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ABSTRACT

Optical interferometric techniques are widely used for scientific and industrial
measurements. These techniques have become more powerful after the development of laser
and holography. Holography added new dimension to the interferometry and made it a more
powerful and useful tool for its applications in industries. Developments in electronic
imaging devices and high speed computers have provided more flexibility in recording and
reconstruction of holograms in comparison of recording on high resolution recording
material for measurement purpose. Recording of holograms by digital imaging devices and
reconstruction by numerical methods is termed as digital holography (DH). This has made
possible the quantitative measurement of amplitude and phase of an object wavefront from a
single recorded digital hologram. By using digital holography interference phase between
two states of object wavefronts can be directly calculated from two digital holograms by
subtracting the numerically evaluated phases in two different states of the object without
using phase shifting interferometry. Thus, digital holographic interferometry (DHI) avoids
extra efforts to calculate the interference phase. This provides the flexibility in the

measurement and makes the process of measurement faster, robust and almost real time.

The thesis is organized in six chapters.

Chapter I provide the brief introduction of conventional holography and digital holography.
This chapter provides the detailed description of digital hologram recording process and
different techniques for numerical reconstruction of holograms and its application in
metrology. This chapter also provides the brief outlines of the research work presented in this

thesis.



Chapter II describes the measurement of natural local convective heat transfer coefficient (hc)
along the surface of electrically heated tungsten wires of different diameters and different
heating conditions of wire placed in vertical position using lensless Fourier transform digital

holographic interferometry (LLFTDHI).

Chapter III presents the investigations about the heat dissipation process of plate fin heat sink
using LLFTDHI under different heating conditions and the effect of fin spacing on the heat
dissipation performance of heat sink is also investigated. These investigations may help to

make proper choice of heat sink in electronic circuit.

Chapter IV describes a method for contouring of diffused objects using digital holographic
moiré¢ interferometry (DHMI) in lensless Fourier transform configuration. Fringe projection
moiré technique combined with digital double-exposure holography produces the contours in

this method. This method may find important application for shape measurement.

Chapter V deals with a method for the testing (lens height profile, sag height and radius of
curvature) of refractive micro-lens using Mach-Zehnder based digital holographic
interferometric microscope (DHIM). Height profile of micro-lenses measured by DHIM is
compared with Coherence Correlation Interferometer (CCI) from Taylor Hobson Ltd. UK
with axial resolution 0.1 A°. Root mean square deviation between the measurement done by

DHIM and CClI is 0.12%.

In Chapter VI holo-shear lens made on dichromated gelatin (DCG) is used as a lateral shear
interferometer for the measurement of temperature profile inside the candle flame. Results

are encouraging.
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