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Description 

BACKGROUND  OF  THE  INVENTION 

5  1.  Field  of  the  Invention 

The  present  invention  relates  to  holographic  lenses  for  eyesight  correction  and  to  a  method  for  creating 
such  lenses. 

10  2.  Description  of  the  Prior  Art 

For  the  purposes  of  this  application,  holography  can  generally  be  defined  as  a  lenseless  photographic 
method  that  uses  laser  light  to  produce  3-dimensional  images  by  splitting  the  laser  beam  into  two  beams  and 
recording  on  a  photographic  surface  the  minute  interference  patterns  made  by  the  reference  light  waves  which 

15  may  be  reflected  from  a  mirror  and  the  waves  modulated  when  simultaneously  reflected  from  the  object.  The 
virtual  image  can  be  reconstructed  by  shining  laser  light,  white  light,  etc.  through  the  developed  film. 

A  method  of  recording  and  reproducing  wave  fronts  was  proposed  by  D.  Gabor  in  the  publication  "NA- 
TURE"  161  777  (1948)  for  use  in  microscopy. 

The  subsequent  development  of  laser  technology  resulted  in  a  whole  new  branch  of  optic  science  being 
20  formed  which  was  named  holography.  Holography  is  based  on  the  recording  of  the  mutual  interference  of  two 

coherent  optical  waves  originating  from  the  same  laser  source  on  a  photosensitive  material.  The  interference 
requires  two  beams:  the  reference  beam  which  is  usually  a  plane  parallel  wave  of  constant  amplitude  and 
phase,  and  the  object  beam  which  is  light  scattered  from  the  object  to  be  recorded  and  therefore  carries  am- 
plitude  and  phase  information  related  to  it.  This  mutual  interference  of  a  coherent  reference  beam  and  a  co- 

25  herent  object  beam  results  in  not  only  the  recording  of  the  average  intensity  (as  in  ordinary  photography)  but 
also  the  phase  of  the  waves.  Thus  the  hologram  holds  all  the  information  relative  to  the  object  beam  and  can 
reproduce  it  as  well. 

In  prior  art  processes  the  hologram  recording  is  processed  by  chemical  means  as  in  ordinary  photography. 
The  process  material  is  illuminated  by  the  reference  beam  used  during  the  recording,  its  diffraction  reproduces 

30  exactly  the  recorded  object  beam. 
Other  prior  art  publications  which  are  relevant  to  the  present  invention  include  "HOLOGRAPHIE"  by  M. 

Francon,  published  by  Masson  &Cie(1969);  "OPTICAL  INFORMATION  PROCESSING  AND  HOLOGRAPHY" 
by  W.T.  Cathey,  published  by  J.  Wiley  (1974);  and  "OPTICS"  by  M.  B.  Klein,  published  by  J.  Wiley  (1970). 

35  OBJECTIVES  AND  SUMMARY  OF  THE  INVENTION 

The  primary  objective  of  the  present  invention  is  the  production  of  holographic  lenses  on  photographic  film 
of  any  dioptric  power  in  the  use  for  the  correction  of  ametropia.  Ametropia  is  a  generic  term  which  refers  to 
any  condition  of  imperfect  refraction  of  the  eyes  such  as  nearsightedness,  far  sightedness,  or  astigmatism. 

40  This  and  other  objects  of  the  invention  are  achieved  as  explained  in  the  following  summary. 
In  the  present  invention  a  hologram  is  achieved  by  recording  the  interference  of  two  optical  fields,  the  ref- 

erence  field  which  is  a  parallel  monochromatic  laser  He-Ne  beam  and  the  object  field  or  beam  which  emanates 
from  the  same  source  (i.e.  coherent).  The  result  is  a  convergent  beam  representing  a  convergent  angle  of  the 
lenses  whose  hologram  is  being  produced.  Thus  it  can  be  sen  that  the  hologram  effectively  is  a  lens. 

45  The  holographic  lens  of  the  present  invention  is  produced  in  accordance  with  the  optical  needs  of  the  user. 
Thus  a  specific  hologram  is  produced  on  the  photosensitive  film  for  each  user  such  that  the  focal  distance  is 
appropriate  for  that  user. 

An  important  advantage  of  the  holographic  lenses  is  produced  by  the  method  of  the  present  invention  which 
is  not  found  in  ordinary  eyeglass  lenses  is  that  the  holographic  lenses  are  extremely  light  and  of  uniform  thick- 

50  ness  regardless  of  whatever  dioptric  power  is  produced  by  the  hologram.  Also,  they  can  be  produced  using  a 
simple  photographic  process  rather  than  the  complicated  industrial  processes  used  in  shaping  the  curvature 
of  ordinary  eyeglass  lenses. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
55 

Figure  1  is  a  schematic  showing  the  prior  art  general  holographic  method  wherein  an  object  beam  and  ref- 
erence  beam  combine  to  form  a  hologram. 

Figure  1  B  shows  a  reproduction  of  the  object  beam  of  Figure  1  A  after  a  film  on  which  the  hologram  has 
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been  recorded  is  illuminated  with  the  reference  beam. 
Figure  2  weighs  a  schematic  of  a  hologram  produced  by  a  reference  beam  and  an  object  beam  wherein 

the  object  beam  is  a  divergent  or  convergent  spherical  weight  (as  if  coming  from  a  single  point  light  source  at 
a  distance  of  f  from  the  recording  material). 

5  Figure  2B  shows  a  schematic  of  a  reproduction  of  the  object  beam  of  Figure  2A  produced  when  the  pho- 
tosensitive  material  is  illuminated  with  the  reference  beam. 

Figure  2C  is  a  schematic  of  a  single  slant  light  source  illuminating  the  photosensitive  material  at  a  specific 
wave  length. 

Figure  3  is  a  schematic  showing  in  detail  how  a  hologram  is  produced  on  a  lens  for  a  user's  specific  optical 
10  requirement  according  to  the  method  of  the  present  invention. 

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

In  the  prior  art  method  shown  in  Figure  1,  an  object  beam  5  is  conducted  through  a  diffraction  grating  to 
15  a  photosensitive  surface  such  as  a  film  lens.  Simultaneously,  another  coherent  laser  generated  beam  4  which 

is  designated  as  a  reference  beam  is  directed  through  diffraction  grating  to  photosensitive  surface  1  .  The  in- 
teraction  between  the  two  coherent  beams  4  and  5  results  in  hologram  being  produced  on  photosensitive  sur- 
face  1  . 

Assuming  a  wave  length  X  for  the  two  coherent  beams  of  monochromatic  light,  the  mathematics  for  gen- 
20  eration  of  a  hologram  for  two  flat  waves  of  the  following  forms  are  as  follows: 

Er=jAr  |  exp(-i  Kr  r) 

Eo=|aoJ  exp(-i  Ko  r) 

with  wave  vectors  Kr,  Ko  where  they 
I  Ko  |  =  |  Kr  1  2nlX 

30  and  the  angle  between  Kr  and  Ko  =  2  *  9 
illuminate  the  photosensitive  material. 

The  intensity  of  the  interaction  field  will  be: 
l(r)  is  proportional  to  (Er  +  Eo).(Er  +  Eo)  *  1  =  I  Ar  1  2  +  I  Ao  1  2  +  Z  I  Ar  I  |Ao|cos(K.r) 

where  K  =  Kr  -  Ko 
35  and  r  =  position  vector 

The  material's  transmission  function  T  will  be  proportional  to: 
[l(r)]  *  *  (-y/2) 

and  will  also  be  proportional  to  any  of  the  following  two  functions: 
2[  |Ao|2  -  y/2  1  Ar  |  2  -  y  |  Ao  I  I  Ar|cos  (K.r)] 

40  B  -  y/2  |Ao|  I  Ar  |  [exp(iK.r)  +  exp(  -  iK.r)] 
after  development  of  the  plate. 

As  shown  in  Figure  1B,  the  photosensitive  film  lens  having  the  hologram  imprinted  therein  is  illuminated 
by  the  reference  beam  ER.  The  diffracted  fields  which  is  sent  to  the  eye  of  the  viewer  coming  from  a  second 
useful  term  of  the  previous  equation  would  be  of  the  form: 

45  Eo'  is  proportional  to  y/2  I  Ar  1  2  I  Ao  I  exp(-iKo.r)  which  is  relative  to  the  object's  beam. 
Figures  2A-2C  show  the  generation  of  a  hologram  when  the  object  beam  used  for  recording  is  a  divergent 

or  convergent  spherical  wave  which  can  be  viewed  as  of  coming  from  a  single  point  light  source  which  is  at  a 
distance  f  from  the  photosensitive  material.  Thus,  as  shown  in  Figure  2A,  a  point  source  object  beam  14  (E0  ) 
passes  through  a  diffraction  grating  15  to  impinge  on  a  photosensitive  surface  13.  Simultaneously  another 

so  coherent  laser  generated  reference  beam  11  (ER  )  passes  through  diffraction  grating  12  to  impinge  on  photo- 
sensitive  surface  13.  As  shown  in  the  Figure,  the  object  point  source  is  located  at  a  distance  f  from  the  pho- 
tosensitive  material. 

Figure  2B  shows  the  reproduction  of  a  hologram  for  conveying  it  to  the  eye  of  a  viewer  by  using  a  reference 
coherent  light  beam  16  which  passes  through  diffraction  grating  17  to  impinge  on  the  holograph  containing 

(i  *  complex  conjugate) 
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photosensitive  surface  13  and  a  divergent  or  convergent  object  beam  18  which  reproduces  object  beams  19 
(E  '  and  E  ")  with  object  beam  19  being  divergent  and  object  beam  20  being  convergent  on  converging  at  point 
27  (O"). 

Figure  2C  is  similar  to  Figure  2B  and  uses  a  wave  length  for  its  reference  beam  21  which  together  with 
5  the  object  coherent  light  beam  22  imprints  a  hologram  on  photographic  surface  24  which  both  diverges  and 

converges  with  the  convergent  beam  converging  at  point  23  (P"). 
The  method  of  the  present  invention  is  illustrated  in  Figure  3  wherein  a  helium-neon  laser  beam  (X  =  0.6328 

urn)  is  photographed  and  enlarged  by  lenses  28  and  29.  The  beam  then  gets  divided  by  beam  splitter  30  and 
then  passes  through  diffraction  grating  36  to  impinges  upon  reflector  3  1(A)  wherefrom  it  is  directed  the  object 

10  32  and  beam  splitter  34  to  finally  impinge  upon  a  photosensitive  film  35.  Simultaneously  the  other  portion  of 
the  beam  which  was  split  by  beam  splitter  34  whereupon  it  is  finally  conducted  to  photosensitive  surface  or 
film  35.  Thus  a  hologram  is  produced  upon  film  35  which,  upon  being  illuminated  by  the  reference  beam  37 
can  produce  a  holographic  image  which  is  conducted  to  the  eye  of  the  viewer.  As  stated  previously,  an  essential 
feature  of  the  invention  is  that  the  focal  length  is  adjusted  to  meet  the  optical  requirements  of  each  individual. 

15  Additionally,  the  resulting  lens  will  refract  a  portion  of  the  light  positively,  a  portion  negatively,  and  allow 
the  remaining  portion  to  pass  through  unrefracted.  The  user's  eye  will  focus  upon  the  most  coherent  or  sensible 
image  available  to  it. 

Among  the  advantages  of  the  use  of  a  holographic  lens  for  eyeglasses  is  the  fact  that  its  resolution  is  very 
high  theoretically  can  reach  1000  lines/mm.  independently  of  the  lenses'  diameter. 

20  In  constructing  the  holographic  lenses  of  the  present  invention,  an  exposure  of  20  nJ/cm2  was  used.  The 
resulting  holographic  films  were  transformed  into  phase  holograms  so  as  to  increase  diffraction. 

Although  a  preferred  embodiment  of  the  invention  has  been  shown  herein,  it  is  clear  that  many  variations 
of  the  invention  can  be  practiced  within  the  scope  of  the  appended  claims. 

25 
Claims 

1  .  A  method  of  making  flat  holographic  eyeglass  lenses  for  the  correction  of  a  user's  ametropia  comprising 
the  steps  of  : 

30  -  determining  an  appropriate  focal  distance  for  said  correction  of  ametropia  ; 
-  then  simultaneously  directing  a  first  coherent  light  beam  as  an  object  beam  onto  a  flat  photographic 

film  and  a  second  coherent  light  beam  onto  said  film  whereby  a  hologram  is  produced  having  said 
appropriate  focal  distance  and 

-  developing  the  film  by  ordinary  photographic  process  thereby  creating  said  lens. 
35 

2.  The  method  of  claim  1  wherein  said  first  and  second  coherent  light  beams  are  generated  by  a  single  laser 
having  an  output  directed  into  a  beam  solitterf  rom  which  said  first  and  second  coherent  light  beams  eman- 
ate. 

40  3.  The  method  of  claim  1  wherein  said  first  coherent  light  beam  is  a  convergent  spherical  wave. 

4.  The  method  of  claim  1  wherein  said  first  coherent  light  beam  is  a  divergent  spherical  wave  such  that  it 
appears  to  be  a  single  point  light  source  at  a  certain  distance  from  the  film. 

5.  The  method  of  claim  1  further  comprising  the  step  of  shining  said  second  coherent  light  beam  on  said 
45 developed  film  whereby  a  focused  image  of  the  hologram  is  produced  at  the  user's  eye. 

6.  Aflat  holographic  eyeglass  lens  produced  by  the  method  of  claim  1. 

50  Patentanspruche 

1.  Eine  Method  urn  glatte  holographische  Linsen  f  ur  Augenbrillen  herzustellen,  die  zur  korriegierung  der 
Ametropie  des  Benutzers  dienen  sollen,  und  die  aus  den  folgenden  Schritten  zusammengesetzt  wird  : 

Das  Bestimmen  einer  passenden  Brennweitefurdie  obengenannte  Korriegierung  der  Ametropie  ; 
55  Danach  gleichzeitig  das  Richten,  einer  ersten  koharenten  Strahle  als  eine  objekts  Strahle  auf  eine 

glatten  photographischen  Film  und  einer  zweiten  koharenten  Strahle  auf  dem  obengenannten  Film  wobei 
ein  Hologramm,  habend  die  obengenannte  passende  Brennweite  hergestellt  wird. 
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Das  Entwickeln  des  Films  mit  dem  normalen  photograf  ischen  Verfahren,  und  dabei  das  Herstellen 
derobengenannten  Linsen. 

2.  Die  Methode  der  Anspruch  1,  wobei  die  obengenannte  erste  und  zweite  koharente  Strahlen  von  einen 
einzigen  Laser  erzeugt  werden,  einen  Ausgang  habend,  der  auf  einen  Strahlenspaltergerichtet  wird,  wo- 
von  die  obengenannte  erste  und  zweite  koharente  Strahlen  ausfliessen. 

3.  Die  Methode  der  Anspruch  1  wobei  die  obengenannte  erste  koharente  Strahle  eine  konvergierende  spha- 
rische  Welle  ist. 

4.  Die  Methode  der  Anspruch  1  wobei  die  obengenannte  koharente  Strahle  eine  divergierende  spharische 
Welle  ist  solche,  dass  sie  eine  einzige  Punktlichtquelle  in  eine  konkrete  Entfernung  vom  Film  zu  sein  er- 
scheint. 

5.  Die  Methode  der  Anspruch  1,  den  Schrittdes  Scheinens  derobengenannten  zweiten  koharenten  Strahle, 
auf  den  obengenannten  entwickelten  Film  weiter  zusammenzustellen,  wobei  ein  fokusiertes  Bild  vom  Ho- 
logramm  ins  Auge  des  Benutzers,  hergestellt  wird. 

6.  Eine  glatte  holographische  Brillenlinse  die  mit  der  Methode  der  Anspruch  1  hergestellt  wird. 

Revendications 

1.  Methode  pour  faire  des  verres  pour  lunettes  plats  holographiques  pour  la  correction  de  I'ametropie  de 
I'usager,  inclusive  des  pas  suivants: 

~  determination  de  la  distance  focale  appropriee  pour  la  correction  de  I'ametropie  susmentionnee; 
-  ensuite:  dirigersimultanement: 

..un  premier  rayon  de  lumiere  en  adherence  comme  rayon  d'objetvers  un  film  photographique  plat 
et 

..un  deuxieme  rayon  de  lumiere  en  adherence  vers  le  meme  film  susmentionne 
a  la  suite  de  quoi  un  hologramme  est  produit,  ayant  la  distance  focale  appropriee  susmentionnee  et 

~  developperlefilm  par  des  precedes  photographiques  ordinaires  et,  parce  moyencreerla  lentille  sus- 
mentionnee. 

2.  La  methode  de  la  revendication  1  ,  ou'  le  premier  et  le  deuxieme  rayon  de  lumiere  en  adherence  sont  for- 
mes  par  un  seul  laser  ayant  un  debit  dirige  vers  un  desintegrateur  du  rayon,  duquel  emanent  le  premier 
et  le  deuxieme  rayon  de  lumiere  en  adherence. 

3.  La  methode  de  la  revendication  1,  ou'  le  premier  rayon  de  lumiere  en  adherence  susmentionne  est  une 
onde  spherique  convergente; 

4.  La  methode  de  la  revendication  1,  ou'  le  premier  rayon  de  lumiere  en  adherence  susmentionne  est  une 
onde  spherique  divergente,  telle  qu'elle  apparait  comme  etant  une  source  de  lumiere  d'un  unique  point, 
a  une  certaine  distance  du  film; 

5.  La  methode  de  la  revendication  1  ,  comprenante  ulterieurement  le  pas  de  luisance  du  deuxieme  rayon  de 
lumiere  en  adherence  susmentionne  sur  le  film  developpe  susmentionne,  a  la  suite  de  quoi  une  image 
mise  au  point  de  I'hologramme  est  produite  a  I'oeil  de  I'usager;  et 

6.  Un  verre  pour  lunettes  plat  holographique,  produit  par  la  methode  de  la  revendication  1. 
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