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Abstract

Holographic interferometry and speckle application are powerful techniques for defor-
mation, displacement and vibration analysis especially when they can be applied in real
time. Bismuth Silicon Oxide crystals Bi Sio (BSO) were used for real-time deformation,
displacement and vibration analysis usiﬁa holoagaphy and "speckle photography". After a
short introduction of holographic interferometry for deformation measurement using BSO

crystals, speckle applications for deformation, displacement and vibration analysis in
real time will be discussed.

1. Introduction

Some crystals have electrical and electro-optical properties which make them attractive
for dynamic holography and speckle applications. One of the most promising is the Bismuth

Silicon Oxide Bi 2 Si O (BSO) . Crystal properties and some applications were reported in
the session D1 at’the mggting by Huignardl-2,

For real time holography and holographic interferometry the BSO crystal is usually biased
with a transverse electric field E_ in the 110 crystallographic direction. Illuminating
the crystal with structured information in the 110 direction a space-charge field is built
up, leading to a refractive index variation of the crystal via linear electro-optic effect.
A phase volume hologram is created.
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Fig. 1 BSO crystal used in a transverse electro-optic configuration

Fig. 1 shows schematically the crystal illuminated with two waves to create an interference
pattern or a phase hologram in the crystal. Flooding with uniform illumination at a wave-
length where the crystal is sensitive leads to the erasure of the stored information by

:pace—charqe relaxation. Consequently, reading out with the recording wavelength is destruc-
ive.

In fig. 2 a diffraction efficiency curve is drawn schematically for the writing and
reading cycle. In fig: 3 Fhe quality of a holographically reconstructed test bar target is
shown. The image quality is limited by the resolution of the TV monitor.
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Fig. 2 Diffraction efficiency by recording and
erasure 1n a BSO crystal
Fig. 3 Example of a real time holographic

reconstruction with a BSO crystal.

2. Double exposure holography with BSO crystals

A short description of double exposure holography will be given together with a sketch
of the experimental arrangement. Reading out with the recording wavelength leads to an
erasure of the information stored in the crystal. Therefore, for double exposure holography
the first exposure is T0 (fig. 2), the second after the object deformation is T4 To/2-
This leads to two phase holograms stored in the crystal. Reconstructing the two holograms
with the recording wavelength leads to an interference pattern for the deformation and dis-
placement analysis which can be stored on an image storage device.
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Fig. 4 Experimental arrangement for double exposure holographic interferometry in real time
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Fig. 4 shows an experimental arrangement for holographic 1nterfe;ometry. The double
exposed hologram is formed in the crystal. The reconstructing wave 1is the conjugate to the
reference wavefront. The reconstructed image is separated from the object by the beam-
splitter. Fig. 5 shows a typical fringe pattern of a deformed plate when using @ouble
exposure technique. The plate was deformed after the first exposure by the application
of a force.

Fig. 5,

Example of interference fringes obtained
in real time by double exposure holography
of a deformed plate.

3. Speckle pattern recording in BSO crystals

For engineering applications, different speckle technigues can be applied. The choice
depends mostly on the sensitivity required. The application of speckle photography in quasi
real time will be discussed. The speckles in the image plane of an optically rough surface
of an object are displaced together with the image at least for small movements. The
roughness of the object is not resolved by the optical system. For deformation and displa-
cement measurements pairs of speckle patterns are recorded in the crystal with wavelength
Ai. The separation of the speckle pairs should be greater than the speckle width. The two
speckle patterns recorded in the crystal,before and after the object movement,are illumi-
nated with light of a wavelength A, with a crystal absorption for A, to be much smaller
than for the recording wavelength \A;. The absorpt%on coefficients of the crystals used
were a = 2 cm=! for Ay = 514 nm and a; = 0,28 cm™' for A, = 633 nm. For speckle pairs re-
corded in the image plane, Young's fringes with a spacing inversely proportional to the
displacement are formed in the Fraunhofer plane. They can be analysed directly using tele-
vision techniques. In a simplified theory the appearance of Young's fringes will be des-
cribed briefly for displacement analysis by double exposure speckle pattern recording and
display in real time.

The double exposed speckle pattern in the image of the lens L1 in fig. 6 may be written

by - -+ -+ -+ - -

I(E,06") = B(E') (X)) (S(E") + 8(&' - ag")} (1)
. - -+

where B(£') describes the speckle pattern and (*) means convolution. AE' = M+Af is the dis-

placement in the image and Af{ in the object with M as lateral magnification.

The refractive index ﬁns at saturation is given by

/n’ r Esc)

éms ='\2— (2)

n = refractive index of the BSO (n = 2,5 for A, = 633 nm)
r = effective electro-optic coefficient 1
Esc = space-charge field amplitude derived from Poisson's equation

The refractive index modulation due to the spatially structured illumination can be written

> -+
- I(E',AE") (3)
An = bns . m——
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for a crystal of a small thickness (d ® 1 mm), 4n.dx A;/40.

Fig. 6. Experimental arrangement for recording speckle pattern in the
image-plane and displaying Young's fringes in real time.

We can therefore write the amplitude immediately in front of the crystal illuminated with
a plane wave Aé of wavelength
-+ -+
A€, g sec Ay (1 v 1 5T AReQ)

3
We are now interested in the intensity in the Fourier-transform plane |ay(x,)]?

-
2 2nfy < AE"
(|+COS _;l%l?'z_J) (4)
4
The object displacement Af is given by the fringe spacing in the Fourier-transform plane

£3 A
A(E)]= —[JT : (5)
l M xc

and ;
C and C, are constants taking into account the absorption,the reflection los at the crystal
interfaces for A, and X, w(£]¢'is the autocorrelation of the pupil of the image forming

*

> . | 2
lay (x1) |? = €, @*xl’ $ Ii‘: d-Ang F()>

lens L1 in fig. 6.
xé = fringe spacing
fi = focal length of the lens forming the Fourier-transform or the separation between

crystal and Fraunhofer-plan when the crystal is illuminated with a spherical wave.

A similar analysis applies for tilt analysis where the speckle pairs are no longer
recorded in the image plane but in the Fourier-transform plane of the lens L, in fig. 6.
Speckle photography for tilt analysis is described by Gregory5 and Tiziani6®, From the
fringe spacing the angular tilt y can be found

£3 Az

L £7 (1+cosg) xé - (6)
f} = focal lens of the lens L
£f% = focal lens of the lens L, as in equation (5)
B = angle of incidence of thé plane wave illuminating the object.

Furthermore, the speckle pattern of an oscillating object can also be recorded in the time
average i.e. the BSO is illuminated during a number of oscillating cycles.
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The double exposure speckle pattern was recorded in the Fourier transform-plane of lens L
in fig. 6. Tilts of 25 sec of arc and 50 were introduced between the exposures in differenﬂ
azimuths. In fig. 9 results of an oscillating object recorded in the time average are
displayed.

Fig. 9. Fringes obtained by recording time averaged speckle patterns in a BSO crystal

a) amplitude of oscillation o = 15 um in horizontal direction
b) amplitude of oscillation p = 15 um in vertical direction with an additional
lateral displacement in the horizontal direction of 15 um.

The speckle pattern stored during roughly 1 sec o the object oscillating at 1 kHz was re-
corded in a BSO crystal of 1 mm thickness. In the Fraunhofer-plane fringes can be observed
following no longer the sinusoidal but intensity repartition of J?, the Besselfunction J
of order zero; in fig. 9a the amplitude of oscillation was 15 pm iIn a horizontal directi8n
and in fig. 9b it was again 15 pum but in a vertical direction and a displacement of 15 um
was introduced horizontally. In fig. 9b the two fringe systems in the vertical and horizon-
tal direction are different. In fig. 9a the zero order fringe is divided in two subfringes
because of the halo as seen in fig. 7.

Conclusions

"Speckle photography" can now be applied in quasi real time for displacement, tilt and
vibration analysis. The BSO storage material proved to be very promising with unlimited

recycling. By displaying the speckle patterns with a wavelength different to the recording
one, no storage device is required and TV techniques can be used directly for the fringe
analysis.
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