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The applicability of the holographic and speckle interferometries 
in the plate bending problem
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Both the holographic and speckle interferometries belong to non destructive optical methods, characte­
rized by high accuracy of order of the light wavelength used. They are used to compare the images of the 
object before and after its deformation. The information about the changes in the object state is record­
ed in the form of differential fringes, whose shape, configuration and quantity play a funda­
mental role in the measurement interpretation. An essential limitation of the application range 
of both these methods is due to the restricted resolving power of the system used to analyse the differential 
interference image. This means that the image to be analyzed may not be covered with fringes spaced by 
the distance neither less than its limiting value following from the resolving power of the analyser (which 
is an upper bound restrictions), nor greater than the length of the examined object (which is a lower 
bound restriction).

If the examined object is of the length l the maximal number of distinguishable fringes n is

wmax =  > 0 )

where / — object length,
dmj„ — least limiting spacing between two fringes. The quantity dmjn is influenced by the image grai­

niness, the contrast of fringes and the quality of the analysing system.
The maximal quality of fringes is closely related to the maximal measurable translation »vmax

where <5 is the value of the respective component of the translation deformation corresponding to the in­
terfringe distance.

From the formula (2) it follows that the quantity influences the measurement range if it is assumed 
that «max is invariant for given measurement.

In this paper methods of holographic and speckling interferometry are compared, so far as the object 
translational deformation is concerned for the measuring geometry shown in Fig. 1.

In holographic interferometry the interfringe distance <5hoi is described by the relation [1]:

where 0  — angle between the observation direction and the reference beam, rigorously determined for 
the given measurement system shown in Fig. 1.

In the speckle interferometry the quantity is defined by the formula

(2)

(3)
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(4)

in the form of differential fringes, whose shape, configuration and quantity play
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where A — defocussing of the recording system,
U — coordinate of the analysing aperture, 
m — magnification of the recording system,
L — distance between the filtering lens and the aperture.

The formula (4) is employed in the examinations of the object bending [2-4], and may be changed by se­
lecting suitably the geometry of both the recording and analysing systems (Fig. 2a, b.)

Fig. 1. Holographic interferometry — re­
cording system: 1 — object, 2 — photo­
plate, 3 — illumination beam, 4 — object 
beam, 5 — reference beam

5

Fig. 2a. Speckle interferome­
try — recording system: 1 — 
object, 2 — focussing plane, 
3 — recording lens, 4 — pho­
toplate, 5 — illumination 
beam, A — defocussing of the 
recording system

Fig. 2b. Speckle interferometry — reconstruction system: 1 — double exposed transparency, 2 — filtering lens, 3 — aperture plane, 
4 — image lens, 5 — image plane, L  — distance between the filtering lens and the aperture, U — coordinate of the analysing aper­
ture
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As it follows from the formula (2), the heighest measured translation w may be increased by increa­
sing <5. If we use a system for which

^spec ^  ^hol)

i.e., that

mL
~AU 1,

(5)

(6)

then in the speckle method a greater object bending becomes recordable than it is the case in the holo­
graphic method for the same number of fringes. A suitable choice of parametres satisfying the condition 
(6) allows to change the measurement range of the method and to examine the bendings, which may not 
be recorded by using holographic methods.

An example

A comparison of both the methods have been carried out by testing the bending of a circular plate with 
an aperture, the plate being fastened at its periphery and loaded with a concentrated force. The scheme 
of the loading and the plate holder is shown in Fig. 3.

Fig. 3. Schematic diagram of the loading and the plate holder: P — concentrated force, R  — radius of the plate, d — radius o f 
the aperture

The measurements based on speckling interferometry method have been carried out by using an argon 
laser of the wavelength A =  0.5145 · 10~3 nm. The recordings of analysis have been performed for the fol­
lowing parameters: m =  7.669, L =  490 mm, A =  100 mm, U =  90 mm. The maximal number of frin­
ges, which may be observed when analysing visually the plate have been calculated from the formula (1). 
For the calculations the value of dmjn was assumed to be equal to 0.635 nm (this value follows from the re­
solving powers of the eye and the geometry of the analysing system). The object diameter was 70 mm. 
The maximal plate bending recordable by the holographic method calculated from the formula (2), was 
^max =  28.14 fim.

The application of the speckling method allowed to measure the comparable bending w =  27.4 /urn, 
while the number of fringes (only six) contained in the interference pattern was 17 times less than the num­
ber of fringes appearing in the holographic method for the same plate bending. This is due to a suitable 
selection of the optical system parameters in the speckling method, which determine the value of <5spec 
(formula (4)).



128 E. Jankowska

Fi
g.

 4
. T

he
 fr

in
ge

 p
at

te
rn

s 
co

rr
es

po
nd

in
g 

to
 th

e 
(a

) h
ol

og
ra

ph
ic

 (w
 ~

 4
 /

tm
), 

(b
) s

pe
ck

lin
g 

(w
 ~

 2
7 

^m
) i

nt
er

fe
ro

m
et

ry



Optica Applicata, Vol. XII, No. 1, 1982 129

For illustration two examples of interference patterns appearing in holographic and speckling inter­
ferometry, respectively, are given in Fig. 4. The holographic interferogram containes 19 fringes which in­
dicates the bending of order of 4 pm, while the speckling interferogram containing 6 fringes indicates the 
bending of about 27 pm. When using the holographic method the last bending would produce the number 
of fringes which, being at the limit of resolving power of the eye, would be difficult to analyse.
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Imaging performance of angular and apodized aperture*
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Institute of Physics, Technical University of Wroclaw, Wybrzeże Wyspiańskiego 27, 50-370 Wroclaw, 
Poland.

1. Introduction

The complex degree o f  coherence is defined, according to V a n  Z ittert [1], by the normed Fourier trans­
form of the source intensity function. In this case the source is represented by the diaphragm, the dimen­
sions of which and optical field distribution are identical with those of the source. The intensity distribu­
tion in the source plane may be modified by introducing a central coverage. This leads to a one-dimen­
sional change of the diffraction image of the source, i.e., an increase of the central converage degree lowers 
the contrast and improves the resolution [2, 3]; this is the case in visualization of the objects in micros­
copy or in objective interferometry, for instance.

It is possible, moreover, to apply a programmed modification of the optical field by using an ampli­
tude apodizer, i.e., by replacing the diaphragm-source by a profiled diaphragm and a cylindric lens [4]. 
The optical field of the source may be then modified by changing only the profile of the diaphragm. In 
this work the results obtained by applying both these methods are compared.

2. Coherence of the apodized source and the ring source

An extended circular and noncoherent source located in the (X0, Y0) plane and equivalent to the circle 
diaphragm of the radius (r) produces in the (X, Y) plane the partial coherence described by its complex 
degree p i2:

* This work was carried on under the Research Project M.R. 1.5.
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Fig. 1. Light source-diffraction 
plane

/*12 =
exp(/y)/ /  I(X0, lo) exp [— ^  № + ? F o )j

/ /  I(Xo, Yo)dXodY0
0 )

where (A^, Yo) — coordinates of a point in the source plane (Fig. 1), 

I(X0, Yo) — light source intensity,

X y -X z  Y 1- Y 2

p— : R - · 9— — ·

(Xh Yt) — coordinates of the point in the diffraction image plane,

2*r(*i+r?)—(JTl+J-D]
A L }'

For a uniform circular source of the radius (r) and transmittance T(r) =  1, under the condition OP\ 
—OP2 <  A (Fig. 1), the formulae for the degree of partial coherence in the image plane may be written as

/*12 (v) =
2/,(v)

(2)

2 nr
where v =  —— Vp2+ q2 — transversal shift.

A

The apodizer of transmittance T(r) =  1—r2 produces in the image plane the partial coherence des­
cribed by the formula

8 \2 J d v )  I  
/*12 00 =  —  ------- A»(v)J. (3)
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Correspondingly, the apodizer of transmittance T(r) =  — (1 + r2) produces the degree of partial 

coherence given by:

M l 2 (v) =  ~  T /x W - 4 - / l(v)+ 1 / . ( V ) 1  , (4)
3v L v  v J

while the apodizer of transmittance T(r) =  r2

H12 (v) =  —  L ·  (v) ~  J i  —  J o (v) 1 · (5)
» L vz v J

The results are shown in Fig. 2. The respective distributions of the light intensities in the diffraction 
images of the sources are shown in Fig. 3. The part of energy (E) which is contained in the increasing re­
gions (v) of the diffraction images, the centrum of which is the geometrical centre is shown in Fig. 4.

Fig. 2. Coherence o f the apodized source o f transmittance T(r) and the uniform source o f central coverage: a -  radius of circular 
coverage normed by the source radius. I -  non-apodized, 11 -1  — r2, III - 1 (r+  r2), IV -  r2
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Fig. 3. The intensity distribution in the diffraction image of the apodized source and the ring source. I — non-apodized, II -  1 — r2, 
I U - i ( l + r 2), IV - r 2
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Table. Coherent areas P iP2 = ------for the apodized sources of transmittance T(r) and for uniform
her

sources covered centrally (a degree of coverage)

Source l —r2 1 a =  0.2 i d  + r2)

o'IIa r 2 « =  0.6

000IIa

V 1.22 1 0.95 0.93 0.90 0.80 0.78 0.73
( P M 0.194 0.159 0.151 0.148 0.143 0.127 0.124 0.116

Greater area o f the object is coherent Smaller area o f the object is coherent

By assuming that for a uniform diaphragm of transmittance T(r) =  1 and of angular size a =  r/R
0 159 R

the region illuminated coherently has the sizes P iP 2 =  —------- , [1], the coherent areas have been de-
r

termined for the remaining sources. The results are given in Table.

From these results it follows that the sources of transmittance T(r) =  r2 and T(r) =  -i- (1 + r2) act

in the same directions as the uniform sources covered centrally, i.e., they cause a decrease of the coherence 
area as compared to those produced by the source of transmittance T(r) =  1. On the other hand, the 
apodizer of transmittance T(r) =  1—r2 produces higher coherence than a uniform source.
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3. Two-point resolution of Sparrow-type. Energy contrast

The result obtained has been verified by calculating numerically the Sparrow resolution for a two-point 
object and the energy contrast for a periodic object. In Fig. 5 the critical values (<50) of the distance between 
two object points have been shown as a function of the coherence degree. In Fig. 6 the energy contrast

Fig. 5. Critical Sparrow distance (<5Q) between 
two-point objects for different source types

is shown for a periodic test of the modulation depth equal to 0.5. From the results obtained it may be seen 
that when the apodizers are used a stimulated modulation of the optical field is possible, which requires 
a solution of the respective optimization problem. An example of apodizing diaphragm profile determi­
nation for the required resolution is given in [5].
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Similarly, by introducing an apodizer the contrast may be changed depending on the modulation 
depth in the object. This topic will be widely discussed in the work [6] prepared for publication.
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