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ABSTRACT

Optics relates to the generation, amplification, propagation, reception, modification and
modulation of light. In brief, Optics is science, technology and engineering with light.
Measurement techniques based on properties of light come under Optical Metrology. Optical
interferometric techniques provide improved accuracy/precision over mechanical methods of
measurement; such techniques provide non-destructive testing (NDT), have higher resolution
and dynamic range and allow the recognition of flaws and defects in materials and
components. At present many optical interferometric measurement and non-destructive
testing techniques, like classical interferometry, shearing interferometry, Moiré
interferometry, fringe projection technique, Lau phase interferometry, holographic
interferometry, speckle pattern interferometry and Talbot interferometry etc. are available.
Optical interferometric techniques for measurement and NDT are sensitive to environmental
perturbations, while from the industrial perspective one need a method which is accurate,

cost-effective and capable to work in industrial environment.

Talbot interferometer has been used for the measurement of displacement, collimation, focal
length, refractive index, low frequency vibrations and temperature etc. In this thesis, three
new applications of circular grating Talbot interferometer are investigated. Further, digital
holographic interferometry is investigated for measurement of temperature and temperature

profile of micro flame under the influence of magnetic field.

The thesis is organized in six chapters:

Chapter | provide a brief introduction of Talbot interferometer and the detailed description of

linear grating and circular grating Talbot interferometer under plane wave and spherical wave



illumination. This chapter also provides the outline of the research work presented in this

thesis.

Chapter 11 presents the investigations of in-plane displacement measurement by using
circular grating Talbot interferometer. The measurement of shift of fringe position from the
grating center is used to measure the in-plane displacement. This method can be used as an

alternative method of measurement of in-plane displacement.

Chapter Ill gives the experimental investigations of the effect of magnetic field on
temperature and temperature profile of butane diffusion flame, premixed flame and partially
premixed flame (with 50% air) using circular grating Talbot interferometer. This
investigation is useful to improve the combustion process and increase the combustion

efficiency.

Chapter 1V presents the measurement of the temperature and temperature profile of wick-
stabilized micro-diffusion flame under the influence of magnetic field using circular grating
Talbot interferometer. In this chapter the phase information is extracted by Hilbert transform

to obtain the full field data from a single interferogram.

Chapter V deals with a method for measurement of temperature and temperature fluctuations
in wick-stabilized micro diffusion flame using digital holographic interferometry. Digital

holography is ideally suited to study micro flames.

Chapter VI described the Talbot effect/self-imaging effect for cell level imaging of biological
specimens (Onion epidermis cell, Red blood cell) using linear grating. Experimental results

show that this type of system can be used for clinical applications.

Vi
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SRTTRISHT TIGT, T, THIR, FAHETC, HATLT 3 Teh1el o ATl § Haltd & | HaTT H, TehrTRAhT
faame & ary faeme, ek 3R SfaRer &1 gehrer &1 i & YR R AGT Tehellh
JTTCeheT ATl o 3ideld 3TdT £ 3fCehd STXWRARE dheiled ATT & JifAeh dllhl W
g FeIhdT / Tl YGld Hldl §; UHT deheilch IR-TAATRGRT TRI&T0T (TISIET) el
R &, 3od Reflegee 3R afahe I g & 3R F#al 3R geal & Ffeat 3R o
H wgae # AT G § adH F FS Hitewa saaiAfs Ame 3 -
foemererT aieTor deReliel, S ATEATT STTHRALT, Fllel STIHIALT, ABY FeIHgT, Bhor
TEIAUT cehelleh, @13 TROT SCIHLAL, Bloildfther STHTAC!, FFoldl Yool TR 3R
eordaic STIhAET 3fE 3uasy §1 AT 3R TS & AU Jiftedha saxmiAfes addid
TTEROT Het WRAAT & 9fd Hdeerelier §, Saie eaifde aRved & fhdr w1 wh
v fAf fr 3aTHhar gidl § S G, dRtd gHEr AR AHEA@E araraer # FEA
A H T&TH gl

Eofee STIHHATET T AT fIEATTA, HIATSHA, Blehel TS, e Feehich, HH et
e IR ATATH Sca1fe & A9 & foT foham 9 § | 58 Nfaw A, ghor Afer Sorele sexhiadey
o ool 1T TSI hT ST T ST & | $Eeh 3TeATaT, Gaehiar &1 & FeTd H FEA ot & araar=T AR
ATIHT RISl & AT & forv f3ioee grelianttve SeXuher I i I ATcl & |

NI og 3rearat & 3rAfardg frar srarg:

eIy | # Tere SRIAN 1 Teh Hiared IR=T Yerd HYr g iR M@ AT 3ik aper
AfEar Eoraie SeTHUHIT &7 faedd faawor [T o 3R e ore A2rel & g Faret el
g1 F6 A 30 MW H Jed A FF T FR@T 7 Jered Fr g
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mwv%ﬁmmmwmﬁmwmguﬁa:—wmwmﬁ
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Fig. 6.8(a) | Recorded image of USAF resolution test chart

Fig. 6.8(b) | Reconstructed wrapped phase image of USAF resolution test chart

Fig. 6.8(c) !_ine profile along line AB of USAF resolution test chart on unwrapped phase
image

Fig. 6.9(a) | Recorded image of polystyrene beads

Fig. 6.9(b) | 3D Unwrapped phase of polystyrene beads

Fig. 6.10(a) | 3D thickness map of polystyrene bead

Fig. 6.10(b) | Thickness profile along line AB of polystyrene bead

Fig. 6.11 3D unwrapped phase map and calculated thickness profile corresponding to
selected beads

Fig. 6.12(a) | Recorded image of RBC

Fig. 6.12(b) | 2D wrapped phase of RBC

Fig. 6.12(c) | 3D unwrapped phase of RBC

Fig. 6.13(a) | 2D unwrapped phase of selected portion of RBC

Fig. 6.13(b) | 3D unwrapped phase of selected portion of RBC
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Fig. 6.14(a) | 3D unwrapped phase of single RBC

Fig. 6.14(b) | Unwrapped phase profile along line AB

Fig. 6.15 3D unwrapped phase map and obtained diameter of RBC

Fig. 6.16(a) | 3D thickness map of RBC

Fig. 6.16(b) | Thickness profile of RBC

XXV




Table 2.1

Table 3.1

Table 4.1

Table 4.2

Table 5.1

LIST OF TABLES

Summary of the data extracted from the analysis of Talbot interferometric
fringe pattern for different displacement values

Butane diffusion flame parameter in magnetic field

Dimension of created candle flame used for experiments

Micro-diffusion flame flow characteristic in magnetic field

Width of micro flame under three different configurations of magnetic fields

XXVi



LIST OF SYMBOLS

a Grating pitch
A Wavelength of the laser light
Z7 Talbot distance
K Integer
p/q Fractional integer
AZ Distance of fractional Talbot image
Gl First grating
G2 Second grating
(x,y, z) | Cartesian co-ordinate
Uisefore | Amplitude distribution (Field) before first grating
K Propagation vector
i Imaginary unit (v/-1)
01 Transmittance of grating G1
m Grating G1 order
Cn Fourier expansion coefficient of m order grating
ug(x,y) | Two dimensional object transmittance function

XXVii




Uiaer | Amplitude distribution (Field) after first grating
Z; Distance between grating G1 and object plane
Uzsefore | Amplitude distribution (Field) before second grating
02 Transmittance of grating G2
n Grating G2 order
Cn Fourier expansion coefficient of n order grating
Z Distance between grating G2 and object plane
Uzater | Amplitude distribution (Field) after second grating
M Constant
C Constant phase distribution of wavefront representation
I Intensity distribution
usamer | COMplex conjugate of amplitude distribution (Field) after second grating
R Distance between grating G1 and point source
r, o Polar co-ordinates of grating G1 plane
r Radial location of any point on the grating
2A Diameter of the circular grating
Or Fourier exponential series expression for grating transmittance

XXViii




¢ Phase
D Distance between grating G1 and G2
r, ¢" | Polar co-ordinates of grating G2 plane
Jo Zero order Bessel function
&x Difference between grating G1 and G2 center
N Constant coefficient under Dirac Delta function
AX Displacement value
X Final position of point
Xi Initial position of point
I Integer (for the value of number of ring from grating center)
I’ Integer (for the value of number of ring from grating center)
(1+a) | Change in pitch along the y-axis after deflection
(1+p) | Change in pitch along the z-axis after deflection
m’ Fringe number
W Angle of deflection
Zy Distance between the object (burner) and second grating
Nm Refractive index of medium

XXiX




To Temperature at the reference condition

No Refractive index at the reference condition (air)
Pam | Atmospheric pressure
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a Lande’s g-factor
b Bohr magneton
k Boltzmann constant
Si Total electron spin
m; Molecular weight of species i
frax Maximum spatial frequency
Q Fringe spacing
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K¢ Volumetric susceptibility of flame
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