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Usage of materials with low resolving power
In holographic interferometry

By means of a suitable arrangement of a holographic set-up, e.g. by using the lensless Fourier transform holography, it is possible
to obtain holographic recording on materials with relatively low resolving power. Reconstruction of a hologram is made by means
of a convergent beam. Primary and secondary images can be seen on a screen at the focal plane of the optical system. The method
described is useful in the hoiographic interferometry, mainly in the case of wide applications, e.g. in nondestructive testing, pedago-

gical praxis etc.

1. Introduction

The holographic interferometry appears to be
a very important experimental method in studies
on any displacement or deformation of diffusely
reflecting objects. By using a suitable holographic
set-up during the recording and apply the quasi-
-Fourier lensless holography [1, 2, 3], it is possible to
record an interferential held of generated by diffusely
reflected objects and a reference band on recording
materials with relatively low resolving power [4],
e.g. on commercially available (ORWO NP 15,
DK-5) photographic materials. The use of materials
with low resolving power brings some technical
advantages as, for example, radical increase of
sensitivity in comparison with materials used in
conventional holographic practice. Their relatively
low prices and easy availability may be also of some
value.

2. Recording and reconstruction
of a hoiogram

In any quasi-Fourier arrangements of holographic
set-ups the positions of the object point F and of the
reference point F are assumed to be in the same
plane which has to be parallel to the plane of the
hologram (hg. 1).

We consider Carthesian coordinate system M
v, 0 of the hologram plane and Carthesian coordinate
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system X, Yy, z. of the plane, where the points P, P
are located. The distance between these planes is
denoted by z,.

The complex amplitude ofan object wave according
to [1] is given by the relation

Hi= ~expj: ~-[(M -x~+(v-yyli, (@)

and the complex amplitude of a reference wave by
the relation

a. = "~expj:-~-[(M-Xo) M+ (v-yo)*lj, (2

where are the real amplitudes of an object
and the reference wave, respectively. Let A be the
wavelength of the coherent light, and (xr,yi,zj
and (x,,, Y0, z,,) be the respective coordinates of the
points P and P.

37



J. Keprt et al.
The intensity at any of the given points of a holo-
gram is determined by relation

/= (aitaoHal+a¥*)

= Ni+No +7hiNo{exp [wAM+2w, v+0)] +

+exp[—i(27TMN.M+2WyV+0]}, 3)
where
_ Xi—p

are spatial frequencies of the interference held in the
hologram plane. These frequencies do not depend on
coordinates of the hologram u, v, being dependent
only on the distance of both points P, P to the ho-
logram plane. The phase member 0, corresponding
to the position of a given object point, can be written
as

0 = Npf*i-"+T2-y2). ©)
If the total spatial frequency

t/(Xi-Xo)™+(yi-yo)"
Az0

(6)

is smaller than the cut-off frequency of the recording
material then the interference held in the form of
a linear fringe system can be recorded on the photo-
sensitive media of low resolving power.

In the case when a larger plane object is to be
used we may employ a divergent lens in order to
increase the viewing held. The inhuence of a divergent
lens on the spatial frequency spectrum can be seen in
hg. 2. Having some spatial object we may use a
converging objective and to achieve the ,transfor-
mation" to the almost planary object, as it is common
in photography. The principle of this method is
shown in hgs 3 and 4.

By reconstructing the hologram of the form of
the transparence linear fringe system by means of
a plane wave, we get two plane waves which can be

Fig. 2. The set-up for a hologram recording with
diverging fens

Msage o/ matena/...

Fig. 3. The set-up for hoiogram recording with conver-
ging fens

Fig. 4. The set-up for hofogram recording with conver-
ging fens, the reference beam being obtained by means
of half discharge pfate

observed in a far held as two images of the point P.
Using a converging lens placed in front or behind
the hologram, we get in the focal plane of the optical
system diffraction images Pi and P2 of the point P
as well as the maximum of the zero-order P as shown
in hg. 5.

Fig. 3. The principle of hofogram reconstruction

The complex amplitude of a convergent wave
passing through a developed photographic plate
can, according to [2], be expressed by relation

a,(u, v, 0) =~ P(M v)expjl + ()

and the complex amplitude of a dihracted picture in
the focus plane by

Ne '-/,/) = a,exp

[ee)

(®)
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where P(u, v) denotes the amplitude transmittance
of a developed photographie plate proportional
[1,2] to the intensity (3);/ is the focal distance of the
convergent objective O; is the complex amplitude
of the plane wave before the objective O; x",y",/are
the Carthesian coordinates of the focal plane.

By introducing the relations (3) and (7) into
equation (8) we obtain a complex amplitude corres-
ponding to the reconstructed point Po = F written
as

4) = -~ (M+nro)exp - (KA +IN)] X

J
-Xn

J
-Xn

expjr— (Mx'+vy")ji7TM(?v, 9)
and complex amplitudes corresponding to the points
Pi and P2 in the form

Ninoexp NN (R +y '] exp(x i0)x
rO
J
-Xo

J
-Xo

1 2x T
expNtfy-~(xi-x. )M +(yi-yo)vzt

+ y - (Mx'+vy")jj ¢Mifv, (10)
where 0 is the phase member given by relation (5).

The integral region 2Ygx2y,, in relations (9),
(10) is determined by the size of a hologram which,
in the indicated case, has a form of a rectangular. By
calculation ofintegrals in relations (9), (10) we obtain
the following expressions

sinc-JL, sin To
71,2 = 4-mmeme n X - (11)
("=0,1,2),
where coefficients c,, and are given by relations
2r
= *y x| (12)
) rt
=y vy, (13)
¢L2=y jy £y (yi-yo)l. (15)

Complex amplitudes ¢0-*i-~2 represent Fraun-
hofer's amplitudes of images of the object point P.
The intensity distribution of the diffracted images
Po,Pi,Pi can be written as

39

CIVsye cif*fua’r/cAy...

which is the well known relation of the classical diff-
raction theory.

The maximum of zero order (the wave in z-axis
direction) will be, as seen from the point of geometrical
optics, located into the focus of the optical system.
The positive-first-order diffracted wave is focused
into the point

AT

[ (Fi-x0); - — (yi-yo):/l

and analogically, the negative-first-order diffracted
wave is focused into the point

~2 ]_70 (xi-*o0); > (yi-y0);/1:|,

provided that z, < 0, and/> 0.

We can see that by choosing the relation y/z,, it is
possible to change lateral magnification and con-
sequently the size of a reconstructed image.

Let us consider now the problem of separation
the reconstructed images and diffracted light occurring
due to the mutual interference of light coming from
individual object points (so-called intermodulation
effect).

If the selected points of the object P (xi,yi,z,,)
and g (xi,yi, z,) are such that the point P is the
nearest point P(xo,yo, z,) and the point Q is the
most faraway point related to the reference point,
then the complete separation of reconstructed images
of an object from the diffracted images, occurring
due to the mutual interference of individual object
points, can be secured by fulfilling of the condition

(xi-x0)™M+(yi-yo)™> (x2-xi)M+ (y2-yy. (17)

From the geometrical point of view this condition
says that the distance of the reference point P from
the nearest point of the object P must be greater than
the mutual distance of points P, g.

Mutual interference pattern generated by all the
object points is localized in the vicinity of the z-axis.
If the condition (17) is fulfilled the diffracted images
of the object itself are not influenced by this mutual
interference and the perfect separation of diffracted
bands can be achieved.

The reconstruction of a hologram recorded on
photographic materials with low resolving power
ORWO DK-5 can be seen in fig. 6. The reconstructed
object is 25 cm high and 5 cm wide. The hologram
was recorded without using any optical system. The
same object seen in fig. 7, was recorded by means of
the holographic set-up in fig. 3. All the reconstructed
images as well as those shown in fig. 7, are characteri-
zed by a strong mutual interference at focus point.
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Fig. 6. The reconstructed object 25 cm high and
5 cm wide
Hologram was reached without using any optica)
system

Fig. 7. The same object as in 6g. 6. The record was
made by holographic set-up as iHustrated in fig. 3
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The holographic image of the relief of the circle shape
(fig. 8) having about 20 cm in diameter was obtained
by using the arrangement presented in fig. 2.

Fig. 8. The retief of the circle shape with
20 cm in diameter obtained by the arran-
gement shown in fig. 2

3. Holographic interferometry

Let us consider a method of doubie exposure
holography as appiied to deformation or dispiacements
measurements of individual points of a diffusely
scattering object. Let us assume that after the first
exposure the point P(xr,Ti“o) has changed its
position into the point P'(xt + Ax,_tq+ Ay, z,+ Az).
Then the complex amplitudes cf diffracted waves
after the reconstruction are

n2 A

X expir—— (X'"M+y'N)j x

xexp(+;'<9)y,_2 = Roexp(+ *<9)'Xi2, (18)

where the quantities 6? and y, 2 are functions of
the independent variables x,,jq, z,,. The reconstruc-
ted diffracted images of the point P' can be expressed
by complex amplitude

¢h2 = Roexp(x f61)",2 (19)
with
0O' = 0O+AOQ, (20)

where AQ is a phase difference caused by infinitesimal
changes of Ax, Ay, Az of the point P.

If by the quantity y*2 we mean an amplitude
function, and by exp(x /0) a phase function of the
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variables x,,y”, Zg, then we can observe that with
small changes of the values x,,y,, z, the phase
function, varies much quicker than the amplitude
function. Hence, for small changes of Ax, Ay, Az
the amplitude function may be considered constant
with respect to the phase function. Therefore, the
complex amplitude of the point P', seen from this
view point, can be written as

A2=Roexp[+i(0+A0)]y,2. (21)

The eye as a quadratic detector sees the intensity 7
at points P i, P 2which is determined by relation

N = (/\1 2+ ,2)/\*‘

= 2B”,2(1+cosA6>), (22)
i.e. cosine form of the intensity of diffracted images
of the point P depends on the changes of the phase
AO or of AXx, Ay, Az, respectively. Consequently,
a fringe pattern of relatively low spatial frequencies
appearing in the reconstructed image is due to small
displacement of the subject.

As the first example the deformation of a disturbed
sample of artificial cloth, the size of which is 12 cm
x7 cm, is shown (figs 9 and 10). Deformation of
pump's moving blade can be seen in fig. 11. Inter-
ference fringes on the image of the relief obtained by
changing the light direction are shown in fig. 12.

Fig. 9. Deformation of a disturbed artiScial cloth

6 — Opttca Applicata VIII, 1
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The quality of the reconstructed images from the
interferograms are good enough to observe the
form and number of the interference fringes. That
is while the use of this method is suitable in holo-
graphical non-destructive testing as well as in measur-
ing of deformations. To evaluate the deformations
from these interferograms the object should be
illuminated from different angles and the deforma-
tions determined from several holograms [5].

Because of low price of the recording materials
they may be easily applied in pedagogical praxis.
A current photo-camera without objective or with
negative lens can be used as a holder of a hologram
and the relative great sensitivity of the materials allows
to obtain holograms by using He—Ne lasers of low
powers.

Fig. 10. Deformation of a disturbed artificiai cloth

Fig. 11. Deformation of pump's moving blade
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Fig. 12. Interference fringes on the image
of a reiief obtained by changing the light
direction

MpyMeHeHne MaTepuasioB
C HW3KOI paspeLuaroLLeri cnocobHOCTbIO
B MHTEP(epOMETPUYECKON ronorpadum

C NomMOLLbi0 COOTBETCTBYIOLLETO FOMOrpaduMueckoro Ha-
6opa, TO eCTb MpPW UCMNO/b30BaHUM 6e3/IMH30BOI (hypbe-roso-
rpaguu, MOXHO MOMYYUTb FOMOrPatnyecKyto 3annucb Ha Ma-
Tepuanax € HW3Kol paspeluatolleldi cnoco6HocTblo. BoccTa-

Kunsye c/ /narema/™...

HOB/IEHME FO/I0rpamMMbl MPOM3BOAAT KOHBEPreHTHBIM MyUKOM.
MepBUYHOE M BTOPMYHOE M306paXKeHWs MOryT HabnoaaTbes
Ha 3KpaHe B NIOCKOCTU (POKYCUPYIOLLEH ONTUYECKON CUCTEMBbI.
OnucaHHbIi MeTof NPUrofeH B rojorpaduueckoin UHTep-
(hepoMeTpUM, a WMMEHHO B C/ly4yae MaTepuanoeMKWX WChbl-
TaHUWii, KaK, Hanpumep, NpW GECKOHTAKTHBLIX WCMbITAHUSIX,
B yueb6HOI NpakTuke W T.M.
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