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ABSTRACT

Holographic optical elements (HOEs) like gratings, beam
splitters, mirrors, lenses etc. are emerging as viable
alternatives to conventional opticél elements in- many specific
applications since they are cheap, compact and light weight.
Large number of uses of HOEs as elements of ﬁead-up display,
fiber optical couplers, white light imaging systems,
interferometry, imaging system for speckle metrology and solar
concentrators etc. have been successfully demonstrated. Hologram
of a point source can be generated by interference of a plane
wave and a spherical wave and such a hologram can be regarded
as a 'holographic lens'(Hololens). Hologfaphic lenses offer many
interesting features such as light weight, thin film geometry,
multiplexing possibility and mass production through replication.
Hololens can be used to transform an optical wavefront in much
the same way as a conventional lens. In this thesis, the use of
hoiolenses in speckle metrology, phéto mechanics, and solar

concentration is investigated.

Chapter I provides brief introduction to holography,
holographic optical elements, speckle metrology and solar
concentrator for photovoltaic application. Chapter II considers

imaging pvoperties of two hololens imaging system =nd its use in



the measurement oOf in-plane translation and in-plane rotation
using speckle photographic technique. Chapter III presents the
investigations made on the use of two hololens imaging system to
study the in-plane displacements/deformations around the crack
tip in Aluminium beam specimens having central edge crack
subjected to three point bending. Various fracture parameters
like crack tip opening displacement(CTOD), stress intensity
factor(K), crack tip plastic zone size (r;) and rotational
factor (r) are obtained using the experimentally measured values
of crack mouth opening displacements (CMODs) aﬁd crack opening
displacements(CODS). By using properly designed hololenses, the
limitations on the sensitivity of measurement of double aperture
speckle interferometer (Duffy's arrangement) due to finite size
of the conventional lenses can be tackled effectively. The
details of. the experimental set-up and the results obtained are
presented in chapter IV. Ghapter V presents the investigations
made on the dependence of diffraction efficiency (7 ) of
holographic concentrators on the angle of illumination for
different values of hologram thickness and depth of refractive
index modulation at three different wavelengths ( A = 0.4880

pm, A = 0.5145 pm and A = 0.6328 yum).

The investigations presented in the thesis strongly support
the contention that the hololens imaging system can be designed
to perform better than conventional systems both for sbeckle

metiology and solar concentration.
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