INVESTIGATIONS ON LONGITUDINAL
SPATIAL COHERENCE OF
ELECTROMAGNETIC OPTICAL FIELDS

GAYTRI ARYA

DEPARTMENT OF PHYSICS

INDIAN INSTITUTE OF TECHNOLOGY DELHI

MAY 2024



©Indian Institute of Technology Delhi (IITD), New Delhi, 2024



INVESTIGATIONS ON LONGITUDINAL
SPATIAL COHERENCE OF
ELECTROMAGNETIC OPTICAL FIELDS

by
GAYTRI ARYA
Department of Physics

Submitted

in partial fulfillment of the requirements of the degree of Doctor of Philosophy

to the

INDIAN INSTITUTE OF TECHNOLOGY
DELHI

MAY 2024



Dedicated to My Parents and Teachers



Certificate

This is to certify that the thesis entitled “ Investigations on Longitudinal Spa-
tial Coherence of Electromagnetic Optical Fields ”, submitted by Gaytri
Arya to the Indian Institute of Technology Delhi, for the award of the degree of
Doctor of Philosophy in Physics, is a record of the original, bonafide research
work carried out by her under my supervision and guidance. The thesis has reached
the standards fulfilling the requirements of the regulations related to the award of

the degree.

The results contained in this thesis have not been submitted in part or in full to any
other University or Institute for the award of any degree or diploma to the best of

our knowledge.

Prof. Bhaskar Kanseri
Thesis Supervisor
Department of Physics,
Indian Institute of Technology Delhi.



Acknowledgements

First, I am thankful to my thesis supervisor Prof. Bhaskar Kanseri for showing faith
and giving me this opportunity of doing research under his supervision. He taught
me experimental skills and the discussion of the research papers, which played a ma-
jor role in building interest and understanding of the subject. Under his guidance,
I have learned the art of presentation and flourished in my research aptitude.

I am grateful for the constructive suggestions and discussions with my student re-
search committee (SRC) members Prof. D. S. Mehta, Prof. P. Senthilkumaran, and
Prof. S. K. Dubey. I sincerely appreciate the financial support provided by the
institute for my research activities and travel grants.

I thank my senior colleagues Dr. Sethuraj, Gyaprasad and Dr. Rajneesh for helping
me initially with optical components and theoretical concepts. I would like to thank
Hemant for engaging in thorough discussions and conducting experiments, which
greatly enhanced our comprehension of the subject. My colleague Preeti, who is
more like a younger sibling, has worked like a pump of motivation, laughter and
love. She has been with me throughout this roller-coaster ride, and I am grateful
to have her constant support and valuable advice. My lab members Nishant, Man-
isha, Sakshi, Akriti, Sangeeta and Sohan always showed great support and affection
during this PhD tenure. I had a great time with Dr. Stuti, Rohit, and badminton
champs Tania and Anashwra. I had an amazing and insightful experience during
my brief time with Dr. Rajeev. The celebrations with Shivani and Khushboo are
memorable. I am grateful to Manish for the laughter and knowledge we shared on
this journey. Spending long hours studying with Shraddha, going on an amazing
trip, and engaging in fun activities really helped me get through some tough times.
Asha, my school friend, may not have fully grasped the complexities of pursuing a
PhD, but she has always supported me and helped me through challenging times.
Awantika is a great source of love and smiles, with whom the bond of understanding
is quite fast. I am thankful to Sooryansh for all the serious and fun conversations.
[ am grateful to have Rajni as my companion during this lengthy PhD journey to
ensure the utmost convenience. She understands my emotions without saying, and
I am grateful for her patience, support and affection. I appreciate the cooperation
and patience of my fiance Amit during thesis writing and am thankful to him for

motivating me towards my goals. The level of understanding and support from my

ii



amazing brother Anmol in every thick and thin is unmatched. At last, I want to
express my gratitude to my loving Parents, who get worried and happy even more

than me at every stage of this PhD journey.



Abstract

This thesis examines the longitudinal spatial coherence (LSC) for electromagnetic
(EM) fields, including higher-order correlations. The investigation of the vectorial
aspect of the EM field for LSC begins with two-point quantities called electromag-
netic degree of coherence (EMDOC) and degree of cross-polarization (DOCP). The-
oretical and experimental results for monochromatic fields infer the role of LSC in
the intensity modulations. The generalized EM interference law is derived, which
delineates the role of LSC on the modulations in Stokes parameters for the interfer-
ence of the fields from two extended sources. We analyze the degree of polarization
(DOP) using Stokes parameters for various amplitude and polarization distributions
on the source plane. Our experimental findings on DOP align with the theoretical
predictions. Further, longitudinal coherence consists of temporal coherence and
LSC, employed to manipulate the Stokes scintillations. By utilizing the angular
diversity principle of LSC, the variation of Stokes scintillations resulting from tem-
poral coherence can be adjusted within a smaller range of longitudinal shifts. The
theoretical and experimental analysis of the Hong-Ou-Mandel (HOM) interference
between two LSC beams shows a significant increase in the second-order correlation
with an increase in the difference of angular widths. An interesting aspect of uti-
lizing LSC beams in the HOM setup is the dependence of second-order correlations
on the individual angular width of an LSC beam in one arm of the interferometer.
The theoretical foundation of LSC beams assumed the field to be spatially incoher-
ent, but the physical realization of the sources tends to be partial spatial coherence.
Therefore, the LSC is investigated for partially coherent sources. The influence of
transverse spatial coherence of the source and the propagation of the fields resulted
in the degradation of LSC. This demands optimized parameters for efficient imaging
systems based on LSC. The study of LSC in different directions made in the thesis
is expected to contribute to understanding LSC and its efficient implementation in
a wide variety of areas, such as optical coherence tomography (OCT), holography,

ghost imaging etc.
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