
Nonlinear microscopy and
biomedical optics were among
the topics of a series of lectures
given in India last year by
OSA Fellow Barry R. Masters.
The trip was funded in 
part by a $2,000 grant 
from the United States
Advisory Committee to the
International Commission 
for Optics (USAC-ICO).
USAC-ICO is supported 
by OSA, SPIE and the
IEEE/Lasers and Electro-
Optics Society.

India is an enormous, complex country
which is home to 17 major languages,

844 dialects and a number of the world’s
great religions. It boasts a remarkable
history in science, technology and
mathematics, a highlight of which is 
C. V. Raman’s Nobel prize winning 
work in physics.

In this vast, heterogeneous country,
science and technology programs are
funded by central and state governments,
as well as private industry. Research 
is conducted in academic institutions
that include the seven Indian Institutes of
Technology (IIT, see map). An important
role in optics research is played by shared
national instrumentation centers such 
as the National Center for Confocal
Scanning Fluorescence Microscopy at
the Center for Cellular and Molecular
Biology in Hyderabad (CCMB).

My hosts at the Indian Institute of
Technology, Delhi (IITD) were the direc-
tor, Rajpal S. Sirohi, and professor Kehar
Singh of the department of physics.
Established in 1963, IITD counts well
over 4,000 students. Singh oversees 
graduate students working in nonlinear
photorefractive crystals, optical correla-
tors, optical encryption based on phase
images and optical data storage. IIT-
Delhi offers degree programs in physics,
applied optics, optoelectronics, optical

communications and solid-
state materials. There are
research groups active in
optical pattern recognition,
imaging, image processing,
holography, biomedicine,
spectroscopy, fiber optics,
scattering and nonlinear
optics.

My seminars on nonlin-
ear microscopy and biomed-
ical optics were sponsored by
the Physics Society and by
OSA’s Delhi section. I found
the graduate students in
optics with whom I had the

opportunity to interact—many among
them women—to be well-trained, highly
motivated, hard-working (seven days a
week in the lab), and good communica-
tors who were knowledgeable about their
research areas.

The J. C. Bose Institute in Calcutta,
another of the centers of optics I visited,
was founded in 1917 by J. C. Bose, who 
is considered the father of modern scien-
tific research in India. He patented the
first semiconductor device: a galena 
crystal detector for radio waves. Bose is
credited with the invention, in 1899, of
wireless radio. In 1984, he began experi-
mental studies on the polarization prop-
erties of microwaves.

Today, the J. C. Bose Institute has
active programs in chemistry, the biologi-
cal sciences and biophysics [nuclear mag-
netic resonance (NMR), crystallography
and structural biology]. During my visit,
Dibakar Sen, who is in charge of the Bose
Museum, demonstrated the original
microwave generator and detector built
by Bose.

At IIT-Bombay, the head of the
physics department, professor S. S. Major,
demonstrated a homemade mode-locked
Ti:sapphire laser that generated femtosec-
ond pulses for nonlinear optics investiga-
tions. Professor Gargi Vishnoi introduced
me to her graduate students in the field
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(Left to right) Professor Kehar Singh, profes-
sor Barry Masters and professor Rajpal S.
Sirohi, the director of IIT Delhi.

Optics Centers Visited by the Author
1. Indian Institute of Technology, Delhi
2. J. C. Bose Institute, Calcutta 
3. Indian Institute of Technology, Kharagpur
4. Indian Institute of Technology, Bombay 
5. Center for Cell and Molecular Biology,

National Center for Confocal Scanning 
Fluorescence Microscopy and the L. V. 
Prasad Eye Institute

6. Raman Research Institute, Indian Institute 
of Science, National Center for 
Biological Sciences

7. Indian Institute of Technology, Madras
The Vision Research Foundation, 
Sankara Nethralaya
The Elite School of Optometry
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of fiber optic sensors. At the Tata Institute
of Fundamental Research (TIFR), in
Mumbai, Arnab Bhattacharya of the
solid-state electronics group illustrated
experimental techniques for producing
and characterizing photonic devices and
optical fibers.

In Hyderabad, I visited professor 
Lalji Singh, director of CCMB, which
functions as a national center for state-
of-the-art instrumentation for cell and
molecular biology. The National Center
for Confocal Scanning Fluorescence
Microscopy (which is housed at CCMB)
offers researchers several types of confo-
cal microscopes to study cells and tissues.

The Raman Research Institute in
Bangalore supports research laboratories
in optics, astronomy and astrophysics,
liquid crystals, theoretical physics and 
electronic instrumentation. Professor 
Hema Ramachandran directs the optics
research group, which is working on top-
ics such as laser cooling and the trapping
of atoms, nonlinear and ultrafast pro-
cesses, imaging through turbid media,
light-scattering in random media and 
quantum computing. The Indian
Academy of Sciences, founded by 
Raman, is located on campus.

At the Indian Institute of Science
(IIS), I met with professor R. M. Vasu,
chair of the department of instrumenta-
tion, and discussed nonlinear optical
research projects with graduate students
in their laboratories.

Later, I visited the National Center 
for Biological Sciences in Bangalore. The
core facility equipment includes a new
multiphoton excitation microscope
with a laser pulse picker. Professor G. V.
Shivashankar heads a group of graduate
students investigating the single-
molecule biophysics of gene regulation.
They use optical tweezers in combination
with atomic force microscopy to study
the interactions of DNA and proteins in
the picoNewton range.

Next, it was on to Chennai to visit IIT-
Madras, where professor Prem B. Bisht of
the physics department heads a group of

graduate students engaged in nonlinear
optics investigations on topics that
include multiphoton events, fluorescence
upconversion, ultrafast optics and spec-
troscopy. The graduate students offered
me a rare opportunity to visit the ancient
Hindu temples in Mamallapuram and
Kanchipuram.

During my trip, I stopped at three
research foundations that conduct basic
and clinical research in eye disease: the
L.V. Prasad Eye Institute, Hyderabad; the
All India Institute of Medical Sciences,
Delhi; and the Vision Research
Foundation, Sankara Nethralaya,
in Chennai.

All operate modern optical instru-
mentation for diagnostics, treatment and
research in cell and molecular biology.

The equipment on hand can be used to
perform optical coherence tomography
of the retina, confocal microscopy of the
cornea, corneal topography and photore-
fractive surgery. Professor S. Srinivasan,
principal of the Elite School of Opto-
metry in Chennai, showed me the optics
instruction laboratories, where I spoke
with students about confocal microscopy
of the eye.

My visit to India has led to a number
of potential collaborations. One would
involve development of new equipment
for use in rural India. Another would
involve work in the area of corneal
grafts.

I strongly encourage others in the
optics community to find out more
about the travel grant programs funded
by OSA and its partners, including
USAC-ICO. For more information,
visit: www.usac-ico.org.

Barry R. Masters (brmail2001@yahoo.com), a Fellow
of OSA and SPIE, is a consultant in Arlington, Va.
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J. C. Bose, considered the father of modern scientific
research in India, patented the first semiconductor
device: a galena crystal detector for radio waves.
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