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Abstract:

A new analytical formulag representing the Intensity distribution
of the interference pattem for object in two orthogonal positions,
with small displacements, is derived and experimentally confirmed,

Also, holographic interferometry of double-exposure technique
with small displacement arnd interference pattern of two separats
identical diffusers displaced with respect to each other, are correla-
ted in a simple formuloe and experimentally investigated.

Introchictbone

Interference  effects cbsarved Trom holographie  reconstructions  depend  on
peth watiation as a function of four wvariables, twt cannob be comgletely represented
by a single two-dimensional pattem [1].

Certainly, it was importent to study effects of laser speckle in hologeaphy
wspeckle holography) thet eventually brought it Lo the stage of practlcal wiilization
[z, 3). Single and dauble-exposure speckle holograms were used lo produce circular
inteflerence Tringes fram the roconstructed imeges &3 lwo ssparale identical difusers
[4, 5] Comparative studies between speckle and  holographic interferometry  for
two identical ditfusers were given by El-Dessouki el al [6].

This techvugue is an extrmely powetful oo, since any chenges in position
of elements in the surface of tha chject observed in the teconstruction give rise
to palh differences which yield interference efecls. Accordingly, the changs of
pasition nf the surface cen be calco'sted.

In the present work, speckle holography using double-axial and double=lateral
cuposire technique are studied theoretically. Maoreoeer expetiments have been made
in measuring  axlal and laleral displacements individually end simultanecwly. The
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thearetical analysis  given in a simple analylical fotm sy & lusction of tha position
of the surface n two arthagonal directions,

Lxperimentak
1. Axially double-exposure speckle hologram as two identicel diffusers

Single~exposure  speckle  hologram s uwsed to produce circular  Interference
ftinges  from the two reconstrucled images as lwo separate  identical diffusers
The r(esultant circular interference fringes can be localized by using  ceaverging
lens The candition of interference of these fringes is given in ref, (5] &%
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where Ry is the radius of the resultant frioge of arder Kj A the wavelength of
the source; f the focal length of the converging lens and L the exial scparation
between the diffusad object and the holographic plate,

For an axially deuble-exposure bologram, the diffused object is axially shifled
say in Z-direction by a small displacement fO(AL) ns shown in Fig. 1. Hence the
radii of the resultant interlerence pattern will change by &R according to the
drection of displacement, This can be represented mathematically by dilferentiating
eq. (1},
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lluminating the holographic plate H by a parallel laser beam {A=z 63248 nm) four
images are secoostructed as shawn in Fig. 2, in which there are two real images
HY, H; and two virtual images HY, H3. To observe Interference fringes a lens
(1 = 50 cm) is used to localize the interference pettern. The experiment §s carried
oul wing two separations L = B and 15 mm, wilth small displacements {, = 0, 30, 50
and 100 um. One of these interferograms s a representalive example is shown in
Fig. 3. When platting §o a3 a function of R a straight line is aobtained as shown
in Fig. 4 with a negative slope &s expected from eq. (2), The estimated error in
cage of L = B8 mm and k = 2 is aboul 1% whilst for L = mm and k = 2 the error
becames abaut 2%,

2. Anplyticel snelysis of double exposure technique with axial and lateral displacements

a. Axlal displacemenl:

The dowtile-gxposure speckle photography has praved to be a simple and
convenient methad {or measuring disglarements and strain measurements [7].

In casa of double-exposure halogram, an axial translation fo in the Z-direction
ol the photographic plate H is made between the two exposures as shown in Tig. 1,
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In this case the separation between the diffused ofject smd the glate is L. For
each owposure any point {x, ¥ 2l on the photegraphic plate H receives Lwn wiaves,
The licst one is the plane wave ar unscaltered wave which can be repiesented
lay un s .':'.Hr:ir"", and e other one s the scattered wave which can be repressnbed
by Uy = [& fx, y)/L) exp ikl [1 & (&' + y*3/(2L%}). Teking the central paint of
the plate H ms the origin in which L3> © or oy, P.H and A (=, 3L are e amplitude
ol the Liansmitted and scattered waves respectively, The scattered weee Ly for the
lirsl exprooure is given by
U‘I. 5 Fl[j"—'ﬂ exp. ikl

After displacing the object D (Fig. 1) in Z-direction by !D f.r.  axial  tramslatian, Lhe
scaltored wave can be represented by

M e,
L,I1 1 pap fw (L o+ EJ‘.I

The resuftant U is given by

=104 = u b+l + 0L} (5
o 1 0 2
lmerefore U = [ZA + _,I?|,_|:_1.;‘_:,.'| 11 @ exp ik {U:I] exp ikl
3 L
lte resulbont intensity | = |LI| . wnd this leads Lo
1
1 =1 nnsz 2 el
(/] 2

Eg (4] gegiesensls the intersily distribotlon of bwa beam interference gattern. The
resultanl paltern wil be ciccular fringes. Fig J illestrates some of the interferencs
pattemn given by eq. [4F far ditferent axinl displacementss

b Lateral  disgplacements

For a doudle-axposure hologram in whick the photographic plate is al a distance
L tz-direction) Trom the scatterad object D which is lateraly displaced by .. say in
Lhe m-diteclion, hetween Lhe lwo expadutet. Following Lhe same procedure as in
the previous section far which the traremitled and scattered waves are represons
Led by |..||:I = .'"uH exp ikl and

A |:':"'-l_l :I":' RE " :"2
U1 gl 3 axp ikl 41 o —12“—] respactively,

After displacaemsant 4.11:.1 tha seslbeped wave al the plate H o will be
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wheie ioZou 4-.",,

The rewitant woave at H after the two exposyres can be given by eq. (3], Trom

which the resulteml inicnsity |2 U 2. This leads 1o
2 !:_I,ﬁ, I 2 x, o . :-:f + :.-'2
I = C{:L’-_I cos ko Bl W EE cos ki o e ko m i [5)
AR
where 1:,:, = 4 P.E. Cy = I::l;:ﬂ']dE and I:2 = 16 - Eq. {5) represents,

the resultant intensity distribution patlern of double lstersl speckls hologram with
6 lorgitudingl sepatation L. The second term of the right kand side of e (5] re-
piosent Lha intenaily dislribotion af straight lime fringes perpendiculer to the ditection
of the lateral displacement, The thicd term tepresents straight line Teinges modulated
by rcircular  interfarence pettarne Figure 5 illustrates different patfesns described
By @g. (%) In both inlerferogearns L ois kepl constant whilsl.wl: toles different valucs

LA

It can ba shown from the shove Teoedis thal speckls pottems of o displaced
diffused abject could be reconstiocted hologiaphically, The real and wittuel reconstiuc-
ted images interfere with each other to give interference fringes, Hence Lhe axial
displacemnent of the ohject 5 correlsted fo the radii of the fringes o: bwo scparate
idemtizal diffusers (Fig. &3, The esperimental fesulls are in good agrecement with

o0q. (2} for two sepatale identical diffusers. The maximum experimental errar of
the meawurements is within 2 %.

The new onalytical Tormuls for the aslal snd lateral displacemenls, Le. sguations
(41 and (5, are confirmed experimentally by measuring the displacement of the
diffused object. The lateral shift of en axial placed object is represenied by pg. (50,
Tho intensity  distributlon curve of figure 5 i dllusteated in Fig. 4, The siraight
ling Aringe cofresponding to Lhe firsl order in figure é.a is madulated by two bright
circutar  fringes, meansbile the spoond order  is modulsted Gy eight circular bright
lringes. The intensity distribution of Fig. 5b ia illustesled by Tig &% The drop In
intensity between Two seccessive straight line bright and dark fringes is 57%, This
iz represanted by the second term of Eqe 5. In Fig. &b, the secand order of the
straight line frignes it modusted by two superimposed circular fringes as  shown
im the third fetrn of Ege % The drop in intensity  between each two  successive
bright and dark circolar fringes inside this bright straight line fringe eguals 2%%.
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Fig.d: Recording of Oouble-exposure hologrem due to interference of scattered and
Lransmitted leser beam through the diffused object D with an axial displacement.
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Fig5: lnterleroqra;n of double exposure speckle halogram with latoral tnnslnlion%
separation 3 mm and wavelength 632 = :
nygth B nm. (a) (70 = 30 uny; (B) '70 = 5D um
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Figh: The intensity distribution curves af the corresponding intetferograms aof Fig. 2.
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Conclusioes

1. The speekie bhelograms of a semitransparent ubject can he investigaled either
as lwo separete identical diffusers or a3 a diffused chiecl in two orthoganal
positions. In Beoth cases an agreement botwaen the theotetical and exgerimental
data is obtained within an accepteble crror,

2. The equation representing the Isteral displacement can be wed to cetermined
simulteecusly both Iateral and axigl positions of the dilfused object.

3. The intetfetence pattern consists of straight line fringes overimposed by  the
same straight Line fringes modulated by circular fringes.
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