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Introduction:

X-ray absorption as the source of contrast and on ray optics
for image formation and this absorption contrast depends
upon the object thickness and its atomic number. This has
seriously limited applicability of X-ray imaging to
distinguishing between hard (high Z) and soft (low Z)
materials. Conventional absorption based imaging fails to
image soft materials like polymers, carbon- composites and
soft tissues, as X-ray absorption is very less for such
materials. Scientist have long been looking at widening the
scope of X-ray imaging to newer and more challenging area
of soft material and soft tissue and biological materials
imaging. Intensive research has also been continuing to use
X-ray as probe for imaging at molecular scale.

A paradigm shift in X-ray Imaging has taken place with
the advent of new X-ray sources such as synchrotron,
which have few unique properties not possessed by any
other X-ray source such as coherence, brilliance, high
degree of collimation, etc. Among these properties,
coherence is one of the most attractive properties which
has revolutionized the way X-ray imaging has been done
till now. It has brought unprecedented contrast and
resolution in imaging of soft materials, biological
specimens, medical samples, agriculture, geology and
substances of relevance to material science. It has been
possible to peer into nano materials and imaging at
molecular level using highly coherent beam from modern
day synchrotron. This article discuss what are the new
developments which have led to this change in X-ray
imaging capability and what is the role of synchrotron
source which has been reason for development of such an
specialized imaging beamline as at Indus-2 at RRCAT,
Indore.

A relook at the methodology of X-ray imaging reveals that
the approach of using absorption as sole mechanism of
contrast has ignored another potentially more useful
source of contrast namely elastic scattering part for image
formation. This can be understood mathematically by
looking at the formula for refractive index of X-ray when it
passes through a material.

The conventional approach of X-ray image formation has
remained essentially unchanged since Röntgen first
discovered X-rays over a hundred years ago. It relies on

In terms of the complex X-ray refractive index (n= 1--i)
this means that the emphasis for conventional X-ray
imaging has been on the imaginary component i
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(representing absorption) with little or no attention paid,
until quite recently, to the real component  (elastic
scattering term). It is with , that we are primarily
concerned when dealing with X-ray phase-contrast
imaging.
It is important to note that both terms decrease with
energy but  varies as 2 whereas  varies as 4 ( being the
X-ray wavelength), in the absence of any elemental
absorption edges. Hence, the effects of phase contrast
become progressively more dominant, relative to
absorption-contrast effects, at shorter X-ray wavelengths.
At typical mammography X-ray energies of 15–25 keV, the
phase-shift term can be up to 1000 times greater than the
absorption term. There is one more reason why we need to
study phase images. This is because the phase term is
dependent on atomic number (Z) of material whereas
attenuation term is dependent on higher powers of Z.
Thus in using phase retrieval tomography (which we will
discuss this later), we can recover a Z dependent phase
which can easily be correlated with electron density and
material properties1-2. (Shu-Ang Zhou et al 2008,
Stevenson et al 2003). This use of this phase term has
revolutionized X-ray imaging.
To illustrate this concept, we give two examples of phase
contrast imaging to show the edge enhancement. In the
first example a TRISO sample being developed for
advanced nuclear reactor concepts which consists of a 500
micron zirconia kernel coated with a thin layer of 10-80
micron layer of coating of pyrocarbon (a low density
material and thus coating of thickness of few tens of
micron has very little absorption) is given. Fig.2 shows
comparison between absorption and phase image. One
can clearly see coating layer in phase image.

The second example is image of a biological sample
showing soft body parts of a cockroach. Here, Phase
contrast is able to show even the inner structure of wings
of cockroach, which are very thin and could not have been
visualized using conventional technique of absorption
contrast. Images (a-d) show different organs with phase
imaging whereas image (e) shows absorption image for
comparison.

Fig. 3: Phase radiograph of a cockroach. Magnified parts showing
(b) antenna (c) head (d) wings (e) Absorption radiograph of
cockroach

X rays passing through regions of differing  pick up
different relative phases, which correspond to being
refracted and produce a distorted wave front. A variety of
X-ray techniques are employed to detect the phase
differences of a sample and form image, converting it into
an amplitude contrast in the image plane. All these
techniques have one primary requirement for such
conversion of phase contrast to amplitude contrast,that is
to have a coherent source of X-ray.
There are two types of coherence (a) spatial coherence
whereby all the X-ray wave appear to be coming from
same source and (b) The wave length of waves are same,
i.e. monochromatic. It is also called temporal coherence.
This has been possible due to advent of new X-ray sources
which can provide coherent X-ray source and thus
possibility to explore newer imaging modalities.
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These sources are (a) Synchrotron source from which both
spatial and temporal coherence requirement can be met
and (b) Microfocus or Nano-focus sources etc. which can
give limited coherence such as spatially coherent beam
but no temporal coherence. Phase images can be obtained
using both but it is better when the source is having both
temporal and spatial coherence though it can also be
obtained using only spatially coherent source such as
microfocus source with less contrast. With microfocus one
can study phase contrast imaging on lab-scale where
synchrotron requires a big facility such as Indus-2.

Techniques to obtain images from phase:
Though several methods have been developed to convert
phase information into image, there are three main
approaches of converting phase information to amplitude
contrast suited for synchrotron radiation (a) interference
(b) diffraction (c) in-line propagation based approach. A
schematic diagram of all three is shown in following
figure and explained one by one below.
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Fig. 5: Interference Based Phase Imaging

X-ray detector behind the analyzer crystal. This method
requires extreme precision with a very precise alignment
of the crystals and high degree of stability of experimental
setup. Another additional difficulty of this method is that
the Laue crystals filter most of the incoming radiation,
thus requiring a high beam intensity or very long
exposure times. Mathematically this approach is
dependent direction on phase shift .

Diffraction-enhanced Imaging:
X-ray radiation that emerges from a monochromator in
synchrotron imaging beamline is almost parallel. As the
X-rays traverse a sample placed between the
monochromator and the analyzer crystal, besides other
effects such as absorption and scattering, they are also
refracted through very small angles (micro radians) due to
the tiny variations in the refractive index. This deviation is
used by another set of crystal called analyzer crystal to
angular filter and to reflect only a small part of the beam
fulfilling the Bragg condition onto a detector.

Fig. 4: Schematic of three methods of forming phase image
(a) interference (b) Diffraction Enhanced (c) In line Phase contrast
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X-ray Interferometer Based Imaging
The incident beam, which usually is collimated and prefiltered by a monochromator (Bragg crystal), is split at the
first crystal into two coherent beams, a reference beam
which remains undisturbed and a beam passing through
the sample. The second crystal acts as a transmission
mirror and causes the beams to converge one towards
another. The two beams meet at the plane of the third
crystal, called, the analyzer crystal, and create an
interference pattern the form of which depends on the
optical path difference between the two beams caused by
the sample. This interference pattern is detected with an
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(angular filter, based on
Bragg diffraction angle)
Fig. 6: Diffraction Enhanced Imaging

Variations in the refraction of X-rays in the sample
produce contrast because the intensity of the beam that is
reflected by the analyzer crystal depends on the relative
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angle of the incident beam with respect to the Bragg angle.
Thus the contrast of the image is based on different
refraction angles in the sample. Mathematically,
diffraction phase contrast depends on gradient of phase
.
The dependency of the reflected intensity on the incident
angle is called a rocking curve.
By recording several images at different detuning angles,
meaning at different positions on the rocking curve, a data
set is gained which allows the retrieval of quantitative
differential phase information. There are several
algorithms to reconstruct information from the rocking
curves; some of them provide an additional signal. This
signal comes from ultra-small-angle scattering by subpixel sample structures and causes angular broadening of
the beam and hence a broadening of the shape of the
rocking curve. Based on this scattering contrast a new kind
of image called Dark-field image can be produced.
Tomographic imaging can be done by fixing the analyzer
at a specific angle and rotating the sample through 360°
while the projection data are acquired. Several sets of
projections are acquired from the same sample with
different detuning angles and then a tomographic image
can be reconstructed.

associated to different phase gradients. The interference
creates modulation in intensity, which is visible after
certain distance of propagation. This interference effect is
pronounced near discontinuity in wave front or near
edges of dissimilar phase objects. This leads to edge
enhancement and is called in line phase contrast. The
distance between sample and detector has to be away but
in near field (Fresnel region) in order to obtain phase
contrast image. Otherwise, if the detector is placed very
far away one gets a hologram and not image. This regime
corresponds to Fraunhofer or far-field diffraction.
The contrast in this technique is based on laplacian of  or

In line or propagation based (PB) Phasecontrast Imaging (PCI):
If X-ray from a point like source (which happens when
X-ray source is far away from sample), is made incident on
a sample and a detector is placed immediately behind the
sample, one will get a conventional absorption image. If
the source is highly coherent and the detector is placed
some distance away behind the sample, one will observe a
fringe pattern as different components of the beam,
having been diffracted by the sample, interfere with each
other on further propagation through space.

Fig. 7: Schematic of Inline or PB-PCI

Interference occurs between parts of the wave front that
have suffered slightly different angular deviations

Fig. 8: Image characteristics as the coherent wave propagates (near
field, Intermediate and Fraunhofer or far field )

2. The phase information can be extracted using phase
retrieval algorithm. These new techniques of X-ray
imaging have been implemented on several beamlines
around the world. In fact, some beamline have multiple
imaging beamlines catering to different applications.
Some beamlines are on bending magnet, some are on
wiggler and while a few are on undulator for very high
coherence. We have implemented a state of art imaging
beamline at RRCAT, Indore on Indus-2 synchrotron for
absorption and phase imaging including inline phase
contrast and diffraction enhanced imaging [3,4]. Some of
the features of this beamline, component and methods
used are discussed below [5,6] followed by some
experimental result.

Imaging Beam line at Indus-2 Synchrotron
source:
Fig 9 below shows schematic of different beamlines
installed on Indus-2. Imaging beamline is on bending
magnet beamline BL-4.
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Fig. 12: Photograph of imaging Beamline at Indus-2.

Special optical properties of imaging Beamline
Components:
Fig. 9: Beamlines of Indus-2 (BL-4 is Imaging Beam)

The imaging beamline will operate in the photon energy
range of 8-35 keV, and the beam size on the sample is
typically 100 mm (H) x 10 mm (V)
This beamline employs several imaging techniques like
micro-tomography, (ii) Phase Imaging, (iii) Diffractionenhanced imaging and (iv) Holotomogrpahy.

Beamline optics:
Fig 10-12 below gives an artist’s view, schematic layout
and photograph respectively of imaging beamline.

Fig. 10: Artist’s view of the imaging beamline.

Fig. 11: Schematic layout of the beamline.

Like all other beamlines, imaging beamline also uses input
Be window to separate accelerator vacuum from
beamline, exit Be window to separate beamline vacuum
from experimental station, inlet and exit slit, shutter.
There are however major differences in these components
for imaging beamline. The reason being that most other
beamlines of Indus-2 probe the sample through a focused
pencil beam. This requires smaller Be window, small slit,
use of focusing optics etc. However, the components used
for Imaging Beamline are have different and very special
characteristics compared to other beamlines of Indus-2.
First of all, the angular acceptance for imaging beamline is
between 5-6 radians compared to much small angular
opening used in other beamlines. This is because for
imaging one has to real samples and for that one has to
have large size optical component, which can
accommodate samples typically of size 120 to 150mm. Of
course, one would like to use even l larger size but nonuniformity, limitations on size of other optical component,
heat load, detector size and length of beamline
particularly for bending magnet etc. limit the objects to
120-150mm. As the modalities used for synchrotron
imaging ranges from absorption based to phase imaging,
the quality of uniformity and polishing of Be window is
very special so as not to pick up any additional phase due
to imperfection over Be window itself. The optical
polishing Silicon crystals also has to be also of extremely
high quality over whole length and breadth besides being
of large size so as to accommodate full angular width. In
imaging, scattering is a source of noise and synchrotron
radiation striking the side of slit is likely to create noise in
image. To avoid this, the slit of the imaging beamline is
equipped with anti scattering baffles to stop scattered
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beam entering back in the main beam. Also, this beamline
was designed to be applied for medical imaging besides
material science and other samples. In order not to
damage biological samples, a fast shutter was incoporated
in the beam path before sample stage to stop beam within
milli second. In addition, this beamline has a special
imaging modality called diffraction enhanced imaging.
This required an additional silicon crystal pair (same as
monochromator except that it is under air and not
vacuum) with micro radian rotation stage so as to form
diffraction image at varying position of Bragg edge.
This requires a special vibration free table on which the
diffraction imaging silicon crystal also called analyzer
crystal was placed with possibility to take the whole
assembly in and out of beam.
A brief description of some major beamline component
used in Imaging Beamline at Indus-2 is given below.

Major beamline componets:
The major components of the beamline are described
below:

Beryllium Filters:
It acts as a high pass energy filter allowing passage of all
the energies higher than 4 keV. It also acts as heat load
remover because lower energies of synchrotron radiation
carrying most of the heat load are absorbed here. The
beryllium window also separates the front end of the
beamline from the optical elements and isolates their
vacuum. Similar to this, at the end of the optics hutch, a
pair of beryllium windows is used separated by 25 mm to
allow separate monochromatic and white beam exit.

Slits:
A pair of entrance slits made of tungsten carbide blades is
used for shaping the white beam before falling on first
crystal of DCM and further reduces its heat load after Be
window. Apart from this, exit slits installed after DCM
having tungsten carbide blades are used for selecting
beam size of monochromatic or white beam as per the
experimental requirements. Both the slits allow
systematic opening of the beam aperture up to 140 mm (H)
and 60 mm (V) and can select beam size as small as 0.1 mm
both in horizontal and vertical direction.

Monochromator:
The beamline uses a double crystal monochromator
(DCM) with a pair of Si (111) crystals for selecting the
desired energy of monochromatic beam in the energy
range (8-35 keV). In order to implement diffraction
enhanced imaging, the monochromator chosen is as

double crystal monochromator (DCM) instead of
multilayer monochromator.
The desired energy of 8-35 keV is selected by rotating the
crystal, thereby varying the Bragg angle. A provision to
lower the first crystal is designed in the monochromator to
allow passage of the white beam.

Beam Diagnostics:
For beam diagnostics, thebeamline uses a blade beam
position monitor installed after first beryllium (Be)
window to measure beam position and stability. The
whole assembly is suitably shielded.

Experimental Station:
Experimental station of the imaging beamline consists of
components such as sample manipulators, detectors,
sample environments required for the implementation of
various advanced X-ray micro-imaging techniques
(absorption, phase sensitive such as in line phase contrast
and diffraction enhanced) as well as tomography based
on these techniques for both monochromatic and white
mode are provided in the same experimental station.

Detectors:
The beamline utilizes three different detectors namely
FIBER OPTIC COUPLED CCD (1:2 Fiber-optics plate,
coated with Gadox scintillator and high resolution CCD
(Pixels approx. 4K X 3K, pixel size 4.5 μm and field of view
18 mm x 12 mm), X-RAY MICROSCOPE (Two separate
modules of lens coupled X-ray imaging microscopes with
varying focusing lens optics are used for monochromatic
and white beam imaging respectively) and FLAT PANEL
DETECTOR (In order to image samples of larger
dimensions, a flat panel detector having imaging area
120mmx120mm with pixel size ~50 μm is used. The
detector can acquire 14-bit digital images with frame rate
up-to 9 frames/s.) for varied experimental requirements.
Besides these some HIGH FRAME RATE CCD also have
been incorporated for imaging of dynamic events.
These detectors offer wide range of options to achieve
attenuation, phase both inline and diffraction enhanced
imaging applications.

Sample and detector manipulation:
A five-axis sample manipulator system is used to position
and align the sample. It consists of one full circle rotation
stage and high precision translation stages to move the
sample perpendicular to beam propagation. Detectors can
also be moved in two-direction perpendicular to beam
propagation. It is mounted on a long linear stage of 1500
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mm travel range for varying sample to detector distance
required for in-line PCI.

Beam Analyzer:
In order to implement the DEI, the beamline utilizes a pair
of analyser Si(111) crystals (similar to DCM but in air) for
analyzing diffracted beam. The analyser is designed for
energies 8-35 keV with a Si(111) crystals with an offset of
25 mm upwards for avoiding white beam. It acts as a very
narrow angular slit, reflecting only the rays that make the
correct Bragg angle with the atomic planes of the crystal.

Fast shutter:
This has been especially incorporated to conduct imaging
on biological samples, which can be damaged if exposed
to longer irradiation. The fast shutter can be rotated at a
fast rate so as to allow exposure only for a milli second
time.

Phase Contrast Imaging and M i c r o tomography of TRISO fuel:
Fuel of compact high temperature reactors (CHTR), which
are being developed worldwide as well as in India, is in
the form of Tri Isocoated (TRISO) particle with thin
coatings (10-90 microns) of pyro carbon (low Z material),
silicon carbide on a seed of nuclear fuel as a kernel.
Characterizing such a fuel is a big challenge, as
conventional techniques do not work on such small
coating layers of low z materials. Microstructure of TRISO
coated fuel particles having layers of pyro-carbon, SiC
over zirconia core has been characterized to find their
layer thickness, and uniformity using propagation based
PCI using Imaging Beamline at Indus-2.

Modes of Beam Operation of the beamline:
Monochromatic beam mode:
Possible Experiments which can be carried out in this
mode of operation include (i) Propagation based phase
contrast and tomography, (ii) Analyser based Diffraction
Enhanced radiography and tomography, (iii) Absorption
based radiography and tomography, (iv) Laminography
and (v) Grating Interferometry.

White beam mode:
Possible Experiments which can be carried out in this
mode include (i) Real time experiments, (ii) Absorption
based radiography and tomography, (iii) Laminography,
(v) Study of materials under dynamic load conditions and
(vi) Combined fluorescence and absorption imaging and
(vii) White beam phase tomography on accelerated time
scale (reduced contrast)

Fig. 13: Phase Contrast Imaging and Micro-tomography.

Micro-tomography of raw Diamond with
defect
The raw diamond is translucent and to cut it for polishing
requires knowledge of its inner defect so that the cut
surface can avoid defect zone.

Some Experimental results:
Experiments have been conducted on a variety of samples
to demonstrate enhanced imaging features such as
improved collimation and coherence characteristics of
synchrotron imaging beamline. We present below a few
sample results on phase, absorption imaging, diffraction
enhanced imaging (both radiography and tomography)
using these techniques. These images have been obtained
at Indus-2 synchrotron [7,8]. Besides improved contrast
and resolution images in phase imaging due to coherence
of beam, even the conventional absorption contrast
images show a much-improved quality due to higher
collimation and tunable wavelength characteristics of
Indus-2 imaging beamline.

Fig. 14: Microtomography of raw diamond
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Micro-tomography of glassy carbon for
desalination application:
The glassy carbon is proposed to be used in purification of
contaminated water. The performance of this depends on
it porous structure. X-ray micro-CT provides highresolution 3D images for optimization of porous structure
thus performance of these desalination filters.

Polymer foams are the structural materials for packing
and shock absorption. Their performance also depends on
microstructure, which can be optimized after 3D
visualization and quantification of porous structure such
as cell size distribution.

Micro-tomography of Carbon Fiber materials
used in aircraft structure:
Carbon fibers and composites are being used extensively
in aerospace industry. There is a need to characterize it as
the strength of fibre depends upon it. Phase imaging and
microtomography with phase images are most suited for
such applications, as the conventional absorption
tomography will not show such characterization due to
low absorption.

Fig. 15: Micro-tomography of glassy carbon

Application of Imaging Beamline for Geomaterials:
Visualization of microstructure of volcanic rocks provides
information of their origin, time dependent
transformations and mineral phase compositions.
Sectional view

3D View

Fig. 18: Micro-tomography of Carbon Fiber

Phase Imaging & Tomography of a piece of
bone:
The following image shows medical application of
Beamline. Fig. 19 shown phase image, tomography slice
and 3D image of a piece of bone
Fig. 16: Microtomography of Volcanic rock

Cellular Microstructure of
Polymer foam

Cell size
distribution

Fig. 17: Micro-tomography of Polymer foam
Fig. 19: (a) Phase contrast projection image (b) μCT slice image
(c) 3D image of bone.
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Full field high-resolution image of Beehive.
FOV is 18mm x 10mm, resolution is 4.5 micron:
This object is larger thaxray beam and hence this is made
by stiching several images after shifting the object.

Fig. 20: Image of beehive - Object larger than beam size.

Diffraction enhanced image of rose petals:
This is an image obtained using diffraction enhaced
imaging at one particular angle of rose petal. The fine
structure becomes visible in DEI.

Fig. 21: DEI image of a rose Petal

Fig. 22: Proposed combination of imaging and fluorescence
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Future directions:
It is proposed to include contrast based fluorescence in the
X-ray imaging applications. An additional focusing
mirror is proposed to provide additional focused beam
also for fluorescence imaging. This will provide element
specific imaging. The schematic is shown below with
proposed mirror.
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Vigyan Pratibha is a novel initiative of the Government of
India, which responds to the nation's concerns about the
shortage of high quality science and technology (S & T)
specialists available in the country. The program takes a
long term view and focusses on talent in science and
mathematics among students. There have been several
programs in the country aimed at talent nurture, focusing
on identifying the “talented” students and giving them
financial support and opportunities for growth and
further education. However, it has been felt that there are
many sections of students, particularly from socioeconomically disadvantaged backgrounds, who are
unable to benefit significantly from these schemes.
Secondly, it has been constantly felt that a quality
education in science and mathematics requires enhancing
academic and pedagogical abilities of teachers.
Before discussing the Vigyan Pratibha model, let us look at
some of the barriers that affect nurture of science and
mathematics talent among students. Usually, students
who perform well on schools examinations or different
competitions are identified as talented students. These
assessments are not a unique marker of a student's ability
to innovate, perform, or contribute in a subject in future, as
there are many others who are equally capable but are not
able to engage with the subjects due to various reasons.
Even when there are opportunities of further learning,
such as extra-curricular activities, many students do not
participate inspite of being interested. The reasons may

include uncertainty or anxiety about one's own abilities
or identity issues. For examples, girl students or
students from socially disadvantaged backgrounds
often hesitate and stay behind, because in the
environment they have grown up, certain activities are
not considered suitable for them. In some cases, students
are reluctant to participate in science activities and
projects because there is a perception that these activities
involve heavy expenditures and performing well in
these subjects requires special coaching, which their
families cannot afford.
A deeper problem lies in the way science and mathematics
content is presented in many books and media which do
not always fully convey the nature of the disciplines.
Broadly, the texts presents the content knowledge of the
subject as concepts or facts. How these concepts relate to
each other, how these relate to the observations made by
scientists in the past, how these relate to the experiments
prescribed for the students, how these relate to students’
own life experiences, and how these can be useful in
solving real life problems is usually not elaborated.
Therefore, other than the examinations, students rarely
find intrinsic motivation in learning and engaging with
those subjects.
For teachers also, who wish to do something more for the
growth of their students, there are several barriers. Many
teachers are aware of gaps in their own subject knowledge
but do not find avenues to address these gaps. These gaps
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becomes a bigger problem particularly when there is a
change in textbooks or a change in their teaching
assignment to a subject different from their area of
expertise. The wide range of students’ questions,
constantly changing boundaries of scientific and
technological knowledge, and its manifestations in society
also makes the job more difficult for the science teachers.
In experimental components also, teacher have not always
been exposed to labwares or experiments that are
prescribed in the curricula for the laboratory sessions.
Vigyan Pratibha aims to address this multifaceted
problem through an integrated model. The program is to
be implemented via groups called Science Circles in
schools, which will be spaces where students can explore
science and mathematics through “learning units”
facilitated by their teachers. The Science Circles would be
conducted outside of regular subject periods. There is no
component of competition or examination in the program,
nor is there any monetary incentive such as scholarship
being offered to the students for participation. It is not
binding on any student to participate, however, teachers
would encourage girl students and students from socioeconomically disadvantaged backgrounds to get
involved. A multi-dimensional support system is being
created for teachers which includes both support from
experts in the fields as well as peer support, through
capacity building sessions, online resources and
mechanisms for online and physical meetings and
exchanges.
The learning units to be implemented in the Science circles
will be developed by Homi Bhabha Centre for Science
Education (HBCSE, Mumbai) with the help of experts
from S&T institutions in the country. The units will be
closely related to the school curricula, but would expose
students to the dimensions of science and mathematics
that are not bound by the textbook content. The design of
the units will include a focus on the local contexts of
students; the processes of reasoning, hypothesis making,
making meaningful conclusions, designing; as well as
analyzing local samples and their properties. The units
would be based on pedagogies informed by science,
technology, and mathematics education (STME) research.
As is necessitated by the process of education, the units are
not expected to be fixed, but will evolve with time with the
feedbacks from students and teachers, and the varying
needs of different student populations in the country.
The learning units will focus on both the universal
principles of science and its local facets. In some cases, the
units may exemplify how study of local objects can lead
students to generalized principles of science. In some

cases, the units may dwell on a concept and show its
different facets in different situations leading to deeper
understanding of the same. For example, one learning unit
developed for class 8 students explores what properties of
a substance can make it suitable for cleaning a tarnished
copper vessel. This unit while helping in understanding
the chemical properties of copper (and metals in general),
simultaneously also explores the properties of other
substances, such as their acidity, basicity and abrasive
properties. Another unit, with a simple set of experiments,
shows that if a pot contains a very small amount of water,
then a crow cannot always bring the water level to the top
by adding pebbles to it. This unit helps students to
understand the concept of volume of objects, close
packing of particles/objects, the idea of pore spaces, while
embedding these in a context that is culturally very close
to them. Another unit shows how active geometrical
constructions can be a good way to arrive at the minimum
criteria needed to establish congruence of two polygons.
Yet another unit shows how a simple activity of observing
and recording the behaviour of a local bird for 10 minutes
over a few days can give students insights in topics
ranging from agriculture, food and nutrition to
mechanics, waste, weather, sound and light.
Collecting, sharing, and comparing first hand data among
different students in a school and across different parts of
the country is another important facet envisaged in this
program. This aspect would provide a novel kind of
learning environment — an environment that has the
potential of transforming not just the scenario of science
education but the practice of science itself in the country.
Currently, the target schools for the project are the roughly
1500 schools of the Kendriya Vidyalaya (KV) Sangathan,
schools of the Jawahar Navodaya Vidyalaya (JNV) system
and the Atomic Energy Central Schools (AECS). HBCSE
has been assigned the academic leadership of the program
and will contribute towards developing the policy,
guidelines and academic resources for the Vigyan
Pratibha project and for teacher training at the top tier of a
cascade structure. To support the collaborative learning
environments, scientific institution, such as research
laboratories under DAE, CSIR, ICAR, etc., and
educational institutions across the country will be actively
involved in the project. Saha Institute of Nuclear Physics,
Kolkata, has taken the responsibility of regional center for
West Bengal and nearby regions. These institutions may
serve as regional center or nodal centers for the project.
The scientists would help in development of the learning
units, mentoring of the activities in schools in their
regions, providing content support to the teachers and
translations of tasks in regional languages.
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About 10 schools that are within a radius of approximately
100 km would be grouped as a cluster, such that travel
between the schools is possible in a few hours. A few
school clusters together will constitute a node, which
would be supported by the respective Nodal centre. The
number of clusters per node may vary between 3 and 5
depending on the density of schools in a given area and the
availability of a nodal resource centre with adequate
facilities.
The nodes will be grouped to form about 15 regions across
the country, each supported by a Regional Center. The
Regional Centres will be the key implementing
institutions of Vigyan Pratibha. They will be institutions
that already have or are capable of developing a strong
profile of work in science education. Further, they will
contribute to the development of policies, guidelines and
resources, and to the training of master trainers of the
Vigyan Pratibha project. With the evolution of the
program, teachers and even students can contribute new
activities and content to the program, and these students
and teachers would be duly credited for their
contributions.

The first workshop under Vigyan Pratibha was held at
HBCSE in September, 2017, which was attended by 78
science & mathematics teachers from KVs, JNVs and
AEESs. During the workshop, the teachers first
assimilated and then conducted about 20 learning units
for their fellow teachers. This model facilitated peer
interaction among teachers and started the process in
which teachers take ownership of the learning units, and
hence are inspired to try these units in their respective
schools with their students. In the current academic year, a
pilot phase of the program is being tried in 10 schools
(including KVs, JNVs, and AECSs) in and around Mumbai
region and 4 schools in Kolkata region, being mentored by
Saha Institute of Nuclear Physics, Kolkata. The program
would be expanded in steps hoping to reach its full
implementation stage in the next 3 year, and aims at
bringing the much needed transformation in science and
mathematics education in the country.
Acknowlegdements : Author acknowledges the crucial
inputs to the article from HBCSE colleagues, in particular,
Dr. Aniket Sule, Prof. K. Subramaniam, and Prof. Sugra
Chunawala.

Participants at Vigyan Pratibha Teacher’s Workshop at HBCSE in September 2017.
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News & Events
A Report on the BRNS Theme Meeting on Science
and Technology in National Development
(Compiled by Dr A. P. Jayaraman, Vice-chairman,
National Center for Science Communicators, and Dr. Suhas
B. Naik-Satam, Convener, of the Meeting &
General Secretary, National Center for Science Communicators)
Role of Science and Technology in National Development
was the theme of a Topical meeting held at the Home
Bhabha Auditorium at the Tata Institute of Fundamental
Research (TIFR) in Mumbai on November 11, 2017.
National Centre for Science Communicators, Nehru
Science Centre, Materials Research Society of India,
Indian Physics Association, Board of Research in Nuclear
Sciences (BRNS) and Tata Institute of Fundamental
Research conceived the meeting as a tribute to
Dr. R Chidambaram, Principal Scientific Advisor to the
Government of India, for his enduring and continuing
contributions to national development. Dr. S. Banerjee,
(Former Chairman, AEC) Chairman of the Scientific
Committee steered the programme. A significant cross
section of attendees was science students from colleges
preparing themselves with future readiness. The broad
spectrum of disciplines discussed covered Neutron
Scattering, High Pressure Physics, National Security,
Nuclear Diplomacy, Rural Technology, Education,
Science-Industry Synergy, National Knowledge Network
and Nuclear Energy Power and Non-Power.
Dr. B. A. Dasannacharya, former Director, Solid State and
Spectroscopy Group of Bhabha Atomic Research Centre
(BARC) presented Dr. Chidambaram’s contribution to
neutron crystallography and its recognition by the
International Union of Crystallography by honoring him
as the Vice-President. He described the pioneering work
of Chidambaram in building the Nuclear Magnetic
Resonance equipment and the classic research done on
hydrogen bond and the bent hydrogen model. He built a
classic instrument to rotate the crystal along three chosen
axes and rotate the detector also along one of these. He
started with simple molecules and proceeded to increase

the quality of the instrument and investigate more
complex molecules. His team first built Semi-automatic
Neutron Diffractometer and later a more sophisticated
instrument 3 Dimensional Fully Automatic Diffractor and
studied amino acids. This enabled them to determine the
structure of 6 amino acids out of 20 and the instrument was
the ‘dream of every crystallographer’.
Dr. S. K. Sikka, former Director of Atomic and Condensed
Matter Physics Group at BARC was Chidambaram’s first
PhD student. He described the role of high pressure
physics in national security and energy security as
envisaged by Chidambaram. Six historic nuclear tests were
conducted for national security under his scientific
leadership. He recollected the mathematical elegance in the
calculations made by Chidambaram providing the shock
equations of state of different materials in the implosion
device. State of the art computer codes for design,
simulation and yield estimates of nuclear explosives were
also developed by his team. The agreement between
designed and measured yield values for nuclear devices is
a textbook example. He also studied vital parameters of
phase transformations in titanium, zirconium and hafnium
alloys for our heavy water reactor regime.
Kiran Doshi, former ambassador of India to Austria,
argued that the objective of nuclear diplomacy is to
prevent other countries from acquiring the bomb. He
narrated the strategy of nuclear haves promising
assistance in using nuclear energy for peaceful purposes,
and universal nuclear disarmament to countries forsaking
nuclear weapons. India refused to join the NPT. After
India tested a nuclear device in 1974, the nuclear haves
made every effort to make India sign up. Chidambaram
withstood such pressures with disarming grace
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upholding the cardinal doctrine of national security.
India’s exquisite post explosion diplomatic exercise was
masterminded by Chidambaram.
Dr. Anil Joshi of Himalayan Environmental Studies and
Conservation Organisation focused on Chidambaram’s
contribution to promoting technological accessibility to
rural and remote areas and referred to him as the “hero of
the mountains” and a “rural crusader”. Chidambaram’s
innovative initiative encouraged temples to make sweets
from local millets and this empowered farmers with
increased income. Organizing isotope hydrology
facilities, springs were recharged. He developed tool room
resource sharing facility for artisans by creating their
effective networks. He also positioned an effective
management system to mitigate the impact of forest fires.
Dr. S.M Chitre, Distinguished Scientist of Centre for
Excellence in Basic Sciences, University of Mumbai
recalled the endeavors of Chidambaram to improve the
quality of higher education and to deliver it to students
from non-urban and rural areas from economically
challenged families. The award of scholarships and
accommodation in campus are two inclusive features.
National programs in nuclear energy, space exploration,
oceanography and life sciences need highly trained and
motivated human resource and it was Chidambaram’s
foresight that brought about a paradigm shift in higher
education by networking institutions of higher learning.
Shri Neeraj Sinha of the Office of the Principal Scientific
Adviser focused on Chidambaram’s current role to bring
in synergy amongst the various scientific departments
and other ministries in creating an enabling science and
technology (S&T) ecosystem that encourages innovations
across disciplines. Chidambaram galvanized academia
industry interaction in the sectors of automotive,
machine-tools and electronics-hardware. Energetic thrust
was given to develop the Advanced Ultra Supercritical
(AUSC) technology for power generation through
indigenous efforts. Chidambaram invoked the concept of
doing small research and development activities called
pre-project R&D activities, to address technological gap in
identified technology areas where a small grant could
make a big difference. He has launched ten projects which
includes boilers with high temperature materials, turbines
and high precision grinding machines.
Mr. Prabhakar S. Dhekne, Scientific Consultant to the
Principal Scientific Advisor focused on Chidambaram’s

role in indigenisation, self-reliance and competitive
research and development in Electronics, Computers and
Communication technology. Chidambaram fostered inhouse development of Supercomputing. ANUPAM was
the first supercomputer developed under his initiative
and the latest version is ANUPAM-Aganya with high
sustained processing power. He set up Cyber Security
Committee. Reaching out to advance Centres of Research,
he signed the India-CERN Collaboration protocol.
Chidambaram concentrated his attention on einfrastructure project and created National Knowledge
Network (NKN) connecting as many as 1650 institutes in
the country along with international connectivity.
Dr. Sekhar Basu, Chairman, Atomic Energy Commission
gave an account of national nuclear programme
beginning with the first stage of Pressurised Heavy Water
Reactors. He announced the construction of ten PHWRs
and two PWRs. Presently twenty two reactors are in
operation and twenty one reactors are under construction
which will take the nuclear capacity to 22000 MWe by
2030.Exploration, mining and milling of Uranium and
other metals will be intensified. Uranium production will
be increased 500 to 5000 tonnes. A ten-fold rise in power
from Fast Breeder Reactors and creation of matching fuel
cycle facilities in the back end are planned. Fast Reactors
Fuel Cycle Facility is being constructed.
Following the Chidambaram model of scientific
development, synergetic application of nuclear power
activities is being applied to health care, food security,
water and wastewater management, mega science
schemes and science education
Prof. Rama Rao, Chairman, BRNS and former Secretary,
DST gave his personal tributes to Dr. Chidambaram - a
man who did it all. “I have known Dr. Chidambaram for
over 60 years, studied with him, worked with him, worked
for him, enjoyed his generosity, was privileged to share
platforms with him and have interacted with him in
numerous ways.” He observed that among the myriad
institutions of a country some stand out as keystones of
the edifice. One such institution in India is the Department
of Atomic Energy. DAE acts as a ‘Guiding Star’ in ensuring
technological stability in energy and other strategic
sectors. Whatever Dr Chidambaram has notably achieved
during his DAE tenure, it is to be the shining beacon to the
DAE. As PSA to Govt. of India, he gave the Nano-Science
and Technology program a significant stimulus by
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securing for it a grant of a Hundred Crore rupees as far
back as 2006, for two institutions, IISc and IIT Mumbai, for
setting up Centres of Excellence in Nano Electronics.
Another project that deserves special mention is his
steering the Indigenous Development of the Advanced
Ultra-Supercritical Technology for thermal power
generation.

Dr. R. Chidambaram in his acceptance speech
acknowledged the influence of people who made him
what he is today and thanked all his collaborators for
being partners in his various pursuits for making India a
global power in science and technology.

95

News & Events
Report on the IPA DAE C. V. Raman Lecture
at Mumbai

INDIAN PHYSICS ASSOCIATION, Bombay Chapter in
association with
Kishinchand Chellaram College,
Mumbai had organised the Department of Atomic
Energy- C. V. Raman Lecture on Saturday, February 10,
2 0 1 8 a t R A M A A N D S U N D R I WAT U M U L L
AUDITORIUM, Kishinchand Chellaram College,
Mumbai 400 020.
The lecture was delivered by Prof. Pankaj S. Joshi (Dept. of
Astronomy & Astrophysics, Tata Institute of Fundamental
Research on "Black Holes and Quantum Stars: An

new observational missions such as Gravitational Waves,
the Event Horizon Telescope, and other exciting
theoretical developments.

Observer's Paradise". The lecture was attended by nearly
700 students and faculty members of host college and
from adjoining colleges in south Mumbai .
Dr Joshi in his lecture stated that Einstein‘s theory of
gravity predicts the existence of Black Holes and Space
time Singularities. He had discussed the current efforts to
make a direct observational detection of these entities. He
further said that the Black Holes and visible or Naked
Singularities arise from the gravitational collapse of
massive stars. Quantum gravity effects dominate near the
visible singularities, which may also be called long or
short lived `Quantum Stars’. These offer an opportunity to
test the quantum theories of gravity, or the Unification of
Physics. He ended his talk mentioning the connection to
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News & Events
Report on the IPA DAE C. V. Raman Lecture
at Indore

The Indian Physics Association DAE-CV Raman lecture
was organised by the Indore Chapter of IPA at Raja
Ramanna Centre for Advanced Technology, Indore on Jan
23, 2018. Dr. K. C. Rustagi delivered the Lecture titled ,
“Photonics : Harnessing photons for high precision
measurements”.
Dr. Rustagi started with some anecdotes and personal
reminiscences of Prof. Raman and Prof. N. Bloembergen, a
stalwart of nonlinear optics. He then traced the history of
research on light, starting from Galileo’s astronomical
discoveries in 1610 to quantum computing in 2017. Using
these milestones he very clearly brought out the complex
relationship between invention and understanding as
well as that between new knowledge and its application.
For example Galileo made his telescope more than ten

knowledge of the current directions of research he
introduced the audience to the imminent second quantum
revolution which will use nanotechnology as well as deep
quantum mechanical concepts to effect a paradigm
change in communications and computing. His message
to the youngsters was: “Advanced Physics is aligned to
applications like never before! A great opportunity
waiting for you ! GRAB IT!”. The lecture was very well
received by the 140 strong audience comprising scientists,
faculty members and students from RRCAT, UGC-DAE
CSR, DAVV Indore, IIT Indore and several colleges of
Indore. Dr. Rama Chari , Secretary, Dr. P. Sen, President
and Dr. J. T. Andrews, Treasurer, IPA - Indore Chapter took
a keen interest in organising this event.

years before Snell’s law was formulated. Similarly it took
180 years, after Huygens gave his wave theory of light, for
waveguiding of light to be demonstrated. He underlined
that it may take several years for an invention to become a
commercial success and that can happen in unexpected
directions. An example is optical computing which,
despite a lot of initial hype, did not take off as predicted.
However, the work done in that area led to development
of optical switches which are now an essential part of
optical fibre communication networks. Drawing on his
97

News & Events
Report on the IPA DAE C. V. Raman Lecture
at Kalpakkam

Under the auspice of Indian Physics Association, DAE -

theory to study the structure of phase space manifolds

C. V. Raman lecture was arranged by IPA Kalpakkam

underlying the fluctuations of a dynamical variable. She

chapter at IGCAR on 28-02-18. With a brief introduction to

has further elucidated the application of standard graph

the DAE - C. V. Raman lecture, the president of IPA

measures to analyze higher order structures and cliques

Kalpakkam chapter Dr. R. Govindaraj welcomed the

and their complexes present in time-series networks.

participants. DAE - C. V. Raman lecture was delivered by

After discussions following the talk DAE - C. V. Raman

Professor. Neelima Gupte of IIT Chennai on the topic “The

lecture award s been presented to the speaker by

hidden geometry of time series: theory and applications”.

Dr. G. Amarendra, the group director of MSG, IGCAR.

The lecture was attended by as many as 150 participants

The talk was very well received by the students and

comprising HBNI students, scientists of IGCAR besides

scientists and was concluded with a vote of thanks as

some students of IIT Chennai who have accompanied the

proposed by the secretary Dr. R. Ramaseshan.

speaker. In her talk Prof. Gupte discussed about mapping
time series in to graphs and highlighted the use of graph
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News & Events
A Brief Report on Public Lecture at NES Ratnam College
( by Dr. Vinita Dhulia, NES Ratnam College)

NES Ratnam College in association with British Council &

organic compounds on the comet. He also mentioned

Indian Physics Association Bombay Chapter organized a

about importance of water as a key marker in finding life

Public Lecture on 8th February 2018 at NES Complex,

and water findings on Moon by Chandrayaan-1.

Bhandup (W). Professor Monica Grady & Professor Ian

More than 400 students attended these talks.

Wright from Space Science Department at the Open
University, UK delivered lectures under the Great Talk
programme of British Council. Dr Suhas Naik Satam, in
his introductory remark gave a brief detail of activities
taken by Indian Physics Association Bombay Chapter to
promote physics
Professor Grady is a leading British space scientist,
primarily known for her work on meteorites, talked about
life in the universe discussing basic building blocks of
organic molecules required to nurture the kind of life we
have on Earth. She lucidly explained the conditions for
harbouring life in the universe. She also discussed about
Martian meteorite found in Antarctica which led to
sending Rover missions by NASA to Mars. She showed an
image of Mars taken by ISRO mission Mangalyaan.
Professor Ian Wright gave talk on comets. He started his
talk mentioning Indian Astronomer Venu Bappu, father of
modern Indian Astronomy who discovered a comet
known as Bappu-Bok-Newkirk. Professor Wright then
extended his talk to the Rosetta mission, a space probe sent
by European Space Agency to comet 67P/ChuryumovGerasimenko. As Professor Wright was associated with
this mission, he discussed the instruments like Mass
Spectrometer which he and his colleagues worked on. He
discussed how challenging it was to design instruments
which were flown to the comet. He shared beautiful
videos of the lander module of Rosetta, known as Philae
explaining how it functioned on comet's surface taking
several measurements. Later he discussed key results of
Rosetta mission mentioning importance of discovery of
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Executive Committee Meeting of IPA
Executive committee (EC) meeting of IPA was held on Saturday, March 10, 2018 in the Conference
Room of the BARC Training School Hostel, Anushaktinagar, Mumbai - 400 094.

A group photograph taken during the IPA EC meeting on March 10, 2018.
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IPA gives the following awards biennially
R. D. Birla Award in Physics :
The R. D. Birla Award in Physics was instituted by Birla group in the year 1980, in the memory of late Shri Rameshwar Dasji
Birla.
The R. D. Birla award is given biennially by Indian Physics Association to a scientist who has made outstanding contributions
in Physics / Physical Sciences. The recipient of this award should be, an Indian, working/worked in India.
The R. D. Birla Award consists of a Citation, Medal and a cash amount of Rs. 50,000/-.
Shri Murli M. Chugani Memorial Award for Excellence in Applied Physics :
Shri Murli M. Chugani Memorial Award was instituted in the year 1998 by the Chugani family in the memory of late,
Shri M. M. Chugani.
The M. M. Chugani Award is given biennially by Indian Physics Association to a scientist who has made outstanding
contributions in Applied Physics e.g., Engineering Physics, Aeronautics, Physics in Ballistic Missiles, Physics of Satellites,
Bio-Physics, Reactor Physics, Computers and associated technologies etc. The recipient of this award should be, an Indian,
working in India and affiliated to an Indian institution.
The M. M. Chugani Award consists of a Citation, Medal and a cash amount of Rs. 1,00,000/-.
P. K. Iyengar Memorial Award for Excellence in Experimental Physics :
P. K. Iyengar Memorial Award is instituted in the year 2012 by the Iyengar family in the memory of late, Dr. P.K. Iyengar.
Dr. P. K. Iyengar Award is given biennially by Indian Physics Association to a scientist (age between 40-50 years) who has
made outstanding contributions in any area of experimental physics either in terms of innovative experimental techniques or
innovative instrumentation. The recipient of this award should be, an Indian, working in India and affiliated to an Indian
institution.
Dr. P. K. Iyengar Award consists of a Citation, and a cash amount of Rs. 1,00,000/Buti Foundation Award for Excellence in Theoretical Physics, Astrophysics and Biophysics :
The Buti Foundation Award was instituted by Prof. Bimla Buti, who retired as Professor of Astrophysics from Physical
Research Laboratory, Ahmedabad.
The Buti Foundation Award is given biennially by Indian Physics Association to a scientist below the age of 40 years, who has
made outstanding contributions in the area of Theoretical Physics, Astrophysics or Biophysics. The recipient of this award
should be, an Indian, working in India and affiliated to an Indian institution.
The Buti Foundation Award carries a Citation, Medal and a cash amount of Rs. 25,000/S. N. Seshadri Memorial Instrumentation Award in Physical Sciences :
The S. N. Seshadri Memorial Instrumentation Award was instituted in the memory of late, Dr. S. N. Seshadri in the year 1986,
by his colleagues at Bhabha Atomic Research Centre, Mumbai.
The S. N. Seshadri Memorial Instrumentation Award is given by Indian Physics Association to a scientist (or a group of two
or three scientists) below the age of 40 years, for innovation and/or excellence in indigenous instrumentation development in
Physical Sciences. The instrumentation work should involve a substantial amount of hardware. It can also include add on
instrumentation developed in increase the versatility and usefulness of sophisticated/complex systems. Ingenuity and
orginality are given more weightage. It is also expected that a major portion of the reported work should be carried out in
India. The awardee should be an Indian, affiliated to an Indian institution and the preference is usually given to nominees
form academic and research institutions.
The S. N. Seshadri Memorial award carries a Citation and an amount of Rs. 20,000/N. S. Satya Murthy Memorial Award in Physics for Young Scientists :
The N. S. Satya Murthy Memorial Award in Physics was instituted in the memory of late, Dr. N. S. Satya Murthy in the year
1992, by his colleagues at Bhabha Atomic Research Centre, Mumbai.
The N. S. Satya Murthy Award is given by Indian Physics Association to a scientist below the age of 40 years, in recognition of
outstanding contributions to the growth of Physics in India by way of research, applications and other activities. The
recipient of this award should be, an Indian, affiliated to an Indian institution and should have carried out a major part of the
reported work within India.
The N. S. Satya Murthy Award carries a Citation and a cash amount of Rs. 20,000/Aswini Kumar Rath Memorial Award in Nuclear Physics :
The Aswini Kumar Rath Memorial Award has been instituted in the memory of late, Dr. Aswini Kumar Rath in 2010 through
an endowment received from the Alumini Association of Institute of Physics, Bhubaneswar.
The Aswini Kumar Rath Award will be given to a young scientist below the age of 40 years working in India in recognition of
outstanding contributions to research in nuclear physics. The recipient of this award should be, an Indian, affiliated to an
Indian institution and should have carried out a major part of the reported work within India.
The Aswini Kumar Rath Award carries a Citation, Medal and a cash prize of Rs. 10,000/-.

