluorescent light can be used'

to reconstruct the 5n'iage on the hologram. A beam of coherent i1-

lumination is not required
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An additional object of the pr*s*nl invention is the

elimination of vertical lenticulation froin tJ:1,: ::*ccns{:rucLcd image

The lenticulation is rentoved by overlapl:in,g ti:c interference pat-

terns in a predetermined relationship on the hclogram.

A further object of the present invention is to j"n-

crease the final resolution of the i::rage by overlapping a plural-

ity of interference patterns on a hologram. Additional cbjects

and features of the invention vril1 appear from the follor:ing des-

cription in which the preferred embodiments have been set forth

in detail in conjunction with the accompanying d.rawings.

Brief Descriptj-on of the Drawings

1tig. 1 is a diagrammatic isometric view of the appara-

tus of the present invention with certain parts including a col-

limating lens removed. for claritY;

ti

fi

l!

ll

lt

li
ii
l1
II
ti

. r'ig. 2 is a schematic

ponents of the apparatus of Fig.

tance slit and the orientation of

to the phdtosensitive film;

diagram illustrating

I includ.ing a variable

the lensss: anC rnirrors

certain com-

transmit-

proximate

20

fig. 3 is a diagrammatic isometric view of a portion

of the apparatus of Fig. 1 illustrating the diffusing optics and

the imaging optics for the motion picture film;

fig. 4 is a diagrammatic isometric view of the appara-

tus for making a variable transmittance slit according to the pre-

sent invention;



rig. 5 i-s a f::ont elev.-rti-onar- vii:.r.' in scction takcn

t: along line 5-5 of fiq. 2 il-lustrating the varra)-,Ie transnittance
I

!,slit acco::ding to the present inventien;
I

i

;r fig. 6 is a graph of the illumination transmittance of
l!
ii

5 i the slit of fig. 5 illustrating the variation of illumination
' 1l

i:
ii
i,'transmittance with respect to the horizontal dimension of the slit
li
lr

ii
ll

Fig. 7 is a schematic diaqram illustrating the variable
ll
i: transmittance s1it. of Fig. 5 and the superpositioning of the in-

terference patterns on the photosensitive film;

'' Fig. 8 is a graph of the relative amounts of image
fi

li aensity of the' j-nterference patterns recorded on the photosensi-

li atr" film with respect to the film surface illustrating the super-
ll

!i po=ition of the interference patterns on the photosensitive film
t;

ji or ris. 7 i
rl
tl
ii fig. 9 is a schematic diagram illustrating an alter-ll--'
ll native optical arrangement wherein a diffusing screen is used in
Ir

li tire object beam near the variable transmittance slit and a pin-
ti

ii frofe ana expanding lens for the reference beam are remotely loca-
ll

li t.a from the slit; ano

li
ll -l- 'In .i^ a l-al.''Ia nf nn{-inal r'l ianman{.I fag. 10 is a table of optical alignments for the ap-

fi r*tuar= of Figs. 2,3, and 9 giving the results obtained by the
lt

ll respective lineups
li
ti
iiil
il

il
ll Description of the Preferred Embodiments

lr
ii
li In general, a hologram is made according to the pre-
ll

ii ".r,t invention by first photographing the object using a motion

ti
il
Ir

il
li
il-
li '
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l0

3rjr.ture ci}mera and conr;entional motir:r: pictr":rcr f j}n jn the usual
rrnnncr:. coherent illumination of the object is noi requir:ed, and

eithsr natural or artificial liglit can be usec5. Tl:creafter the
motion picture fj-lm is conventionaliy process*i ;rcccrdirlg to the
directions of the film manufacturer. The aplraratu$ irrustrated
in Fiq. l makes a horographic produet b1, exposing t,he frames of
notion picture film in sequence onto a photosensitive film mount-
ed on the apparatus. The exposecr photosensitivc firm is subse-
quently developed according to the directions of the film manufac-
turer into a hologram.

By way of a general over vier+ of the apparatus, it:
Fig' 1 refererlce numeral 16 ind.icates a major supporting assembly
for mounting the various components of the apparatus. Attached
to the major supporting assembly 16 is a laser rg that provid.es
coherent illunination for making the horographic product and a
shutter 19 for controrring the duration of the exposure. The

illumination from the laser is directed through the shutter 19

into a beam splitter 2A that separates the laser illumination
into a reference beam.22 and. an object beam 24. The object beam

is directed,into a d.iffuser optical ass.embly 26 where the object
beanr passes through a frame of the motion picture fi1m. For the
purposes of definition,the beam passing out of the motion picture
film is thereafter called the image beam 27. The image beam is
directed into a slit optical assembly 28 tyhere the image beam is
combined vrith the reference beam 22 to form an interference pat-
tern. The slit assembly includes a variable transmittance slit
and photosensitive film (both not shovrn in rig. 1) onto which the
interference pattern is recorded.

ii
ii
ll
rl
i1
ii

li
ti

iiil
il

ll
tlrl
il
t!

li

il

ll

il

lt

lr
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IThe najor supporting asscnrbll, lg j::cjudr=s a conc::etc 
.

i, =,"o 3B ti:at pror,'ices the ::ain fcuni.etion f r_rr ti:r epi)aratus. The

li concrete slab is insulstec against vibraticn *:.id shock by a pt'rutl
'' nno. r-rrchinnc Ai 1,.^& ili ity of rubber cushions 40 that support t]:e cc::crete slab abovc iil

; tr'e grounc_'12. The rnajor supporting assembly :-6 furthcr includes 
;
!' a pri;:ary fra::r.e assembly 44 that provj.cies a rigid, stable chassis I

,, 

_ 
--f --, 

.-eev4g vtrq,' 

;I for maj-ntainirrg the registration betlr'eer. tire diffuser optical ilj ,R =-; -'^ ^'.:"--, .-":' 
rJeL user opticar 

il; assemblv 2G and the slit optical assenbly 28. The primary frame ;it - 
,1^^ ^ ___ . 

--- vrE4vcttr (tbi'ul:i'JJy l'6. J.'ng prlmary tral 
Iil assemrry also supports a reference beam diverging assembl), 46 il:t' . Ij; that receives the reference beam 22 fron the beam splitLer 2a Iiiii' arid expands the reference beam prior to its incidence on the photo-ii

ii ""''sitive film (not shos'n in Fig. r). The primary frame u.=".*oro I

l,t, nn also rigidly supports a secondary pratform 48 that in turn i

iii
ii 

risidly supports the diffuser optical assembly 26 and the laser 
i

ll ra ili-l11 '
ii Tha 't: qcr 'r a i e ^*!.: ^- - , I

li rhe laser l-B is a co;:ventional- HeNe laser prod.ucing 
:

li coherent illumination having a vraverength of 6328-Angstroms. trr* i
il

li rt=tt is mounted on the underside of the second,ary platform 48 |ull 
- ^ L^^* -c -.rr Illanadirectsabeamofi11uminationhorizonta11yrearwardthrough

ll 
e+vrr rrv.:avr' Lqlry .t. edr wdrq' Enroug

ii t" the shutter 19 to a first transfer mirror 50. The shutter is I

ll 
v e! q.r-!Er rlrf rr- \rr J v. rlle snuEEer l_s 

i

ll u" electrically controllec, mechanicaL shutter located on the i
ll , ' euu vr' eriE

fi "autside of the secondary platform. The shutter interrupts the Ifiril
ll beam or illumination from the laser and thereby controls the ex- I

ll posure of the photosensitive fi1m. The first transfer mirror is i

fi adjustably mounted on an optical bench sz that is rigidly attacheJII

li t" the secondary platform 48. The firsi transfer mirror and ar, I

t{ll ,€^* *-.---^--- , IIl other transfer mirrors hereafter described are front-surfaced Iit

ll silver mirrors of optical quality that reclirect the beams of lightn -.:-. ^r.: e'fqu 

:=*::=-" 
L''' 

itl inciaent thereon without distortion. The first transfer mirror 50ril
lr
ti
liiitll -e- 

I
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10

1l

ir
:i , - . --: - ^ r..l ^- t,rar,'ir^'l r-i nt.n : c':r,C.oftd tf anSf ef1i laser illur.rination upwardly into a seco)
!i ciirects the
i! !L^ ^'-!l^-1 r-----^lr c?- The seconci

-L ^ -1 +.^ +Ira nnl- i n:'l l-,-,,',nlr 52 . 'f nL stiuvrrr

ii *i"ror 54 sr-milarly attached to the aptical ):tlrclt 5:

:' . ,i-^ 1^,r^t' i"llrrrnin.'rl-irn ^r'r:'i?Ontally 
j-ul- 

|

;i tr*r"rer mirror directs the laser irluminati,c,r ncrj?ontarly for- 
i

ri

li *r.ra into the beam split.ter 20 that is also mounted on the optical
i

il -*1 ;{-+.^r )O i s a conventicna} opt.l'cdl rrcs'r' 
;

llrenc}r52.Thebeamsplitter20isaconventicnalOplj.calbeam;
it "" "-:-- -'.' 

i-..^e ittrrmination into a reference tleam'

ll splitter that divides the laser illumination into a

li
\izzandanobjectbeam24.Theobjectbeam24isdirectedfromthe.
ii tical assembrY 26 liereinaf ter
ii u"u* splitter 20 into the diffuser opEl(-dr a-ps.rv!' 

1

i; -- 
') 1a:win<l the beam sPlitter }s

il
ii aescribed' The reference beam 22 leaving the beam

il 
*"-"---- 

_-a,.ar mirror 60 that is supportecl on the
ir

:i dir,ected onto a third transfer mirror
ru'rgA +r^nefer mirror ref Iects the reference

li
llontica1bench52.ThethirdtransfermarrorI9I.LEuuo
li ' ,.aam aivercrinQ assembly 46 herelna:"=
ii ream 22 onto the reference beam diverging assembly 46 hereinafter 

I

i

described. j

The slit optical assembly 28 and lhe reference beam 
i

divergingassembly46areschematicallyillustrated'inF'.n^^'^'**n:

:J:: ;.; zz ccmins rrom rhe third rransrer mirror 60 on the 
i

opticalbenchs2isincidentonthereferencebeamdivergingaS-t-,^?dinrr 3S-

;;;;^;.' ;" shown in Fis. I, rhe reference beam divereins as-

Eemb}yinclud'esafourthtransfermirror66thatreflectsthere-

ferencebeamintoafirstconverginglens6E.ThefirstConverg-

inglens.focusesthenarrowreferencebeamandpassesthebeam

throughapinho}eT0.Thepinholeeliminatesspacia}frequency

noise. Aft'er passing through the pinhole 7O the reference beiam

isincidentonavariabletransmittanceslit?2hereinafterdes-

cribed.
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25
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i

1

Referring to Figs' 1 and 3' the object beam 24 coming

fromthebeamsplitter20isdirectedver'lica}lv":::ttintothe
diffuser opticar assembry 26 that is rlgiiry attached' to the opti

ca}bench52onthesecond.aryplatform48.Withinthediffuser

-1 n-
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, optic:rl assernbly the obiect beam is inciclent cr., ;r i-"i.f ih transfcr
i

i,mi::ror 78 that reflects the object beam into;r:i**iiri\re rcns g0,
f!

l; 
*n" negative lens expands the nan:or^r l-aser bean sr:rf iciently to

ti

l; 
illuminate a frame of a motion picture fil-:r g?. i.:r i.rnaging dif-

li
j. fuse screen 148 is positioned betrveen the negative lcns B0 and
IIt:

li ttre f i1m 82 in order to provide even anel uniform illumination of
li
t

!; trre f ilm. The illumination passing thro,;gh the frane of the mo-li
!,
1,.
j, tion picture f i.1m, called the image bea:n 27 , is thereaf ter incident

on an imaging lens 84. The imaging lens focuses the beam on to
the slit optical assembly 28 hereinafter described. Located. vrith-
in.the imaging lens is a horizontal slit aperture 85 for limiting
the vertj.cal divergence of the image beam. The width of the aper-

ture is sma11 enough to prevent spectural smearing and loss of

resolution and yet large enough to provid.e sufficient light for
the exposure of the film

' The motion picture film 82 is a conventional black

and rvhite or color transparency motion picture fi1m. The film

was conventionally exposed to the object in non-coherent light

and. was processed in accordance vlith the instnrctj-ons of the film

manufacturer. 
,tnu motion picture film is transported through the

object beam 24 by a plurality of sprockets 86 and a first step-

ping motor BB attached thereto. The first stepping motor causes

the film to advance frame by frame in sequence in front of the

object beam. For each exposure of the photosensitive filmr a,s

hereinafter described, one frame of the mot.'i-on picture film is

used.

Referring to Pigs. 2 and

the diffuser optical assembly 26 is

3, the image beam 27 from

lr

-11*

dj-rected through a collimating,
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lcns 92 and a vc::tj-c;tl.Jy oricntr:e1 cyl"inrir:i*.rl .ir.i:r $4. Tl-re col*
.limat"ing lens 92 has a lcrrg f oeal i.*::,JLii tc i:*J l j;:::t* ti:cr i magc

beam 27 and prevent distortj.CI,l of the ir:aqer. Thr: TcrLifaltry ori-
ented cylindrical lens g4 refracts tir* hc::ix*nta1. tlcfip{)ft(:r:t of the
j"llumination onto the variai:le l::ans:*it,La:rc* slit ?2 vrit'l,*ut chang-

ing the vertical component of t.he ir].unination" Tl:e use af the

vertical cylindrical lens allorvs the !:oloqranr to bc: vier,,*l:le in

ithj.te Iight. It shoulcl be notecl thal i:r Fig. 1 the collinating
lens 92 was omitted for clarity. It, sl"iould l:e undcrstood that

the collimating lens 92 is positionei betr.,'een the vertical cylin-

drical lens 92 and the imaging lens 84, proximate to tlie vertical

cylindrical lens.

Refierring to Fig. 2, the imaEe beam 27 and the re-

ference beam 22 are combined together to form an interference

pattern that passes through the variable transrnittance slit 72.

The yariable transmittance slit, hereinafter described, is sup-

ported by a light shield 100 that forms a tight barrier for the

photosensitive film 102. For the purposes of definition the term

I'photosensitive fi1m" refers to the film onto which the interfer-

ence pattern is photographically record.ed. The term "hologram"

refers to this film after processing vrhen the film is converted'
.t

into a holographic transparency. The photosensitive film is re-

tained in place against vertical motion by a film holder 110. It

should be noted that the slit 72 is slightly concave in order to

narrow the gap between the slit and film therei:y providing an

accurate transfer of the variable transmittance of the slit onto

the fi1m. Although the varj-ab1e transmittance slit 72 is not

shor.m in Fig. 1, the slit is located directly behind the vertical

l-y oriented cylindrical lens 94 and in front of the film holder 11
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10

Thc photoscrrrsitivc f ilnr j.s s;tot:C:d in twc:

ho::izontally adrranced p.rst the sl_il 7Z by

sprockets are clriven by a seconcj :;.;c!,Ijng
the film a predetermined distance Lc.;,,.,ccn

interference pattern recorded on +;::e ::l:r
upon the preceding pattern as hereinlfLcr

. f n Fig. 5 the variable transnlttance slit 72 is il-1us-

trated as it appears to the image ]:ee.n 27, Fiq. 6 is a graph of the

illumination transmittance of the s1it. illustrati.:rg t.he variation

thereof with respect to the horizontai. dir,c,:'rsicn of the s1it. It

should be noted that the slit 72 has no vcrt.ical transmittance

variation. The variable transmittar:ce s1it. is cnaracterized b:.'

a central portion 116 that is optica)-Iy clear and non-attenuatinE.

The variable transmitLance slj-t is characterized by a central pcr-

tion 116 that is optically clear and non*attenuating. There are

also two end. or side portio::s IlB that are totally attenuating and

pass no illumination. Located between the central portion 116 anc

each end. portion 118 is an intermed.iate porti.on L20 that is a trans-

ition zone bet,ween Lhe non-attenuating portion and the totally at- I

I

i

tenuating portion. Ilig. 6 illustrates that the variation in trans

mittance frorn the central- portion to the end portions is smooth
I

and. without abruPt changes.

To quantitatively.describe the illumination transmit-

tance along the horizontal dimension of the slit 72, a d'imension

,tstr is used. S is defined as the slit vridth and is also the in-

cremental distance that the photosensitive filn 102 is advanced

by the second stepping n.otor 108 as hereinafter described- The

central portion 116 of the slit is approximately s wide and is

centrally located in the middle of the slit. The end portions

I5
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1.'t.8 of the slit are eacir ilppr:oxiu;rtcly L/2 $ t,rj-*r: i.* *r:rlcr: to pro-

vidc an attaching surf ace f o:: the light :rhi*lrl : il*. Ti:* intcrne-

diate portions 120 are each approxin:;rtely $ r.'i*i: *r:e} *i::octhly vary

between 100s transmittance and 0t transnitt*::,c*. T*!Tus, Lhe over-

all width of the s1it. is approxir:ratc,ly {S, anc} L}r,*" i1}unination

transmitting portion is approximately ]S **j.ri*. : t should be noted

that although the slit 72 is physically c.;rvcd as illustrated in

f' j-g " 2, the distribution of j-1luminat.i.c:r ttro::ir.nit.i:ance illustratecl

in Fig. 6 is a projection onto a f1at, vc::ticaL plane. In other

words, the distribution illustrated in l-iq. 6 represents the ac-

tual attenuation of the interference pattern as it is recorded on

the photosensitive fi1m.

Referring to Fig. 4, the variable transmittance slit

is constructed using a slit exposing aFparat'us 130 ' fhe slit

exposing apparatus includes an upper horizcntal plane L32 having

a narrow, central longir'u{inal slil transmitting iight therethrough'

The remaind.er of the upper plane is black and does not pass any

light. The slit exposing apparatus further j-ncluCes an intermedi-

ate plane L34 that has a narrow, central-, Iongitudinal black

stripe directly underlying the clear slit jn the upper plane'

The remaj-nder of the intermediate plane is clear and not light

attenuating. The slit exposing apparatus also includes a lower

plane 136 onto which a sheet of conventional black and whiLe ne-

gative film is located. I{hen the sli-t exposing apparatus is iI-

luminated by a light I3B, the illumination therefrom passes through

the clear slit in the upper plane 132 and is scattered outward' 
I

The black str,ipe on the intermediate plane 134 blocks the bright 
i

image of the slit from fatling directly on the negative film ro- 
i
I

cated on,the lower plane i36. The illumj-nation falting on the j
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rl1:"iJftt:i\r* film is reversed from the

j_.L1ust-raLecl in Fig. 6. After being

the negat,ive film is conr,,entionall-v

and the slit il-lustrated in Fig. 5

di str: i-!:u t i r:

erxi:osec1 tc.r

processed

is f ormec].

! r. . r. i r. -. r i, ,"
- ; r.r. i : i,i: ! I ! ir

. ..1.. 
" 

') l'!
o i..- ier'-r,

!-*r:iti';e fi

i.

ilii*.:

Referring to Fig. 1, the motion picturc f ir:;: r; fiii:
be ei.ther Bmm, 16mm r or 35mm, and is obtained in the c*::,.,r:,.tir::.-rr
manner' The object or scene desired to be recorded on t):* hr,rl.:;:.

lr'

I

t

:

.

10

is photographed using a conventional motion picture ca,"..,cri] .:r:ri

either color negaLive film or black e.nC white film. The ol:j**1
or scene is not i1lum:lnated. with.laser illumination and eiri:*::
incandescent or natural lighting may be used. F,or best result.s
it has been found to either rotate the object wi-th respect tori -- uv srurrsr r\rLcrLc Lrre oDJecE wfEn rgspect, to

ti

li tt " camera or to move the camera with respect to Lhe scene so
l1

li trrat different aspects of the object or scene are recorded. on the
lr

i1 rifm.. After exposure the motion picture film is processed in thet:
it
l'
i conventional manner accordj-ng to the directions of the manufacturer
ll 

_ _ 

- ---r L.av frrqrrq--- r* 

,

li ""u u transparency filrn describing the object is obtained.. rt i

li should be noted that the motion picture film thus obtained. can illr
li U. used in a conventional motion picture projector without modi-ll -- r-- y-vJvvev! vr4utlvqu ltrvv4ill
ii fication. 

Iill
lj 

-eferring to Figs. 1-6 inclusive, rhe motion picture 
I

fi rirm sz is first loaded into the diffuser optical assembty 26. I

ll -. "*^ ^" ::^--, .:-. _"- _.-. _"-: ."':'"** ::-="'"-' :"' i

ll tfr" first frame of the film is positioned between the sprockets i

ll 86 such that the object beam 24 from the beam splitter 20 will :iliji nass therethrough and illuminate the entire frame. Next, the i

li.l
ll laser 18 is turnecl on and the various transfer mirrors and. lenses
rr Iiil
il Of the Svstem are n:dlirr ctarl q^ tlr:{- {-ha imr^o t^^-* .1 --,r &L^ iil "t the system are a,djusted so that the image beam 27 and the re-
rij

ference beam 22 combine to form an interference pattern that is
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ti

t1
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ti

il
lr

,i

1'

iltitl
ti

oit the var:iable tr<-rnsiiitt.ar:cc srii.. ?:,. ::.r
v;hich the apparatus is housecl is fl-.ttc_ll-1;-
photosensitive film 102 is threadco on ti..r,

the tvro f rlm magazines 104. uhen the phc:r-,

place, the film rests in front of tha f il::.
behind the variable transmittance slit 72.
mittance slit is slightly concave in c,::eier

tv;een the slit and the fi1m.

:l -'.- -:'-:'-' r::- ::

i1.":1.',':.c:i ::.i ::'.e

tt.G *prcci.ets 106 bet'^'e

:'-!'.:..:"iivr: filn is in

l:*1*+..;' )i* ;rr,ri riir*ctly

?l:*'..: !' i;:i-:1e tr.-tr:s-

to :i,,'.:'r'ri,' thc g.rp |q-

10

The f irst exposure of the pi:otoscns j iive f itn 102 is
made by imaging the first, frame of the rnc.ition pict,ure filrr, 92

onto the variabre transmittance slit 72. The process begins by
'opening the shutter 19. The laser 18 produces coherent illurni-
nation that is nor^r incidenL on the beam splitrer zo. The beam

splitter separates the illuminat.ion into the object beam 24 and

the iiefereRce beam 22. The object, beam is directed into the dif-
fuser optical assernbly 26 r.rhere ti:e bean is e::paicec bi, --;:= ne;a-

tive lens 80, passed through.the frame of the motion picture film,

and focused on the slit with the imaging lens 84. The vertical

divergence of the image beam 27 is limited by the horizontal slit

apperture 85. The collirnating lens 92 col-limates the bearn and the

vertically orientated cy.lindrical lens 94 refracts the horizontal

component of the light into the slit.

The reference beam 22 from the beam splitter 20 is

directed into the reference beam diverging assembly 46. The di-

verging assembly expands the reference bea:n and directs it onto

the slit. The reference beam 22 selectively interferes with the

image beam 72 creating an interference pattern that

the slit and is recorded on the photosensitive fi1m.

15

20

25

-I6-

passes through

C;}



tr

A.fte:: tht. j.llt*:"1't:t-ct1cc f,: t,: t*i-t: jr,: {:H:',;ir:,,!.: t-* 
".i:r-' 

1'}:ll1-lr:

Sensi,l-i\,efiInr102,'r}:r'.5iiuttCrj.9jsfir,..;;1i']&:;.,},;::,-,l,.:,-:o:lI.';C.

ture fiIm B2 is adval:ceci 1:1r r;lrs fra:r,qr Lhrr':r:]: i.l";t:,i:f fus.'," o!rtj.ca:.

assenbJ-y 26 using tire f irst fitei-apingi r,oi-cr iri l;. t ::;.*l t;i.iously
vlith the advancement of tire r,"iol;ir:;.1 1:ict',::-c f:)":*.. Li,r, 1:!reri.i$cnsi-

tive f ilm 102 is advancecl a preiic:t cr-l::irreil ir:trr't,::,r,;:i $ !:ast ttre

variable transmittance slit 72 us:::* il:* srceri'i{i rit(:!r;ring noLor 108

and the sprockets 106. Thereaf ter, tl;l s(:c*:i.d f ::ene of t.i:e r.nation

p:'-cture f il.m 82 is imaged onto thc v*r j;iI;}c tr*:'r:,r::itEance sl:-t as

hereinbefore described, and the ref*r'u::cc h**;:r 2? jnterf eres with

the image beam 27 to create a seconcl interferer,ce p;rttern that

is recorded on the photosensj-tive f il.;:r. ?he ai:o're process is re-

peated over and over until each fraine r:f the motion picture film

is imaged onto the slit and an inter-fer:eilce pat.tern corresponding

thereto is recorded on the photosensitive filnr. The above process

is repeated over and over until eacir f::;:rne of the motion picture

film is imaged onto the slit and an j-nterference pattern corres-

pond.ing thereto is record.eC on the photosensitive film.

The photosensitive film 102 is advanced increment by

increment in synchronization with the motion pi'cture fi-1m 82 so

that the interference patterns are recorded on the photosensitive

film in overlapping, seguential relationship. The second stepping

motor 108 ad.vances the photosensitive film 102 by an incremental

d.istance S. The distance S is related to the trinsmittance of

illumination through the slit 72 as illustrated in Figs. 5 and 6

and as described hereinbefore. Referring to Figs. 7 and B, the

individual interference patterns are placecl on the surface cf the

photosensitive film so that each portion of the film is exposed

to at least three different interference patterns. r'ig. B illus-
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trnt-q:s thc derrsj"tics of t!:* ci j* *:. {::t_..:.ii r;,.r,1.:

rccording the interference paitc::::r: ,...j,r ): 1a.

imqgq,g .--:: t !':r,r f i. lit

i,I.,"'i l:.' ll";.i.r ]i;1r,1 {:li

10

of the f iIm. It should be noted th,:}t tl:i, _;,:1t...:..1.:.rI :l.ii:n3:f cr:c:.icc
patterns are spaced on the film so th;it r.: r,..;r.i !,Ii;i.i;i11, u:-li.f*rr,
overall image density i.s achieved. Tt. :.i:,.,.._: j,-l !.i;,l, r,l:,,,1. i:r. nGtcd
that each image is approximately 3s r.ang !-;L'r,:l,:j;*.: tl:c cI*,3r ccr)*
tral portion 116 0f the slit is s l.'icic.: &nd t!:* int.r:rri:,id.:{1i*te por-
tions lZ0 of the slit are each S wiric,.

After all of the fr;imes of th+ nntjd,tl pictr.lr:e fi,m
have .been exposed to the photosensit,jr..* f iln I*2, thc f ilnr is
removed from the apparatus. The filr:r is therc;:f tcr conve:rtionalJ.y
processed in accordance with the instructians of the film manufac-
turer and a hologram is obtained. The resulting horogram is a

photographic transparency having a plurality of die imaqes or
emulsion images that substantially overl;rp each other. Fig. B

illustrates the overlappirrg rerati-onship of the d.i_e images on

the film and the relative density of the images.

The hologram can be viewed using a conventional incan-
descent white light located behind the hclogram at an angle equal
to the angel of the reference beam. ?he white 1ight is positioned
with respect to the holograrn in the sarne orientation that the pin-
hole 70 was positioned. with respect to the photosensitive film 102

Coherent illumniation is not required for the reconstruction of
the hologram because the vertical cylindricar lens g4 is used.

rn Figs. 2 and 3 and 9 and 10, four alternative lens
and imaging embodiments are disclosed. fn each embodiment des-
cribed herein the basic apparatus for exposing Lhe film, includ-
iag the support assembly 16, the laser 18, the beam spritter zo,
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1hc f if lh transf er mirror 78 ' and the i'magi'rig Itt":; t'l ' li:' t-trr'

sair,c as hc::einbefo::e 
descrihect' In Opt'icaI Lincr':ir n1::-l 'ir ? r' i:r'

ncgative}enss0hroadensthenarrowobjectbeam?.tf::r.:*i.i":r.ijit'}":
transfer nrirror 78 so that the beam completely fil-Is:r j'::;;'e c'*

themotionpict.urefilms2.Thereafter,thebeamisirn;lrjt;i(]':.its
a diffuse screen I46 located in front of thb variable trolrr..i:...,ii,';i:!:Cr.

slit 12. The cliffuse screen 146 provides uniform illuminati<;:: oi

the variable transmittance sLiL 72' In the f ineup number I tl:':

ilenses92,g4ofrig.2axeremoved.Thehologramprod'uceclfrcn i

I

i Opti".l Lineup I is vieurable in monochromatic ligirt 
i

i^i

ii fn Optical Lineup number If llrusLrclL'Eu 4r' - -r 
.l1 rrr vyulvs- --

ii ' -.-^*- rrcod t-o broaden the narrow object
i: , a ^-^ an i e aoain USe(l tL) lrvsuv" .iitrrenegativelensB0isagainusedto
11 

-"- - - 
^,.av m i rror 7g . rn addition, an imag-

ii o.r* 24 from the f ifth transfer mirror tv' "' ':^:;-: 
.^.* B0 

I

ii -- .,^ .:^ 1na:ipri between the negatl-ve }elrb ev 
I

iii,,gdiffuseScreenl4Sislocatedbetweenthenegative}errsB0
li - ,--r.^a ^.ir.rrrr€ f itrm g2, and the d.if fuse screen

li ana the frame ot tne m'Lr-urr t-.,-,_ 
-^*ainad. The imaging diffuse

li - , -c rr^a c'lit is relarneo' rrrs *"r-'r-- J 
i

:i ,UO located' in front of the slit is relained' Therr"-:":;;"-'

il ::-,::^:"_"re even illuminarion of rhe frame of rhe 
i

ii screen I4B provides more even lrrritrtrrrau+vrr -- 
, r --1 rinarln 

I

!i "-"'-*:- *,, oduced. from opticar Lineup ",
ii *oaio' picture f ilm' The hologram proqu.,eLr !!v"' 

i
I

il --L-^'.-l.in lioht. t

li i" viewable in monochromatic light'
I

il .t^*d en is i
ll . TTt +h6 neclat].Ve IErrP I

ll optical Lineup number, lII the negative lens 80 is i

il ontica:, 
::"::: ::,"i' l=="*nrv zG' rhe dirruse ill .:- +ha rlif fuSer optiCat asselttr,lJ - 

i
ii used alone in the diffuser optical assemDrv 

:"'--^":^r'limatins i

ii ' E rl^a c'lit is replaced by the coJ-r-'rtse+"7 
!

1l ""r*u. 
146 in front of the slit is'replaced by the collimating

!

in- i

ll - r ,- - ..^r+ .i r.a lI v or ientated cyr indr icar 
i

1l f"rr= 92 and the vertically orientated cylindrical lens 94 hiere

1:
ti
l1 Uefor. described' The r''ertical lens 94 refracts the horizonta* 

i

ll -- 
;cribed' 

.-:: .-ab,e rransmirtance slir 72 j
ll - !L^ r.iahf intO tne vdlr-qY+v I

li component of the light into the var:

it

ii withouL changing the verticar c'omponent. The verticar lens pro- 
i
i

ii urr".= a whire light viewabre ho10gram. The colrimating lens 92 
i
t

i: - 
rrrue *-:) 

LL^ .imrn6r on the slit by preventing the 
1a -. , ---r.l^n nf the image ort LrrE e+*- -1

ii.prevents distortion of the image on

lt-
ii i*.n" beam from divergrng'
il
ll
ti
t1
tiil
il
ii
ti
ltli - Ie-
li
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15

10

olo

r, includes the irnasins ciffuse scree, ;;;,";:^:: 
:r i:: ]' j:.:::. .? ,1:";l

-."u.r,.r I _1r,, ;ilf :, .::.::optj.cal assernbly 
.26 and the horj.zontal r

apertu::e limits *ha rr^*+.r --, 
;Iit apcrlr:rr: 

1f$] i,}.-E: r) jt-apertu::e limits the verticar clivergence 
- -n si;rc' ff.5 i'}'"E: r) jt-

of the inrage b,*,.r:,_. Ir;addition, the colljmating lens gA and the vertically 
er j.,.::ier.jcylinCrical lens 94 are 1ocated in front of the slit. oi,i:r..;:lLineup rv produces a white light. viewable hol0gram tlresolution than optical Lineup rrr. 

"v*vYrqrtt cnat has l*lt*r

Referring to Fig. 2, the reference beam divergingassembly 46 is l0cated at 450 vrith respect to the image beanr 27and is spatially positioned rzertically above the vertical lens g4when the pinhole 7o in the reference beam diverging assembly isl-ocatecl in this position, the resulting hol0gram is reconstructa-b1e with illuminati-on originating behind the.hol0gram at an angleequal to the angle of the reference beam. If a cylindrical holo_vram i1 cclnstructec, then the reconstructing light source can belocated in the center of the holcgram and the hologram can berotated thereabout.

Referring to Fig. g, the reference beam diverging /
tassembly 96 is ilrustrated at an alternative position proximate i

to the third transfer mirror 60 on the secondary platform 4g. rnthis configuration the pinhole 7o is l0cated at a point eguivalentto infinity' when the pinhole 70 is rocated proximate to the thi,{transf gr rnirr< .im ^-* L ^ 
err= Lrt'rr,)r' the hol0gram can be reconstructed, from a flat I

'laner .rd the source of the reconstructing illumination can beemotely located from the hologram

I
:

I

I

I

An alternative embodiment of the
is illustrated in Fig. 1. The photosensitive
fig" 1) advanced by attaching the film to the

film advancing means

film (not shown in
film holder 110 and

-20-
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lilovinU ihe f ilm hr-rl_de:: v;i-tl: r*I.:it*{:i,. :: !_}.r: .,,u,. 1."i:.:1. lc. *.: :=;.,f,,qi11.,.:;,,i:r.
sLit (not sho'*n in Fig. l) Th* f.i"1r:: i,::;;t,,i. jr. 1-,.:::: i: r_:r;:iill:,.,
attacl:ed to a rotatable platform L5*. ?l:* rr*.*;..,i*1.it: 1l:,,f*r::, l*pivoted for rotation on the primary fr;1-,c;:rr:rri.li" {d. ,.i.,:_:.{}r,j.!*
table platform is turned by a thirci stei:;:ini; x:*l{:r :e* r;::i-l: r..!;*r
the photosensitive film is advnaced passcd ti;r-::;1rt f*. ;i rr:5riin{:*
S for each exposure as hereinbefore descril:rC. 3;i ih:$ r:_l-r-,1-,::.c;_:t
of the film advancing means the light shie14 I(:, i;,r, rr.l I j:_;.,ir.1
lens 92, the vertical cylindrical 1ens 94, and il-.c rcfc,rd"f:f;r: l:e".::r,
diverging assembly 46 are stationary. The filnr l.olrlr:r:_ ii* rrrtatr:s
about the vertical axis of the vertically orientcd c.."ii;:cric*r rer:s
94. The pinhole 7o of the reference beam divergi.::g a**c:y:Iiri, d6
is Located on this axis of rot&tion so that the resu},*ing cyrin-
drical hol0gram can be reconstructed. by a light at its center of
rotation. The manner of exposing the interference i,,ati:erns on to
the film and the process of sequencing the. mov:e f ir-n g?

through the diffuser opti.cal assembly 26 is the same as herein_
before described..

Although the best mod.e contemplated for carrying out
the present invention has been herein showr and described, it
vril1 be apparent the modification and. vartation may be made with-
out departing from what is regarded to be the subject niatter of
the invention.
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