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Nonlinear recording of amplitude holograms in agfa 8E75HD:
comparison of two developers
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NonLnear holographic characlffinics of Agfa 8E75HD plates procesed wilh two dcvclope$ were mearured. To a$ss ihe
ellects ofnonlinear rccording, reconslrucled holographic imagcs ola microline lesr objecl wclc numerically calculalcd by using
thcsccharacterislics.Thepossibilrtyofoplimizingrherecordineparamelerswasdenonstrared.

l.Introduction

Non linear characlcrislics oI holographic .ecording
malerials havebeen sludied since the 1960's. A,,un!
berofpapcrs appeared on lhe effects ofnonli.ear rc-
cording on the quality oflhc holographic imagc. The
gfeateslparl ofthem was bascd on the use oflhc arl,
plirude rransmittance (t) versuscxposur€ (E) curv€
ofthe recordiDg material u 81. However, ihe LL
curve i \  , r ic l ly appl icable onl)  to lhin ab,orplon
holograms. The approximale forns of rhe r-t eur v!
and fie inlerprctation of the highcr order lerms rn
th€ transmillancc of the processed hologmm posed
fudber restriclions on the validity ofthese resuhs. Ir
wasLin [9] whofi .srsugeestedlhcuseof thed(I.o, I/)
function for characterizing the holog.apbic recording
materials, where o is rhe square rool oI the diffrac-
lion e{ficiency of a hologram recorded wi th rwo plane
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waves with a bias exposure ofr; and a visibilily of
lhe intcrte.ence ftinges of L This funclion is applr-
cable 10 the description ofall kinds ofhologram.-

Although o(..o, I/) cuNes of silver halidc and orher
holographic recording materials were ofacn pub-
lished in the literaaure, they arc nor sufncient forthc
complete description of holographic imaging because
the .ange ofeither thc bias exposures or visibiliries
covered in the measuremcDls was usually not wide
enough. In the first part ofthis fepor! we presenr a
systemahc mcasuremenl of the d(ro, f) and t(E)
functions of Agfa 8E75HD processed by two devel-
opers to yield absorption holograms. In thc sccond
parl oflhc paper th€se charactcristics are used forthe
evalualion of the reconstruded holographic images
of a lest object by a mcthod published recently I I 0 ] .

2. Experinents

We recorded two serics oI elementary (plane wave)
transmissioD holograms in Agfa-cevaert 8E75HD
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high r€solution hoiographic plates. The iwo colll_
maled beams impinged ar the hologram symmetri_
cally wilh an inlerbeam angle of 37.6.. Th€ noro_
grams were recorded and r€consrmcledbya hetrum
neon laser operalng at a wavelength of 632_8 nm,
hence Lhe sparial  f requenc) ofrhe holograpnic Sral_
Ing5 wa\ l0la l ines  ̂nrn. The bia\ e\po\Jre ranseo
rrorr I  to )u !J Lm;. uhi le rhe beanr rat.o ua, be_
l w e e n l a n d l 1 3 .

The exposed plates were dcvelopcd wilh 1wo pro_
cesses. Thcyare called AAC and pyrogaltol, afterlhe
main components ofthe d€vetopers. The developer
plays a crucial role in the fornalion ofbolh absorp_
lion and bleachcd holograms in silver halide na.e_
nals. Thc effecls of differenl developers werc ana_
lyzed for cxample by phillips and his co_workers I I I _
l3l. Phillips poinled our thal rhe pyrogaltol devet_
oper, firs1 proposcd for holography by Van RcDessc
and Bouts I l4l, ptays a fundanental role in the for,
malron of the high index modulalion necded 10
achievehigh efficiency and good signal-to_noise rarlo
in bleached holograms. pyrogallol has a very srong
tanningeffect on thegelatin. AAC is also an exccllenl
chemical developer for holosjaphy [15], but with
differenlaclion.

The processes are summarized in rhe followins:

L Develop d{C/Pyrosallol 4/j min.
2. Wash lmin.
3. Fix F-24 5 mjn.
4. Wash l0 mjn.

Temperature:20 C.
The compositions ofthe two devclopers are:

.d{C: Ascorbic Acid t 8 I
Sodium Carbonare 120 g
Water to make 1 litre

Pyrogallol: AscorbicAcid l8 g
Pyrogallol lOc
Sodium Carbonate 120 g
Waterro make I lrtre

\Ve measured lransrnission and diffraclion em-
ciency ofthe hotograms as a funcrion of bias cxpo-
\ure and l i inse \ . !brt i ry.  The drrracrron et ic ienc)
wasdefinedas$e ratio between the powcr in the firsl
diffracted order and thar oflhe incidenl beam, !or_

rected for the reflecdon losses at th€ sur{aces ofth€
plales,

The /-t cu.ves ( also conected for refleclion losses )
oblained by the two dcvelopcrs are shown in Figs. I
and 2. The syrnbols represent measured dara and rhe
lines analydcal funclions fitled 10 the experinrenrar
values. Theyare offie following form:

-  
\ t  / L  ' ' ' '

where.t to and /. arc paraneters describing the t(r)

It can be seen that pyrogallol p.oduccs a slcsper
1(r) curve with a shorrer quasi"tinear range rnan
AAC.

Square root of the measured diffraction elTr!,!r_
cres rs p.esentcd by the symbols in Fjgs. J and 4. The
rnaxrmum ditT.acrion efficicncy obtained by the lwo
developers is aboul thc same, whilc th€ holograpnrc

Fis. L Anpftude ra.snnsion of Asta 8E75HD ve6us expo-
suft. AAC developei. Poinls:measurd dal.. Solidtine: firreq oy
E{1 .  (  I  ) , .=  1 .008,  E0= 18 .869 pJ l .m, ,  r=2 .058.

Fig. 1 Anplitude ransmission of Asfa 8E75HD vemus expo-
sure. Pyro8all ol dcletopc r. points: measu,cddata. Solidlinq til_
red  by  Eq.  (  r ) , .=0 .997,2 ;=9 .751 J rJ lcm: ,  r=2 . t  14 .

sensilivily(

3. Theory

o(Eo, v)=.
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Fis.3. d(tc ,l fu.ctionofAsfa 8E75HD. Developcr: A-{C. S} dbols: exDerimen lal data. Lincs: fined byEq. (2) with Daanetes shown

| 1 "

t !

Fis.4. r(to, /) fundionof AgIa 8E75HD. Dcvcloper Pyrogallol. Stmbols: expcrincnlal dala. Lines: firtedbyEq (l) enh paraneteG

sensitivily of rhe pyrogallol processing is about twice inrcrference fringes and/(fo ), I/o(Eo) and tt(to) ar€
as great as rhat of the AAC processine. parameter functions oI the following form:

3. Theory

We fitted the following analytical function to the
measured o(Fo, V) curves I l0l:

a \E . .  v )= t \Ea ) r r  - . '  ;  " " 0 ( - l '  
-  

l i : r . ) t " 1. r  n  , . o r  
, j ;

where rois the bias exposure, I/ is the visibility ofthe

"-ru"i:"., (r r.;=#*,,,r *, *.,,.)

'(,".=;ht;it' *'-)

"(*;=u"*., , .-- '" ' ) '  (3)

where Par saands for/; t/o and w and c,- repr€sen1 the
three sets ofconstants (i=I ,/0, D).
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where /r (u. 1) is the separalion oflhe actual sour€e
aDd obsenalron pornr '  and ,r  / .  (  r  i5 Ihe incl inal ion
angle, and a faclor of i/,1 was omilted from b€fore rhe
lnl€8ral.

The complex amplilude otan off-axis plane refer-
ence wave al th€ hologram line is

P ( 1 ) = P e x p ( - i k ( s i n d . ) ,  ( 5 )

wherc P is the constanl amplilude, < th€ coordinate
aiong thc hotogram and .Yr is thc angle ofincidence
ofthe rcference wave.

In casc the iniensity distribution of the obj ect wave
in rhe hologram plane i .  r  ( lo$l)  varyrng funcl ion
compared 10 the carrierfringc spacing, a suffi€i€ntly
small surrounding ofeach hologram point can be re-
gardcd as a plane \rav€ hologram recorded at a well
defined bias exposure and visibility. The local bias
€xposure at point iis

ro(1) = ts(c) 1'z+ tI(<) tr
The local fringe visibility al point {is

The parameters of the fi1red functions are shown
in Tables I and 2. The solid lines in Figs. 3 and 4
represent fils 1o the measured data with the abovc
function. Ifwe take inlo accounl the experimental er_
rors affecling the precision of d, to and ( and the
grcat number ofparameters 10 be filted, the fils can
be regarded 1o be sarisfactory.

The reconslrucled nonlinear holographic imagewas
evaluated in the following way. we assumed one di-
mensional objecrs and one dimensional holograms.
lfthe complex amplilude lransmittance of the one-
dim€nsional amplilude objecr is r(i'l) where r is the
local object coordinate and rhe objecl is illuminaled
perpendicularly by a planc wave,lhe complex ampli-
lude distribulion ofthe objcct wave in lhe hologram
line can be described by th6 following lbrm of the
Fresnel Kirchhoff inlegral I l6]:

Praneres offic d(Eo, /) funcrion of fufa 8E75HD. Delel_
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r/({)=M(oP(os"({),

M(<)=PGr

where ' srands for rhe complex conjugalion and in
casc of perfeci reconslruction thc complex amplitude
ofihc reconslruction wave is the compl€x conjugale
to thal oflh€ ref€rence wav€r
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1+ P(O L ' l  l s (<)  t r
( 7 )

( 8 )

Wecanevalualelheaclual otto({), t/(Ol funct'on
by subslilutins -Eo ( {) and I/({) inloEqs. (2) and (3 ).
The complex amplitudeoflhe difraction limiled firs1
order real image al the hologramline is

0r
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( e )

h case thc different diffraction ordcrs donotoverlap
in fie image space the complex amplitude, ,(jr) of
lhe rcronsrrucred nonl inear f i rs l  order real Image is
readily obtained by multiplying the difraclion lirn-
iled complex amplitudc (8) by the olto(<), r({)l
function, and peforming th€ s€cond Fresnel-Kir-
chhoffint€grationl
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, ( n )  =  |  ' tEo (< ) ,
$ruded intensity along th€ whole object.

(iii) Flucluation ofth€ reconslrucled image:v(1) I

\ M l  C r  P { t  I  S ' (  ( )  g p  e r p (  r & / , )  d { .  { l 0 r

where r  is lhe imagc coordinate / ,  is the separa( ion
of the source and observation points (in the holo-
gram and image planes ) and p is the inclination an81e.

Thelest objecl was a five-el€ment Ronchi-ruting of
a grating €onstant of 2 Fm. We assum€d a one dimen-
sional holosran ofiength of84 mm. The object was

cenlred on fte normal ofrhe holog.am. The s€para-
tion ofthe objecl and hologram cenlre was 32 mm.
Thus the numeric aperlure oflhe hologran was 0.79 5.
Bolb the recording and lhe reconstruction wav6-
l€nsth wer€ 632.8 nm

The quality ofth€ reconstrucled image of th€ Ron_
chi rulinewas described by the following quant'ltes:

(i) Contrasl ofthe image, defined as

(  l 1 )

n l- l ( 1 2 )

( 5 )

dinate

crently

a well
al bias

( 6 )

( 7 )

nction
r d  ( 3 ) .
edfirst

( 8 )

and in
plitude
trjusale

(e)

' (n) of
nage is

v(<)l
rel-Kir-

where If is rhe integral of th€ .econsrrucled intensitv
ov€r the rransparent object lines, while 1@ thal over
the opaque ones, including 1wo opaque lines a1 1he

edges of the lesl paitem.
(ii) Tolal inlensily orb ghlness (1r) ofrhe recon-

structed image, defined as the inlegral ofth€ recon-

whcre Ir is the reconstructed inlensilv over the ith
lransparent ob.iect line, ,{ the number oftransparent
object lines and 1., the av€rage oflh€ 4values

We evaluated th€ reconstructed images of the tesl
objcct for a rang€ ofbias €xposures and beam ralios
by calculating integrals (4) and (10) numericallv
Since neither ofthese quantities is constant along lhe
hologram, we flxed the maximum ofthe bias expo_
sure (to) and the minimum ofthe beam ralio (R)

along the hologram in every cas€. The calculations
were carried out with th€ charact€ristics offie Agfa-

Gevaert 8E?5HD obtained by both AAC and Pvro-
gallol pro€€ssing.

Contrasl, total intensity and fluctualion of the re-

construct€d image as a funclion oflhe maximum bias
€xposure are showr in Fig. 5 for the AAC developer
and in fig. o for lhe P) rogauol der elope I The mrnF

mum ofthebeam ralio is fixed,R= l. Thequality of

the reconslructed image is the hiSher th€ hieler the

contmst (and the 1olal intensity) and the lower the

imag€ fluctuation. For fie case oflhe AAC developer
the maximum bias exposure requir€d for minrmum
imag€ fluctuadon is 12.5 UJ/cmz, whil€ for lhe case

-  _ . 1 5

0.0
. j .1a 5a 6C

: ; P . r  - , e  ( 4 J r . m '

Fig5'calolaredontns!bnghnds(1T)andi.tensnyflucluation(/)oflheFconslrucle<tholographicinageoflhe161objeclsa
f;dion of fte ndimnn bias €xposure- Thc mininum of the beao rdio is I - AAC develope''

i 5 :

-'i/-
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of lhe ?yrogallol developer this value is about l0 8. In case of AAC processing, for R = 0. r , conrrasl is
maximun arEo=22.5 UJlcm, and., is minimum a1

_ To illustrate the rcsults, we pres€nr.wo series of ,.0=40.0 g-r7crn.. for h=I,-t" -ln,_r- "tthe reco8tructed intensity dislributions ir Fig. ? and Eo= t2_5 UJlcmr. For R= 10, / is mmlmum and 1r
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Fic. 8. Calculated intcnsily disrnbudons of images oflh€ tesr object reconsrructed fion nonlinear holos.ans. Thc nininun bean nlios
aft indieted above lhe corespondins columns, the ndinun bias exDosures righr lo the coficspondins rcws Pyrosallol dev€loper

is maximum at to: 22.5 UJ/ cm'z. In case of Pyrogal- suilable choice of the bias exposure and beam ratio
lol proc€ssing, for R=0.1, zJ is minimum a1 27.5 al recording. The optimal values ofthese parameters
pJ / cm'z. For R : I , ,t is minimum at to = I 0 N /cm'z. depend strongly on the processing of lhe hologram
For R = I 0, ,/ is minimum at Eo: 6.2 5 ul /cm'? and Ir and they are differenl for dill€ren1 lypes of obj ecrs.
is maxirnum at ,o: 1 0.0 ul /cm'z. we hope that this melhod can be applied successfully

It can be seen that one has 1o make a lradeofi be- in designing holographic optical elemenls, esp€cially
cause maximum image contrasl and brigh.ness and when high spatial resolution and r€€onstruction fi-
minimum fluctuarion usually cannol be oblained delity are needed. Extension oflhis method 10 phas€
simulraneously. holograms is also planned.

d. Conclusions

W€ have measured the nonlinear holograpbic char-
act€ristics of the Agfa-Gevaerl photographic emul-
sion processed by two developers to obtain absorp-
lion holoSrams. We used thes€ exp€rimenlal dala for
numefical simulation of the nonlinear holographic
recording dnd reconsrrucr ion ola non-di lTuse micro-
line objecl. It was demonstrated that fie quality of
rhe holographic image ( characteriz€d by its conlrasl,
brightness and fluctuation) can be optimiz€d by a
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On p. 227, Eq. (3) appeared incorrectly. Eq. (3) reads correctly as follows: 

PNEO) = CiOl 
1 

cxp[(cill -Eo)~c;~~I + 1 
+cm 

1 1 
X 

exp[(&-ci21)/ci221 + 1 
+ ci23 

x exp[ (ci3, - Eo) /Q~I + 1 
+ ci33 (3) 
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