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We show the gencralion of optical tleJd dislributions with well detlncd amplitudc and phasc charactcri!\tics using computer-gencralcd holo-

grarns. Sorne cx.amplcs of thcse ricld distributions applied 10 non linear aplies arc shown.
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Se mucsfm la generación de campos ópticos con distribuciones de amplitud y fase hien dctinid¡~s cmpl~ando hologramas generados por
computndora. Se dan algunos ejemplos con distribuciones de campo utilizados comúnmente en óptIca no lmeal.
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PAes: 42.50.Rh

1. Introduction

Nonlinear optics is lhe sludy 01'phenornena lhal occur as due
lo Lhe rnodificalion of Ihe oplical properties of a material in
presence of intense Iight. Typically a laser is used lo modify
[hese oplica! properlies [1 J.

Somc cxperiments in nonlincar optics require a very weH
delined oplical liclds distrihutions. However, il is alrnost ¡m.
possihle to have lasers heams wilh lhe rcquired arnplitude
or poase lo produce slIeh oplical fields. This necessily, Jcd
us to considere sorne methods to rnodify the typical OUlput
01'a ¡aser lo produce hcams with lhe rcquired arnplitude and
phasc properlics. Thcre are different melhods lo do this using
a phase mas k [21. a dilfraelion graling 13J oolographie gral-
ing [41. mode convcrtcrs [5] or inlerfcrencc ofheams [filo BUl
c3ch onc has rcstraints such as high power lascrs, complex
optical systcm, etc. Hcrc we descrihe a simple rnethod which
employs 3 computer generaled hologram and an adcquale op-
tical systcm lo delllonstratc haw lo generatc un oplical field
which has lhe desired characterislics.

Thc encoding of complex wavefronts 10 make compuler
generated holograms was f1rsl delllonstrated by Brown and
Lohman (7J. Thcir holograrns have only two lcvels of ampli.
lude Iransrnittance (O or 1). Their mcthod has been widely
tlsed ror making hinary computer generaled holograms. One
of lhe purposes 01' this paper is to give an intuilivc idea 01'
I1mvlo generale a ho)ogram without knowing aH the physics
hehind. A more dClailed theoretical descriplion and diffcr-
ent lechniqucs lo generale compuler gcneraled ho)ograms is
given in Ref. X.

Our holograms are created by engraving lhe supcrposi-
tion 01' lwo fUllCliolls on a photographic lIlm. The first func.
lion represcllts Ihc characlerislics oftlle ohjecl and Ihe second
rUllclioll represellts a pl,me wave.

Next seclion describes the holographic technique used lo
record informalion 01"three.dirnensional objects. In section
three we descrihe the Illcthod lo generate compuler gener-
alcd holograms, sornc examples arc shown. In section four we
prescol sorne cxamples 01'such holograms to obtain sorne op-
lical ficlds comrnonly used in nonlinear oplics experirnents.
In lhe lasl scction we givc the conclusion of this work.

2. Holographic tcchnique

Holography is a lechnique lhat allows to record in a 11Im
all the informal ion (i.e. amplitudc and phase) al' a wavefront
coming from a 3.dimensional object. An interference pattern
from two oplical wavcs is recordcd on a photosensitive plate,
which afler chemical developing is eaJled a ho!ogram [9J.

To ohlain the hologram of an object, the patlern resull.
ing from Ihe superposition of two coherent oplical waves is
recorded on lhe holographic film. One wavc, diffused by the
ohject, known as signal oc ohject wavc, interferes wilh lhe
other Olle, that comes direclly [rom lhe source known as lhe
rcference wave. BOlh waves must he emitled hy the same
lascr source dlle to lhe required coherence condilions. To re.
conslruct Ihe recordeo ohject wave it is only necessary to il.
luminale the hologram wilh the reference wave. In Fig. I we
sketch Ihe principies of lhe rccording and reconstruclion of a
hologram.

\Vhen lhe hologram is reconstructed there are lwo
diffracted waves. One produces a virtual image while lhe
other a real image. The virtual ¡mage can he secn by one ob-
server in front of lhe hologram, al the sarne position occupied
by the objccl during recording. The real image is obtaineo in
a conjugatc posilion al the olher side of lhe hologram.

)n (his way it is possiblc lo oblain the hologram 01'any
dcsired ohjecl, regardlcss 01' how complicated lhis ohjecl
cOllld be.
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FIGURE 2. 4-f Fouricr aptical system using a Hc-Ne laser beam
and a CCD lo capturc the ima¡;cs at (hc 4.f plane.
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is needed. It looks as a hl"ighl hCilm with a dark stripe in
Ihe center wherc lhe phase dilTcrence helween Ihe Iwo hrighl
zones scparaled hy lhe dark stripe is rr. The function that rcp-
resenls such t1eld is

Lo~,

(a)

Object w.vc

where lhe ;r is the spatial coordinate.
Thc graphical rcpresentation of Ihis aptical field as an

functiun in intensity and phase is shown in Fig. 33.
As a second examplc, we considcr the initial condition lO

genera te a (2 + 1)-dimensional dark spatial solitons, which is
known as an optical vorlcx. \Ve need a beam wilh a contin-
uous variation of lhe phase from O to 2rr around the center.
The cross section uf such fleld is as a hright heam with a dark
spot in its cenler. The funclion that describes such hehavior
is givcn hy:

Real image

(b)

FIGURE l. Typical configuration lo record (a) and reconstruct (b) a
hologram of J real object.

JI (.,,) = tanh:r, ( 1 )

h(r, O) = lanh r exl' (i",O), (2)

4. Results

Each one of previolls examples were added to Ihe I"unction
thar represenlS aplane wave,

where k is the magnitude 01' the propagation vector 01"the
wave, amI O represents the anglc formed betwcen rhe plane
\vave and e3ch one uf lhe ohjects funclions. Thc magnitude

where Jo represents the i'.cro order Bcssel funetion. The
graphica\ rcpresentation of Ihis optical field as an function
in intensity and phase is shown in Fig. 3c.

Thc method descrihcd here is not rcstricteJ to the previ-
ous functions, it is possihlc lo use any funetion 10 ohtain lhe
desired optical nc\cl.

(4)

(3)h(.r, ¡¡) = )o(.r, ¡¡),

!I(.") = '"XI' (ih sin O).

wherc ,. ;.mdB are Ihe coonJinales in a polar reprcsentation,
i is the imaginary number and ln rcpresenls the order oC lhe
vortex. The graphical representation of this optical field as an
function in intensity and phase is shown in Fig. 3b.

Finally we propose a Ihird function, lo ohtain an opli-
cal tield of a zero order Bcssel hcam. We uscd Ihe following
function:

Following lhe analogy wilh holography, we deserihe a sim-
ple melhod lo ohlain oplieal fields wilh defined amplilude and
rhase distrihutions. Thc maio diffcrcnce with lhe holographic
tcchnique dcscribed aboye, is that lhe hologram is now 00-
taincd in a nUlllcrical fashion. This method associatcs a math-
emalieal funelion lo the desired field J. This funelion is added
numcrically lo a function 1hat rcprcscnts aplane wave 9. In
Ihis way lhe ¡ntceference of lhe ohject and reference wave are
oblaincd. This proccss is done using commcrcial software.
Thcn \Ve multiply lhe SUITI 01'f + 9 by its complex conjugate
amI obtained a hinary ¡muge of lhe result. Finally, lhe distri-
hution is printcd out and rcduced in a pholographic film with
the adequatc size, depending on the wavelcngt used. In this
way we ohtain our compuler-gcnerated holograms.

The reconstruction of these holograms is done by placing
Ihe hologrum al lhe entry al' a 4-f Fourier Iransform optica\
sYSICI1l illuminatcd hy aplane wave. The 1 01" -1 difTraction
ordcr is filtercd with an adequalc screcn, and lhe dcsircd opti-
cal ti cid is reconslrueted al Ihe facallength 01'Ihe second lens
01'lhe systcm. see Fig. 2.

As an ex.ample of lhis methoJ, rhree funclions represent-
ing aptical flelds uscd in nonlinear opties wcre choscn.

First we generatc inirial conditions nceded to fonn a
(1 + 1)-dimensional dark spalial solilons f¡eld, commonly
kno\\' as a phase jump r 10]. Hcre a heam with a TI phase jump

3. Computer generated holograms
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FIGURE 3. Thrcc.dimensional graphs of Ihe inlensity (/ . r) and phase along one axis for Ihe functions: (a) JI. (h) h. and (e) h.

(a) (b) (a) (h)

(e)

FIGURE 4. Holograms oblained from Marhemalicll~ for functions:
(a) f¡. (b) h and (e) h. Wilb 8 = rr /2. l1l = 1 and k = 2.

of B allows lo changc the pcriod of thc intcrfcrcnce pallcrn.
In our case Ihe anglc nf superposition was chosen lo he 01'
1) = 1f/'2 alld k = 2. Aftcr adding hoth !"unclions we mlll~
tiply Ihe rcsult hy its complcx conjugate (o ohtain !he pal-
tcrns shown in Fig. 4. Thcsc pattcrns whefe ohtained using
Matematica@ w¡lh lhe cornmano "Conlour" lo ohtain <1 hi-
nary irnagc. Thcse pallcrns werc printcd in paper sheet s and
later \Vere rcduced oy 20% into a photographic tilms. Thc
Hna! size of lhese holograms was .5 x 5 mm:? These holo-
grams were reconstruetcd in lhe Iahoratory, placing IhelJl at
lhe enlry nf a ...J:-f oplical Fourier systcm and illulllinalcd will1
a collimalcd Hc-Nc lascr bcam.

(e)

FI(;URE 5. Imag:c:-; 01' the rc(omtructed fields at lhe Olllput 01' the

Fouricr optical sy~.itel11 for fllnctions: (a) f¡. (h) h and (e) h.

The 4-1' optic.ll Fouricr syslcm eonsisled 01' Iwo lenses 01"
focallenglh cqual lo 25 cm. \V¡th {his conditions lhe diffrae-
tion onlcrs were scparalC :2 mm. Then lhe first ortlcr was SC-
lel'led and tlltcred lIsing a scrccn with a slil or a holc.

\Vith a CCD camera \'t.c capturcd lhe imagcs al lhe out-
pUl planc of system for lhe differenl functions, obtaining
the intcnsity distrihulions shm ••.n in Hg. 5. In lhe (1 + 1)-
dimensional case (Fig. 5a) we oo{aincd a dark slripe wilh a
fuI! widlh 10 the halr maxil11ul11 (F\VHM) 01' 150 I,m on al.
l11os1constant bright background. In lhe (2 + l)-Jimensional
case (Fig. 5h) we ohtained the central dark spOl nI' 100/ltn
(FWIIM), bUllhe hackground was nol uniformly illulIlinalcd,
othe!" dark spols appeared. This e[feel can oc due 10 lhe faet

Re\'. Mex. FiJ. 46 (1) (20(x) 41-44
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FIGURE 6. a) ami b) the inlerference pallerns oblaincd by superpos-
ing the optic<ll hch.Js shown in Figs. 5<1and Sb with aplane wave,
rcspcclively.

(a) (h)

taincd fUf lhe aplical liclds shown in Figs. 5a and 5h, thal
corrcspond lo functions ft and h rc.:;pectively. The interfer-
encc patlcrns conflnn that we have the right phase distribu~
tion for hoth ficlds.

5. Conclusions

We have shown a l'irnplc techniquc Ihal allows to record in
a compuler generated hologram distribulions in amplilude
ano rhase for a given aplical licld. This mClhod associatcs
10 each licld a mathcmatical funclion lhat follows Ihe am~
plitudc ami rhase distrihutions. Examples of Iypical distri-
hulions useo for optical solilons in nonlincar optics cxperi~
Illents, were givcn.

lhe ¡n¡tial imagc 01' Ihe inlcrferencc pattern is n01 smooth and
lhe L1iffractcd I¡glll in Ihe Fouricr planc did nol pass through
lhe scrccn useu as l1Itcr. A similar result was obtaincd with
lhe Bcssel beam. see Fig. 5e.

To vcrify lhallhc f1cld haLl Ihe r¡gh! rhase dislrihutioll wc
intcrfcrcd this licld wilh aplane wavc. obtaining patterns wilh
a similar distribution lo tha! 01' lhe respectivcly hologral11. As
an cxample. in Fig. 6 wc show Ihe intcrfcrcnce pattcr oh-
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