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Research Summary
My research lies broadly in nonlinear dynamics, bifurcation theory, and spectral analysis of discrete-
time dynamical systems. During my doctoral studies, I developed spectral bifurcation diagrams
(SBDs), a frequency-domain diagnostic tool for identifying and distinguishing a wide range of
local and global bifurcations, intermittencies, and crises in both smooth and piecewise-smooth
systems. This study stands as a future library for the spectral theory of bifurcations. As a secondary
outcome of this study, I also gained new insights into quasiperiodicity, torus doubling, Type I/II/III
intermittency, and crisis events.

In a separate study, I proposed an algorithm to distinguish quasiperiodicity from very high
periodicity, addressing a long-standing computational challenge.

Alongside computational studies, I extended SBD analysis to experiments using electronic circuits,
demonstrating the robustness of spectral signatures in physical systems.

Research Interests
Spectral bifurcation diagrams as a frequency-domain diagnostic of nonlinear phenomena;
Bifurcation theory, quasiperiodicity, intermittency, and crises in discrete maps;
Analog simulation of dynamical systems using electronic devices.

Education
2019–2025 Ph.D. in Physical Sciences, Indian Institute of Science Education and Research

(IISER) Kolkata
Thesis: Spectral signatures of bifurcations
Supervisor: Prof. Soumitro Banerjee
Thesis accepted: December 2025.

2014–2017 M.Sc. in Physics, Jadavpur University, 65%
Dissertation: Probing into some unusual events using Horizontal Visibility Graph
Supervisor: Prof. Mitali Mondal

2011–2014 B.Sc. in Physics, University of Calcutta, 58%
2011 ISC, Sri Aurobindo Institute of Education, 85%
2009 ICSE, Shree Ram Narayan Singh Memorial High School, 93%

Research Experience
2019–2025 Doctoral Researcher, IISER Kolkata

○ Developed spectral bifurcation diagrams as a complete diagnostic tool.

○ Created algorithms to distinguish quasiperiodicity vs. very high periodicity.

○ Conducted experimental studies using nonlinear electronic circuits.

○ Has strong alignment with nonlinear dynamics research pursued at PAMU
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2017–2019 Co-founder and freelance researcher, Delight Physics Lab, Kolkata
Designed undergrad experimental systems (electromagnetic, optical, electronic, etc.)
and taught experimental physics to University of Calcutta undergrads.

Publications
[1] Guha, D. & Banerjee, S.*, “Spectral signatures of bifurcations”, International

Journal of Bifurcation and Chaos, 34(11), 2024.

[2] Guha, D.*, Bairagi, R., Banerjee, S., “Novel methods to distinguish between
quasiperiodicity and high periodicity”, Nonlinear Dynamics, (accepted for publica-
tion, November 2025).

Manuscripts in preparation
[1] Guha, D., Maity, S., Banerjee, S., “An experimental extension of spectral bifurca-

tion diagrams using nonlinear electronic circuits”

[2] Guha, D., Banerjee, S., “Spectral signatures of intermittencies and crises”

Academic Talks and Posters
2025 Talk: Distinguishing quasiperiodicity from high periodicity, DPS Day, IISERK

2025 Poster: Novel methods to distinguish between quasiperiodicity and high periodicity,
15th Conference on Nonlinear Systems and Dynamics (CNSD), BDU Trichy

2024 Talk (invited): Spectral bifurcation diagrams, Nonlinear Dynamics Group, ISI K

2024 Poster, Spectral bifurcation diagrams, 7th International Conference on Dynamical
Systems and Applications (CDSA), ISI K

2024 Poster, Spectral bifurcation diagrams, DPS Days, IISERK

2023 Poster, Experimental study of torus-doubling using four mutually coupled Chua’s
circuits, DPS Days, IISERK

2022 Poster, Circuit implementation and development of a True Random Number
Generator, 14th Conference on Nonlinear Systems and Dynamics (CNSD), IISERP

Awards and Fellowships
2024 Best Poster Award, CDSA 2024.
2019 Institute Fellowship, IISER Kolkata.
2018 Qualified CSIR NET-LS.
2017 Best Presentation, Students’ talk competition, Jadavpur University.

Conferences Organized/Participated
2025 Organized, Recent developments in nonlinear dynamics, IISER K

2024 Organized, International Conference on Foundations of Quantum Mechanics
(QM100), IISER K

2021 Attended 13th Conference on Nonlinear Systems and Dynamics (CNSD) 2021
2020 Attended 1st Società Italiana Caos e Complessità (SICC) Talks on Complexity
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Teaching Experience
2025 Assistant Professor of Physics, Swami Vivekananda University, (contractual)
2025 Educator, Vigyan Pratibha Project (HBCSE), IISER Kolkata

2020–2025 Teaching Assistant, IISER Kolkata
○ Research Methodology (Spring 2025, Spring 2020)

○ Electronics Experimental Laboratory (Spring 2022, Spring 2020)

2017–2020 Co-founder & Educator, Delight Physics Lab, Kolkata
Trained 400+ undergraduate students in experimental physics; developed curriculum-
aligned experimental modules.

Computational Skills
Programming MATLAB, LATEX (advanced); Python, C, FORTRAN (intermediate)

Analysis Fast Fourier Transform, bispectral analysis, spectral & regular bifurcation diagrams,
nonlinear time-series analysis, stability analysis

Visualization MATLAB graphics (advanced); TikZ, Inkscape (intermediate)
Tools Linux, Git, Overleaf, NI-Multisim-DAQ, Simulink

Experimental Skills
○ Circuit design for nonlinear systems; analog emulation of continuous dynamics

○ Acquisition of experimental bifurcation diagrams via Poincaré sections

○ Skilled with CRO, DSO, multimeter, function generator

○ Experience with NI-DAQ systems

Outreach and Responsibilities
2025 Educator for Ek Pehal — an IISERK non-profit initiative for poverty-stricken

school-goers

2022–2025 Student Representative, Internal Complaints Committee, IISER Kolkata
2020–2022 Elected General Secretary, Students Affairs Council, IISER Kolkata

Other Achievements
Winner, Inter-IISER Drama Competition (IICM 2024, IISERK); Winner, Inter-
college Quiz (Sanskriti 2017, Jadavpur University); Winner, Inter-school Creative
Writing (SPICMACAY 2008, Kolkata).

References
1. Prof. Soumitro Banerjee

Professor Emeritus, IISER Kolkata
# soumitro@iiserkol.ac.in

2. Prof. Ananda Dasgupta
Professor, IISER Kolkata
# adg@iiserkol.ac.in
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