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FOREWORD

As a periodic review of its activities, the Department of Physics has 
been organizing In- House Symposium on annual basis during recent years. 
This one-day symposium usually consists of oral presentations by selected 
faculty  members,  post-docs  and students,  and poster  presentations  by  all 
those who would like to present their recent results. This year we have a 
total of 17 talks and 38 posters.  I hope this package would be a reasonable 
representation  of  the  ongoing  research  activities  in  the  department.  This 
event is also particularly useful to freshers to familiarize themselves with the 
current research activity in our Department in various branches of Physics.

I would like to thank Drs. Prabal Maiti,   Banibrata Mukhopadhyay 
and Vijay Shenoy of our department who have shouldered the responsibility 
to  organize  this  In-House  Symposium.  I  urge  all  of  you  to  actively 
participate in this important scientific activity. I hope you will all have an 
enjoyable and fruitful day.

Prof. Chandan Das Gupta
Chairman
November 18, 2009
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Title: Coherent dynamics after a sweep across a quantum critical point

Subroto Mukerjee

Abstract: An issue of recent interest is the coherent dynamics of an isolated quantum system at or in the vicinity of
a quantum critical point. In particular, the question of whether such a system thermalizes after a quench or a sweep
across the quantum critical point has received a lot of attention. In this context, fundamental differences are believed
to exist between integrable and non-integrable systems. Further, universal power laws appear in various averaged
quantities as functions of the sweep rate. In this talk, I will show that there are several other phenomena that are
not captured by looking only at that these averaged quantities. I will focus on quantities such as the entanglement
entropy and the“Loschmidt echo”, which display power law, rather than exponential relaxation after the sweep. The
time evolution of these quantities also highlights the difference between integrable and non-integrable systems.



In-plane magnetic anisotropy in epitaxial ultrathin Fe films grown on GaAs(001)

Sakshath S and P S Anil Kumar
Department of Physics

Indian Institute of Science
Bangalore 560012; India

Fe/MgO/Fe magnetic tunnel junctions (MTJ) were grown on GaAs(001) substrate using Pulsed Laser 

Deposition (PLD) at room temperature in an Ultrahigh Vacuum(UHV) chamber whose base pressure was in the range of 

10-11 Torr. High resolution cross-sectional TEM images show evidence for epitaxial growth. Squid measurements 

showed a clear independent magnetic switching of the top and bottom Fe layers with applied magnetic field and a 

uniaxial in-plane magnetic anisotropy. In order to investigate this further, epitaxial films of Fe of various thicknesses 

were grown either in the presence or in the absence of a buffer layer of MgO of 15ML thickness on GaAs(001) using 

PLD. A capping layer of MgO of 10ML thickness was present on all samples. These films were now analyzed using 

Magneto-Optical Kerr effect (MOKE) measurements in the longitudinal configuration. When there was no buffer layer 

of MgO, Fe films of thickness lesser than 20 monolayers showed the presence of a purely uniaxial anisotropy. Fe films 

of higher thicknesses showed a mixture of both uniaxial and four-fold anisotropies. But when the buffer layer was 

present, the Fe anisotropy was now uniaxial until 25ML. Thus, the interface of MgO with Fe is found to influence the 

anisotropy towards a uniaxial nature.



Is Diamagnetism Possible Classically?

K. Vijay Kumar1, ∗ and N. Kumar2, †

1CCMT, Dept. of Physics, Indian Institute of Science, Bangalore 560012, India.

2Raman Research Institute, Bangalore 560064, India.

It is generally known that the orbital diamagnetism of a classical system of charged parti-

cles in thermal equilibrium is identically zero – the Bohr-van Leeuwen theorem. Physically,

this null result derives from the exact cancellation of the orbital diamagnetic moment as-

sociated with the complete cyclotron orbits of the charged particles by the paramagnetic

moment subtended by the incomplete orbits skipping the boundary in the opposite sense.

Motivated by this crucial, but subtle role of the boundary, we have simulated here the case

of a finite but unbounded system, namely that of a charged particle moving on the surface

of a sphere in the presence of an externally applied uniform magnetic field. Following a real

space-time approach based on the classical Langevin equation, we have computed the orbital

magnetic moment which now indeed turns out to be non-zero, and has the diamagnetic sign.

To the best of our knowledge, this is the first report [1, 2] of the possibility of finite classical

diamagnetism in principle, and it is due to the avoided cancellation.

∗ Electronic address: vijayk@physics.iisc.ernet.in

† Electronic address: nkumar@rri.res.in

[1] N. Kumar and K. Vijay Kumar, EPL, 86, 17001 (2009).

[2] N. Kumar and K. Vijay Kumar, Europhysics News, Vol. 40, No. 4, 10 (2009).



Elastic Turbulence in a Sheared Micellar Gel     
 

Sayantan Majumdar and A.K. Sood 

Department of Physics, Indian Institute of Science, Bangalore 560012, India 

 

Abstract 
Hydrodynamic instability like turbulence is an inertia driven phenomenon occurring at high 
Reynolds number (Re). However, for viscoelastic fluids of long polymers, similar instabilities 
have been observed even at very low Reynolds number because of the elastic hoop stresses 
generated by the stretching of the polymers in the flow field, indicated by high Weissenberg 
number (Wi). The elastic turbulence [1] is a spatially smooth and temporarily random flow 
instability that occurs at practically zero Reynolds number (Re<<1) and high Weissenberg 
number (Wi>>1). 
 
We study elasticity driven instabilities by rheology and in-situ polarized light scattering 
experiments on viscoelastic gels of wormlike micelles of CTAT 2 wt% + 100 mM NaCl solution 
in water. At the onset of the instability, polarized light scattering reveals appearance of Taylor 
like rolls stacked along the vorticity direction and with further increase in the applied shear stress 
they become unstable and start to move randomly. In the unstable region, the time dependence of 
the shear rate for a constant applied shear stress shows large fluctuations having one to one 
correlations with the dynamics of the rolls. The probability distribution function (pdf) of injected 
power shows clear deviations from the Gaussian nature with skewness towards lower values and 
the power spectrum of injected power displays a power law behaviour with an exponent of -4. 
These observations are similar to recent studies of elastic turbulence [2]. All these instabilities are 
observed in our case at Re ~ 0.01 and Wi > 10. We also measure the spatial and temporal 
correlation functions of the scattered intensity fluctuations across the entire gap of the couette cell 
which shows that even in the chaotic regime (when shear rate for a constant shear stress fluctuates 
randomly with time) the flow is temporarily random but spatially smooth in nature. This 
remarkable observation is consistent with the basic assumption of elastic turbulence.  
 
  
    
 
References 
 
[1]  A. Groisman and V. Steinberg, Nature (London) 405, 53 (2000).   
 
[2]  Y. Jun et al. Phys. Rev. Lett. 102, 124503 (2009); T. Burghelea et al. Phys. Rev. Lett. 96, 
214502 (2006). 
 



Contact less conductivity of nanoparticles: clue from FMR lineshape of nano 

La0.67Sr0.33MnO3 dispersed in polyvinyl alcohol 

 

K.G.Padmalekha and S.V.Bhat 

 

We study the FMR responses of nano (size ~ 25 nm) particles of   La0.67Sr0.33MnO3 (LSMO) well 

dispersed (1% by weight) in the insulating matrix of Poly Vinyl Alcohol (PVA).  The samples are a few 

microns thick free-standing films.  The nano sample gives asymmetric ferromagnetic signals2 at room 

temperature, suggesting the predominance of magnetocrystalline anisotropic effects over the skin depth 

effects.  Temperature variation (4.2 – 300 K) of FMR of the nanosample shows an interesting crossover of 

the lineshape to a Dysonian1 around 220 K, resulting from an increase in the conductivity such that skin 

depth effects begin to show up again.  We propose and demonstrate that the FMR/EPR lineshape analysis 

provides a contact less method to estimate the conductivity of nanosamples.  

 

1. Janhavi P. Joshi and S. V. Bhat, J.Magn. Res. 2004, 168, 284. 

2. V.Likodimos et al, Phys Rev B, 2005, 17, 3903 

 

 



 
 
 

Micro-patterned Polymer Devices for Biological Applications 
 

V. Venkataraman 
Department of Physics, IISc Bangalore 

 
Polymers are increasingly being used to fabricate microfluidic devices for 
chemical and biological applications. In combination with silicon, glass or 
other materials, miniaturized components such as channels, mixers, pumps 
and valves can be realized using standard semiconductor processing 
technology. Electrical, magnetic or pressure actuation is frequently 
employed in these devices to manipulate fluid flow. Thus, complete “lab-on-
chip” devices have been engineered with complex functionality for specific 
applications. 
 
In this talk, I will provide an overview of the polymer structures fabricated 
in our laboratory and their utility for research in the life sciences. 
Specifically I will outline the soft lithography process for realizing poly-
dimethyl siloxane (PDMS) devices from SU8 photoresist masters. Then I 
will demonstrate four examples of micro-patterned PDMS devices studied in 
our laboratory: (1) Micro-reservoirs with induction heating for amplification 
of DNA using the polymerase chain reaction (PCR) on a small scale (2) 
Micro-channels for electrophoresis and controlled movement of cells (3) 
Micro-electrode patterns for controlled movement of liquid droplets, now 
known as “digital microfluidics” and (4) Micro-valves to trap micro-
organisms for in-vivo imaging of neuronal activity. 
 
The device fabrication along with the PCR and digital microfluidics studies 
was carried out by project staff Samudyatha and Swetha in the 
Semiconductor Laboratory, Department of Physics. The in-vivo imaging 
work using devices fabricated in our laboratory was carried out by Dr. Sudip 
Mondal along with Dr. Sandhya Koushika and Dr. Kaustubh Rau at NCBS, 
Bangalore. We gratefully acknowledge bigtec Private Limited, Bangalore, 
for financial support. 



              Title:  Shear-induced crystallization in lamellar phases 
 
               Vikram Rathee1,  Rema Krishnaswamy1  , Sajal K. Ghosh2, 
                         V. A. Raghunathan2   and A. K. Sood 1 

 
  Structural transitions under shear is ubiquitous in 'soft' matter systems possessing large 
length scales and long relaxation times. Lamellar phases consisting of a stack of flexible 
bilayer membranes, with 1-D quasi-long range positional order and stabilized by a steric 
repulsion are known to display complex rheological response under shear, such as shear 
induced phase separation leading to a collapse of bilayers or the formation of closely packed 
multilamellar vesicles known as ‘onion’ phases. I will discuss our recent results on a 
novel class of nonequilibrium phase transition observed in a lyotropic lamellar phase 
of a mixed surfactant system [1, 2]. 

 
  A shear-induced lamellar (Lα) → Lβ −crystalline (C) phase is observed above a 
critical shear rate, in a lamellar phase of low bilayer separation which is not stabilized 
by a steric repulsion.  A Shear-rate vs Temperature diagram for the lamellar phase, 
obtained by combining polarizing microscopy with rheological measurements will be 
presented. It is seen that the Lα → C transition is first order and reversible under shear, 
above the Krafft temperature. In addition, the shear field imposed raises the transition 
temperature significantly over an intermediate range of shear rates. A mechanism for 
the transition is proposed based on the collapse of lamellar phases under shear. The 
study also examines the physics of nucleation of crystalline phases in yet another 
class of driven complex fluids.  
 

1. Department of Physics, Indian Institute of Science, Bangalore- 560 012 
2. Raman Research Institute, Bangalore- 560 080 
 

References: 
1] Reentrant phase behaviour of an anionic surfactant system with strongly binding 
counter-ions.  
S. K. Ghosh, Vikram Rathee, Rema Krishnaswamy, V. A. Raghunathan and A. K. Sood , 
Langmuir 25, 8497 (2009).  
 
2] Shear-induced crystallisation in lamellar phases  
Vikram Rathee, Rema Krishnaswamy, Sajal K. Ghosh, V. A. Raghunathan and A. K. Sood  
(manuscript in preparation) 
 
 



Disk-outflow symbiosis in black hole systems

Shubhrangshu Ghosh

ABSTRACT

Disk-outflow/jet symbiosis in black hole systems (e.g. quasars/AGNs and

microquasars) is a non-trivial issue in modern astrophysics. It states that disk

and outflow/jet are symbiotic features. Not only the disk is required to produce

outflows and jets, also does the disk require outflows and jets to satisfy its in-

ner boundary condition. In this talk we present a 2.5-dimensional self-consistent

analytical advective disc-outflow coupled model, incorporating explicitly the in-

formation of vertical flux through a self-similar approach. Inter-connecting dy-

namics of outflow and accretion essentially upholds the conservation laws. The

energetics of disc-outflow depend strongly on viscosity parameter α and cool-

ing factor f which explain several interesting observed features. The bolometric

luminosities of ultra-luminous X-ray binaries (e.g. SS433) and family of highly

luminous AGNs and quasars can be reproduced by our model under the super-

Eddington accretion flows. We also show that under appropriate conditions,

low-luminous AGNs (e.g. Sagittarius A∗) fit reasonably well with the luminosity

corresponding to sub-Eddington accretion flow with f → 1.



Pseudogeneralrelativistic description of diskoutflow coupled 
dynamics: Energetics around spinning black holes

Debbijoy Bhattacharya

Abstract:

The mechanism by which  outflows and plausible  jets  are  driven  from black  hole  systems still 
remains  observationally  elusive.  Notwithstanding,  several  observational  evidences  (correlation 
between observed X-ray and Radio luminosity; jet observed in low/hard states in X-ray binaries) 
and deeper theoretical insights reveal that accretion and outflow/jet are strongly correlated. Here, 
we model a general relativistic advective disk-outflow coupled dynamics, incorporating explicitly 
the spin of the black hole. The energetics of disk-outflow strongly depend on mass, accretion rate 
and spin of the black holes. The model clearly shows that the outflow power extracted from the disk 
increases  strongly  with  the  spin  of  the  black  hole,  inferring  that  the  power  of  the  observed 
astrophysical jets has a proportional correspondence with the spin of the central object. Among the 
most luminous extra-galactic sources (namely blazar: BL Lac and FSRQ), BL Lacs are relatively 
low luminous than FSRQs, when most of their emissions are believed to be originating from their 
jets. As it is expected that the luminosity is linked to the power of the jet, we argue that the nuclear 
regions of the BL Lac objects have a relatively low spinning black hole compared to that in the case 
of FSRQ. If the extreme gravity is the source to power strong outflows and jets, then spin of the 
black hole, perhaps, might be the fundamental parameter to account for the observed astrophysical 
processes in an accretion powered system.



Evolution of electronic spectral function from superconducting to

pseudogap phase in hole doped cuprates

Sumilan Banerjee, Chandan Dasgupta, and T. V. Ramakrishnan∗

Dept. of Physics, Indian Institute of Science,

Bangalore 560012. ∗Also Banaras Hindu University, Varanasi 221005, India.

Abstract

The last two decades have seen unprecedented experimental and theoretical activities involving

cuprates which exhibit high temperature superconductivity. Even after this long period of research

which has seen dramatic advances in experimental techniques and consequent results, materials

quality, as well as discovery of novel unusual phenomena in cuprates, there is no common under-

standing yet about the origin of these, e.g. the ubiquitous pseudogap in underdoped cuprates or

the strange metal phase above the superconducting transition temperature around optimal dop-

ing, xopt. The pseudogap and strange metal phases are most unusual states of matter found in

nature as revealed by numerous thermodynamic and transport measurements and especially by

increasing flood of sophisticated spectroscopic data in underdoped cuprates. One of the strangest

features observed in the electronic excitation spectrum probed by angle-resolved photoemission

spectroscopy (ARPES) in the pseudogap phase is the ‘coexistence’ of gapless and gapped portions

on the underlying Fermi surface that emerges in the strange metal phase above a temperature

T
∗(x), where T

∗(x) is the pseudogap temperature scale at a hole doping x. The disconnected gap-

less portions have been termed as ‘Fermi arcs’. Here we develop a unified phenomenological theory

of electronic excitations in the superconducting, pseudogap and strange metal phases, partly based

on a Ginzburg Landau like phenomenological free energy functional for electronic pair degrees of

freedom and partly on a widely accepted microscopic model, namely the t − J model. The free

energy functional has been shown to describe large number of thermodynamic properties related

with pair degrees of freedom in the entire doping and temperature ranges which harbour super-

conducting and pseudogap phases in the cuprate phase diagram. Our formalism is able to capture

the doping and temperature evolution of electronic excitations from superconducting to pseudogap

phase including k-space gap anisotropy, arc length and intensity and width of the quasiparticle

peaks and yields very good quantitative comparison with ARPES and STM experiments.

1



Novel Physics in Hetero-structures

with Strongly Correlated Materials

H R Krishnamurthy

In recent years, there has been significant activity in

the study of multilayered heterostructures of strongly

correlated materials. New physical phenomena have

been seen to emerge in the heterostructures that are

absent in the bulk materials they are composed from,

like the appearance of two-dimensional electron gases

at the interfaces between band and Mott insulators [1]

and their low-temperature superconductivity [2]. In this talk

I will briefly review these developments and talk about

our own recent work [3] where we show the possibility of

another such quantum emergent phenomenon,

namely that finite width Mott insulating barriers

sandwiched between two metallic leads become

fragile" Fermi liquids".

[1] A. Ohtomo and H. Y. Hwang, Nature 427, 423 (2004).

[2] S. Thiel, et al., Science 313, 1942 (2006).

[3] H. Zenia, J. K. Freericks, H. R. Krishnamurthy, and Th. Pruschke,

Phys. Rev. Lett. 103, 116402 (2009)
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Possible use of self-calibration to reduce systematic uncertainties in

determining distance-redshift relation via gravitational radiation from

merging binaries

Abstract

The expansion history of the Universe is encoded in the distance-redshift rela-
tionship. If measured to a high precision this relationship can help constrain the
various components that constitute our Universe; in particular the most myste-
rious of all, the dark energy. By observing mergers of compact objects, future
gravity wave experiments would measure the luminosity distance to a large num-
ber of sources to a high precision but not their redshifts. Given the directional
sensitivity of an experiment, a fraction of such sources (gold plated – GP) can
be identified optically as single objects in the direction of the source. In this
talk I will show that if an approximate distance-redshift relation is known then
it is possible to statistically resolve sources with multiple galaxies in the beam.
I will discuss the feasibility of using gold plated sources to iteratively resolve
the unresolved sources, obtain the self-calibrated best possible distance-redshift
relation and provide an analytical expression for the accuracy achievable. I will
show that a there exists a lower limit on the total number of sources that are
needed to achieve this and that this limit depends exponentially on the beam
width and give estimates for various experimental parameters representative of
future gravitational wave experiments DECIGO and BBO.

1



Sound velocity re-normalization due to spin-phonon coupling in

frustrated B-site spinel CdCr2O4

Subhro Bhattacharjee

Department of Physics, Indian Institute of Science, Bangalore-560012, India

R. Moessner

Max Planck Institute for Physics for Complex Systems,

38 Nothnitzer Strasse, 01187 Dresden, Germany.

Abstract

A canonical example of a classical frustrated system is the nearest-neighbour Heisenberg

antiferromagnet on a pyrochlore lattice. The ground state is extensively degenerate and the

system does not order even at zero temperature, exhibiting a cooperative paramagnetic phase,

characterized by power-law spin correlations. Owing to the macroscopic ground-state degeneracy,

such systems show extreme sensitivity to perturbations. There are many experimental realizations

like the cubic Chromite spinels (ACr2O4;A=Zn,Cd,Hg). Here the magnetic ions (Cr+3) forms a

pyrochlore lattice with S=3/2 at each site. In these compounds magneto-elastic coupling very

important. We focus on Cadmium Chromite (CdCr2O4) which has ΘCW = −70 K, but does not

order down to TN = 7.8 K. AT TN , the ground state degeneracy of the spins is lifted through a

first order magneto-structural transition where the lattice distorts from cubic to tetragonal with

simultaneous non-collinear spin ordering. Recently sound velocity in this compound has been

measured by S. Zherlitsyn et. al. It shows strong dependence of the velocity on both temperature

and magnetic field, indicating the relevance of the spin-phonon interactions. In this work we set

up perturbation calculations relevant for the acoustic phonons. Our perturbation theory explains

the behaviour of sound velocity in the paramagnetic regime, as seen in these experiments, and

gives quantitative estimates of the magneto-elastic coupling for the compound. Our estimate

matches with those obtained from optical phonon experiments and indicates that the direct

exchange predominates spin-spin interactions in these compounds. The sound velocity also shows

discontinuous jump across the low temperature magneto-structural transition. We construct a

Landau theory for the magneto-structural transition to explain this sharp jump.

1



Is Mn doped SrTiO3 a multiglass? 
 

Debraj Choudhury 
 

Department of Physics, 
Indian Institute of Science, 

Bangalore-560012. 
 

SrTiO3 is a quantum paraelectric and a paramagnet. Doping Mn into SrTiO3 to make it 

mutiferroic, specifically ferromagnetism and simultaneously ferroelectricity, has long 

been a dream for material physicists [1,2]. Recently, we have been able to successfully 

synthesize doped SrTiO3 systems, with Mn ions doped at the Sr site, at the Ti site as well 

as a novel compound in which Mn ions are doped at both Sr and Ti sites simultaneously. 

We find improved dielectric properties in these doped systems. In view of recent claims 

[3, 4], we specifically address the issue of multi-glass character of such samples. We find 

that the dual doped system is a glassy dielectric similar to (Sr,Mn)TiO3 system. 

Sr(Ti,Mn)O3 system however continues to be a paraelectric. We further find that the dual 

doped, (Sr,Mn)(Ti,Mn)O3, system also undergoes a glassy magnetic behavior around 

similar temperature range in which it undergoes the glassy dielectric transition. We 

observe that (Sr,Mn)(Ti, Mn)O3 represents all the properties of an intrinsic multiglass, as 

recently reported for (Sr,Mn)TiO3 [3]. We critically investigate this unusual phenomenon 

in order to understand its origin. These results will be discussed in this presentation. 

 
 
[1] J. Inaba et.al. Phys. Rev. B 72, 052408 (2005). 
[2] S. X. Zhang et.al. Appl. Phys. Lett. 89, 012501 (2006).  
[3] V. V. Shvartsman et.al. Phys. Rev. Lett. 101, 165704 (2008). 
[4] W. Kleeman et.al. J.Phys,: Condens. Matter 20, 434216 (2008). 
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Studies on multiferroic oxide and superconducting chalcogenide crystals 

Suja Elizabeth 
 
 
Multiferroicity in perovskite oxides has been a topic of contemporary research interest in 
condensed matter physics. Single crystals of multiferroic gadolinium strontium 
manganite (Gd0.5Sr0.5MnO3) have been grown by FZ technique and studied in our 
laboratory.  A Large magnetoresistance ~109 % is observed at 45 K under the application 
of 110 kOe field.  Notable thermomagnetic anomalies such as open hysteresis loops 
across the broadened first-order transition between the charge order insulator and the 
ferromagnetic metallic phase have been observed while traversing the magnetic field - 
temperature (H-T) plane isothermally or isomagnetically. H-T phase diagram for 
Gd0.5Sr0.5MnO3 is formulated using magnetization - field (M-H), magnetization-
temperature (M-T) and resistance -temperature (R-T) measurements.  The non-monotonic 
temperature dependence of critical field, anomaly in supercooling limit, etc, will be 
discussed.  
 
Discovery of superconductivity in iron based pnictides has triggered intense search for 
new superconductors of similar crystal structure. Several new superconducting phases 
have been discovered, a recent one being tetragonal FeSe0.82 with a Tc ~ 8 K. Mixed 
crystals, Fe1+y(Te1-xSex) of various Fe content have been grown in our laboratory very 
recently, by horizontal Bridgman method. Structural, magnetic and transport properties of 
these crystals are investigated and preliminary results obtained will be presented. 
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Magneto-optic trapping of Yb using the

intercombination line

Kanhaiya Pandey, Ketan D. Rathod and Vasant Natarajan

Abstract: Yb is a heavy closed shell atom, having two electrons in outer
most shell ([Xe] 4f14 6s2). There are two transitions in Yb that can be used for
laser cooling. The transition from 1S0 → 1P1 at 399 nm (blue) is quite strong,
whereas the transition from 1S0 → 3P1 at 556 nm (green) is an intercombination
line and is 100 times weaker. The capture velocity for the blue transition is 30
m/s, and a magneto-optic trap (MOT) using the blue transition can be loaded
easily. But the temperature of atoms in the MOT is 4mK. On the other hand,
the capture velocity in a green MOT is only 1 m/s, which makes it difficult to
load the MOT. However, the temperature in the MOT is two orders magnitude
lower, making it attractive for laser cooling studies. In this talk, I will describe
our experiments on loading of a green MOT. We have been able to transfer
atoms from a blue MOT as well as load atoms directly from a Zeeman-slowed
atomic beam.

1



 The study on Superconducting(S)/ Ferromagnetic (F) heterostructures 
 

D. Samal, and P. S. Anil Kumar 
  Department of Physics, Indian Institute of Science, Bangalore, 560012, India 

 
 

In the last few years, S/F heterostructures have attracted considerable theoretical 

and experimental attention due to the rich physics produced by the co-existence of two 

antagonistic quantum phases i.e. parallelly aligned spins in the ferromagnet and Cooper 

pairs with oppositely aligned spins in the superconductor. The mutual interaction 

between the two competing order parameters in S/F heterostructure reveals a variety of 

exotic physical phenomena. Here, we would like to discuss the two important aspects 

namely; (1) the intense suppression of superconductivity and (2) dimensional cross over 

of vortex lattice from 3D to 2D due to magnetic proximity effects. We will also emphasize 

and demonstrate here that the choice of using particular combination of S/F 

heterostructures can modify the superconducting properties greatly depending on the 

magnetization state of the F layer. Moreover, we will comment on the observed high 

value of spin diffusion length (~150 nm) in YBa2Cu3O7-δ  that might be useful in the 

emerging field of S-F based spintronics technology. 
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Disappearance of charge order and extended ferromagnetism in nanoparticles of 
L0.85Sr0.15MnO3 

 

K.S.Bhagyashree and S.V.Bhat 
Department of Physics, Indian Institute of Science, 

Bangalore-560012, India 
 

While the initial observation1,2 of the disappearance of charge order(CO) in nanoparticles and 

nanowires of doped rare earth manganites has been confirmed by a number of research groups, the 

mechanism behind this intrinsic mode of ‘melting’ of charge order is yet to be fully understood. Therefore 

it is important to study systems with the predominance of different interactions to find out how universal 

the phenomenon is. Here we study nanoparticles of   L0.85Sr0.15MnO3 (LSMO), which in the bulk form 

undergoes a ferromagnetic transition at ~240 K followed by another transition at ~205 K to a CO/spin 

canted phase3. The nanoparticles (size ~ 10 nm as determined by SEM) were prepared by sol-gel technique 

and characterized by XRD and SQUID magnetization measurements. We find that the magnetization as a 

function of temperature of the nanoparticles behaves completely differently from that of the bulk sample. It 

shows a gradual but monotonic increase from room temperature down to 4 K indicating that the CO phase 

is completely absent in the nanoparticles and the sample is ferromagnetic over the entire range from room 

temperature to 4 K. The implication of this result for the mechanism of CO disappearance will be 

discussed.  

1.  S.S.Rao, K.N.Anuradha, S.Sarangi and S.V.Bhat, Appl. Phys. Lett., 87, 182503, (2005) 

2. S. S. Rao, S. Tripathi, D. Pandey and S. V. Bhat,  Phys. Rev, B74, 144416(2006) 

3. G. T. Woods, P. Poddar, H. Srikanth, Ya. M. Mukovskii, J. Appl.  Phys.  97, 10C104 (2005) 
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Surprising narrowing of 7Li NMR signals in lithium perchlorate nanowires 
 

K.S. Bhagyashree and S.V.Bhat 
Department of Physics, Indian Institute of Science, 

Bangalore – 560012, India 
 

Lithium Perchlorate (LiClO4)  nanowires were prepared using the template method. Required 

amount of LiClO4 (LPC) powder (Sigma Aldrich) was dissolved in methanol (GR-grade). Anodized 

alumina discs (Whatman) (pore size 100 nm) were immersed in this solution, and after vigorous sonication 

for half an hour, were taken out and vacuum dried in a desiccator. The formation of nanowires was 

confirmed by comparing SEM images of empty anodiscs and those containing LPC nanowires. Powder 

XRD and profile refinement were carried out which showed that nanowires had the same structure ( P63 

mc)  as the bulk ( a =  7.61452, c = 5.38084 Aº (nanowires); a = 7.71866, c = 5.45110 Aº (bulk); α, β, γ: 90, 

90, 120º for both) with small changes in the lattice parameters.  
7Li NMR measurements were carried out on both bulk LPC and nanowires with a solid state NMR 

spectrometer operating at a frequency of 116.63 MHz using a single π/2/acquire pulse sequence followed 

by Fourier transformation. The bulk sample gave a single, relatively broad, symmetric  NMR signal (full 

linewidth  at half maximum ~10 kHz; the nanowire sample, however, gave a much narrower but axial 

quadrupolar powder pattern indicating the surprising result that confinement of the sample in the form of 

nanowires has lead to the narrowing of the spectrum bringing out the small quadrupolar splitting to the 

fore! The possible mechanism behind this unexpected observation will be discussed. 

 

Keywords: nanowires, lithium perchlorate, NMR 
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Femtosecond carrier dynamics and nonlinear optical properties of 

graphene and comparison with carbon nanotube  
Sunil Kumar,1,2 M. Anija,1,2 N. Kamaraju,1,2 K. S. Vasu,1 K. S. Subrahmanyam,3 A. K. Sood,1-3 and C. N. R. Rao3 

1Department of Physics, Indian Institute of Science, Bangalore 560012, India 

2Center for Ultrafast Laser Applications, Indian Institute of Science, Bangalore 560012, India 

3Chemistry and Physics of Materials Unit and International Center for Materials Science, 

Jawaharlal Nehru Center for Advanced Scientific Research, Jakkur P.O., Bangalore 560064, India 

 

Nonlinear optical properties and carrier dynamics in graphene suspensions are investigated using 

femtosecond degenerate pump-probe and Z-scan experiments at 790 nm.  Two distinct time scales associated 

with the relaxation of photoexcited carriers, a fast one in the range of 130-330 fs followed by a slower one in 

3.5-4.9 ps range are observed [1]. These time constants are compared with the ones recently reported on 

graphenes deposited on a substrate [2,3] and can arise due to the carrier-carrier and/or carrier- hot phonon 

and carrier-acoustic phonon scattering processes. Our results demonstrate the saturable absorption property 

of graphene with a nonlinear absorption coefficient, β of the order of 5x10-8 cm/W. A figure of merit which 

is the ratio between the nonlinear and linear absorption coefficients is measured to be ~4x10-15 esu.cm. These 

optical parameters of graphene suspensions have been compared with those of single walled carbon nanotube 

[4,5] and double walled carbon nanotube suspensions [6].  
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Chirped coherent phonon dynamics in Bi2Te3 excited by 

femtosecond pulses 

 

N. Kamaraju*, Sunil Kumar and A. K. Sood 

Physics Department and Centre for Ultrafast laser applications 

Indian Institute of Science, Bangalore-12 

 

Femtosecond laser pulses (50fs) with central photon energy of 1.57 eV have been used to 

coherently excite A1g optical phonons in a single crystal of bismuth telluride (Bi2Te3). 

Degenerate pump-probe experiments have been performed as a function of temperature 

(3K to 296K) and pulse energies. The time-resolved reflectivity data shows two A1g 

modes. The first mode is at 1.85 THz (This is the Raman allowed A1g mode) at 300K 

which blue-shifts to 1.90 THZ at 3K. The second mode is rather interesting: it appears at 

3.6 THz (like the overtone of the first mode) at 300K but blue-shifts substantially to 4.02 

THz at 3K with a strong asymmetric lineshape, matching with the second A1g Raman 

allowed mode of Bi2Te3. The evolution of these modes has been studied using continuous 

wavelet transform. 
 

*Presenting author: kamaraju@physics.iisc.ernet.in 

 

 

 

 

 

 

 

 



                                            

 

Non-volatile resistive switching in single walled carbon nanotubes with 

chemically induced defects 

 

S u ha s K * ,  K  S  Va su  a nd  A K  S oo d ,  

D ep t  o f P h ys i c s ,  I nd i a n  I nst i t u t e  o f  S c ie nc e ,  Ba nga lo re -1 2  

*K VP Y  F e l lo w  (a f f i l i a t e d  to  BM S  Co l l e ge  o f  E ng i ne er ing )  

 
 
 
A BS TRA CT  

We demonstrate a two-terminal resistive switching device made by Single Walled Carbon Nanotubes 

(SWNTs) using dielectrophoresis; in specific interfaces with trinitro-compounds. The defects caused upon 

treatment of SWNT bundles with such reagents give rise to non-volatile resistive switching, with on/off 

ratios upto 10. Control of the threshold voltage of switching, through concentration of the reagent used, is 

shown. Bistable switching between high and low resistance states is also triggered by short voltage pulses. 

The speed of operation and endurance of the device is studied and the drift of either of the bistable states is 

less than 3% for several thousands of read-write cycles. 



A simultaneous pressure and temperature dependent Raman spectroscopy of 

spin-ice Dy2Ti2O7 : Phonon anomalies and structural transition 

 

Surajit Saha1, Pallavi Teredesai1,*, D. V. S. Muthu1, Surjeet Singh2, 

R. Suryanarayanan2, G. Dhalenne2, A. Revcolevschi2, and A. K. Sood1

 
1Department of Physics, Indian Institute of Science, Bangalore, India 

2Laboratoire de Physico-Chimie de l’Etat Solide,Universite Paris-Sud, Orsay, France. 

 

We report here, for the first time, a simultaneous pressure and temperature dependent 

Raman spectroscopic study of a spin-ice compound, Dy2Ti2O7. We observe a “new” 

Raman mode at low temperatures, not predicted by group theoretical analysis, due to a 

structural distortion near TC = 110 K, as reported earlier [1]. This has now been studied as 

a function of pressure. Our earlier report [1] assigned this “new” mode to a phonon; 

however, recent reports [2, 3] assign this to a crystal field transition. Here, we present 

evidences against its CF origin. Moreover, our results reveal that the TC increases with 

increasing pressure. We also find a majority of the phonons to be highly anomalous with 

temperature, attributed to the strong phonon-phonon anharmonic interactions. 

Temperature dependence of these anharmonicities has also been studied at various 

pressures which reveal that an increase in the pressure suppresses these anharmonicities. 

The role of the inherent pyrochlore vacant sites in these anharmonicities has also been 

discussed. 
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Abstract for poster 
Structural and optical studies on Ge2Sb2Te5 thin films.  

Vinod E. M., Ramakanta Naik, R. Ganesan, K.S. Sangunni, 

Department of Physics, Indian Institute of Science, Bangalore, 560012 

 
Ge-Sb-Te alloys are renowned for its reversible phase change properties and are used in 

optical and electrical rewritable data storage, especially Ge2Sb2Te5 (GST). Recent 

advancements show that this material can be effectively used as a Phase change Random 

Access Memory (PCRAM) for improving RAM performances. The properties which 

make this material attractive for PRAM applications are fast reversible phase change, 

high data storage density, long duration data retainability, fast switching times and 

stability in atmospheric conditions etc. The reversible switching between amorphous (a-

state) and crystalline states (c-state) by heating with nanosecond current/light pulses can 

achieve both the phases and will be read as zero and one for the high resistance a-state 

and low resistance c-state respectively. The structural phase transformation is believed to 

be happened though an “umbrella flip flop” mechanism. Heating above 150oC phase of 

the material changes to NaCl (Fm-3m) crystal structure and above 300oC again changes 

to Hexagonal(R-3m) structure. From high temperature XRD data both of these structures 

are realized and their optical properties such as band gap, Urbach energy, B1/2 are 

studied. The material found to possess a band gap of about 0.7 eV in the amorphous state 

and 0.5 eV in the crystalline state.  Low temperature transmission studies show a band 

gap shift to 0.9 eV. Band gap variation with temperature obeys Fan’s one phonon 

approximation and the characteristic phonon frequency of 3.59THz resulted from fitting. 



Probing Top-gated Field Effect Transistor of Reduced Graphene 
oxide monolayer made by Dielectrophoresis 

 

K. S. Vasu*, Biswanath Chakraborty*, S. Sampath# and A. K. Sood*  

* Department of Physics, Indian institute of Science, Bangalore 560 012, India. 

# Department of Inorganic & Physical Chemistry, Indian Institute of Science, Bangalore 560 012, India 

  

We demonstrate top-gated field effect transistor made of reduced graphene oxide monolayer (graphene) 
by dielectrophoresis. The non - linear source – drain current characteristics show a tendency of current 
saturation at high source – drain voltage which is analyzed quantitatively by diffusive transport model. 
The field effect transistor action was obtained by electrochemically top gating using solid polymer 
electrolyte (PEO + LiClO4) and Pt wire. Ambipolar nature of graphene flakes upto doping level of 
~1013/cm2 is observed. Reduction of graphene oxide suspension carried out by hydrazine gives a colloidal 
solution of single layer graphene. Absorption spectra of graphene oxide and reduced graphene oxide 
(RGO) suspensions show peaks at 230 nm and 278 nm, respectively, confirming the reduction of 
graphitic oxide. Raman spectrum of RGO flakes of typical size of 5µm x 5µm deposited on SiO2/Si wafer 
by dropcast show a single 2D band at 2687 cm-1, characteristic of single layer graphene. The thickness of 
RGO flakes measured by AFM is 0.6nm to 0.8nm. The two probe current – voltage measurements of 
RGO flakes, deposited in between the patterned electrodes with a gap of 2.5 µm using a.c 
dielectrophoresis (10V peak to peak at 10MHz), show ohmic behavior with a resistance of ~ 10KΩ. The 
temperature dependence of resistance of the RGO flake matches the reported value obtained for a single 
layer graphene prepared by mechanical exfoliation.  



Simultaneous n and p type carrier injection in Graphene 
FET: Transport and Raman measurements 
 

Biswanath Chakraborty, Anindya Das and A. K. Sood 
Department of Physics, Indian Institute of Science, Bangalore-560012 

 
We show simultaneous p and n type carrier injection in single and bilayer graphene 
channels by varying the longitudinal bias across the channel and the top-gate 
voltage. The top gate is applied electrochemically using solid polymer electrolyte 
and the gate capacitance is measured to be 1.5 µF/cm-2 ,  [1] a value about 125 
times higher than the conventional SiO2 back-gate capacitance. The energy gap 
opened between the valence and conduction bands using top and back-gate 
geometry in bilayer channel is estimated. For our single layer graphene FET, we 
use Raman spectroscopy to monitor the simultaneous accumulation of electrons 
and holes at the source and drain, respectively. From the shift of the 2D Raman 
mode taken at drain end, we conclude about the sign of carriers. We are able to 
observe the saturation of the drain current for sufficiently high values of drain bias 
in the single layer device, a requirement for the device to be used in analog 
applications. 
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Out-of-Equilibrium Microrheology to Probe Directional 
Viscoelastic Properties under Shear 

 
Manas Khan and A. K. Sood 

Department of Physics, Indian Institute of Science, Bangalore - 560012, India 
 
 
 
 
Many wormlike micellar systems exhibit appreciable shear thinning due to shear induced 
alignment. As the micelles get aligned, introducing directionality in the system, the 
viscoelastic properties no longer remain isotropic. An optical tweezers based technique 
enables us to probe the out-of-equilibrium rheological properties of CTAT system 
simultaneously along two orthogonal directions - parallel to the applied shear, as well as 
perpendicular to it. While the displacements of a trapped bead - in response to active drag 
force - carry signature of conventional shear thinning, its spontaneous position 
fluctuations along the perpendicular direction manifest an orthogonal shear thickening. 



Explorations of Scroll-Wave Dynamics in

Mathematical Models for Cardiac Tissue

Rupamanjari Majumder1, Alok Ranjan Nayak1, and Rahul Pandit1,

∗1Centre for Condensed Matter Theory, Department of Physics,

Indian Institute of Science, Bangalore 560012, INDIA

Abstract

Cardiac arrhythmias, like ventricular tachycardia (VT) and ventricular fibrillation (VF), are a leading cause
of sudden cardiac death: more than one million people die per year because of such arrhythmias in industri-
alised countries. Experimental studies suggest that spiral or scroll waves of electrical activation in cardiac
tissue are associated with VT, whereas, when these waves break to yield spiral- or scroll-wave turbulence,
VT develops into life-threatening VF. In the absence of medical intervention, a patient dies roughly two-and-
a-half minutes after the initiation of VF. Thus studies of spiral- and scroll-wave dynamics in cardiac tissue
pose important challenges for in vivo and in vitro experimental studies and for in silico numerical studies of
mathematical models for cardiac tissue.

Though there have been several studies of spiral-wave dynamics in two dimensions, there are very few
such studies in three dimensions. Thus we explore scroll-wave dynamics in the recently developed TNNP
model for ventricular tissue. Our study includes the effects of fibre rotation and initial filament twist on
scroll-wave dynamics.

∗Also at Jawaharlal Nehru Centre for Advanced Scientific Research, Bangalore 560064, INDIA
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Improving sensitivity of piezoresistive microcantilever by 

Electromigration 
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Abstract: 

 

Detection of very small forces and displacements in micro- and nano-scale 

systems with integrated sensors is of great importance in many applications including 

bio-molecular sensing.  Piezoresistive sensing is an attractive option for integrated 

sensing due to its simplicity and robustness. 

 

We have designed a micro-mechanical system with an actuator and a sensor, and 

fabricated the device using Silicon bulk micromachining technique. Both electrothermal 

actuator and piezoresistive sensor are Silicon dioxide cantilevers with thin Gold film. The 

sensitivity of the piezoresistor is measured by actuating the coupled oscillator into 

resonance and detecting the resultant resistance change by heterodyne principle. 

 

Further, electromigration is done by passing large current through the metallic 

piezoresistor in order to decrease the dimensions of the sensor. It is found that, as the 

resistance of the piezoresistor is increased by electromigration, the sensitivity also 

increases.  This increase in sensitivity can be attributed to stress concentration and 

increased defect density in the metal film. 



Anomalous Raman Scattering from Phonons and Electrons of 
Superconducting FeSe0.82 
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We present temperature dependent Raman spectra of FeSe0.82 measured from 3K to 300K 

in the spectral range from 60 to 1800 cm-1 and determine their origin using 

complementary first-principles calculations. A phonon mode near 100 cm-1 exhibits a 

sharp increase by ~ 5% in frequency below a temperature Ts (~ 100K) attributed to strong 

spin-phonon coupling and onset of short-range antiferromagnetic order. Secondly, in 

addition to a high frequency mode at 1600 cm-1, another mode is seen at 1350 cm-1 below 

Ts. These modes are attributed to electronic Raman scattering from x2-y2 to (xz, yz) d-

orbitals of Fe, the latter being split due to an orthorhombic structural distortion below Ts.  

 

 



Ultrafast dynamics of gold nanorods: Tuning between photo-

bleaching and photo-induced absorption 
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Abstract 

 

We report ultrafast electron dynamics in gold nanorods suspended in water by 

degenerate pump-probe technique using femtosecond laser pulses (50fs, 1.57eV). 

Samples are prepared by the seed-mediated growth technique in a micellar solution and 

have an aspect ratio between 3 and 5. The pump fluence was varied from 130µJ/cm
2
 to 

500µJ/cm
2
. For pump fluence of 130µJ/cm

2
, time-resolved differential transmission 

spectra show photo-induced absorption with a single decay time constant of ~ 3ps when 

the longitudinal surface plasmon resonance peak energy (Εsp) of the nanorods is above 

the probe pulse photon energy (ΕL). In sharp contrast, transient photo-bleaching is 

observed when the longitudinal surface plasmon resonance peak energy is below the 

probe pulse photon energy. In the photo-bleaching case, the spectra are best fitted to two 

decay time constants, the faster one varying between 1 to 3ps and the slower one from 5 

to 20ps, depending on the position of the surface plasmon energy with respect to the 

pump laser energy. The time constants depend sensitively on the energy difference Εsp-

ΕL; increasing almost linearly with Εsp-ΕL. In comparison, the mono-exponential decay 

time constant for the photo-induced absorption does not depend sensitively on Εsp-ΕL. For 

higher pump fluence, the time constants of the photo-bleaching signal increase 

significantly and the photo-induced absorption signal acquires a slow component as well.  
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Topological defects induced melting in low-density mesoscopic 
two-dimensional electron system

R.Koushik1, Matthias Baenninger1,2, Arindam Ghosh1 , H.E.Beere2, David A.Ritchie2 and Michael Pepper2

1Department of Physics, Indian Institute of Science, Bangalore 560012; India
2Cavendish Laboratory, University of Cambridge, J.J.Thomson Avenue, Cambridge; UK

Modulation doped heterostructures are ideal candidates to study the effects of disorder on electron-
electron interaction in a systematic manner. In these systems the strength of the disorder is determined by 
an undoped AlGaAS spacer, which separates the charged silicon dopants from the two dimensional 
electron gas, and can be tuned to atomic precision with molecular beam epitaxy. Several disorder-
stabilized strongly interacting many-body phenomena have been either theoretically predicted or 
experimentally claimed in these systems, ranging from Wigner crystallization, striped or bubble-type 
charge density waves, or even glassy electron phases. The defects in these phases can have interesting 
properties like fractional statistics and can be used as tools for quantum computation.

In this work, we report the evidence of topological defects in the localization transition in two-dimensions. 
Our resistivity measurements show a Kosterlitz-Thouless type behavior as a function of both carrier
density and temperature. The temperature dependence of resistivity shows saturation at low temperature 
which we argue to arise from the delocalization of defects in a quasi-ordered pinned electron solid ground 
state. We have also carried out low frequency noise measurements where we observe a depinning 
transition providing the evidence for an ordered phase at low temperatures. Specifically, our experimental 
technique involves investigation of differential resistivity noise, where the resistivity fluctuations were 
measured with a small fixed ac modulation (30 V) across the sample at several dc source-drain bias   

between -400 V to +400 V. While the power spectral density varies typically as Sv  1/f, where  varies 
from ~ 1 – 2, our measurements at low temperatures (267 mK) reveal an increase in noise at a critical 
source-drain field (around 200 V).

Finally, we have obtained a phase diagram for the melting at different fields where we observe the critical 
melting density to increase as the magnetic field is increased.

Key words: Mesoscopic, Kosterlitz-Thouless transition
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Abstract 

Recent experiments on the motion of an intruder pulled through an assembly of 

horizontally vibrated grains shows interesting intermittent behavior near the jamming 

transition (R. Candelier and O. Dauchot, Phys. Rev. Lett. 103, 128001 (2009)).  Here we 

report our ongoing experiments on the behavior of a self-propelled probe, a polar particle, 

amidst apolar particles (aluminium beads of d~1 mm) confined between two horizontal 

plates that are vibrated vertically. We study the dynamics as a function of particle 

concentration (N = number per unit area) as well as driving force Γ = aω2/g, where a and 

ω, respectively are the amplitude and frequency of oscillation and g is acceleration due to 

gravity. We show that the particle exhibits intermittency at high packing densities near 

jamming. The number of negative velocity events is also compared at various N. 
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The use of an oppositely charged strong binding counterion in ionic surfactant systems can 
change the morphology of the aggregates by tuning their spontaneous curvature and charge 
density, transforming them from spheres → rods → disks →vesicles. Hence, in comparison with 
the two component ionic surfactant-water system, the equilibrium phase behaviour of the three 
component oppositely charged system where the change in composition also modifies the ionic 
strength, can be distinct due to the presence of microstructures  that are not observed in the pure 
surfactant system. Rheological studies of these class of oppositely charged mixed surfactant 
solutions have mainly been confined to extracting information about the microstructures such as 
worm-like micelles, vesicles and so on [1]. However imposition of a shear field, and the coupling 
between the flow and the microstructure can also give rise to flow induced instabilities or non-
equilibrium phase transitions under shear. With this perspective, We will present the results of 
our recent rheological studies on dilute and concentrated phases of a ternary system consisting of 
an  anionic surfactant sodium dodecylsulfate (SDS), a strong binding counter-ion para- 
toluenehydrochloride (PTHC) and water [2-4].    
 
Isotropic, Nematic and Lamellar phases are observed in the equilibrium phase diagram of the 
system. However, the linear  rheology measurements  suggest distinct microstructures for the 
isotropic phases observed in the different regions of the phase diagram on varying the surfactant 
concentration and the molar ratio (α = [PTHC]/[SDS]). Nonlinear rheology measurements reveal 
shear thinning and shear thickening behaviour, in addition to shear-induced precipitation of 
crystallites, in  these isotropic solutions. Interestingly in concentrated solutions at α >1, by tuning 
the shear-rate, sample composition, and temperature we observe different classes of non-
equilibrium phase transitions giving rise to stable as well as metastable phases under shear. These 
include lamellar → crystalline, isotropic → crystalline, isotropic → lamellar, lamellar  → onion, 
isotropic → onion transitions. The study thus highlights the complex non-equilibrium phase 
behaviour of  mixed surfactant systems with strong binding counter-ions. 
 
 
 
[1] a)R. D. Koehler, S. R. Raghavan and E. W. Kaler, Journal of Physical Chemistry B 104, 11035 
(2000); b) P.A.Hassan, S.R. Raghavan, E. W. Kaler Langmuir 2002, 18, 2543-2548. 
 
[2] Re-entrant Phase Behavior of a Concentrated Anionic Surfactant System with Strongly Binding 
Counterions; Sajal Kumar Ghosh, Vikram Rathee, Rema Krishnaswamy, V. A. Raghunathan, and A. K. 
Sood Langmuir 2009, 25 (15), 8497-8506. 
 
[3] Shear induced crystallisation in a lyotropic lamellar phase; V. Rathee, R. Krishnaswamy, S. K. Ghosh, 
V. Raghunathan, A. K. Sood (manuscript under preparation).  
 
[4] Rheology and light scattering studies on isotropic phases of mixed surfactants; V. Rathee, A. S. Negi, R. 
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A New model, and experimental results that substantiate it, is presented here for the flow 

induced voltage and current generation observed in aligned multi-walled carbon nanotubes 

(MWCNTs).  In our experiments, the state of the ambient water (from ice to water vapour) that 

flows, along with the effective separation between the MWCNTs and the flow, is controlled by 

varying the temperature of the sample from -6
o
C to 400

o
C.  When the sample is kept at 3

o
C and 

7
o
C, the ambient water-laden-N2 flow enables the condensation of water vapour into a thin film 

of water with a creeping flow profile, covering the CNTs. At -3
o
C and -6

o
C, this water freezes 

into ice with a thin film of water flowing above it in creeping profile. The resultant induced 

voltage shows strong saturation with the flow velocity, the magnitude being similar across the 

temperature range of -6
o
C to +7

o
C. Additionally, to study the effect of density of water (vapour) 

on the flow-induced voltage, water droplets, as they flow past the CNTs, are film-boiled into 

water vapour in the temperature range 290
o
C – 400

o
C. The vapour velocity is regulated by the 

droplet velocity. The flow induced voltage showed strong temperature dependence. The 

present models are inconsistent with our new results. We propose a new model wherein the 

water molecules confined inside the CNTs, when exposed to the frictional drag imposed by the 

ambient water flow, have their dipoles aligned parallel or anti-parallel to the CNT’s axis. The 

hydrogen bonds between water molecules bring long range order and the degree of alignment 

is dictated by the strength of frictional drag and relative mobility between the hydrogen and 

oxygen atoms (relative mobility is also affected by the charge distribution on CNTs). This 

alignment creates a potential difference across the CNTs by virtue of charge distribution 

symmetry breaking. The proposed model is consistent with our observations, and the previous 

results. 
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Nonequilibrium charge transport in an interacting open system
:  twoparticle resonance and current asymmetry

Dibyendu Roy, Abhiram Soori, Diptiman Sen and Abhishek Dhar

Abstract: We use LippmanSchwinger scattering theory to study nonequilibrium electron transport 
through an interacting open quantum dot. The twoparticle current is evaluated exactly while we 
use perturbation    theory  to calculate  the current when the  leads are Fermi  liquids  at  different 
chemical potentials. We find an interesting twoparticle resonance induced by the interaction and 
obtain criteria to observe it when a small bias is applied across the dot. Finally, for a system without 
spatial inversion symmetry we find that the twoparticle current is quite different depending on 
whether the electrons are incident from the left lead or the right lead.



QUANTUM DENSE CODING WITHOUT JOINT
MEASUREMENT

MANU V. SUBRAHMANIAN AND ANIL KUMAR

The basic idea of Quantum Dense Coding is that quantum mechanics
allows one to encode information in the quantum state that is denser than
classical coding. QDC can transmit more than one bit of information by
manipulating only one of the two particles in an entangled state. The scheme
involves Information Encoding(by sender), and Information Extraction(by
receiver).

One of the four local operations by sender completes the Information En-
coding. Receiver determines the final Bell state by the Information Extrac-
tion procedure. There is a proposal of Dense Coding without joint measure-
ment using C-NOT and Hadamard Gates2, which preserves the entanglement.
Phase estimation algorithm3 also can be used for the Bell state discrimina-
tion. Both schemes involve projective measurement on ancilla qubits. Here
we have implemented Dense Coding Scheme with two work qubits and one
ancilla qubit, and two measurements, using a qubit. These Dense Coding
Schemes are implemented in three qubit NMR system (13C 1H 19FBr2) in
solution state. We have used 13C and 19F as work qubits and 1H as ancilla.
These results will be presented.
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High mobility GaAs/AlGaAs based heterostructures have been used for decades to study 

the fundamental electron-electron interaction and electron-spin interaction effects in low 

dimensional systems. Recently it has suggested that the donor atoms form a quasi regular 

array of scatterers and leads to the formation of intrinsic localized states
1
. Subsequently, 

Goswami et al. have measured an unexpectedly large thermopower in 2D mesoscopic 

systems, linked with the formation of localized spins
2
. Motivated by these studies we 

have fabricated artificial antidot lattices. These have been defined electrostatically using a 

double gated structure that allows an independent control over the fermi energy, the 

antidot potential as well as the inter-spin separation. The top gate leads to the formation 

of the antidots. The gate with periodic array of holes of the order of 100-200nm in 

diameter varies the fermi energy. Varying the distance between the perforations alters the 

spin-spin separation. This prepares the way for fabrication of tunable microscopic 

magnets. 

The magnetoresistance measurements in perpendicular magnetic field show clear 

commensurability oscillations which are characteristic of the antidot lattices. Non-

equilibrium transport measurements reveal double peaked zero-bias anomalies of large 

energy range. Also there is a clear modulation of the RKKY interaction strength with the 

distance between the perforations.  

 
[1] C. Siegert et al. Nature Phys. 3, 315-318 (2007) 

[2] S. Goswami et. al. Phys. Rev. Lett 103, 026602 (2009) 
 



Subnatural linewidth in a strongly driven

two-level system

Sapam Ranjita Chanu and Vasant Natarajan

Abstract: The natural linewidth of an optical transition appears as a fun-
damental limit to the accuracy with which the transition can be used, either
for frequency measurement or as a frequency reference for locking a laser. The
natural linewidth is determined by the lifetime of the excited state. We ob-
serve linewidths below the natural linewidth for a probe laser on a two-level
system, when the same transition is driven by a strong control laser. The effect,
due to the AC Stark shift and coherences induced by the control laser, appears
only when there is a magnetic shield around the system, so that the magnetic
sublevels are degenerate. Optical pumping by the control laser redistributes
the population and only a few sublevels contribute to the probe absorption.
We obtain up to a factor of 2 reduction in linewidth in the D2 line of Rb us-
ing a room-temperature vapor cell. The observations can be explained using a
density-matrix analysis of the system.
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Superconductivity and Magnetic Properties in Fe(Se1-xTex)y 
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Single crystals of Fe(Se0.5Te0.5)0.8 single crystals are grown by horizontal 
Bridgman method. The crystals show superconducting transition at 15 K . From the 
in-field resistivity studies the upper critical field is calculated which gives high Hc2 
values .Electron Paramagnetic Resonance studies  done on poly crystalline samples 
reveals the manifestation of magnetic instability from low temperature measurements 
and superconducting transition at 15 K. Preliminary structural analysis, magnetic and 
transport measurements are complemented with electron paramagnetic resonance and 
non resonant microwave absorption studies. For the first time NRMA and EPR 
measurements are carried out to qualify this family of superconductors. 

 



Laser and Tissue interaction based weighted matrix formulation algorithm for
diagnosis

Samir Kumar Biswas1,∗ K. Rajan1,† and R. M. Vasu2

Department of Physics1, Department of Instrumentation2

Indian Institute of Science, Bangalore, 560012 India.

A combination of interior element wise photon absorption and data misfit based adaptive regular-
ization method is proposed to stabilize the non-linear ill-posed inverse problem. Based on the laser
and tissue interaction, a mathematical algorithm has been developed to estimate the Hessian. The
inverse problem is made robust by combining the adaptive data misfit and model Hessian which
is calculated based on interior photon absorption. The Hessian calculation algorithm is different
from the conventional one and the proposed algorithm is much more faster than the conventional
technique. The proposed method gives better solution for inverse problem. Domain’s interior pho-
ton absorption and misfit based combined adaptive regularization method improves diffuse optical
tomography.

Keywords: Modeled Hessian, interior absorption, combined adaptive regularization, ill-posed, low noise, dot.

FIG. 1: The diameter of anomaly is 6.4mm (Fig.1A, at (0,-19.2)) and Contrast ratio is 2:1. The number of elements and nodes
are 4032 and 2089 respectively. The diameter of the domain is 80mm. The Percentage of Contrast Recovery (PCR), Contrast

to Noise Ratio (CNR) and Standard Deviation of Background optical parameter (σbg
std) are analyzed (Fig.1I) for the existing

methods (STR- Fig.1B, LMR- Fig.1C, PAR- Fig.1D) and the proposed method (Fig.1 E).

[1] S. K. Biswas, K. Rajan and R. M. Vasu, SPIE Proceeding 2010.
[2] H. Niu, P. Guo, L. Ji, Q. Zhao and T. Jiang, Opt. Exp. 16, 12423 (2008).
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Properties of supercooled fluids under shear: a
microscopic approach
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Starting from the Nosé Hoover thermostatted equations of motion for
individual fluid particles, we derive a mode coupling theory for the time de-
pendent density autocorrelation function of the fluid under shear through the
microscopic approach. We propose a trial form and justify it by comparing
the YBG equation derived from the trial form with that derived from a to-
tally different approach, starting from the distribution function. This YBG
equation for a fluid under shear is already an interesting result and can be
tested through simulation.
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Size Induced Disappearance of Antiferromagnetism and Emergence of Ferromagnetism in 
Nanoparticles of Bi0.25Ca0.75MnO3 : EPR and Magnetization Studies 
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*Department of Physics, Indian Institute of Science, Bangalore - 560012, India. 
 
  Doped rare earth manganites of the form A1-xA’xMnO3 ( A= La, Pr, Nd etc. and A’ = Ca, Sr, 
etc). have recently been exhaustively investigated due to their interesting physics as well as 
technological potentials. Major efforts are on to bring the field induced precipitous drop of 
resistivity, or the so called “colossal (negative) magnetoresistance” (CMR), to useful field and 
temperature levels for applications. Since charge ordered, antiferromagnetic insulators when 
destabilized to ferromagnetic metals provide the much sought after resistance change, it would 
be useful to start with high TCO (charge ordering temperature) materials and then transform them 
to FM metals. An intrinsic way of doing this has been shown to be to prepare them in nanoscale 
[1]. Doped bismuth manganites such as Bi1-xCaxMnO3 and Bi1-xSrxMnO3 satisfy the condition of 
high TCO ( ~ 325 K for Bi0.5Ca0.5MnO3 and ~ 525 K for Bi0.5Sr0.5MnO3). However, early reports 
indicated that nanoparticles of these compounds retain their antiferromagnetism [2] consistent 
with the robust charge order found in the bulk state of these materials [3]. In this work we 
present the first successful realization of ferromagnetism in nanoparticles of Bi0.25Ca0.75MnO3 
(BCMO) which shows TCO ~ 260 K and an antiferromagnetic transition at 150 K in the bulk. 
  Nanoparticles of BCMO were prepared using sol-gel technique. Using the Scherrer formula, the 
mean diameter of the crystallites was found to be ~ 100nm which was close to the value obtained 
from scanning electron microscopy for the particle size. Electron magnetic resonance ( EPR in 
the paramagnetic phase and FMR in the ferromagnetic phase) measurements were carried out 
using a commercial spectrometer operating in the X- band ( microwave frequency ~ 9.3 GHz ) 
between 8 and 300 K. The signals consisted of broad absorption derivatives arising from the 
stoichiometrically present Mn3+  and Mn4+  ions. Lineshape fitting to a Lorentzian with two terms 
[4] (accounting for both the clockwise and anticlockwise rotations of the microwave field ) was 
employed to obtain the relevant EPR parameters as a function of temperature. This fitting could 
be satisfactorily carried out only down to ~ 105 K below which a severe distortion of the 
lineshape was observed. Change over in the lineshape of this kind is shown in the literature to 
herald the occurrence of a ferromagnetic transition [1]. This conclusion is also borne out by the 
temperature dependence of the EPR parameters viz. the resonance field, line width and the 
double integrated intensity which showed drastic changes below ~ 120 K confirming the 
ferromagnetic transition. Magnetization measurements were carried out using a commercial 
SQUID magnetometer down to 10 K. Onset of ferromagnetism around 120 K was clearly 
observed with hysteresis behaviour of magnetization below this temperature confirming the 
occurrence of ferromagnetism.Thus in the nanoparticles an FM phase is observed to replace the 
AFM phase observed in the bulk. 
 
References : 1. S.S.Rao, K.N.Anuradha, S.Sarangi and S.V.Bhat ; Appl. Phys. Lett., 87, 182503 
(2005) 
2. S.S.Rao and S.V.Bhat ; J. Nanosci. Nanotech. 7, 2025-2028 (2007) 
3. H.Woo, T.A. Tyson, M.Croft, S-W. Cheong and J.C. Woicik, Phys. Rev. B 63, 134412 (2001) 
4. A. Ivanshin, J. Deisenhofer, H.-A. Krug von Nidda, A. Loidl, A. A. Mukhin, A. M. 
Balbashov, and M. V. Eremin, Phys. Rev. B 61, 6213 (2000). 
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Electrical detection of spin polarized
electrons in semiconductors using a
radio-frequency pick-up coil

Chinkhanlun Guite and V. Venkataraman
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We present here preliminary results from an experiment which involves
the measurement of electronic spin polarization in bulk semiconductors using
electromagnetic induction. The main idea is to excite the electrons from the
valence bang to the conduction band using a circularly polarized laser. Due
to the strong spin-orbit coupling in the valence band, a part of the angular
momentum of the circularly polarized light is transferred to the electron
which allows the excited electron to be spin polarized to certain degree of
efficiency, for e.g. 50 percent for GaAs. The spin of the excited electron
decays with a lifetime of about 50 ps at 300K. In steady state, for a pump
intensity of about 200mW at 808nm, a spin polarized density of 109 cm-3 can
be achieved in GaAs. The weak magnetization generated by this population
can be detected by sensitive modulation techniques.

The laser light was phase modulated using an electro-optic modulator
from left to right circular polarization at a high frequency of 2.03MHz. This
creates an alternating spin polarization in the sample, which generates vary-
ing magnetic field at the frequency of the modulator. Using a sensitivity
inductive pick-up coil with a Q 40 at 2.03MHz and an RF lock-in Ampli-
fier, the induced voltage can be detected and studied. We have currently
a singnal of 20nV in our experiment setup against an expected signal of
2nV. We are currently involved in understanding where the extra-signals are
coming from, and eliminating possibilities of spurious signals by modulating
the light at a frequency f and demodulating it at another frequency at i.e. 2f.
We believe this measurement technique will give an insight into the behav-
ior of electronic spins inside GaAs and can be extended to other materials,
particularly indirect semiconductors such as Ge.
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Correlation of morphology and charge transport in poly(3,4-
ethylenedioxythiophene):polystyrenesulfonic acid (PEDOT:PSS) films 
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ABSTRACT 

The current progress in organic/polymer optoelectronics and device technology 
relies significantly on the ability to tune the various device transport parameters by means 
of morphology, interface modification, controlling the extent of disorder, varying the 
charge carrier density and mobility. The performance of these devices is strongly 
interlinked with the morphology and structure of the constituting organic material. 
Among the important conducting polymers for device applications is poly(3,4-
ethylenedioxythiophene):poly(styrenesulfonate) (PEDOT:PSS), consisting of a 
conducting polythiophene derivative (PEDOT) that is electrostatically bound to a PSS 
polyanion. Usually, the appropriate combination of surface morphology and conductivity 
is required for the various applications of PEDOT:PSS. 
 A wide variation in the charge transport properties of poly(3,4-
ethylenedioxythiophene) :poly(styrenesulfonate) (PEDOT:PSS) films is attributed to the 
degree of phase-segregation of the excess insulating polyanion. In the present work, we 
present transport measurements at low temperatures and high magnetic fields and also at 
high frequencies (up to 10 MHz) to investigate the network connectivity in the 
PEDOT:PSS system, and correlate with the film morphology. The results indicate that the 
charge transport in PEDOT:PSS can vary from hopping to critical regime of the metal-
insulator transition, depending on the subtle details of morphology. The extent of 
electrical-connectivity in films, directly obtained from a temperature-dependent high-
frequency transport study, indicates various limiting factors to the transport, which are 
correlated with the phase separation process. The low temperature magnetotransport 
further supports this morphology-dependent transport scenario.   
 

Keywords: Conducting polymer, PEDOT:PSS, charge transport, polymer electronics, 
phase segregation. 
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This note presents a simple, low cost and general purpose data acquisition system with a USB interface to 

accommodate different applications. The unit serves as a general purpose data acquisition system with 

almost eight channels accepting the analog inputs and providing their equivalent 10-bit digital output. The 

interface designed with the USB chip helps others to design a USB-based system without knowing details 

of the USB itself. The unit integrates most functions commonly used in the laboratory, such as analog-to-

digital converter (ADC), signal conditioning into a single unit. 

An essential requirement for a universal DAQ system is that it can work with a variety of sensors, actuators 

and signal conditioning circuits. Mobility is also important for a universal DAQ system, so that it can be 

easily connected to or removed from a computer. Several applications for which the current system design 

in the lab is useful include simple voltage, temperature measurements and even fluorescence detection. 

The design is advantageous in the sense that it provides cost effective hardware design, high data transfer 

rate (1 Megabyte/second for direct drivers) with the use of USB as the interface, USB bus power capability, 

entire USB protocol handled in the USB chip eliminating the need of specific USB firmware 

programming,microcontroller based USB design provides better sampling rate with full speed data 

transmission.   

Dedicated software with a user-friendly interface has been developed in ‘Windows C’ under ‘PELLES C’ 

IDE to log the sampled data into a PC or a laptop. Firmware is developed using Microchip’s MPLAB IDE 

with Hi-Tech’s PICC LITE compiler. Preliminary tests show that all the designed functions are working. 



Two-Dimensional Turbulence with Polymer Additives
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We present a detailed direct numerical simulation (DNS) of two-dimensional de-

caying, homogeneous, isotropic, turbulence in the presence of polymer additives.

Our study shows that, in two dimensions, palinstrophy reduction on the addition

of polymers is the analogue of viscous-dissipation reduction [1] in three-dimensional

turbulence. In particular, palinstrophy reduction increases with an increase in the

polymer concentration. We also study the change in the behaviour of the energy

spectrum on the addition of polymers.

[1] P. Perlekar, D. Mitra, and R. Pandit, .Phys. Rev. Lett, 97, 264501(2006)



 Thermodynamics and Dynamics of Water in hydrophobic Channel of 
nanotube 
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,Department of  Physics,
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              Despite   the   hydrophobic   character   of   Carbon   Nanotubes(CNT),both   experiments   and 
simulations     have   reported   instant   entry   of   water   inside   the   pore     CNT.  A   thermodynamics 
understanding of   this  phenomenon  is  still  missing.  We compute  the  energy and entropy of   the 
confined water and demonstrate that when water enters in CNT, loss in energy is compensated by 
gain in rotational entropy. And confined water is always in equilibrium with outside bulk water. 
Various aspects of reorientational dynamics of confined water will also be presented.

Email:hemant@physics.iisc.ernet.in
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Thermodynamic and equilibrium statistical 
properties of a short double stranded DNA

Mogurampelly    Santosh    and Prabal K Maiti

We report some of the thermodynamic and equilibrium statistical properties of short double 

stranded DNA (dsDNA) using fully atomistic simulation. By applying force on dsDNA ends, 

the forceextension curves for a  12 and 38 basepair  dsDNA were obtained at various pulling 

rates viz., 103 pN/fs, 104 pN/fs and 105 pN/fs in constant force ensemble. The forceextension 

curve has an entropy region where the extension of dsDNA is very small for small forces and 

eventually attains a plateau region at a critical force which increases with increasing pulling 

rate. We calculate the free energy of melting by integrating the forceextension plot and obtain 

the   melting   phase   diagram.   We   also   calculate   the   stretch   modulus   of   dsDNA   from   the 

equilibrium fluctuation of the endtoend distance of the dsDNA. Variance in the endtoend 

distance is calculated as a function of the number of basepairs.



         Dynamics  of Human Immunodeficiency Virus Type 1 gp120-CD4 receptor interaction: 
                                                            a MD simulation approach

                                       Bidisha Nandy , Prabal K Maiti and Narendra  Dixit

The entry  of  Human Immunodeficiency virus type1 (HIV-1)  to  the  host  cell  is  controlled by  the 

interaction  between three  key  proteins  the  viral  envelope  (Env)  glycoprotein  gp120,  the  receptor 

protein CD4 and the co-receptor CCR5. Binding of CD4 to  gp120 is  the first  crucial  step which 

promotes a conformational change in gp120. gp120 undergoes a further conformational change when 

it binds to CCR5. This binding leads to the fusion of viral cell and host cell. And this fusion allows 

the viral RNA to enter inside the cell. The complete story with atomistic details of this virus-cell 

binding process is not yet understood. Using available experimental and simulation data we build up 

an atomistic model of gp120-CD4 complex and study the binding dynamics of gp120-CD4 complex 

using  steered  molecular  dynamics  simulation.  Our  calculated  binding  energy  and  free  energy 

landscape show quantitative agreement  with available experimental results.
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Abstract: 
MEMS technology has contributed substantially towards the development of lab-on-a-
Chip devices, whose aim is to replace bench–top laboratory tools with miniaturized chips 
for processing and detecting biomolecules. During the last decade there have been 
enormous amount of research towards finding the best suitable material, simplifying 
fabrication techniques, improving biocompatibility and miniaturizing the device in order 
to deliver devices that are more efficient, cheaper, faster and have higher throughput. 
DNA based bio-chips must perform extraction of pure DNA from cell, amplification to 
detectable amounts and checking for product specificity. I will discuss one of the 
important bio-MEMS applications, namely, DNA amplification devices using 
polymerase chain reaction (PCR). DNA amplification is used in various forms for 
pathogen detection, forensic investigations, bio-defense, food and water control, 
environmental monitoring, DNA sequencing etc. We will discuss the key aspects related 
to the miniaturization of PCR devices: material of choice, fabrication technologies, 
thermal measurement, feedback control and fluorescence based detection techniques. 
     Fluorescence detection in chip PCR with PDMS is being used to monitor DNA 
amplification and calibrate the chip using melting curve analysis. Unlike conventional 
real time PCR instrument that measures single point fluorescence every cycle, we have 
developed home built LED based fluorescence set up to measure the intra cycle 
fluorescence at every 0.5 sec during PCR. We have developed metal embedded compact 
PDMS device which acts as a heater. The device is demonstrated for successful melting 
for a DNA sample volume of 10 μL by non contact induction heating. Currently we are 
optimizing the device for amplification of DNA in the same device. 
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Abstract: 
Controlled movement and manipulation of small volume of liquid enabled integration and automation of liquid 
handling in bioMEMS research. Biomedical applications involve repeated flow, mixing and purging of 
biomaterials with small volume of multiple reagents. Reproducibility and handling are the most important aspect 
in those assays. Actuated droplet manipulation is one of the key techniques for such lab-on-chip applications. 
Most commonly used droplet actuation has been achieved by using vertical electrode geometries which have 
been a bottleneck in many applications. In this report we show a simple planar geometry electrode array that can 
reproducibly move sub-microliter volume of solution. We have used soft lithography fabrication technique to 
build PDMS based non-contact electrode substrates for droplet movement, mixing and unmixing operations 
using the principle of electrowetting. Electrode geometries and field strengths were optimized for droplets as 
small as 0.4 μL. The required automation for movement control is demonstrated using microcontroller based 
digital electronics. The movement of droplets is established in an environment of an immiscible medium to 
reduce the loss of sample volume due to evaporation and eliminate surface interactions. Most of the biological 
samples require a controlled thermal environment along with the necessary liquid nutrient environment for its 
proper function. In this report we also demonstrate a bilayer electrode design on a thin layer of polymer for two 
way manipulation of the sample droplet. The device can be used for sample manipulation of DNA  or cell. 
 
Refrences: 
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Creation of Bell states on end qubits and W-state using 
Heisenberg-XY interactions on a linear chain of nuclear 

spin qubits. 
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   NMR quantum computation so far has been carried out using qubits, all of which 
are coupled to each other, allowing access to the full Hilbert space. However, such 
systems are difficult to scale and yield only a smaller number of qubits. It is 
important to consider the spin systems having only nearest neighbour or next 
nearest neighbour interactions for quantum computation, which can possibly yield 
higher number of qubits. 
 
   There have been many theoretical proposals for quantum state transfer using 
nearest neighbour Heisenberg-XY interactions in a linear spin chain and more 
complex spin networks1,2. Few of these proposals have been realized 
experimentally by simulating the evolution caused by the Heisenberg-XY 
interactions in a nuclear magnetic resonance quantum computer3. 
 
   In this work, we have used these nearest neighbour Heisenberg-XY interactions 
for creating multi-particle entangled states in a linear chain of nuclear spin qubits. 
Bell states on end qubits and w-state have been created experimentally on a 3-
qubit NMR quantum computer. Tomography of each of these has been performed 
to confirm the creation of such states. These results will be presented.  
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Moving magnetic domains by electric current is the physical resource to new concepts in 
nanoscale magnetic memory. However, the stochasticity associated with such movements 
remains a serious roadblock to technology. We have investigated the time-dependent 
fluctuations in electrical resistance, or noise, in high quality crystalline magnetic nanowires 
within nanoporous templates. The noise increases exponentially with increasing temperature 
and magnetic field, and can be understood in terms of domain wall depinning within the 
Neel-Brown framework and  frequency-dependence of noise also indicates a crossover from 
nondiffusive kinetics to long-range diffusion at higher temperatures [1]. The kinetics of the 
depinning process of the domain walls (DW) from pinned state to uniform motion with 
increasing drive current is crucial in this context, but remains largely unknown. We have 
also probed the initial stages of current-driven DW depinning in cylindrical magnetic 
nanowires, and discovered that depinning occurs by DW creep, followed by a viscous or 
diffusive kinetics with increasing current [2]. By measuring the slow random fluctuations, or 
noise, in the electrical resistance of nickel nanowires embedded inside nanoporous 
insulating templates as well as single nanowire, we find the evidence of different regimes of 
DW kinetics characterized by universal kinetic exponents, analogous to that associated with 
the depinning of DWs in ultra-thin magnetic or nanowires, when subjected to external 
magnetic field. We emphasize that resistance noise could be a sensitive tool to probe 
domain stochasticity in a wide variety of magnetic nanomaterials, portable even to 
individual nanostructures. 
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Abstract 
 
Nanostructured carbon nitride films were prepared by pyrolysis assisted chemical vapour 
deposition. To have an effective pyrolysis, the furnace should have a uniform temperature 
zone. A two zone furnace with a uniform temperature zone over 20 cm length was 
designed and developed. The precursor Azabenzimidazole was taken in a quartz tube and 
evaporated at 400 0C in zone1. The dense vapours enter the pyrolysis zone (zone 2) kept 
at a temperature of 800 0C. The pyrolysed vapours deposit on the quartz substrates and 
the inner walls of the quartz tube. The FTIR spectrum of the prepared samples shows 
peaks at 1272 cm-1 (C−N stretching) and 1591 cm-1 (C=N) confirms the bonding of 
nitrogen with carbon. Raman D and G peaks, which are fingerprints of graphite, are 
observed at 1385 cm-1 and 1576 cm-1 respectively. X-ray photoelectron spectroscopy 
(XPS) core level spectra of C 1s and N 1s show the formation of π bonding between 
carbon and nitrogen atoms. Each carbon atom in g-C3N4 layer is bonded to three nitrogen 
atoms by one double and two single bonds. There are two types of N atoms, one with two 
C and another with three C neighbours respectively. These observations along with XRD 
analysis confirm the presence of g-C3N4. The size of the nanocrystals estimated from the 
SEM images is ~100 nm. These nano crystals are embedded in an amorphous matrix of 
graphitic carbon nitride (g-C3N4). In some regions of the sample a maximum of 57 atom 
% of nitrogen was observed. The overall N/C ratio estimated from elemental combustion 
analysis was 0.3 (about 23 atom % of Nitrogen). Attempts are being made to increase the 
yield and uniform distribution of the nano crystallites of carbon nitride in the structure.  
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