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Recording of thermal changes of light refraction
coefficient with holographic interferometry method*

Antoni Drobnik, Andrzej Fruzinski, Leszek Wolf

Institute of Physics, Technical University of £6dz, ul. Woélczanska 219, 93-005 £6dz, Poland.

Axi-symmetric changes of light refraction coefficient in liquids irradiated with laser beams
were observed and interpreted. Real-time holographic interferometry method was applied
in the experiment. The magnitude of these changes was determined on the basis of the obtained
results.

1. Introduction

Interferograms of axi-symmetric changes of light refraction coefficient n are
interpreted basing on the equation [1-5]
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where: N(x) — deviation of interference fringes from their linear direction,
A - recording wavelength,
An(r) — function of the axi-symmetric changes of n,
r - radial distance from the axis,
R — radius of the phase object.
Equation (1) is one form of Abel’s integral equation. If An(r) is zero for all
r >R, then Eq. (1) inverts analytically into
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Bockasten [1] obtained a simple form of Eq. (2)
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where: Arij — values of n-changes,
ajk — coefficients evaluated numerically,
Nk — deviation values of interference fringes.
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2. Experimental

In the first part of the experiment, the axi-symmetric changes of n were obtained
by changing the temperature of the examined object. The straight line conductor
with radius of 0.06 mm was dipped in water. The direct current flowing along the
conductor stimulated the axi-symmetric changes of temperature. The distribution
of «-changes was recorded by applying real-time holographic interferometry
method. The classical holographic set-up for real-time interferometry [3] was
equipped with the camera, monitor and the videorecorder. Hologram was recorded
on Agfa-Gevaert 10 E 75 plate, using 8 mW He-Ne laser. The exposure time was
10"3 s.

During real-time holographic observation of the examined liquid there
appeared parallel interference fringes. After stimulating the axi-symmetric n-
changes in liquid, a deviation of interference fringes from their linear direction has
been observed.
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Fig. 1 Distribution of the changes of n in Fig. 2. Distribution of the changes of n in water near
water near straight line conductor /, =  straight line conductor 12—5 A
36 A

Figures 1 and 2 show a graphic interpretation of interferograms for the
conductor supplying 3.6 A and 5 A, respectively. The conductor was dipped along
the z-axis. Then, the hologram of axi-symmetric changes of n in apiezon C,
irradiated with C02 (10.6 pm) laser beam perpendicular to the liquid surface, was
recorded.

The continuous laser beam of 1 W optical power was focused on the liquid
surface. The experimental arrangement with C02 laser was similar to that with
straight-line conductor.

Figure 3 shows a graphic interpretation of one of the obtained interferograms.
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Fig. 3. Distribution of the changes of n in
apiezon C irradiated with CO4 laser beam

The C02 laser beam propagates along the 2-axis. The changes of n in apiezon C
were calculated for the 0.56 x 10“3 m thick liquid layer lying on the depth of 0.96
x10~3 m.

3. Conclusions

Real-time holographic interferometry method enables the monitoring and
continuous control of small changes of n (An = 10-4) in liquids. The distribution
of these changes defined the distribution of the temperature changes. Microscopic
holographical interferograms were recorded for circularly symmetric phase objects
with radii of about 2x10~3 m.

The experiment proved the applicability of holographic interferometry method
in studies of small changes on n in transparent object irradiated with circularly
symmetric laser beams.
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OnpeAejiemie TepVHHCKHX 1opoknnn Kot@@uuiHiiH pReppkiont ceera
VieiQJOM  10.10IM poHHCKCH HHTRpgepBHITHH

B padoTe 3aperHCTpHpoBaHbi h HHTepnpeTHpoBaHbi aKCHajibHO-CHMMeTpHHecKHe H3MeHeHH« kot@@k
UHeHTa pB@pBkiHH ceeTa b hchukocth. /ljib perncTpauHH npHMeHeH MBtoA FOAOMpB@HHBokory HHTep
@epoMPBTpHH B peajibHoe epeMH. nojiyneHHbie pesyjibTaTbi no3poAAk> onpeaejiHTb 3Hanemie H3MeHe

HHH Ko3@@HUHeHTa pBepPKNHH CBeTa, Bo3HHKUiero BO BpeMH Bo3.ieHCTBHR Jia3epHOTO HaJiyHeHHJI Hi
3KH.TKOCTb.



