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AMPLITUDE AND PHASE OF DIFFRACTED WAVE FROM MIXED
HOLOGRAM
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Abstract We derive the amplhiude and phase of reconstructed wave [rom a mixed
hologram, according w a holographic eoupled theory by Kogelmk., For low
diffraction efficiency the amplilude 18 proportional to that of the object wave and
the phase takes o constunt value between zero and /2.
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INTRODUCTION

Seme kinds of dye-duped-films have been used as o hologram inwhich an interference
patternis recorded through animeversible photochemical changein absorption coefficient
or relvactive index, or both of them!. An interference pattem is recorded in a mixed
hologram s spatial vartation of both absorption coeffictent and refiactive index. In a
pureamplilude o phase hologram, the diffracled wave has the constant phase difference
of zero ar 702, compared with the phase of the reading wuve, respectively, In the
mixed hologram, the phase ditference may tuke s value belween zero and 52/

In holographic or phase conjugate imterferometry using 8 mixed hologram, this
phese may be wdded wr the imtrinste phase of the abject wave. [0 5 desirable to know
beforehand the infuence of the additivnal phase and 1o suppress it. We investigate the
urnplitude and phuse of the wave reconstructed from o mised hologram,

DERIVATION OF DHFFRACTION EFFICIENCY

We consider o mixed volume hologram of the transmission type and assume the
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21 H. FUIIWARA er af,

unslanted [ringes and the Brapp conditom (see Fig 1) Let two coherent relerence and
object waves, R snd O, of wavelength A dluminate a holographic recording-material,
We assume that the spatally sinusodally modulsted pattern produces comesponding
photo-products inside the material. Then we consider sinusaoidal varistions of refractive
index n’ and absorplion coelTicient o represented by

n'=i+beos{ Kx) und o = 4acos Kx) (1}
where K=2 /A =4 @ sin /A the coefficients, & and @, are the average refractive

index and abscrption coefficient, and the coelTicents, band a, of sinusoidally modulated
portions in 0’ and o are proporional to the amplitede O,

reading beam
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The Kuogelnik coupled wave theory ™ assumes  that the  reading and
reconstructed waves of amplitudes A.und A | are present in the hologram. When the
Bragp condition 15 satished, the following equations for & and A are derived as "l

ﬂ +d o =B A, = (23
dr

where & =alvos @, a'=a/2cos® and b's mh/ A cosy . 1P being un intersecting

angle between two waves Crand R Jtes noded that the coupling coeflicient a”—ib"is a

complex number and is alsa proporional to the moduolation depth of refractive index

and absorption coefficient.  When al e=0, A{()=A and A (D=0, then at  z=L, we

have the sululion

ALy=-E expif? A, (2]

whiere

—1156—




DIFFEACTION BY MIXED HOLOGRAM 23]
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expl-& L) indicating a lass Tor the hologram, anpd

H{uﬂ} (5
tanh{a L)

A diffraction efficiency in amplitude representation is given by -A {L)YA,, so thal &
and & are the amplitude snd phase of diffraction efliviency, respecuvely.

Fora' =0 comesponding to s phase hologam with a loss, # = m/2 For b'=0
corresponding o an amplitude hologram with the loss, # =0, In both cases the phases
f take conswnt values and does not depend on the amphitude of the object wave, On
the «ther hand. the mixed hologram, in general, takes the phuse of a value between
and 0. For o'l ond b'L=< 0.2, tanhia ‘L) ~sinh(a'L}=~a'L and tanib'L)~sin{b L) ~
B'L within an ermor of 1.5%. In this case the amplitude ¥ and the phase &  are
represented by

=

- -~
.I.'E=E"-C|:H:-E'l:|[ff: -Iu.?:l"::!| Loand A =li|n"{§} [

As b’ and u” are proportonal 10 the ampliude of the object wuve O, ¥ is properional
o the amphtude G ol the object wave and # akes a constant value which does not
depend on the amplitude O, This case is acceptable for inter{erometric applications

FIGLURE 2 Amplitude & of dilfraction FIGURE 2 Contour map of  phase
elficiency. X=a'L, Y=b'Land & /a"=3 f ol diffraction efficiency
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using 4 mixed hologram because of the sddibon of a constant phise 1o the object
phase, but the diffraction efhciency 18 low,

NUMERICAL RESULTS AND DISCLSSIONS

Figures 2 and 3 show the amplitude & where & /a'=3 and the contour map of the
phase 8 of diffraction efficiency, respectively. On the ¥ axis (a” =0), the hologram 1
a pure phase one (8 =70/2). On the X axis (b7=0), it s 4 pure amplitude one (8 =0).
ln a pure phase or amplitude hologram, the phase § twkes a constant value [or large X
ar Y. On the other hand, for ¥=a'L. << and ¥=b'L=<] voresponding o a case of a
mised hologram, as b takes a constam value {a' b % 0), the mixed hologram has
a constant phase #  us given by Equation{a), but the diffraction cfficiency 15 low,
Figure 3 mdicates that the conslant phase 8 s in the region where conlour curyes are
regarded as linear lines intersecting at the ongim.

CONCLUSIONS

In a mixed hologram with low  diffraction efliciency, the amplitude of the diffraction
efficiency is proportional to the amplitude of the object wave and s phase takes a
comztant value, [n holographie o phuse conjugate interferometry the mixed hologram
with low diffracuon efficiency gives comect ehyect infonmation.
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