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

thesis. 

Chapter II 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 III 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 IV 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. 
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साय 

प्रकाशिकी ऩीढ़ी, प्रवधधन, प्रसाय, स्वागत, संिोधन औय प्रकाि के भॉड्मूरेिन स ेसंफंधधत है। संऺेऩ भें, प्रकाशिकी 

ववऻान के साथ ववऻान, प्रौद्मोधगकी औय इंजीननमरयगं है। प्रकाि की गुणों के आधाय ऩय भाऩन तकनीक 

ऑप्टिकर भेट्रोरॉजी के अतंगधत आती है। ऑप्टिकर इंियपेयोभेट्रट्रक तकनीक भाऩ के मांत्रिक तय़ीकों ऩय 

फेहतय सि़ीकता / सि़ीकता प्रदान कयती है; ऐसी तकनीकें  गैय-ववनािकाय़ी ऩय़ीऺण (एनडीि़ी) प्रदान 

कयती हैं, उच्च रयजॉल्मूिन औय गनतिीर येंज होती है औय साभग्री औय घिकों भें िटु्रिमों औय दोषों 

की ऩहचान की अनुभनत देती है। वतधभान भें कई ऑप्टिकर इंियपेयोभेट्रट्रक भाऩन औय गैय-

ववनािकाय़ी ऩय़ीऺण तकनीकों, जैसे िास्िीम इंियपेयभेट्ऱी, कतयन इंियपेयभेट्ऱी, भोइये इंियपेयेट्ऱी, फ्रंज 

प्रऺेऩण तकनीक, रॉउ चयण इंियपेयभेट्ऱी, होरोग्रफ़्िक इंियपेयभेट्ऱी, स््रेर ऩैिनध इंियपेयभेट्ऱी औय 

िैरफोि इंियपेयभेट्ऱी आट्रद उऩरब्ध हैं। भाऩ औय एनडीि़ी के शरए ऑप्टिकर इंियपेयोभेट्रट्रक तकनीक 

ऩमाधवयण संफंधी ऩयेिाननमों के प्रनत संवेदनिीर हैं, जफफ्क औद्मोधगक ऩरयप्रेक्ष्म स े फ्कसी को एक 

ऐसी ववधध की आवश्मकता होती है जो सि़ीक, रागत प्रबावी औय औद्मोधगक वातावयण भें काभ 

कयन ेभें सऺभ हो। 

िैरफोि इंियपेयोभीिय का उऩमोग ववस्थाऩन, कोराइभन, पोकर रम्फाई, अऩवतधक सूचकांक, कभ आवपृ्तत 

कंऩन औय ताऩभान इतमाट्रद के भाऩ के शरए फ्कमा गमा है। इस थीशसस भें, सकुध रय गे्रट्रिगं िैरफोि इंियपेयोभीिय 

के तीन नए अनुप्रमोगों की जांच की जाती है। इसके अरावा, चुफंकीम ऺेि के प्रबाव भें सूक्ष्भ रौ के ताऩभान औय 

ताऩभान प्रोपाइर के भाऩ के शरए डडप्जिर होरोग्राफ्पक इंियपेयेट्ऱी की जांच की जाती है। 

थीशसस छह अध्मामों भें आमोप्जत फ्कमा जाता है: 

अध्माम I भैं िैरफोि इंियपेयोभीिय का एक संक्षऺटत ऩरयचम प्रदान कयता हंू औय यैखिक गे्रट्रिगं औय सकुध रय 

गे्रट्रिगं िैरफोि इंियपेयोभीिय का ववस्ततृ वववयण ववभान रहय औय गोराकाय रहय योिनी के तहत प्रदान कयता 

हंू। मह अध्माम इस थीशसस भें प्रस्तुत िोध कामध की रूऩयेिा बी प्रदान कयता है। 
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अध्माम II सकुध रय गे्रट्रिगं िैरफोि इंियपेयोभीिय का उऩमोग कयके इन-टरेन ववस्थाऩन भाऩ की जांच प्रस्तुत 

कयता है। ग्राउट्रिगं सेंिय स ेफ्रंग प्स्थनत की शिफ्ि का भाऩ इन-टरेन ववस्थाऩन को भाऩन ेके शरए फ्कमा जाता 

है। इस ववधध को इन-टरेन ववस्थाऩन के भाऩ के वैकप्ल्ऩक तय़ीके के रूऩ भें उऩमोग फ्कमा जा सकता है। 

अध्माम III ऩरयऩि ग्राउट्रिगं िैरफोि इंियपेयोभीिय का उऩमोग कयके ब्मूिेन प्रसाय आग, प्रीशभस्ड रौ औय 

आंशिक रूऩ स ेप्रीशभस्ड रौ (50% हवा के साथ) के ताऩभान औय ताऩभान प्रो़िाइर ऩय चुफंकीम ऺेि के प्रबाव की 

प्रमोगातभक जांच देता है। मह जांच दहन प्रफ्िमा भें सुधाय औय दहन दऺता भें ववृि के शरए उऩमोगी है। 

अध्माम IV ऩरयऩि ग्राउट्रिगं िैरफोि इंियपेयोभीिय का उऩमोग कयके चुफंकीम ऺेि के प्रबाव भें ववक-प्स्थय़ीकृत 

भाइिो-प्रसाय फ़्मूभ के ताऩभान औय ताऩभान प्रो़िाइर के भाऩ को प्रस्तुत कयता है। इस अध्माम भें चयण 

जानकाय़ी ट्रहल्फिध ट्रांसपॉभध द्वाया एक इंियपेयोग्राभ स ेऩूयण् ़िील्ड डिेा प्राटत कयन ेके शरए ननकारा जाता है। 

अध्माम V डडप्जिर होरोग्रफ़्िक इंियपेयभेट्ऱी का उऩमोग कयत े हुए ववक-प्स्थय़ीकृत भाइिो प्रसाय फ़्रेभ भें 

ताऩभान औय ताऩभान भें उताय-चढाव के भाऩ के शरए एक ववधध स ेसंफंधधत है। डडप्जिर होरोग्रापी आदिध रूऩ 

स ेसूक्ष्भ आग का अध्ममन कयन ेके शरए उऩमु्त है। 

अध्माम VI न े यैखिक सभानांतय तायों का सभहू का उऩमोग कय जैववक नभून े (टमाज एवऩडशभधस सेर, रार 

य्त कोशिका) के सेर स्तय इभेप्जंग के शरए िैरफोि प्रबाव / स्वम ंइभेप्जंग प्रबाव का वणधन फ्कमा। प्रामोधगक 

ऩरयणाभों स ेऩता चरता है फ्क इस प्रकाय की प्रणाऱी का उऩमोग नैदाननक अनुप्रमोगों के शरए फ्कमा जा सकता 

है। 
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Temperature distribution of diffusion flame of butane torch burner in the upward-

decreasing magnetic field 

Fig. 3.7(a) 
Refractive index difference of diffusion flame of butane torch burner in the 

upward-increasing magnetic field 

Fig. 3.7(b) 
Temperature distribution of diffusion flame of butane torch burner in the upward-

increasing magnetic field 

Fig. 3.8(a) 
Photograph and recorded interferogram of partially premixed flame of butane torch 

burner in absence of magnetic field 

Fig. 3.8(b) 
Photograph and recorded interferogram of partially premixed flame of butane torch 

burner in uniform magnetic field 

Fig. 3.8(c) 
Photograph and recorded interferogram of partially premixed flame of butane torch 

burner in upward-decreasing magnetic field 

Fig. 3.8(d) 
Photograph and recorded interferogram of partially premixed flame of butane torch 

burner in upward-increasing magnetic field 

Fig. 3.9(a) 
Refractive index difference of partially premixed flame of butane torch burner in 

the absence of magnetic field 
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Fig. 3.9(b) 
Temperature distribution of partially premixed flame of butane torch burner in the 
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Fig. 3.10(a) 
Refractive index difference of partially premixed flame of butane torch burner in 
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Fig. 3.10(b) 
Temperature distribution of partially premixed flame of butane torch burner in the 

uniform magnetic field 

Fig. 3.11(a) 
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Fig. 3.11(b) 
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Fig. 3.12(a) 
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Fig. 3.12(b) 
Temperature distribution of partially premixed flame of butane torch burner in the 
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Fig. 3.13(a) 
Photograph and recorded interferogram of premixed flame of butane torch burner 

in absence of magnetic field 

Fig. 3.13(b) 
Photograph and recorded interferogram of premixed flame of butane torch burner 
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Fig. 3.13(c) 
Photograph and recorded interferogram of premixed flame of butane torch burner 
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Fig. 3.13(d) 
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Fig. 3.14(a) 
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Fig. 3.14(b) 
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Fig. 3.15(a) 
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Fig. 3.15(b) 
Temperature distribution of premixed flame of butane torch burner in the uniform 

magnetic field 

Fig. 3.16(a) 
Refractive index difference of premixed flame of butane torch burner in the 
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Fig. 3.16(b) 
Temperature distribution of premixed flame of butane torch burner in the upward-

decreasing magnetic field 

Fig. 3.17(a) 
Refractive index difference of premixed flame of butane torch burner in the 
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Fig. 3.17(b) 
Temperature distribution of premixed flame of butane torch burner in the upward-
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Fig. 3.18 Radial distribution of mole fraction of oxygen 

Fig 4.1 Schematic of micro diffusion flame 

Fig. 4.2(a) Photograph of micro-flame created by mixture of C2H4 and air  

Fig. 4.2(b) Schematic of micro-flame created by mixture of C2H4 and air  

Fig. 4.3 Photograph of the micro-diffusion candle flame 
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Fig. 4.5 

 

Schematic of experimental set-up of circular grating Talbot interferometer for the 

measurement of temperature of micro-diffusion flame 
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Fig. 4.6 
Photograph of experimental set-up of circular grating Talbot interferometer for the 

measurement of temperature of micro-diffusion flame 

Fig. 4.7(a) Recorded Interferogram of micro-diffusion flame in absence of magnetic field  

Fig. 4.7(b) Recorded Interferogram of micro-diffusion flame in uniform magnetic field  

Fig. 4.7(c) 
Recorded Interferogram of micro-diffusion flame in upward-decreasing magnetic 

field  

Fig. 4.7(d) 
Recorded Interferogram of micro-diffusion flame in upward-increasing magnetic 

field 

Fig. 4.8 Flow chart of calculation 
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Fig. 4.9(b) Wrapped phase of recorded interferogram in the absence of magnetic field 

Fig. 4.10(a) Three-dimensional unwrapped phase along line AB in the absence of magnetic field 

Fig. 4.10(b) Two-dimensional unwrapped phase along line AB in the absence of magnetic field 

Fig. 4.11(a) Refractive index distribution along line AB in the absence of magnetic field 

Fig. 4.11(b) Temperature distribution profile along line AB in the absence of magnetic field 

Fig. 4.12(a) Temperature distribution profile along line AB in uniform magnetic field  

Fig. 4.12(b) Temperature distribution profile along line AB in upward-decreasing magnetic field  

Fig. 4.12(c) Temperature distribution profile along line AB in upward-increasing magnetic field 
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Fig. 5.1 Schematic of off axis digital holographic set-up for recording a hologram 

Fig. 5.2 Process for the reconstruction of digital hologram 

Fig. 5.3: 
Schematic of Co-ordinate system used for recording and reconstruction of digital 

hologram 

Fig. 5.4 Schematic of axi-symmetric temperature field of micro flame 

Fig. 5.5(a) 
Schematic of experimental set-up for the measurement of temperature distribution 

of wick stabilized micro diffusion flame created from candle 

Fig. 5.5(b) 
Photograph of experimental set-up for the measurement of temperature distribution 

of wick stabilized micro diffusion flame created from candle 

Fig. 5.6 

Schematic of various combinations of magnetic field and wrapped phase difference 

maps of air in absence and presence of micro flame under the three different 

configuration of magnetic field 

Fig. 5.7(a) 
Wrapped phase difference map of micro flame in the absence of uniform magnetic 

field  

Fig. 5.7(b) 
2D unwrapped phase difference map of micro flame corresponding to Fig (a) in the 

absence of uniform magnetic field 

Fig. 5.7(c) 3D unwrapped phase difference map in the absence of uniform magnetic field 

Fig. 5.7(d) 
Unwrapped phase difference profile along line AB as marked in Fig. 5(a), in the 

absence of uniform magnetic field 

Fig. 5.7(e) 
Refractive index difference profile along line AB in the absence of uniform 

magnetic field 

Fig. 5.7(f) Temperature profile along line AB  in the absence of uniform magnetic field 
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Fig. 5.8(a) 
Wrapped phase difference maps of micro flame in the presence of uniform 

magnetic field  

Fig. 5.8(b) Temperature profile along the line AB in the presence of uniform magnetic field 

Fig. 5.9(a) Wrapped phase difference map of micro flame in the absence of magnetic field  

Fig. 5.9(b) Wrapped phase difference map of micro flame in the presence of upward 

decreasing magnetic field 

Fig. 5.9(c) 
Temperature profile along line AB corresponding to fig 5.9(a) in the absence of 

magnetic field 

Fig. 5.9(d) 
Temperature profile along line AB corresponding to fig 5.9(b) in the presence of 

upward decreasing magnetic field 

Fig. 5.10(a) Wrapped phase difference map of micro flame in the absence of magnetic field  

Fig. 5.10(b) 
Wrapped phase difference map of micro flame in the presence of upward 

increasing magnetic field 

Fig. 5.10(c) Temperature profile along line AB in the absence of magnetic field 

Fig. 5.10(d) 
Temperature profile along line AB in the presence of upward increasing magnetic 

field 

Fig. 5.11(a) 
Reconstructed wrapped phase difference of micro flame and ambient air for the 12 

recorded holograms at the interval of 1 minute   

Fig. 5.11(b) 
Temperature profile for the 12 recorded holograms of micro flame along line AB 

corresponding to wrapped phase difference maps as shown in Fig 5.11(a) 

Fig. 5.11(c) 
Variation in maximum temperature (K) of micro flame at Point A versus time 

(Minutes) corresponding to temperature profile as shown in Fig 5.11(b) 
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Fig. 5.12(a) Photograph of normal diffusion flame  

Fig. 5.12(b) Wrapped phase difference map of normal diffusion flame  

Fig. 5.12(c) 
 Temperature profile of normal diffusion flame along line AB as marked on Fig. 

5.12(b) 

Fig. 5.12(d) Photograph of micro diffusion flame  
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Fig. 5.12(f) Temperature profile of micro flame along line AB as marked on Fig. 5.12(e) 

Fig. 6.1(a) Schematic of experimental set-up for onion epidermis cell imaging 

Fig. 6.1(b) Photograph of experimental set-up for onion epidermis cell imaging 
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Fig. 6.2(b) Reconstructed intensity image of USAF resolution test chart  

Fig. 6.2(c) Line profile along line AB of USAF resolution test chart  

Fig. 6.3(a) Onion epidermis cell imaging slide preparation 

Fig. 6.3(b) Recorded image of onion epidermis cell 

Fig. 6.4 Flow chart of phase calculation 

Fig. 6.5(a) Two-dimensional amplitude image of onion epidermis cell  

Fig. 6.5(b) Three-dimensional amplitude image of onion epidermis cell  
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Fig. 6.6 Three-dimensional phase profile of onion epidermis cell  

Fig. 6.7(a) Schematic of experimental set-up for red blood cell imaging 

Fig. 6.7(b) Photograph of experimental set-up for red blood cell imaging 

Fig. 6.8(a) Recorded image of USAF resolution test chart  
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Fig. 6.11 
3D unwrapped phase map and calculated thickness profile corresponding to 

selected beads 
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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  
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