




Preface 

 

Indian Institute of Technology (IIT) Kharagpur has scheduled its sixty third (63rd) Annual 

Convocation of the institute during 5-6 August 2017 for all the degree recipients of 

undergraduate, post graduate and research scholars. 

In view of this, Central Library of the institute has compiled and published a volume of 

abstracts of Ph.D. theses submitted by research scholars of IIT Kharagpur for the period 

of August 2016–July 2017. This volume provides the bibliographic information of the 

theses like title, author/researcher name, supervisor(s), department/ centers/ schools, date 

of submission, accession number (assigned by Central Library) and abstract with 

keywords. The arrangements of entries in the volume are: a) Alphabetical listing of 

Departments/ Centres/ Schools and then, b) alphabetical arrangement of entries by 

authors’ full name under each department. There are 265 abstracts of Ph.D. theses on 

various subjects and areas included in this volume. 

 

The main purpose of the compilation of the abstracts of theses is to create and enhance 

the awareness among the other scholars/ researchers/ faculty members that these are the 

research works already carried out by research scholars of the institute in the particular 

period. It also increases the visibility nationwide by sending the copies of the abstract to 

other institutes and universities in India. 

 

The print copy of abstracts of theses will be issued to all distinguished faculty members 

and other prominent persons, who are actively involved in conducting the research work. 

Also, the soft copy of the abstracts of theses is made available in the library website 

‘http://www.library.iitkgp.ernet.in/’ as e-book reader format. 

 

Full-Text of these Ph.D. theses have already been uploaded in the Institutional Digital 

Repository (IDR) for online accessing and downloading through Institute’s network. 
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EVOLUTION AND ENGINEERING OF III-NITRIDE SURFACE AND 

HETEROINTERFACE FOR ELECTRONIC APPLICATIONS 
 

Ankush Bag 
Supervisor: Prof. Dhrubes Biswas 

Advanced Technology Development Centre 

Accession No.: NB15590 

 

The present thesis explores defects in Group III-nitrides in correlation with material physics and 

affected device parameters to conceptualize a novel double quantum well based HEMT towards next 

generation electronic switches. The consequence of the heteroepitaxial defects in conventional PA-MBE 

grown AlGaN/GaN HEMTs on both sapphire and silicon (111) has been investigated by trapping and 

tunneling of electrons. Current slump, intermodulation distortion (IMD), linearity and gain are the main 

parameters, which are correlated with interactions of defects and normal device operations. Trap energy level 

has been determined as ~ 0.31 eV for AlGaN and ~0.05eV for GaN using a new IMD method. In view of the 

above experimental evidence and literature survey, InGaN has been explored as an alternative channel 

material in place of GaN.  

Both adatom kinetics and strain in epilayers are fundamental mechanisms correlated with defects in 

PA-MBE grown crystalline systems. Surfaces and interfaces of nitride alloys (AlGaN and InGaN) are 

investigated through RHEED observations and statistical parameters as obtained from AFM topography. A 

relationship has been established between different kinetic mechanisms and binding energy of cluster 

adatoms as per modified DDA (deposition, diffusion, and aggregation) growth model. Strain dependence of 

defects and growth kinetics are further explored for single-phase InGaN/GaN heterostructure on silicon (111). 

Normally observed (101) faceted V-defects with hexagonal pits are found to be associated with surface 

diffusion of adatoms and lateral growth. The phenomena result in lateral V-defects depending upon the 

connectivity of the vertex of V with threading dislocations. 1  

Further, reciprocal lattice evolution has been mapped during growth of AlGaN/InGaN on Si (111) 

by RHEED to measure the effect of composition, strain, and temperature on the epilayers. Although the alloy 

ordering and subsequent InN formation degrade the carrier mobility at the AlGaN/InGaN heterojunction, it 

acts as an excellent pool of static charges (~2.07 × 1013 cm-2 at 300 K) in addition to its defect filtering 

properties. In order to mitigate the aforementioned technological hurdles and improve the GaN HEMT 

performance, a novel double quantum well-based heterostructure has been designed to incorporate the 

superior mobility behavior and static charge characteristics of AlGaN/GaN and AlGaN/InGaN 

heterointerface respectively. The simulation of the device exhibits a promising enhancement mode behavior 

(Vth > +0.5 V) of the device with a steep subthreshold slope for switching applications.  

 

Keywords: GaN HEMT, AlGaN, InGaN, self-heating, trap, defects, binding energy, adatom kinetics, strain, 

tunneling, enhancement mode, double quantum well 

 

FUNCTIONAL CHARACTERIZATION OF THE SAPK9 AND bZIP23 GENES 

AS POSITIVE REGULATORS OF DROUGHT TOLERANCE IN RICE PLANT 
 

Avishek Dey 
Supervisors: Prof. Mrinal K. Maiti and Prof. Saumen Hajra 

Advanced Technology Development Centre 

Accession No.: NB15741 

 

Drought is one of the major limiting factors for the productivity of crops including  rice (Oryza 

sativa L.). Understanding the role of allelic variations of key regulatory genes involved in stress tolerance is 

essential for developing an effective strategy to combat drought. The present study aimed to functionally 
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characterize the SAPK9 and bZIP23 genes, which are hypothesized to be involved in abscisic acid (ABA)-

dependent abiotic stress adaptation in rice plant; through developing gain-of-function and loss-of-function 

phenotypes by transgenesis. The 1086 bp and 1083 bp coding DNA sequences (CDSs) of SAPK9 and bZIP23, 

respectively were isolated from leaf tissues of drought-tolerant rice genotype, and bioinformatics analyses 

were performed using the derived polypeptides. The SAPK9 and bZIP23 transcript expressions were found 

to be highest in leaf and upregulated during drought stress and ABA treatment. The analyses revealed that 

the expression levels of these two single gene-derived transcripts were significantly higher in drought-tolerant 

rice genotypes than the drought-sensitive ones, and their expressions were comparatively greater in 

reproductive stage than the vegetative stage. The analyses of SAPK9 and bZIP23 CDSs across selected 

drought-tolerant and drought-sensitive rice genotypes revealed the existence of natural polymorphism in both 

the genes. The bacterially expressed recombinant SAPK9 protein was able to phosphorylate itself, histone III 

and the recombinant bZIP23 protein as substrates in vitro. Transgenic overexpression (OE) of SAPK9 CDS 

from O. rufipogon, and two polymorphic CDSs of bZIP23 from O. rufipogon and O. nivara individually in 

a drought-sensitive indica rice genotype IR20 exhibited significantly improved drought tolerance in 

comparison with transgenic silencing (RNAi) lines and non-transgenic (NT) plants. In contrast to RNAi and 

NT plants, the enhanced drought tolerance of OE lines was concurrently supported by the upgraded 

physiological indices with respect to water retention capacity, soluble sugar and proline contents, membrane 

stability and cellular detoxification. Upregulated transcript expressions of hierarchically downstream stress-

responsive genes and increased sensitivity to exogenous ABA of OE lines indicate that the SAPK9 and 

bZIP23 are the positive regulators of ABA-mediated stress signaling pathways in rice. The present study 

clearly establishes the functional role of SAPK9 as both transactivating kinase and potential transcriptional 

activator, while bZIP23 as a transcriptional activator in drought stress adaptation of rice plant.  

 

Keywords: Abscisic acid (ABA) signaling pathway; Allelic polymorphism; Drought tolerance; Gain-of-

function; Loss-of-function; Overexpression; Gene-silencing; Rice crop; Stress-responsive gene; Yield 

performance 

 

THERMO-SOLUTAL-HYDRODYNAMIC TRANSPORT IN PRESENCE 

OFTHERMOVISCOUS EXPANSION ALONG A TRAVELLING 

TEMPERATURE WAVE 
 

Debashis Pal 
Supervisor: Prof. Suman Chakraborty 

Advanced Technology Development Centre 

Accession No.: NB15673 

 

Thermoviscous expansion of a fluid along a periodically heated wall constitutes a novel and 

intriguing thermo-mechanical pumping method that is capable of inducing net fluidic transport along the 

wall. Thermal diffusion, temperature-dependent density and viscosity variations, interplay among multiple 

length scales - all these factors play incredibly critical roles in this transport. In the present dissertation, four 

problems have been studied, starting from flow over a flat plate (an unconfined flow configuration). Each of 

second and third problems adds a new length scale to the flow phenomena, thereby, making it more 

challenging to analyze. Finally, the fourth problem focuses on substantiating one of the potential applications 

of such flow, that is, obtaining dispersion free transport in microchannels.  

The first problem delineates the dynamics of spatiotemporally periodic flow over a flat plate 

originating out of periodic thermoviscous expansion of the fluid, as a consequence of a thermal wave applied 

on the plate wall. Two appropriate length scales, namely, the wavelength of the temperature wave and the 

thermal penetration depth, are identified. Based on the length scales and the analytical solution for the 

temperature field, the flow field is demarcated into three different layers, namely, the wall layer (which is 

further sub-divided into various sub-layers, based on the temperature field), the intermediate layer, and the 
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outer layer. Scaling analysis reveals that the entire thermal fluctuation and the subsequent thermoviscous 

forcing remain confined within the wall layer. Precisely, it is the interaction between the pressure oscillation 

and temperature-dependent viscosity that yields a unidirectional mean or net (time averaged) flow within the 

wall layer opposite to the direction of motion of the temperature wave. We also obtain an appropriate scale 

for the fully developed mean flow velocity at ‘periodic steady-state’ for fluids having Prandtl number close 

to unity, which we further substantiate by full scale numerical simulations. The friction factor (dimensionless 

wall shear) is found to vary inversely with a single dimensionless quantity called the ‘thermoviscous actuation 

parameter’. Our results may constitute a new design basis for simultaneous control of the net throughput and 

mixing over a solid boundary, by the judicious employment of a traveling temperature wave.  

When the mean Prandtl number (Pr) and low-Pr0) fluids. The deviates considerably from unity, an 

additional length scale (viscous penetration depth) starts influencing the concerned dynamics of instantaneous 

as well as time averaged flow. Accordingly, in the second problem, the limiting cases of high and low Prandtl 

numbers (Pr0
 
>> 1 and Pr0

 
<< 1) are investigated through detailed order of magnitude analysis. Our study 

reveals that the viscous penetration depth scales universally with Pr0
 
so long as such depth remains small 

compared to the wavelength of the applied thermal wave. The most intriguing result about this study is that 

while a high Pr0
 
is found to obstruct the mean flow, the converse is not necessarily true. Numerical analysis 

(CFD) clearly shows that a low Pr0
 
fluid can induce negative thermoviscous force within the wall layer and 

thus retard the mean motion, leading to a nontrivial reduction of net throughput along the plate. Numerical 

prediction of friction factor variation with Pr0
 
agrees well with the scaling estimates for both high-Pr0 (𝜏̅w ~ 

Pr0
3/2) and low- Pr0 (𝜏̅w ~ Pr0

1/2) fluids. The findings may very well act as fundamental design basis for 

engineering devices that may potentially be developed on the basis of the underlying physical principle.  

The third problem elucidates the dynamics of thermoviscous pumping process triggered by identical 

temperature waves travelling along the walls of a two-dimensional parallel plate channel. Spatial confinement 

may impose serious restrictions on thermal expansion of the fluid, altering the velocity field dramatically as 

compared to the unconfined flow situations. Depending on channel height to thermal penetration depth ratio 

and channel height to thermal wavelength ratio, such channels are grouped into three categories – ‘thin 

microchannel’, ‘thick micro-channel’ and ‘thick channel’, each of which is characterized by distinct physical 

scales for instantaneous as well as time averaged (net) velocities. It is found that the ‘thick microchannel’ 

flow exhibits a spatially uniform net velocity profile, resembling the plug-like electroosmotic flow with thin 

Electric-double-layer. Remarkably, this uniform net flow is represented by a ‘universal’ scale that, in turn, 

depends not only on the fluid properties (heat diffusivity, thermal expansion coefficient, thermal viscosity 

coefficient and Prandtl number) and wave characteristics (amplitude, wavelength and speed of the thermal 

wave) but also on the channel height. Results from the present study are expected to provide valuable insights 

towards arresting hydrodynamic dispersion in microchannels by non-electrochemical means, following a pH-

independent route.  

Finally, we numerically investigate hydrodynamic dispersion of a non-reacting species in 

microchannel flow driven by thermoviscous actuation. Based on the differences in spreading behavior of a 

solute, as obtained from comprehensive CFD simulations, new time regimes (an “oscillating regime” and a 

“stable regime”) are identified. Our results reveal that the axial dispersion coefficient (Deff) of a species 

periodically fluctuates till the variance of concentration distribution equals half of the square of thermal 

wavelength. Such oscillation essentially dies down as the variance grows further, leading to a “stable regime” 

of dispersion. While the oscillation of axial dispersivity (Deff) is considerable in a ‘thin microchannel’, the 

same is found to be inconsequential in ‘thick microchannels’ as the temperature field remains uniform 

throughout the channel core. Moreover, for a given Peclet number, the coefficient (Deff) can be decreased 

further by reducing the thermal penetration depth compared to the channel height. The ‘thick micro-channels’ 

are thus capable of arresting the (axial) spreading of an injected solute in the flow direction and naturally aid 

the separation processes in microfluidic applications. 

  

Keywords: Thermal expansion, Temperature-dependent properties, Travelling temperature wave, Length 

scales, ‘Periodic steady-state’, Time-averaged velocity, Thermoviscous forcing, Prandtl number, Viscous 
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penetration depth, Friction factor, Thermoviscous actuation parameter, Microchannel, Uniform flow, Axial 

dispersion coefficient, Scaling analysis, Computational fluid dynamics. 

 

AUTO CALIBRATED DELTA SIGMA FRACTIONAL-N PLL FREQUENCY 

SYNTHESIZER AND AWIDEBAND PIPELINE ADC 
 

Manas Kumar Hati 
Supervisor: Prof. Tarun K. Bhattacharya 

Advanced Technology Development Centre 

Accession No.: NB15692 

 

There is a strong demand for low power and high performance ΔΣ Fractional-N PLL frequency 

synthesizer in RF communications. This work will focus for designing a low phase noise AS Fractional-N 

PLL for RF communications. In this work emphasis has been made to reduce the power and phase noise for 

implementing the envisaged RF communication system. The phase frequency detector (PFD) has been 

implemented specifically to eliminate the non-ideal effects in many PFDs in literature. In addition, a novel 

charge pump switching technique with the proposed PFD, a high speed charge pump circuit and loop 

bandwidth calibration compatible high speed charge pump circuit have been implemented for the ΔΣ 

Fractional-N PLL frequency synthesizer. Further, an efficient pulse swallow divider technique has been 

incorporated for this work. Besides this an efficient design technique of an automatic frequency control 

(AFC) and amplitude control LC VCO circuit with noise filtering technique have been implemented for this 

work. A new and unique loop bandwidth calibration (LBW) circuit has been incorporated for wideband 

application of the frequency synthesizer for 2.158 GHz to 5.133 GHz operation (DVBH/SH). However, not 

only a proposed LBW calibration and a new AFC technique have been implemented for the ΔΣ Fractional-N 

PLL frequency synthesizer but also we have proposed a loop bandwidth calibration and noise cancellation in 

ΔΣ Fractional-N PLL through the use of PFD/DAC based unit current cell to obtain an optimum phase noise 

performance. The Fractional-N PLL is locked within 12.7 μs including the AFC and loop bandwidth 

calibration circuit for worst case KVFC = 10 and KLBC = 150- In addition, the proposed ΔΣ Fractional-N PLL 

with loop bandwidth calibration and noise cancellation through the use of PFD/DAC current cell is locked 

within 14 μs for worst case KVFC = 10 and KLBC = 150. Enabled by the recent advances in ADC technology, 

more and more of the receiver signal processing can be implemented digitally, thereby increasing the 

flexibility, configurability, and integrability. Thus a wideband video rate pipeline ADC has been also 

implemented for the DVB-H/SH receiver application. Effective resolution bandwidth (ERBW) of the ADC 

is greater than 86 MHz in transistor level simulation. This work has been implemented in 0.13 μm standard 

CMOS process. ΔΣ Fractional-N PLL frequency synthesizer power consumption is 34 mW from a 1.2 Volt 

power supply along with AFC and LBW calibration circuit. Although, ΔΣ Fractional-N PLL frequency 

synthesizer power consumption can be reduced by making off the calibration unit as soon as LC VCO 

frequency and LBW calibration are finished. However, the level of phase noise improvement of the PLL will 

be changed depending on the noise contribution of the individual block and closed loop bandwidth of the ΔΣ 

Fractional-N PLL frequency synthesizer. But, phase noise performance of the proposed ΔΣ Fractional-N PLL 

with loop bandwidth calibration and noise cancellation technique is optimum for any ΔΣ Fractional-N PLL 

frequency synthesizer. 

 

Keywords: Fractional-N PLL, Charge Pump, Phase-Locked Loop, Phase Frequency Detector, Spur, Jitter, 

Phase Noise, Frequency Divider, Delta Sigma Modulator, Loop Bandwidth Calibration, Noise Cancellation, 

Pipeline ADC. 
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PAMBE GROWTH AND CHARACTERIZATION OF STRAINED III-NITRIDE 

BARRIER HETEROSTRUCTURES ON SILICON 
 

Mihir Kumar Mahata 
Supervisor: Prof. Dhrubes Biswas 

Advanced Technology Development Centre 

Accession No.: NB15579 

 

The work presents in-depth study of Plasma Assisted Molecular Beam Epitaxy (PAMBE) growth, 

structural, optical and electrophysical characterizations, and analysis of strained III-N heterostructures. A 

universal method for band gap determination of semiconductors has been developed. Different effects are 

incorporated in the band gap determination method. The numerical method has been compared with existing 

models and validated by the experimentally obtained results of GaN, GaAs and Si semiconductors. Low GaN 

buffer thickness based different AlGaN/GaN heterostructures have been grown by PAMBE for comparative 

analysis. Thick InAlN epitaxial layers and strained InAlN/GaN quantum well heterostructures have been 

grown by PAMBE. The detail investigation of InAlN growth with different growth conditions has also been 

carried out. It has been found that at 500° C growth temperatures, with shutter modulation scheme followed 

by annealing at 520° C temperature, the InN segregation can be avoided. 

The crystalline quality of the MBE grown samples has been scrutinized through various epitaxial 

measurement techniques. They are High Resolution Transmission Electron Microscopy (HRTEM), Field 

Emission Scanning Electron Microscopy (FESEM), Atomic Force Microscopy (AFM), High Resolution X-

ray Diffraction (HRXRD), Room Temperature Raman Spectroscopy (RTRS) and Room Temperature 

Photoluminescence (RTPL). The HRXRD scan is performed to determine the Al mole fraction and strain in 

AlGaN and InAlN layers of AlGaN/GaN and InAlN structures on silicon substrate respectively. RADS 

simulation has been used as an alternative way to determine the thickness of the layers. A novel method has 

been proposed to determine lattice constant from Raman spectroscopy measurement technique. Band gaps 

were measured by Photoluminescence measurement. ECV measurement has confirmed the 2DEG formation 

at InAlN/GaN heterointerface and Hall measurement gives the 2DEG sheet carrier concentration of 5.1x1013 

cm-2. 

 

ISOLATION AND FUNCTIONAL VALIDATION OF AN ANTHER SPECIFIC 

Sesamum indicum β-1, 3-glucanase GENE AND ITS PROMOTER 
 

Milan Kumar Samanta 
Supervisor: Prof. Tapas K Maiti 

Advanced Technology Development Centre 

Accession No.: NB15751 

 

Sesame (Sesamum indicum L) is an important oilseed crop and has a high economic value in 

developing country like India. However, it is increasingly evident that the small scale farmers of the 

developing countries losing their interest to cultivate sesame due to its very low productivity. Thus increasing 

the productivity of the sesame is of prime importance in the present scenario. In recent years, it is evident 

that the most successfully adopted method to increase the productivity of the crop is through exploitation of 

heterosis or hybrid vigor. Hybrid plants have great advantages like higher yield and better disease resistance 

than parents. The male sterility system carries immense significance in realizing the hybrid vigor to exploit 

heterosis specifically in the self-pollinated crop plants like sesame. Cytoplasmic male sterility (CMS) and 

nuclear male sterility (NMS) are two common methods utilized to generate the male sterile plant for hybrid 

seed production. Although CMS is widely used for production of hybrid seed, the cytoplasmic male sterile 

sesame lines have not yet identified in natural sesame population, and therefore, genetic elements that could 

be responsible for this are unknown. Thus, NMS could be the better approach to generate male sterile sesame 
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line. To develop NMS lines, information on the anther specific promoter as well as gene are extremely 

important. Therefore, in the present study, an anther specific β-1, 3-glucanase gene (SiAG) of sesame has 

been isolated, cloned and characterized. We also found that the expression of SiAG gene was restricted in 

meiosis to free microspore stage of the anther development of sesame. Moreover, isolated promoter element 

of the SiAG gene showed tapetum-specific expression in a GUS-reporter assay in transgenic tobacco. 

Similarly, we also profiled the expression pattern of Arabidopsis thaliana A9 promoter through GUS reporter 

assay. We found that the A9 promoter was active in tapetal cells from very early stage (before meiosis) of 

anther development whereas SiAG promoter was active from meiosis of microsporogenesis. Transgenic 

expression of the SiAG gene at early meiosis stage under tapetum-specific A9 promoter of Arabidopsis in 

tobacco plants resulted sterile pollen grains. Thus the present strategy using SiAG under A9 promoter holds 

great promise for the development of nuclear male sterile sesame line through genetic engineering approach 

in the future.  

 

Keywords: Sesamum indicum; Male sterility; Anther specific β-1, 3-glucanase; Tetrad; Microspores; Pollen 

grains; Tapetum-specific A9 promoter; Transgenic tobacco plant. 

 

SOLUTION-PROCESSED ZNO LOW-DIMENSIONAL STRUCTURES AND 
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Supervisors: Prof. T. K. Bhattacharyya and Prof. T. K. Maiti 

Advanced Technology Development Centre 

Accession No.: NB15604 

 

The intelligent use of low-dimensional materials having exciting novel properties has led to the 

dramatic expansion in sensing technology. Since last few decades, considerable efforts have been devoted to 

the development of high performance chemical sensors using several low-dimensional semiconducting 

materials. Nevertheless, these types of chemical sensors suffer from some limitations such as poor 

sensitivity/selectivity, low speed, process complexity and high fabrication cost etc. So, it is necessary to 

alleviate such limitations for the development of highly sensitive, simple, and cost-effective chemical sensor. 

Therefore, the selection of low-dimensional materials and their modification is critical for the fabrication of 

chemical sensor.  

This work briefly addresses the properties of ZnO low-dimensional structures and their bioconjugate 

for chemical sensing. In this work, solution-processed ZnO low-dimensional structures with various 

configurations such as ZnO nanosphere, ZnO rod like structures were utilized as the strong candidates for 

chemical sensor due to the high specific surface area, biocompatibility, nontoxicity, and excellent electron 

communication features. Furthermore, high IEP (9.5) of ZnO is an important property to adsorb the low IEP 

of protein/enzyme. In this work, a label-free electrical detection scheme using ZnO low-dimensional structure 

was established to detect one essential protein bovine serum albumin (BSA) and one necessary amino acid 

L-Histidine. The sensing mechanism is governed on the basis of the charge transfer phenomenon between 

the nanoparticle and the bio/chemical species.  

Subsequently, the synthesis, characterization and study of transport properties of BSA conjugated 

with ZnO nanosphere (BCZ) were performed for chemical sensing applications. Some of the urgently needed 

chemical sensor such as humidity sensor and mercury ion detection technique for environmental monitoring 

were developed based on the aforementioned BCZ. The working principle depends upon the variation of 

conductance with the exposure of different humidity/mercury levels. It utilizes the property that electron 

charge transfer phenomenon in the conjugate is highly affected by the exposure to different concentrations 

of the water vapour or mercury. The proposed electrical detection scheme can be used for the quantitative 

study of serum protein and some essential amino acid in our human body. This kind of electrical method can 

be greatly used for the study of serum protein level which takes a major part of our Liver Function Test (LFT) 
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and the quantification of one essential amino acid L-Histidine for human body. Also, such types of electrical 

sensing scheme is useful where high-speed humidity sensing is critically important for the quick recovery of 

anaesthesia patient and ultra-low level of heavy metal detection. Thus, the proposed chemical sensor studied 

in the thesis has a strong potential to be used in several applications in biomedical, health care and 

environment pollution monitoring etc.  

 

Keywords: Chemical sensors. ZnO low-dimensional structure, bovine serum albumin, L-Histidine, humidity 

sensor, electrical detection, mercury ion. 

 

PERFORMANCE IMPROVEMENT OF MEMS BASED CAPACITIVE COMB 

ACCELEROMETERS 
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Advanced Technology Development Centre 

Accession No.: NB15639 

 

Performance improvement of MEMS based, capacitive comb type accelerometers is presented in 

this thesis. For this, couple of planar comb structures are developed using two different multi-user/project 

MEMS prototype processes namely PolyMUMPs (thin polysilicon film based) and SOIMUMPs (thick single 

crystal silicon on insulator based) from a commercial foundry. As a starting point, arrays of simple polysilicon 

micro-cantilevers are constructed and analyzed to achieve familiarity, as well as gauge the criticalities of the 

structure/process before attempting the complex comb devices. The method of polysilicon stacking (up to 

3.5μm), together with moderately enhanced aspect ratio possibilities for combs and sense gap was 

successfully utilized to develop U-spring type comb accelerometers having improved capacitances in the 

range of 10’s of fF along with mode frequencies upwards of 10kHz, within an active area of 500×500μm2. 

The above-said implementation was also supported through design, simulation, fabrication and wafer level 

testing of the devices.  

Following this, the sensitivity improvement work utilizing multi-fold springs which are innovatively 

designed to have reduced stiffness co-efficient and complying with the polyMUMPs process is carried out. 

Through systematic design and simulation, the comb structures with proposed springs are shown to exhibit 

comparable (at times better), performance and yet consume lesser area (up to ~7%) as compared to the 

existing equivalent serpentine spring based comb devices. Fabrication and wafer level characterization of 

proportionately reduced models of the proposed multi-fold spring based comb structures are also attempted 

to validate the basic functionality and prove the concept.  

Next, the limitations of preceding comb structures mainly of that of small signal to noise ratio and 

stiction effects is addressed by developing large, robust, high aspect ratio, trench based SOI comb systems. 

Devices with capacitance in pF range (as a result of >12:1 aspect ratio) and 100% stiction-free large areas 

(4500×3500μm2) due to backside substrate trenching is designed and successfully implemented using 25μm 

thick SOI process. Following this, a versatile PGA packaging, PCB based flexible integration (with a 

commercial capacitance interface circuit) and extensive testing is carried out to establish a consistently 

working device having sensitivity of ~450mV/g and mode frequency of ~2.5kHz. Subsequently, some of the 

limitations noticed in the afore-said SOI comb devices like, the backside substrate trenching and associated 

processing are addressed by contriving perforated structures and implementing them in a trench-free way, 

within the existing frameworks of the above selected SOI process. This proposition was supported through 

comprehensive design, simulation, fabrication and wafer level testing of simple cantilevers followed by comb 

structures to ensure their working. This is shown to not only reduce a mask level, but also alleviates the 

process complexity, resulting in decreased fabrication costs. Finally, the off-chip integration of trench-free 

accelerometer system is also carried out alike explained prior and its performance presented by comparing 

with an equivalent ‘trench’ accelerometer counterpart to complete the study.  
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Keywords: MEMS Accelerometers, Comb structures, Polysilicon devices, Multi-fold springs, SOI devices, 

Trench-free method, Perforated cantilevers, etc. 

 

STRUCTURAL ANALYSIS OF PROTEINS AND THEIR INTERACTIONS 
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Supervisor: Prof. Pabitra Mitra 

Advanced Technology Development Centre 

Accession No.: NB15779 

 

In this study we analyzed proteins that are structured and unstructured. A new algorithm named 

Layers is introduced with a novel protein structure transformation feature named Residue Transition Pattern 

(RTP). Layers performs molecular surface extraction, deterministic surface sampling at tunable fineness 

besides RTP generation. Sampling with Layers is shown to preserve global protrusions of molecular surface. 

Whereas, RTP is robust in identifying similarities between proteins which could be challenging for 

conventional sequence or structure comparison methods. Layers is used to analyze 7,624 single polypeptide 

chains and 16,983 domains and is available at http://www.csb.iitkgp.ernet.in/applications/mol_layers/main. 

We have also adopted Layers to study antigen-antibody complexes and proposed a concept of anchored 

residues in terms of Layers, which is shown to have a positive propensity of 0.49 in B-cell epitope. An 

optimum sampling cutoff for Layers is also proposed which preserves 50% of epitope while retaining only 

one-third of a molecule. Combination of anchor residues with other parameters were used to develop a 

prediction model with 89% epitope prediction accuracy. Besides analyzing the static structures of proteins, 

we also used Molecular Dynamics (MD) simulations to study the polymorphic conformations of intrinsically 

disordered proteins. Deleted in split hand/split foot protein 1 (DSS1) is used as a model protein and is studied 

in 12 different configurations. These configurations include combinations of mutations, two different water 

models, bound and unbound states of DSS1 to BRCA2. We have identified that the secondary structure in 

bound DSS1 is transient besides being tolerant to mutations as a consequence of its flexibility as it remains 

bound to BRCA2. Effect of mutations on conformational dynamics of DSS1 were studied and also established 

that Tip4P is a suitable water model for studying the dynamics of DSS1. Our findings provide a framework 

for understanding the dynamics of DSS1-BRCA2 interactions. 

 

IDENTIFYING TEMPERATURE AND RELATED STATISTICS OF 

NONEQUILIBRIUM STEADY STATES 
 

Puneet Kumar Patra 
Supervisor: Prof. Baidurya Bhattacharya 

Advanced Technology Development Centre 

Accession No.: NB15596 

 

Statistical mechanics, which links the macroscopic properties of a system with the microscopic 

evolution of its constituents, has been remarkably successful in explaining a varied class of problems ranging 

from information theory to transportation planning, biological sciences and ecological modelling. However, 

despite being so powerful the scope of traditional statistical mechanics, like traditional thermodynamics, is 

limited to systems in equilibrium. Unfortunately, all real processes are irreversible and take place in away-

from-equilibrium conditions. These processes involve a continuous flux of matter and energy. Despite 

significant efforts over the better part of the last century, no unified theoretical formulation has been put 

forward that can explain these out-of-equilibrium processes completely, and developing such a theory 

remains an open problem in physics. In absence of a sound theoretical framework, researchers resort to 

simulations for understanding the physics behind the nonequilibrium processes. One of the most promising 
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simulation tool is nonequilibrium molecular dynamics (NEMD) that aims to provide a quantitative 

macroscopic description of a system by simulating the microscopic evolution of the atoms that constitute it. 

A typical NEMD simulation involves driving a system out of equilibrium by means of thermodynamic forces. 

The extra energy pumped into the system gets dissipated in form of heat and must be removed to attain a 

steady state, which is often the thermodynamic state of interest in a large class of problems. Usually, synthetic 

thermostats are employed for this purpose. Over the years, many different thermostatting algorithms have 

been proposed. The efficacy of these algorithms are usually tested in equilibrium and near-equilibrium 

conditions. But the existing methods, even for simple problems, like thermal conduction in toy quartic 

oscillators, reveal that the results are inconsistent with near-equilibrium theory. 

This work aims at improving our ability to simulate nonequilibrium phenomena, especially the ones 

that involve temperature control, and extract meaningful information from the simulated nonequilibrium 

states. The first part of this thesis uncovers hitherto unknown problems in the existing temperature control 

algorithms. Our investigations on the ergodicity of the Nose-Hoover chain thermostat reveals a complicated 

nature of the dynamics -- while the dynamical tests are consistent with the previous finding of ergodicity, the 

statistical tests indicate nonergodicity with phase-space regions of zero probability. Such complicated 

dynamics are not found in other ergodic thermostats like the Hoover-Holian thermostat, prompting us to 

conclude that it is advisable to use the Hoover-Holian thermostat over the chain thermostat. Additionally all 

synthetic thermostats are supposed to satisfy the Zeroth law in equilibrium. However, we found that the 

Campisi-Zhan-Talkner-H•anggi (CZTH) thermostat fails to satisfy the Zeroth law, with the situation not 

improving even when the system is ergodic. Our findings suggest the futility of using the CZTH algorithm 

to serve as a molecular dynamics thermostat. The third problem we report is about the inconsistency of the 

most popular algorithms with the local thermodynamic equilibrium hypothesis. Our investigations reveal a 

substantial difference between the different measures of temperature locally due to the Nose-Hoover and 

Braga-Travis thermostats, a situation which is far from being ideal in local thermodynamic equilibrium 

conditions. 

Three new temperature control algorithms have been proposed in this work to improve the 

shortcomings in the state of the art: (i) the Patra-Bhattacharya (PB) thermostat, as it has been christened in 

literature, which simultaneously controls the kinetic and configurational temperatures, (ii) the C1, 2 thermostat 

which simultaneously controls the first two orders of configurational temperatures, and (iii) the C1K1, 2 

thermostat which controls three different measures of temperatures. The PB thermostat resolves the 

inconsistencies in the near-equilibrium conditions and unlike the CZTH thermostat, satisfies the Zeroth law 

despite being nonergodic. The C1, 2 thermostat improves the ergodic characteristics of the nonergodic Braga-

Travis thermostat, and the C1K1, 2 thermostat resolves the nonergodicity of the PB thermostat. Unlike the 

Nose-Hoover chains, these thermostats are ergodic from both statistical and dynamical sense. It is interesting 

to note that the PB algorithm is able to simultaneously and arbitrarily thermostat the kinetic and the 

configurational variables at a pair of equal or unequal values. This unique ability can be used to develop what 

we call a di_erential thermal conduction model, where in there exists a temperature difference amongst the 

kinetic and configurational variables within a thermostatted region. An exhaustive numerical study on the 

differential thermal conduction model reveals several interesting features like its ability to serve as a heat 

pump without requiring either particle transport or external work on the medium and answering the long open 

question of the importance of configurational variables in thermal conduction. However, existing 

experimental techniques are still at a nascent stage to control the kinetic and configurational variables at 

different values, and therefore, the utility of the differential thermal conduction remains theoretical so far. 

Development of these better algorithms renders it possible to mimic experiments more realistically 

on computers, a boon for researchers studying nonequilibrium processes. Unfortunately, such costly and time 

consuming protocol driven numerical experiments still need to be performed for large number of cases to 

understand the nonequilibrium landscape. Thus, effective techniques, that can extract useful information from 

limited data, are needed. For this purpose, (i) a fast and an accurate method of reconstructing nonequilibrium 

distribution functions (MaxRent), and (ii) a new fluctuation theorem have been proposed (GCFT). MaxRent 

utilizes the information about previously known states and limited information about the current state within 

the framework of principle of maximum relative entropy to construct the entire spectra of nonequilibrium 
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distribution. The proposed GCFT generalizes the Crooks fluctuation theorem and removes the necessity of 

performing repeated samplings if the temperature at which the desired free energy difference is to be 

calculated changes. The generalized fluctuation theorem can be used to obtain the generalized Jarzynski's 

equality and other important thermodynamic relations. 

 

Keywords: Nonequilibrium statistical mechanics, nonequilibrium molecular dynamics, fluctuation relations, 

maximum relative entropy 

 

MOLECULAR CHARACTERIZATION OF WSI18 GENE FROM WILD RICE 

GENOTYPE AND DECIPHERING ITS ROLE IN SOIL WATER STRESS 
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Supervisor: Prof. Ananta K. Ghosh 

Advanced Technology Development Centre 

Accession No.: NB15656 

 

Soil water stress (SWS) is one of the major environmental stress factors that limit the rice yield. 

Exploitation of valuable genetic resources of wild rice progenitors for “mining” of novel and/or existing 

alleles as well as promoters for SWS tolerance traits is the new paradigm for producing farmer-friendly stress 

tolerant crops. Gene(s) encoding late embryogenesis abundant (LEA) proteins constitute an important gene 

family involved in protecting plants during desiccation and hence, Wsi18, a group 3 LEA gene, was selected 

as prospective candidate for such “allele mining” in this study. A number of genetically divergent modern 

rice cultivars and its ecologically distinct wild progenitors were studied for their differential response towards 

SWS. The wild rice genotype, Oryza nivara, showed relatively enhanced tolerance to SWS, whereas the 

cultivated crop IR20 was found to cope inefficiently with the stress conditions at the phenotypic level. A 

comparative expression profiling of Wsi18, performed by means of quantitative real time PCR analysis, 

revealed differential response under SWS conditions across different rice genotypes. In-silico analysis 

showed the presence of additional cis-elements in the Wsi18 promoter from O. nivara in comparison to 

similar promoter from IR20. When the reporter gusA gene was placed under the control of three different 

versions of Wsi18 promoters, namely OnWsi18, IR20-Wsi18 and deleted-OnWsi18 promoters, the transgenic 

rice plants carrying the OnWsi18 promoter showed higher expression of β-glucuronidase under SWS 

conditions unravelling its strong stress-inducible nature among them. Transgenic expression of OnWsi18 

gene in elite cultivar IR20, under the control of the SWS-inducible OnWsi18 promoter, resulted in enhanced 

SWS tolerance with relatively higher survival rates, water content and yield. Cell membrane stability index, 

proline and soluble sugar content also increased in transgenic rice plants, indicating the role of OnWsi18 gene 

in maintaining normal metabolic functions and cellular activities under SWS. All these results demonstrate 

the successful deployment of complete genetic locus of Wsi18 from a wild genotype to an elite cultivar for 

the generation of SWS tolerant rice plants with improved yield characteristics. Thus, this study is expected 

to contribute to the development of molecular strategies to generate relatively high-yielding and SWS-tolerant 

crop plants.  

 

Keywords: Soil water stress, late embryogenesis abundant protein, wild genotype, elite cultivar, gusA, 

reporter assay, relatively tolerant, transgenic plants, inducible expression, improved yield. 
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IMPACT OF EPITAXIAL PARAMETERS ON STRUCTURAL DESIGN AND 

OPTIMUM OPERATION OF ALGAN/GAN HIGH ELECTRON MOBILITY 

TRANSISTORS 
 

Saptarsi Ghosh 
Supervisor: Prof. Dhrubes Biswas 

Advanced Technology Development Centre 

Accession No.: NB15734 

 

AlGaN/GaN High Electron Mobility Transistors (HEMTs) are the prime contenders for replacing 

incumbent and competing technologies in all domains of high-frequency high-power applications. However, 

even with the outstanding material attributes of III-nitrides or with the excellent theoretical electrical 

characteristics of the GaN HEMTs themselves, this technology is yet to achieve widespread adoption in RF 

and power applications. The present thesis attempts to counter the bottlenecks by aiding in the 

conceptualization of better heterostructures, and by focusing on the inherent physical phenomena that limit 

their efficiency and reliability potentials. In the first part of the thesis, an analytical framework was developed 

that predicted the AlGaN/GaN (or GaN/AlGaN) metal-insulator-semiconductor (MIS) heterostructure charge 

density irrespective of structural polarity and polymorphism. The model allows customization according to 

specific applications such as E-mode/D-mode, MIS/MS (metal-semiconductor) structure. These charge-

control solutions were later incorporated into a 2-D transport model to simulate the current and 

transconductance of fabricated HEMTs. The second part of the thesis reports on the current dispersion effects 

of AlGaN/GaN HEMTs from the perspective of threading dislocations, line defects that are ubiquitous in 

heteroepitaxial nitride growths. A methodology was developed for modulating dislocation density of 

heterostructures grown on the same substrate. Deep level traps were spatially quantified by characterizing ms 

quasi-pulsed I-V with changing duty cycle and pulse periods as well as by extracting signature time constants 

from single temperature detrapping transients. Correlating response to pulse drives, characterizing location 

specific transient response, and also evaluating normalized trap intensity for particular traps, a definite 

proportionate relationship was established between dislocations and current collapse. Next, the influences of 

dislocation induced off-state gate current were investigated in devices with dislocation density and leakage 

current orders apart. Initially, the current collapse was scrutinized for different combinations of the gate and 

drain quiescent bias. Then, three terminal off-state leakage current in all of the HEMTs were investigated as 

a function of field and temperature to conclude on the underlying mechanisms. A two trap (deep levels 

induced by surface states and dislocations) model was postulated that successfully explained both gate 

leakage and current collapse in off-states. Finally, simultaneous electrical, physical, and chemical analyses 

were conducted on electrically degraded unpassivated AlGaN/GaN HEMTs. Permanent degradation of the 

gate and the drain current were found to share different origins. For the latter, gradual consumption of the 

barrier in the form of electrochemical oxidation was responsible for the progressive increase in access 

resistance and consequent reduction in drain current. Also, the enhanced trapping activity and current collapse 

after bias stress were attributed to newly generated traps at the oxide-semiconductor interface. However, on 

the basis of almost unchanged gate current in the investigated devices even after -80V gate stress, the often 

observed leakage degradation in passivated devices was proposed to be solely correlated with the passivation 

layer. 
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DESIGN, DEVELOPMENT, AND ANALYSIS OF LOW COST MICROFLUIDIC 

DEVICES FOR MEDICAL DIAGNOSTICS 
 

Shantimoy Kar 
Supervisors: Prof. Tapas Kumar Maiti and Prof. Suman Chakraborty 

Advanced Technology Development Centre 

Accession No.: NB15691 

 

State-of-the-art healthcare amenities are centralized within the urban sectors, and expensive; and 

thus become unaffordable for the masses. In current days, point-of-care (POC) testing platforms have been 

emerged as one of the best alternative to the conventional diagnostic modalities. Recent advancements in 

miniaturization technologies play a significant impact towards the development of point-of-care testing 

devices.  

In an effort to develop efficient diagnostic platforms, we have explored specifically two devices 

namely (i) Lab-on-a-Compact-Disc (LOCD) and (ii) Paper-based devices. For the successful delineation for 

diagnostic purposes, firstly we have illustrated different fluidic functions over these platforms and 

subsequently elucidated diagnostic applications.  

Rheological behavior of blood is greatly dependent on several parameters like cell density, 

morphology of the cells, plasma chemistry, cellular interactions etc. and also with the diseased conditions as 

well. Therefore, to understand the diseased conditions particularly hematological disorders, hematodynamics 

has been investigated within the LOCD platforms. Firstly, to understand the potential diagnostics by utilizing 

the physical/mechanical cues, the effect of hematocrit level on blood dynamics has been delineated. To realize 

the effect of hematocrit, dynamical characteristics of blood have been quantified. Thereafter, to comprehend 

the consequences of such hematological disorders at the cellular level, we quantify the deformation 

characteristics of red blood cells as a function of hemoglobin content of the blood. To comment about the 

diseased condition, blood samples covering a wide range of hemoglobin values have been investigated; 

therefore both the healthy and anemic conditions can be distinguished.  

In the second part, paper-based microfluidic devices have been explored. With a vision of 

developing an efficient, accurate and inexpensive diagnostic platform, 'paper-and-pencil' based devices have 

been explored. In particular, a 'Y'-shaped device has been designed for the simultaneous quantification of two 

analytes following a simple colorimetric approach. In order to make this colorimetric detection approach 

more robust and user-friendly, an on-chip blood separation technique has been elucidated. Furthermore, to 

manage the concern regarding the non-uniform illumination and image acquisition settings, a relative 

correction modality has been illustrated. The findings, thus unveil the concerns of developing microfluidic 

platforms for low cost diagnostic paradigm and hold far reaching implications for on-field deployments.  

 

Keywords: Point-of-care diagnostics, Microfluidics, Lab-on-a-CD (LOCD), Centrifugal force, 

Hematological disorders, Hemoglobin, Hematocrit, Red blood cells (RBCs), Blood rheology, Cellular 

deformation, Paper-based microfluidics, 'Paper-and-pencil' device, Capillarity, Multiplexing, Colorimetric 

detection, Blood plasma, Image processing, Low cost. 

 

TCAD BASED SIMULATION, GROWTH AND CHARACTERIZATION OF 

NITRIDE-BASED HEMT ON SILICON FOR RF SWITCH APPLICATION 
 

Shubhankar Majumdar 
Supervisor: Prof. Dhrubes Biswas 

Advanced Technology Development Centre 

Accession No.: NB15644 

 



Abstracts of Ph.D. Theses 2016-17 

 

Central Library 13 
 

In the research, an attempt has been carried out to address various significant technological hurdles 

for implementing epitaxial nitride based HEMT on silicon for RF switch application. The extent of this 

research is from fabrication level to circuit simulation in EDA tool by incorporating VerilogA model, via 

parameter extraction. The present study demonstrates various approaches to overcome the issues namely 

circuit simulation via device data, an alternate method for parameter extraction of the small signal model and 

the impact of material property on the contact resistance. All of these have been done by utilizing the 

moderate and new laboratory infrastructure. Therefore, the investigation has been divided into three parts 

namely simulation, modelling and fabrication/characterization. 

The modelling part consists of incorporation of device data (experimental and simulation) in EDA 

tool for RF switch simulation. Another way for SSM parameter extraction has been established through 

machine learning system like ANN and SVM. This methodology can be extended further for any critical RF 

device. On the other hand, an impact of RON on the performance parameters (i.e., insertion loss and isolation) 

of the RF switch has been visualized for the academic purpose. The origin of the source resistance has been 

explored through the fabrication. The Au/Cr based TLM pattern has been formed by creating the mask and 

implementing optical lithography via mask aligner for wet etching and FIB for dry etching. 

The preliminary characterizations of elemental composition and roughness of the etched MBE 

grown samples have been scrutinized through AES, FESEM and AFM. The utilization of Keithley`s 4200 

SCS is done for measuring the contact resistance. Low resistance Au/Cr (6.254 Ω.mm) ohmic contacts have 

been established on the Ga-polar surface, whereas, the N-polar surface shows 32.539 Ω.mm on the GaN 

surface. The polarity of the surface has been examined via molten KOH-based etching and AES. Comparison 

between two types of GaN etching techniques has been made, based on surface morphology and topography. 

Results show dry etching is the better way than wet etching process. The present work may help RF switch 

designers to expand their scope of options for confronting issues related to the material to the circuit via the 

device. 

 

Keywords: GaN, Ga and N polar, HEMT, VerilogA model, parameter extraction, ANN, SVM, RF switch, 

etching, FIB lithography, contact resistance, MBE. 
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The present work concerns the growth and characterization of AlGaN/GaN and InGaN/GaN 

heterostructure on silicon (111) by plasma assisted molecular beam epitaxy (PAMBE) for efficient detection 

of organic vapor. The first structure consists of AlN nucleation layer of thickness 120 nm, a stacked buffer 

layer of 120 nm AlGaN, 350 nm AlGaN and 400 nm GaN, and a barrier layer of 35 nm AlGaN. The structure 

has been characterized structurally and topographically by high resolution xray diffraction technique 

(HRXRD) and atomic force microscopy (AFM) respectively. Thickness of different layers has been measured 

by cross sectional high resolution travelling electron microscopy (HRTEM). Palladium Schottky contacts 

have been deposited by e-beam deposition technique. I-V characteristics at different temperatures and acetone 

vapor concentrations have been obtained. Sensitivity, response time, recovery time behaviours as a function 

of temperature and acetone vapor concentration have been extracted from the transient response curves. The 

thermodynamics and kinetics of acetone adsorption and desorption have also been studied from the steady 

state and transient responses respectively. Therefore, substantial acetone sensing performance has been 

demonstrated by Pd/AlGaN/GaN heterostructure M-S-M Schottky diode with acetone ON/OFF current ratio 
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of 21.25. The acetone sensing variation has also been investigated with different metal contacts such as 

titanium and nickel. Optimum operating temperature of the sensor has been found to differ for different metal 

contacts. Ni/AlGaN/GaN has shown inferior performance, whereas Ti/AlGaN/GaN has demonstrated 

appreciable performance with a higher operating temperature. The effect of passivation on the acetone 

sensing performance of AlGaN/GaN heterostructure has been demonstrated by passivating the sensor 

structure with Si3N4 grown by plasma enhanced chemical vapor deposition. The passivated structure shows 

poor performance. It can be deduced from the result that due to good chemical stability GaN based materials; 

no passivation is needed for the sensors to have more sensitive response. 

To achieve fast response acetone sensing, InGaN/GaN heterostructure on silicon has been grown by 

PAMBE. The structure consists of 35 nm thick nucleation layer, a stacked buffer of 250 nm GaN, 320 nm 

AlN and 800 nm GaN, and a barrier layer of 200 nm InGaN. This sensor structure has shown super rapid 

response for acetone vapor sensing. The sensing mechanism has been described thoroughly. Therefore, both 

the AlGaN/GaN and InGaN/GaN heterostructures on Si show acetone vapor sensing performance with the 

applicability in different areas. 

 

GENERATION OF MARKER FREE LEPIDOPTERAN INSECT RESISTANT 

TRANSGENIC RICE 
 

Subrata Pradhan 
Supervisor: Prof. S. Dutta Gupta 

Advanced Technology Development Centre 

Accession No.: NB15803 

 

For sustainable resistance against lepidopteran insect pests, chloroplast targeted synthetic version of 

bioactive core component of a vegetative insecticidal protein (Vip3BR) of Bacillus thuringiensis was 

expressed in rice under the control of green tissue-specific ribulose-1,5-bisphosphate carboxylase/oxygenase 

small subunit gene promoter. The transgenic plants (Oryza sativa ssp. indica cv. Swarna) showed high insect 

mortality rate in vitro against major rice pests, yellow stem borer (Scirpophaga incertulas), rice leaf folder 

(Cnaphalocrocis medinalis) and rice horn caterpillar (Melanitis leda ismene) in T1 generation, indicating 

insecticidal potency of Vip3BR. Under field conditions, the T1 plants showed considerable resistance against 

leaf folders and stem borers. The expression cassette (vip-lox-hpt-lox) as well as another vector with chimeric 

cre recombinase gene under constitutive rice Ubi1 gene promoter was designed for the elimination of 

selectable marker hygromycin phosphotransferase (hptII) gene. Crossing experiments were performed 

between T1 vip-lox-hpt-lox rice lines and T1 cre-bar line. Marker gene excision was achieved in T1F1 hybrids 

with upto 41.18% recombination efficiency. Insect resistant transgenic rice, devoid of selectable marker gene 

and redundant transgenes (hptII + cre-bar), was established in subsequent generation through genetic 

segregation.  

 

Keywords: Vegetative insecticidal protein (Vip); Green tissue-specific expression; Field assay; Cre/lox 

recombination; Marker free transgenic rice 
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Power management has come to assume a prominent role in the rapidly advancing world of 

electronics. In power management systems, a dc-dc switching converter is a key component, which performs 

the task of voltage level conversion and provides a stable regulated supply to the load. The regulation and the 

dynamic control of the converters are traditionally achieved through analog control. However, of late, the 

ubiquitous low-cost digital processors and the ever increasing demand on functionality are providing strong 

impetus towards digital control.  

Converters are nonlinear systems, the nonlinearity arising mainly from the feedback controlled 

switching and the constraints due to physical limitations. Often, the nonlinearity manifests itself as 

oscillations over and above the switching ripple. In digital control, quantization causes the system to have 

further degrees of nonlinearity, producing, for example, the well known phenomena of limit cycle 

oscillations. Under normal usage, these oscillations are undesirable as they cause higher-losses, degrade 

regulation, and produce electro-magnetic interference. Successful application of digital control warrants 

study of such oscillations and ways to control them.  

In this work, a different, and hitherto unreported class of oscillations in digitally controlled 

converters has been described. Its origin has been traced to the interaction of the analog-to-digital converter's 

deadzone and the asymmetric saturation in the duty cycle. The oscillation has been termed saturation-

generation oscillation (SGO). The thesis describes the phenomenon providing a physical insight, calculating 

the oscillation-free operating-zone, and analyzing the nonlinear dynamics.  

For useful deployment of digital control in a tight-regulation environment, oscillations such as SGO 

are to be avoided. Towards this end, a number of schemes are proposed, some of which are based on the 

modifications of the digital controller while others exploit specific features of the oscillation itself. The 

principal schemes are well suited for hardware description language (HDL) based implementation. The 

respective pros and cons of the proposed schemes have been presented to help the practicing designers choose 

among the alternatives. Throughout the thesis, key ideas and findings have been supported through simulation 

and experimental results.  

The thesis concludes with a summary of achievements and a discussion of future directions. 

 

Keywords: DC-DC converter, pulse-width modulation (PWM), chaos, deadzone, describing function, digital 

control, limit cycle, multistability, nonlinear dynamics, oscillation, proportional-integral-derivative (PID) 

controllers, quantization, saturation, sigma-delta modulation 
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Inpainting is the process of removing an object from an image and video, and fill the removed 

portion in such a way that a naive observer is not able to detect any dis-ambiguity in the image. The image 

inpainting algorithms developed so far give visually inconsistent results in images, containing complex 

textures and structures. This dissertation presents some novel algorithms for image inpainting, and uses them 

to solve few image processing problems. The possible causes of failure of previous image inpainting 

algorithms are investigated. Few possible causes are inaccurate priority term, and greedy nature of the process 

of filling target region. Of the proposed techniques, two (named MEBI and LIMEP) address the issue of 

inaccurate priority term, and three techniques (named MEBIPO, COMEP, and IIMI ) tackle the greedy nature 

of filling process. The MEBI algorithm modifies the priority term to propagate linear structures in a better 

way, and the LIMEP algorithm modifies the filling process, to retain linear structures. Both these techniques 

give better reconstruction result as compared to previous techniques. The LIMEP algorithm is better than the 

MEBI algorithm for object removal, while the MEBI algorithm is preferred over the LIMEP algorithm for 

removal of small regions, like scratches, overlaid texts, fences, etc. The MEBIPO, COMEP, and IIMI 
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algorithms map the image inpainting problem to a metric labeling problem. The metric labeling problem for 

the MEBIPO and COMEP algorithms are same, while the solution approach is different. The MEBIPO 

algorithm uses the primal dual schema of the linear programming to solve the metric labeling problem, while 

the COMEP algorithm solves it through a combinatorial approximation approach, which uses an image 

quality measure. The IIMI algorithm presents a different metric labeling formulation of the inpainting 

problem. It uses multiple instances of inpainted images, which are obtained by different filling orders. The 

cost is minimized through simulated annealing. It also uses a quality measure to ensure that the algorithm 

proceeds towards generating a good quality image. Results demonstrate the effectiveness of these three 

techniques in generating good inpainted images. 

 

PHYSICAL MECHANISMS ON THE WINTER SURFACE CHLOROPHYLL-A 

BLOOM IN THE BAY OF BENGAL 
 

Martin V. Mathew 
Supervisor: Dr. C. Shaji 
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Accession No.: NB15567 

 

The Bay of Bengal (Bay) is a less productive tropical ocean with relatively low values of surface 

layer chlorophyll-a concentration (Chl-a). Temporal evolution of Chl-a in majority of the Bay shows a 

semiannual cycle with two distinct blooms – summer bloom during summer monsoon and winter bloom 

during winter monsoon. In this thesis, characteristics of Chl-a winter bloom in the Bay and the governing 

physical mechanisms are investigated. The winter bloom onset occurred almost simultaneously in most of 

the Bay during October-November. But the winter bloom peaked slightly earlier in the western Bay compared 

to the eastern Bay. Consequently, an eastward shift in winter bloom peak is observed. Moreover, the winter 

bloom in the western Bay is of shorter duration (~1-2 months) while that in the eastern Bay is of longer 

duration (~3-4 months). Distribution of Chl-a in the surface layer of the ocean is determined by the 

availability of sunlight and nutrients. Surface mixed layer in the Bay receives sufficient light to sustain 

photosynthesis throughout the winter bloom period. Hence, it is apparent that the availability of nutrients 

regulates the Chl-a distribution in the Bay. Surface mixed layer of the Bay receives nutrients through three 

pathways– influx from subsurface depths, horizontal movement of nutrient-rich water such as river plumes, 

and atmospheric dust deposition. The influx of nutrients from the subsurface depths are driven by coastal 

upwelling, Ekman pumping, planetary wave propagation, vertical mixing, mesoscale eddies, and tropical 

cyclones. Several high intense winter blooms were observed in the Bay during the period September 1997-

June 2012. The high intense winter blooms in the Bay are usually confined to three local regions, namely 

northwestern Bay, southwestern Bay, and the area encompassing eastern and southcentral Bay. The intense 

blooms in the southwestern Bay, eastern Bay, and southcentral Bay co-occur with anomalies in zonal wind 

stress occurring in the equatorial Indian Ocean. But, intense blooms in the northwestern Bay are driven by 

tropical cyclones, offshore movement of river plumes and mesoscale eddies.  

 

Keywords: Chlorophyll-a, winter bloom, Bay of Bengal, Indian Ocean Dipole 
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Indian tropical deciduous forest due to higher species richness (SR), varied phenophases, 

multistoried canopy architecture and different microclimate, offers dynamism to the understanding of the 

spatio-temporal patterns in aboveground biomass (AGB), biomass carbon (AGBC) and net primary 

productivity (NPP) within and among different plant functional types (PFTs). Accurate assessment of AGB, 

NPP and leaf area index (LAI) of tropical deciduous forests is required for carbon monitoring, model 

calibration and validation, climate change mitigation and policy prescription.  

Primary baseline data on tree composition, SR, AGB, AGB carbon and NPP from nine 1 ha long-

term ecological research (LTER) plots in three distinct PFTs (dry mixed (DM), sal mixed (SM) and teak 

plantation (TP)) were generated in an Indian tropical deciduous forest. The functional relationship of PFT 

structural attributes i.e. SR, tree density, basal area (BA), LAI and litter fall (LF) with AGB was investigated. 

A total of 22, 22 and 6 tree species were found in DM, SM and TP PFT, respectively. Shannon's diversity 

index (H') was the highest (2.46) in DM, whereas Simpson's dominance index was maximum (0.85) in TP. 

AGB (Mg ha−1) ranged from 291 - 456 among three PFTs. A new indirect method for measurement of LAI 

using LAI-2000 Plant Canopy Analyzer was developed. Strong correlation between LAI and PFT structural 

parameters (tree density and BA), maximum with annual LF (R2 > 0.8) and AGB (R2 > 0.75) were observed. 

PFT specific linear equations for predicting AGB from ground LAI were developed.  

Among the microclimatic variables, AGB is mainly affected by humidity and air temperature as 

revealed by Principal component analysis. LF and BA are the two structural variables those explained >96% 

variance of AGB in all PFTs, revealed using generalized linear models. H' explained 99% variance of AGB 

in DM and SM, while dominance (Simpson's) explained a maximum of 80% variance for TP followed by 

67% for SM. It was found that complementarity prevailed over dominance/selection in the tropical deciduous 

forest.  

Using a bio-geochemical model (Biome BGC) monthly NPP and LAI were estimated, with 11 eco-

physiological parameters from in-situ measurements. NPP could be simulated well as compared to observed 

data, though LAI was underestimated.  

 

Keywords: Tropical deciduous forest, leaf area index, above ground biomass, net primary productivity, plant 

functional type, Biome BGC. 

 

EFFECT OF DOPING ON DIPOLAR ORDERING IN INCIPIENT TIO2 AND 

MULTIFERROIC CUO 
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In ferroelectric oxides with transition metals have no electrons (d0 ness) in their d orbitals. There are 

several materials, in spite having d0 ness and also having a polar soft mode, yet do not show any ferroelectric 

phase transition, e.g. SrTiO3, KTaO3, CaTiO3, and TiO2. They are known as quantum paraelectrics. Recently 

ferroelectricity is realized in a number of multiferroics without d0 requirement. In this thesis, we have chosen 

simple oxides like TiO2 and CuO and investigated the effect of doping and co-doping on dipolar and magnetic 

ordering. Doping of (Cr, Nb) pair has induced ferroelectricity. Neutron diffraction results indicated no 

structural transitions with temperature. A relaxor kind of behavior with a switchable pyroelectric behavior 

with the electric field was found at low temperatures (around 30 K). DFT studies collaborate with the 

experimental studies. It is however restricted to the low doping regime as higher concentrations lead to 

clustering and the loss of polarization. Magnetic studies (MH & MT) indicate that the sample was entirely 

paramagnetic in the whole temperature range 3- 398 K. Replacing the Cr with a ferromagnetic impurity, i.e., 

(Fe, Nb) pair, was however, unable to induce either ferroelectric or ferromagnetic interaction in the TiO2 

host. The system remains quantum paraelectric but with enhanced paramagnetic moment, at low temperatures 
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the system shows incipient ferroelectric behavior with antiferroelectric interactions while the magnetic 

properties show paramagnetic behavior with possible antiferromagnetic interactions at low temperature.  

Reports on CuO single crystal showed two CM (230 K) and IC (213 K) antiferromagnetic transitions 

with ferroelectric behavior between these transitions. We could reproduce the ferroelectric behavior in 

oxygen annealed CuO bulk samples. Doping of either single ions like Co or Zn and codoping of (Li+, T3+) T 

= Cr, Fe, and In has destroyed this multiferroic behavior indicating multiferroicity is vulnerable even to slight 

doping of either magnetic or nonmagnetic dopants. XPS studies indicate doping leads to multiple oxidation 

states of Cu and the dopants, which cause a huge dielectric constant and a relaxation around room temperature 

region in all the samples. The complex magnetic structure of CuO found to be vulnerable to different doping 

ions and their magnetic nature. The 232 K IC transition seems very stable and found in all except with (Li, 

Fe). Moreover, the 213 K AFM transition transforms to FM with Co and (Li, Cr), while this behavior was 

absent in the case of nonmagnetic ion doping.  

 

Keywords: Ferroelectricity, multiferroicity, incipient ferroelectric, paraelectric, codoping 
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UWB technology has attracted the attention of researchers from academia and industry after the 

legalization of 7.5 GHz (3.1-10.6 GHz) bandwidth by FCC for UWB wireless communication system in 

2002. The design and analysis of UWB filters are more challenging compared to narrowband filters due to 

two main reasons. Firstly, it should have a wide operational bandwidth as specified by FCC. Secondly, it has 

to be small in size with the desired filter characteristics for ease integration with UWB systems. The objective 

of this work is to design and investigate several compact UWB filters in order to understand the various 

design aspects of wideband filter design.  

A number of novel UWB/wideband filters are designed and their characteristics are investigated. 

These filters are designed using multimode resonators (MMR). To improve the selectivity and good out-of-

band performance of UWB filters two stages of multimode resonators are employed. This is achieved with 

the use of fish spear shaped MMR. To overcome the in-band interfering signals, single/dual band notch UWB 

bandpass filters are designed. The band notch characteristic is obtained with the split ring resonator (SRR) 

and shorted stepped impedance resonator (SSIR). This is following by introducing reconfigurability in the 

filter design in order to utilize the spectrum efficiently. Reconfigurability in the context of band rejection 

using two capacitors in the UWB filter design is demonstrated. Finally, several compact differential UWB 

filters are designed in order to overcome issue of environmental noise and electromagnetic interferences.  

 

Keywords: Ultra Wideband Band (UWB), Microstrip Filter, Multi Mode Resonator (MMR), Bandpass Filter 

(BPF), Band notch, Reconfigurable, Differential filter, Differential Mode (DM), Common Mode (CM), 

Slotline Resonator. 
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The present work comprises of development and implementation of new tangential non-polynomial 

quasi-3D theory (TNPQT) to analyse functionally graded plates by displacement formulation and mixed 

formulation approaches. For a functionally graded plate the properties vary across the thickness which makes 

modelling of these plates a very challenging task. The two dimensional shear deformation theories cannot 

predict variation of transverse displacements across the thickness and may lead to inaccurate structural 

response. Hence, present work focuses on the development of a shear deformation theory which can predict 

accurate structural responses of functionally graded plates. The shear strain function is represented by 

trigonometric-tangential function in the developed quasi-3D theory and it consists of six field variables. The 

theory inherently satisfies the condition of zero transverse shear strains at top and bottom surfaces and do not 

require a shear correction factor. Unlike two dimensional theories, the present theory is able to predict the 

transverse normal stress and strain. Also, according to TNPQT the transverse displacement of plate is not 

constant across the thickness hence the present theory has capacity of predicting accurate structural responses. 

The accuracy of the present theory is ascertained by implementing Navier-type analytical solution for the 

structural responses which include bending, buckling and free vibration analysis. The analytical solution is 

based on the displacement formulation approach. In the displacement based approach the stresses are derived 

quantities and possess more error than displacements; also, evaluation of continuous transverse shear stresses 

is very complex in the displacement based formulation. Because of these reasons mixed formulation approach 

has also been adopted in the present study. In the mixed formulation approach the transverse stresses are also 

included in the primary variables along with the generalised displacements, which leads to the accurate 

evaluation of transverse stresses in very simpler way. Generalized displacements are modelled according to 

the TNPQT whereas transverse stresses are modelled according to the Legendre Polynomials. The governing 

equations for mixed formulation approach are derived by employing Reissner’s Mixed Variational Theorem 

which satisfies the condition of equality of strains due to geometric relations and constitutive relations. To 

address more practical problems, efficient C0 finite elements in the framework of displacement formulation 

and mixed formulation approaches are developed. Bi-quadrilateral iso-parametric eight noded serendipity 

finite element has been employed to derive the governing equations. The results are generated with 

displacement based analytical solution (DFA-Analytical), finite element method based on displacement 

formulation approach (DFA-FEM), and finite element method based on mixed formulation approach (MFA-

FEM). The generated results are compared with the elasticity solution and other various methodologies to 

assess the accuracy of present displacement model and solution methodologies. The effect of various physical 

parameters and boundary conditions have also been studied in details for exponentially graded as well as for 

power law gradation of plate. 

Overall, the versatility of the present displacement model is demonstrated by obtaining various 

structural responses for various plate conditions using displacement formulation and mixed formulation 

approaches. 

 

Keywords: Functionally Graded Materials, Functionally Graded Plates, Quasi-3D Shear Deformation 

Theory, Non-polynomial shear strain function, Mixed Formulation Approach, Reissner’s Mixes Variational 

Theorem, Bending Analysis, Buckling Analysis, Free Vibration Analysis, Finite Element Method, 

Legendre’s Polynomials, Navier Solution 
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The nature of special and unique problems encountered in structural analysis enhances the need of 

new structural materials such as composite materials which have improved performance and reliability. So, 

the need of a detailed study on finite element analysis of laminated composite structures increases the interest 

among researchers. The present investigation starts with the development of a finite element formulation for 

handling bending, buckling, and post buckling analysis of laminated composite plates with and without an 

internal flaw subjected to mechanical and hygrothermal loads using the inverse hyperbolic shear deformation 

theory. Geometric nonlinearity has been included in the von Karman sense. Computer programming is 

developed in Matlab environment. Comparison of present results with those in literatures shows the 

effectiveness and excellent accuracy of the model.  

Even though composite structures are very reliable, internal flaws are practically unavoidable at 

some phase of its operative life span and it’s important to investigate the effect of such damage for composite 

plates. Damage modeling is done by means of an anisotropic damage formulation, which is based on the 

concept of stiffness change. For best designs, the structures should be capable of withstanding maximum 

possible forces acting on them and to overcome the effects of small damages occurring in them. We can use 

smart materials along with structural components in order to make them withstand more forces than what 

they are expected to. Understanding the superiorities of piezoelectric fibre composite patches (PFCP) to 

existing actuators, PFCPs are taken in the current work.  

To make the design more efficient, an optimization with Unified Particle Swarm Optimization 

(UPSO) method is conducted and enhanced the buckling characteristics of a smart composite by optimizing 

the fibre angles of both substrate and PFCP. Finally, employment of PFCPs in their optimized location using 

UPSO for enhancing the actuation performance and thereby reducing the effects of internal flaws is 

performed. The post buckling behavior is examined for laminated composite plates having optimally placed 

PFCPs. The results of this work will assist designers to address some key issues concerning composite 

structures and proves the contribution of present work to be of realistic nature.  

 

Keywords: Finite element method; Shear deformation theory; Laminated plate; Piezoelectric fibre 

composite; Anisotropic damage modeling; Particle swarm optimization. 
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Composite materials have made gigantic strides over the past few decades in engineering fields such 

as aerospace, civil, naval, automotive and many other fields. The composite materials have distinguished 

characteristics such as high stiffness to weight ratio, high strength to weight ratio, outstanding fatigue strength 

and have the capability to tailor the lamination scheme according to the specific requirement. It possesses a 

low' value of shear modulus than the homogeneous isotropic plates. Consequently, it becomes much 

pronounced in the transverse shear deformation. In order to predict them effectively, development of an 

accurate mathematical model is necessary. Though, number of models been available, they arc not 

appropriate to laminated plates with less computational efforts and adequate accuracy. Hence, in this work 

non-polynomial higher order and zigzag theories arc developed and implemented for bending, buckling and 

free vibration analysis of laminated composite/sandwich plates through analytically and numerically. For 

analytical methodology, the governing differential equations and boundary conditions of the structural system 
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arc obtained through the principle of virtual work and a generalized Xavier closed form solution technique is 

applied. For the finite element formulation, the governing equation is obtained through energy minimization 

and an efficient eight noded C° continuous isoparametric serendipity element is established and employed to 

examine the structural analysis of composite/sandwich plates. The present theories fulfill the transverse shear 

stress continuity and in-plane displacement continuity at each layer interfaces. Moreover, the present theories 

exhibit a constant variation of transverse displacement and parabolic variation of transverse shear stresses 

across the plate thickness. The tangential stress free boundary conditions arc satisfied on the external surfaces 

of the panel; hence the necessity of artificial shear correction factor is ignored. Though, deterministic 

parameters study existing and established in the open literature, yet those work always cannot be taken as 

deterministic analysis of the system, because of the incomplete /imprecise of the system. Further, epistemic 

uncertainty quantification of laminated plates for real engineering problems arc very less. Henceforth, 

epistemic uncertainty prediction for static, buckling and free vibration analysis of laminated composite plate 

using the proposed models and methodologies is quantified. To calculate the epistemic calculation on 

evidence theory, vertex and ideal/uniform sampling methods arc implemented. Various numerical examples 

arc carried out and compared among the developed methods. 

 

Keywords: Composite plates, sandwich plates, inter-lamina stress continuity, Xavier solution, C° finite 

element formulation, evidence theory, Dempster rule of combination, vertex method, sampling method. 
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A significant step forward in the world of earth observation is made with the development of 

hyperspectral remote sensing (HRS) technique. HRS data generally have large volume, high collinearity and 

low signal-to-noise-ratio (SNR), which adversely influence the performance of the data analysis methods. 

Keeping such a view, the major goal of this study was to improve the performance of standard HRS data 

processing algorithms by employing appropriate preprocessing methods. At first, efforts were made to 

examine if a specific multivariate regression model would benefit from the particular preprocessing approach. 

Once appropriate multivariate regression approach was identified, the role of preprocessing technique to 

improve the quality of reflectance spectra derived from hyperspectral image (HSI) was examined. Then the 

potential of preprocessing method was explored for improving the accuracy of HSI classification algorithm. 

In the first part of the study, wavelet based feature extraction scheme was combined with partial least square 

regression to improve the estimation of crop residue mass from diffuse reflectance spectra obtained from the 

spectroradiometer. Results showed that the proposed approach yielded excellent predictability (e.g. R2=0.95 

for wheat residues) regardless of crop residue types. In the next part, an adaptive bilateral filter (ABF) was 

developed as a pre-processing method for de-noising and de-striping the HSI. The proposed method was built 

based on the standard bilateral filter theory. One significant modification was that the range parameter of the 

filter was designed to adapt to the local spatial disparity and the noise level for improving the SNR of the 

HSI. The proposed de-noising method illustrated better noise reduction and de-striping capabilities and 

preserved the image details as well. The proposed method was also compared with other de-noising methods. 

Finally, we exploited the spatially-adaptive weighted average smoothing capability of the ABF to embed the 

spatial information into the spectral domain. Experimental results showed that the proposed method was able 

to achieve excellent classification accuracy on images with large noise content. It also demonstrated 

reasonable accuracy with limited number of training samples (e.g. 99.46% accuracy with 10% training 

samples).  
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Keywords: diffuse reflectance spectra, hyperspectral image, partial least square regression, discrete wavelet 

transform, crop residue mass, adaptive bilateral filter, de-noising, de-striping, principal component analysis, 

support-vector-machine, classification 
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The present study focuses on the selection of the best multi-model ensemble method for the 

discharge estimation in two catchments, namely Kesinga and Salebhata, of the Mahanadi river basin in India. 

For selecting the best multi-model ensemble method for developing the ensembles, eight different multi-

model ensemble methods are compared using calibrated and validated discharge of eight popular hydrological 

models namely MIKE SHE, SWAT, HEC-HMS, AWBM, SIMHYD, SACRAMENTO, SMAR and TANK. 

Weighted mean method (based on calibration performance) and linear programming methods are found to be 

the most suitable for Kesinga and Salebhata, respectively. The selected methods are subsequently used to 

develop 189 possible multi-model ensembles each for Kesinga and Salebhata. These ensembles are evaluated 

for categorical and temporal performance, using a proposed SCORE that includes normalized relative 

operating characteristic (ROC) area and normalized number of skillful days. The results show that an 

ensemble of SWAT, TANK, SIMHYD, SACRAMENTO and SMAR, developed using weighted average 

method (based on calibration performance), is the best ensemble for Kesinga whereas; the ensemble of 

SWAT, HEC-HMS, TANK, SIMHYD and SACRAMENTO, developed using linear programming method, 

is the best ensemble for Salebhata. Uncertainty analysis of the selected ensemble and considered models is 

performed to assess the advantage of using ensemble rather than individual models. The selected ensembles 

are applied to predict river discharges for near future using the climatic data predicted by two regional 

climatic models for two future scenarios as per fifth assessment report of IPCC. The assessment results show 

that water availability, in general, is likely to decrease in case of Kesinga, whereas it is likely to increase in 

Salebhata. Furthermore, the intensity of flood events is likely to decrease in case of RCP 4.5 and increase in 

case of RCP 8.5 in Kesinga; whereas, it is likely to increase in both RCP scenarios in case of Salebhata.  

 

Keywords: Ensemble, ROC, temporal performance, categorical performance, quantile regression, 

uncertainty analysis, River discharge, Impact assessment 
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Agricultural tractor is a major power source on the farm. Utilization of the tractor power has not 

been at its maximum level with any given implement under any field conditions due to non-matching 

implement size. A study was proposed to develop embedded systems for on-the-go digital display of different 

field performance parameters of any given implement attached to the tractor with a high degree of accuracy. 
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A dynamic wheel axle torque transducer was developed to fit to both the half axles of a tractor and 

simulated using ANSYS software with various twisting and bending moments. An embedded system for on-

the-go digital display of dynamic wheel axle torque was developed for transmitting the torque signals from 

revolving wheels to the stationary onboard data logging system. Various instrumentation systems were used 

and developed to measure the field performance parameters. An embedded system was also developed for 

on-the-go digital display of traction parameters such as draft force, wheel slip, depth and actual speed of 

operation with audible and visible warnings to the operator. The embedded systems were validated on tarmac 

surface and actual field condition using Radar sensor and instrumented three point linkages. A Visual Basic 

programme was developed for predicting the field performance of tractor-implement combination. 

The results indicated that, the transducer was able to withstand more than 30 kN-m twisting moment 

and 20 kN-m bending moment. The embedded system for wheel axle torque was able to communicate the 

signals up to 100 m distance. The performance of the torque transducer with developed embedded system 

was found efficient, accurate with a variation of ±7.6% and ±15% between the theoretical and experimental 

values on road and field, respectively. The performance of the wheel slip measurement system was accurate 

with maximum variation of 5.45% and 6.14% on road and field condition as compared to manual method of 

measurement. Also the performance of the dynamometer with embedded system was found accurate with 

maximum variation of ±9.24%, ±7.3%, and ±7.8% as compared to instrumented linkages during tillage 

operation with MB plough, cultivator and harrow, respectively. A maximum variation of 35% was observed 

between torque transducer values and the theoretical calculated values using Brixius (1987) and Wismer and 

Luth model (1973), whereas the maximum variation of ±14% with the Tiwari and Pandey model (2009). The 

variation in drawbar power of the tractor with different implements measured using torque transducer and 

dynamometer were ±11.74%, ±11.48% and ±12.36% during field tillage with MB plough, cultivator and disc 

harrow, respectively. 

 

Keywords: Embedded systems, Axle torque, Drawbar power, Dynamometer, Radar sensor, Hall effect 

sensor, Wheel slip measurement, Strain gauges. 
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Sustainable food production to meet the demand of increasing population is a challenge as the yield 

is stagnant or under decline in intensive chemical farming. Field experiments were conducted to study the 

effect of varying amounts and timing of application of different organic and inorganic nutrient sources on 

yield and quality of crops and changes in chemical and biological properties of soil in rice-chickpea cropping 

system under lateritic belt of sub-tropical India. The organic nutrient sources were vermicompost (VC), 

vermiwash (VW), crop residue (CR), and Azotobacter (AZ) and the inorganic source was chemical fertilizer 

(CF). The nutrient management treatments were Control (no fertilizer application), CF at 100% recommended 

dose of N, P and K (CF100), VC at 100%N recommendation as basal application (VC-b100), VC at 100%N 

recommendation in two splits (VC100), VC50+CF50, CR, CF50+CR, VC50+CR and VC50+VW+AZ. 

Effect of direct application of these nutrient treatments was studied on rice crop grown in wet season (June-

October) and their residual effect was assessed on chickpea crop grown in dry season (November-March) in 

the cropping system during 2013 to 2015 at Kharagpur, India. During rice growing season, the VC based 

treatments (VC100 and VC-b100) registered significantly higher soil organic carbon content as compared to 

rest treatments. The split application of VC (VC100) was comparable with VC50+CF50 and CF100 in 
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registering high NH4+-N and NO3--N content of soil towards reproductive stages of the rice, hence increased 

the grain yield and protein and amylose content of rice grain. The direct and residual effect of VC100 gave 

significantly higher rice equivalent yield as compared to rest nutrient treatments in the rice-chickpea cropping 

system. All the VC based treatments increased soil pH, available P, K, and micro-nutrients (Fe, Mn, and Zn) 

content and microbial population, whereas the CF100 increased Pb and Ni content at the end of two-years 

cropping. The split application of VC at recommended N dose was effective in improving productivity of the 

rice-chickpea cropping system in lateritic soil.  

 

Keywords: Lateritic soil, Nitrogen status, Organic and inorganic nutrients, Rice-chickpea system, Soil 

organic carbon, Vermicompost 
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The effects of high pressure processing, on physicochemical attributes and microbial inactivation 

kinetics of natural microbiota in black tiger shrimp was investigated within the range of 100-600 MPa/3-15 

min/30 °C. The color parameters L* (lightness) and b* (yellowness) increased but a* (redness) decreased 

with both pressure and holding time increment; imparted brighter and mildly cooked appearance to shrimp 

muscle. Pressure-induced lipid oxidation accelerated at pressure treatments >300 MPa. Hardness was found 

to be influenced by both pressure level and holding time. Among the group of microorganisms studied, 

pressure sensitivity of E. coli was found to be maximum, whereas, aerobic mesophiles were least sensitive 

(zp values of 421 MPa and 714 MPa; ΔV values of −18.60 × 10−5 m3 mol−1 and −9.13× 10−5 m3 mol−1, 

respectively). 

Further the effect of process variables (300-600 MPa/0-15 min/30-60 °C) on the inactivation kinetics 

of inoculated pathogens (E. coli 0157:H7, L. innocua ATCC 33090, and S. aureus ATCC 29213) and 

polyphenoloxidase (PPO) enzyme activity in black tiger shrimp was studied. S. aureus was found to be the 

most baroresistant among the three pathogens studied and all the pathogens were eliminated beyond 50 °C. 

PPO enzyme was found to be sensitive to both pressure and temperature upto 50 °C, above which no 

significant difference was observed in the inactivation rates. 

A central composite rotatable design was applied to evaluate the effect of processing parameters on 

inactivation rate of S. aureus, physical properties (color and texture) of shrimp and to optimize the process 

conditions to achieve maximum bacterial inactivation with minimal changes in quality attributes. The results 

revealed that processing conditions significantly affected the inactivation rate, hardness, color and the 

experimental data has been adequately fitted into a second-order polynomial model with regression 

coefficients (R2) of 0.922, 0.874 and 0.945, respectively. The optimized condition satisfying the processing 

targets was obtained as: pressure, 361 MPa; time, 12 min and temperature, 46 °C. The adequacy of the model 

equations for predicting the optimum response values was verified effectively by the validation data. 

The shrimp samples vacuum packed in low density polyethylene (LDPE), ethylene vinyl alcohol 

(EVOH) and multilayer metalized polyester (MMP) pouches treated at optimized high pressure condition 

were examined for different quality attributes during storage at 4 °C, 15 °C and 25 °C for 30 days. Based on 

sensory and microbiological results, the high pressure treated samples stored at 4 °C in EVOH, MMP and 

LDPE films showed a shelf-life of 30, 27 and 18 days, respectively, as compared to 6 days for untreated 

samples. The samples showed a shelf-life of 6 days stored at 15 °C and less than 3 days at 25 °C. Among the 

three packaging materials employed, EVOH film was adjudged to be best in preserving the quality of shrimp. 
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inactivation kinetics; Quality; Response surface methodology; Refrigerated storage; Shelf- life, Packaging 
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Cryogenic grinding (cryo-grinding) method is widely practiced to obtain high quality of spice 

powder. However, the cost involvement with the method is still high mainly due to lack of insight into the 

process. Discrete element method (DEM) is one of the advanced numerical techniques used to study micro-

mechanical behavior and heat transfer phenomena of granular food in the particulate system. In the present 

investigation, DEM simulations were utilized to study the flow, breakage, and heat transfer characteristics of 

black pepper (Piper nigrum L.) seeds in a laboratory scale cryo-grinding system: precooler and hammer mill 

at an optimal grinding temperature. Further, response surface methodology was used to optimize the grinding 

temperature (−120 to 40 °C) with the aim of obtaining maximum flowability and sensory quality of powder. 

Appropriate contact model(s) with a set of input parameters were selected in DEM simulations, to achieve 

the aim of this study. Calibration test was used to select the complete set of DEM input parameters using 

standard method(s). Moreover, some of the parameters (thermal and mechanical properties) were measured 

experimentally in sub-zero temperature regime (−45 to 5 °C) at 3.9% dry basis (d.b.) moisture content of the 

sample. 

The optimum cryo-grinding temperature was −43 °C with the highest desirability value of 0.57 for 

1.5 kg h−1 feed rate, 26 m s−1 peripheral speed of the mill, and 3.9% d.b. moisture level of the sample. The 

optimally cryo-ground powder had 98.8 μm particle size, 38.9° angle of repose, 1.17 Hausner ratio, 1.24 ml 

(100 g)−1 volatile oil content with a total color difference ˂ 0.24. The temperature showed a significant effect 

on the thermal and mechanical properties. In DEM simulation, 70–80% of the seeds were retained in the 

rotating direction of screw shaft along with the highest granular temperature observed close to the wall of the 

precooler. The granular temperature (maximum) in hammer mill followed this order: right side > left side > 

bottom side of the mill. Furthermore, findings of particle breakage also supported the proposed granular heat 

transfer model in the mill. The observed qualitative and quantitative results (maximum granular temperature, 

dynamic angle of repose, and flow pattern) of numerical and experimental approaches were in good 

agreement. In conclusion, the aspects of granular motion, breakage, and heat transfer in the cryo-grinding 

system were critically analyzed with a convincing insight of the micro-mechanical phenomena. 

 

Keywords: Black pepper, cryogenic grinding, discrete element method, optimization, simulation, heat 

transfer 
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Alarming environmental pollution from petroleum based non-biodegradable disposable packaging 

films has generated concern for development of alternatives from natural polymers such as starch. Most of 

the previous research works supplemented starch with polyvinyl alcohol (PVA) in amount higher than that 

of starch, and crosslinking agent glutaraldehyde (GA) for improvement in properties. Considering the 

limitation of petroleum resources, the aim of this work was to optimize blend composition using corn starch 

(CS), low amount of PVA, and GA to produce self-supporting flexible packaging film with maximum tensile 

strength (TS) and elongation (El), and minimum water vapor permeability (WVP), using response surface 

methodology. Following optimization, antimicrobial(s) like benzoic acid (BA), potassium sorbate (PS), and 

sodium propionate (SP) were added in the optimized blend; the antimicrobial that produced desirable film 

properties was selected. The developed antimicrobial containing self-supporting film (SSAF) was then 

characterized in the light of physical, mechanical, optical, structural, thermal, and moisture sorption 

properties. Food packaging applicability was evaluated on shelf life of fresh fruits and bread. The extent of 

biodegradability and its effect on soil quality was also investigated.  

The developed films, irrespective of compositions, were self-supporting, easy to handle, and 

flexible. The optimum blend composition (g/100 ml) that produced film with maximum TS (11.66 MPa) and 

El (8.56%), and minimum WVP (0.132 g.mm.m-2kPa-1h-1) was 7.50 (CS), 0.875 (PVA) and 0.125 (GA). The 

most suitable antimicrobial was SP at a concentration of 1.791g/100 g polymer (comprised of CS and PVA). 

SSAF, tagged with appropriate tensile strength (13.38±0.33 MPa), elongation (22.90±0.77%), crystallinity 

(27.75%), surface roughness (0.016-0.026 μm), brightness (73.60%) and opacity (5.35±0.03%), justified its 

use as food packaging material. Its water absorbing capacity coupled with WVP (0.160 g.mm.m-2.kPa-1.h-1) 

helped to maintain the proper condition to extend the storage life of packed foods, over commercially used 

packaging film. Embedded with antimicrobial, SSAF also helped to resist microbial attack of the contained 

foods during storage. Over 90% biodegradation of SSAF was achieved within 28 days. Biodegradation of 

buried film improved the quality of soil with a higher level of available nutrients.  

 

Keywords: Self-supporting antimicrobial film; biodegradable packaging material; corn starch; 

characterization; food packaging 

 

PREPARATION OF SWEET POTATO BASED READY-TO-EAT 

THERAPEUTIC FOOD PASTE FOR SEVERELY ACUTE MALNOURISHED 

CHILDREN 
 

Danie Shajie A 
Supervisor: Prof. H N Mishra 

Department of Agricultural and Food Engineering 

Accession No.: NB15750 

 

Malnutrition is the major cause for the death of about 50% of the children under the age of five. In 

India, 8.1 million children are estimated to suffer from severe acute malnutrition (SAM). Up to 15% under-

5 children with SAM require inpatient management because of medical complications. The remaining 85% 

can be managed through a community- and/or home-based care approach. Ready-to-eat therapeutic food 

(RTE-TF) has greatly eased the difficulties associated with providing a suitable high-energy, nutrient-dense 

food with adequate micronutrients for the treatment of SAM children. Serious concerns have been raised over 

the use of peanut in RTE-TF due to its mycotoxin, high phytate to zinc ratio, salmonella contamination and 

allergic reactions. This demands the necessity of exploring alternative formulations from other locally 

available ingredients. Accordingly, a sweet potato (extruded) based RTE-TF along with skimmed milk 

powder, soy protein isolate, icing sugar and soybean oil was formulated using linear programming (LP) in 

MATLAB keeping the cost minimization as the objective function and protein & fat content, palatability, 

maximum ingredient level and texture as constraints. Extrusion cooked sweet potato had nutritional 

properties similar to that of boiled sweet potato with respect to proximate composition, trypsin inhibitor 
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activity and in-vitro starch digestibility. The formulation of sweet potato based RTE-TF obtained using LP 

included 8 – 9 % sweet potato flour, 7.5 – 8.5 % soy protein isolate, 23 – 26 % skimmed milk powder, 22 – 

25 % ground sugar and 34 – 36 % soybean oil. Vitamin and mineral premix of dosage (2-3% w/w) for the 

developed formulation was designed according to the norms of WHO/UNICEF for SAM children. Mixing of 

RTE-TF at optimum mixing speed (330 rpm), mixing time (60 min) and particle size (125μ) along with 

optimal level of soy lecithin (0.35 %) and mono-di glycerides (0.75 %) was found to significantly improve 

the stability of the RTE-TF by minimizing oil separation. The oxidative stability of the developed RTE-TF 

was enhanced by adding optimum amounts of antioxidants like mixed tocopherols (8.54 ppm) and ascorbyl 

palmitate (7.06 ppm) which gave minimum values for PV (9.81 ± 0.18 mg Eq.O2/ kg), AV (6.31 ± 0.05) and 

maximum values for IP (13.5 ± 0.41 h). The developed RTE-TF is a smooth paste and contains 15.5 % 

protein, 35% fat, 2.2 % moisture, 0.8 ± 0.21 fiber, 43.1 % carbohydrates, 3.4 % mineral content and 543 kcal 

per 100g. The RTE-TF, designed to provide the required nutrition to treat a SAM child at home, have the 

required quantity of essential amino acids, necessary amounts of fatty acids with acceptable sensory 

properties and a protein efficiency ratio (PER) 1.2. The developed RTE-TF paste is stable at room temperature 

and have the shelf life of 322 (10.7 months) and 145 days (4.83 months) under ambient (22 - 33 ºC; 58 - 78 

% RH) and accelerated conditions (40 ºC and 90% RH), respectively. 

 

Keywords: Malnutrition, SAM, RTE food paste, sweet potato, linear programming, oxidative stability, 

efficacy, e-nose, shelf life. 
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Variable Rate Technology (VRT) has emerged as a prominent solution for enhanced 

productivity by addressing the variability of nutrient availability in a field. This research is 

focused on techniques for variable rate application of granular fertilizer as a basal dose. An 

electronic control unit (ECU) in open source micro-controller and digital nutrient map 

integrated variable rate applicator was developed for fertilizer application (VRFA). The 

technology handles spatial data to generate prescription maps and applies required fertilizer for 

targeted yield with the help of differential global positioning system (DGPS), ECU, feed back 

sensor and DC motor coupled to the fertilizer metering unit. The spline interpolation technique 

supported by 16 soil samples in grid pattern was the most appropriate for top soil macro-

nutrient (NPK) mapping in 1 ha area. The combination of soil test crop response (STCR), 

nutrient balance and dissimilar subtraction algorithm were employed to decide the fertilizer 

application rate. ANN model closely predicted the performance parameters of fertilizer 

metering system with the lowest root mean square error (RMSE). The flute diameter of 12 mm 

and bottom flap opening of 10 mm were recommended for variable rate application. Grid 

identification algorithm was developed to decode “$GPRMC” string of valid NMEA for 

coordinate, direction and speed. The control software and VRFA graphical user interface (GUI) 

interfaced GPS location, application rate, speed and grid identification code. A 9-row tractor 

operated VRFA was developed and evaluated for precise application of urea, SSP and MOP 
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fertilizers. The actual fertilizer application rate was non-significantly affected by the fertilizer 

type but was significantly (p < 0.01) affected by the prescribed fertilizer application rate, grid 

size (10 m × 10 m) and forward speed (2 km/h). Single grid application error (SGAE) for urea, 

SSP and MOP fertilizers ranged between 2.52–5.79%, 3.03–6.96% and 4.06–9.83, 

respectively. The total application error (TAE) for application of urea, SSP and MOP fertilizers 

were 4.11, 5.08 and 7.24%, respectively. The effective field capacity of VRFA was observed 

to be 0.21 ha/h at forward speed of 2.0 km/h. The VRFA gave N, P, K fertilizer savings of 24.5, 

16.6, and 9.0 kg/ha over uniform rate application in the field. 

 

Keywords: Electronic control unit; DGPS; Digital nutrient map; Interpolation; ANN, 

Optimization; Variable rate fertilizer applicator. 
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Mango pulp, obtained by crushing and homogenizing the edible portion of mango fruits, Serves as 

a primary ingredient in the production of juices, nectar, jam, ice cream, flavored yogurt, and so on. Mango 

pulp is currently preserved using thermal processing, targeting microbial safety and inactivation of spoilage-

causing enzymes. However, application of high temperature causes the loss of heat-sensitive bioactive 

constituents and deterioration of sensory attributes. These issues have instigated the researchers to explore 

alternate processing technologies, such as high pressure processing (HPP), which preserve fresh-like 

attributes in addition to ensuring food safety. Hence, the present research focuses on the application of HPP 

for preserving the quality attributes of mango pulp while ensuring its microbial safety and extended shelf-

life. 

The study investigating the effects of pH (3.5, 4.0 and 4.5) and TSS (15, 20 and 25 °Brix) on high 

pressure inactivation of endogenous mango enzymes pectin  methylesterase (PME), polyphenol oxidase 

(PPO) and peroxidase (POD), within the domain of 332 to 668 MPa/40 to 80 °C/1.2 to 24.8 min, revealed 

that pH 4.0 and TSS of 20 °Brix were suitable for better enzyme inactivation. At pH 4 and TSS of 20 °Brix, 

the effect of HPP was studied on enzymes, natural microflora (aerobic mesophiles, yeast and mold, 

psychrotrophs, lactic acid bacteria and coliforms), inoculated spoilage and pathogenic microorganisms 

(Saccharomyces cerevisiae, Staphylococcus aureus, Salmonella enterica and Listeria innocua), 

physicochemical attributes of mango pulp viz., color (L*, a*, b* values, total color difference (TCD), 

browning index), bioactive components (ascorbic acid, total phenolics, total flavonoids and in-vitro 

antioxidant capacity), and sensory attributes (color, appearance, texture/body, aroma, flavor, mouthfeel and 

aftertaste) within the domain of 300 to 668 MPa/30 to 70 °C/1 s to 90 min. During HPP, up to 70% 

inactivation of enzymes, > 5 log10 reduction of natural microflora, > 8 log10 reduction of spoilage and 

pathogenic microorganisms were achieved. The findings also suggested that physicochemical attributes and 

sensory quality were moderately affected (TCD < 4 and loss of the bioactives < 10%) during HPP with 

process temperatures below 60 °C. The developed inactivation kinetics for the studied enzymes, natural 

microflora, spoilage and pathogenic microorganisms showed that enzymes were more resistant than 

microorganisms to HPP, and due to the highest baroresistance, PME was selected as the process index. 

Response surface methodology was applied to optimize the HPP condition for high quality mango pulp 



Abstracts of Ph.D. Theses 2016-17 

 

Central Library 29 
 

targeting the minimization of TCD (relative to fresh), maximization of flavonoid content, PME inactivation 

and > 5 log10 reduction of microbial population. The optimized HPP condition was 600 MPa/52 °C/10 min 

that resulted in TCD of 3.5, an increase in flavonoids by 18%, PME inactivation ~45% and microbiologically 

safe product (> 5 log10 reduction). The quality of optimized HPP product was fresh-like and superior to 

conventional thermal treatment (0.1 MPa/95 °C/15 min), based on lesser changes in color, higher retention 

of bioactive components, and better sensory acceptance. Further, the storage stability of the optimized HPP 

product was investigated under refrigerated (5 °C) and accelerated (37 °C) conditions in three different 

packaging films. Low-temperature storage in aluminium-based retort pouch emerged as the best for 

stabilizing the quality changes in all the investigated samples. Further, microbial growth and browning were 

identified as the critical shelf-life limiting parameters during refrigerated and accelerated storage, 

respectively. Based on the critical quality limits, the maximum shelf-life achieved for the optimized HPP 

mango pulp was 120 and 58 days during refrigerated and accelerated storage, respectively. 

 

Keywords: Fruit; Novel food processing technology; Enzyme inactivation kinetics; Microorganisms; Color; 

Bioactive components; Sensory quality; Response surface methodology; Refrigerated storage; Accelerated 

storage.  

 

MOLECULAR OSCILLATIONS OF FLORAL SCENT VOLATILES EMISSION 

IN Jasminum sambac (L.) AITON 
 

Paramita Bera 
Supervisor: Prof. Adinpunya Mitra 

Department of Agricultural and Food Engineering 

Accession No.: NB15801 

 

Floral scent composed of low molecular weight volatile organic compounds. The sweet fragrance 

of any evening blooming flower is dominated by benzenoids and terpenoid volatile compounds. Floral scent 

of Jasminum sambac (Oleaceae) includes three major benzenoid esters - benzylacetate, methyl benzoate, and 

methyl salicylate and three major terpene compounds viz. (E)-β-ocimene, linalool and α-farnesene. In 

addition to emitted volatiles, a number of endogenous (non-emitted) floral volatiles were detected. These 

include monoterpenes, aromatic and aliphatic alcohols, which were present in the form of water-soluble 

glycosides in the floral tissue. The comprehensive profile of emitted volatiles from J. sambac flower using 

different adsorbent materials revealed that no single adsorbent alone can trap all the volatiles emitted from 

flower. However, when compared with other polymeric adsorbents, the performance of Porapak Q was found 

satisfactory and thus chosen to study the developmental emission rates of the dominating compounds present 

in the emitted floral volatiles. The thesis work also analyzed the concentrations and emission rates of 

benzenoids and terpenoids during the developmental stages of J. sambac flower. In addition to spatial 

emission from different floral parts, time-course mRNA accumulations of phenylalanine ammonia-lyase 

(PAL) and the two representative genes of terpenoid pathway namely, 1-deoxy-D-xylulose 5-phosphate 

reductoisomerase (DXR) and terpene synthase (TPS) were also studied. Using degenerate primer approach, 

the core cDNA fragment of all the above genes including ODORANT1 (ODO1) were isolated and cloned. 

ODO1 is a member of R2R3-type MYB transcription factor, which plays a regulatory role in floral volatile 

benzenoids synthesis. Transcript levels of ODO1 were increased before the onset of volatile emission and 

decreased upon the declination of volatile emission, suggesting that the benzenoids emission in J. sambac 

flower is partially regulated by ODO1. Further, in vitro activities of several enzymes of 

phenylpropanoid/benzenoid pathway viz., PAL and acetyl-coenzyme A: benzylalcohol acetyltransferase 

(BEAT), S-adenosyl-L-methionine: benzoic acid carboxyl methyl transferase (BAMT) and S-adenosyl-L-

methionine: salicylic acid carboxyl methyltransferase (SAMT) were examined throughout the floral lifespan. 

All the above enzyme activities along with the in vitro activities of DXR and TPS were found to follow a 

certain rhythm as observed in the emission of different benzenoid and terpenoid compounds. Linalool 
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emission peaked after petal opening and coincided with maximal expression of JsTPS gene as evidenced 

from RT-PCR analyses (semi-quantitative). The maximum transcript accumulation of this gene was observed 

in flower petals, indicating that the petals of J. sambac flower serve as a major contributor of volatile 

precursors. The transcripts accumulation of JsDXR and JsTPS in different developmental stages and in 

different floral part showed that emissions of terpenoid volatiles in J. sambac flower are partially regulated 

at transcription levels.  

 

Keywords: Jasminum sambac; Emitted volatiles; Endogenous free volatiles; Endogenous glycosyl-bound 

volatiles; Phenylalanine ammonia-lyase; ODORANT1; Acetyl-coenzyme A: benzylalcohol 

acetyltransferase; Benzyl acetate; S-adenosyl-L-methionine: benzoic acid carboxyl methyl transferase; 

Methyl benzoate, S-adenosyl-L-methionine: salicylic acid carboxyl methyltransferase; Methyl salicylate; 1-
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Aloe barbadensis Miller (Aloe vera) raw gel is considered to be a potent source of gums and 

hydrocolloids, but highly unstable, hence it is converted into dry powder form by removing excess water. 

Reconstituted hydrogels from partially purified powder were prepared for retaining the structural and 

mechanical properties of the gel or solution before drying. 

The effect of prepared aqueous dispersions from Aloe vera fibrous powders viz., freeze dried (FD), 

dehumidified air dried (DH), and hot air dried (HA) and the non-fibrous alcohol insoluble residues (NFAIR) 

powders on functional and rheological properties were investigated. FTIR spectrum confirmed the presence 

of bioactive acetyl groups in the selected powder. Flow behavior of the dispersions at different temperatures 

of 30, 40, 50, and 60 °C and concentrations of 0.2, 0.4, 0.8, 1.6 and 3.2% (w/v) showed shear thinning 

behavior. Oscillatory analyses of concentrated dispersions were also carried out at a critical volume. Fibrous 

dispersions showed low critical volume (1.5 to 2.5 ml H2O/100 mg of dm) and 1000 times higher magnitude 

of storage modulus (G′) (12,320 to 32,043 Pa) than fresh juice (2 to 25 Pa) indicating a solid like property. 

On the other hand, the non-fibrous powder showed a high critical volume (10 ml H2O/100 mg of dm) with 

water and crossover points (G′ = G″ at frequency 0.80–1.0 Hz) depicting its sol–gel nature and suitability for 

hydrogel formation. 

The effects of different methods of reconstitution such as shaking (S), combined heatingshaking 

(HS) and heating (H), at various concentrations (0.2-1.6%, w/v) of NFAIR powders, on gel strength and 

stability were studied by rheological analysis. H method was found to be suitable as compared to S and HS 

methods in terms of higher G′ value (24-195 Pa), and disappearance of terminal zones. Further, at a fixed 

concentration of 1.6%, w/v the effect of heating process temperature (30-90 °C) and time (15-60 min) on 

viscoelastic behavior was analyzed. At 50 °C for 30 min, the G′ and complex modulus (G*) was well 

described by Power law (R2 > 0.95) and Weak gel (R2 > 0.94) models. 

The effect of pH (3-7) and concentration (0.2-1.6%, w/v) on viscoelastic behavior of the 

reconstituted Aloe vera fractions were assessed by using Power law model (R2 > 0.97 for G′ and R2 > 0.92 

for G″ Pa) and Weak gel model (R2 > 0.91 for G*). The model fitted values viz., intercepts (G′0, Pa.sn′ , and 

G′′0, Pa.sn″), slopes (n′ and n″), network strength (AF, Pa.s1/z) and number of networks (z) were further 

validated using ANOVA and response surface plots. The concentration term was found more influencing 

than its interaction and individual pH term towards all responses of the reconstituted Aloe vera samples. 
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Further, the individual effects of concentration (0.2-1.6%, w/v) and pH (3-7) on the functional and 

morphological attributes of the Aloe vera reconstituted fractions/xerogels were evaluated using FTIR, SEM 

and TEM. The obtained results confirmed the participation of weak forces of interactions as well as formation 

of network-like pattern for attaining the reconstituted Aloe vera gel. 

The effect of concentration (0.2-1.6%, w/v) and temperature (30-60 °C) were optimized for 

reconstituted hydrogel formation, targeting maximum intercepts (G0′ and G′′0) and minimum slope (n′ and 

n″) values using numerical optimization technique. The optimum condition selected was 1.6%, w/v at 30 °C 

having higher gel strength; G′0 (47 Pa.sn′), G″0 (27 Pa.sn″) and minimum slope values; n′ (0.25), n″ (0.08) 

with maximum desirability of 0.99. The viscoelastic strength increased with initial aging time (0-180 min) 

for undisturbed optimized hydrogel (1.6%, w/v at 30 ± 1 °C) confirmed by Jeffrey and Kelvin-Voigt model. 

The conjecture for obtaining optimized hydrogel by formation of networks like pattern was further evidenced 

by high resolution TEM analysis. 

The interaction effects of Aloe vera/HM pectin mix ratio (0.25-1.0), sucrose (0-60% w/w) and pH 

(3-7) on Power law model fitted responses were studied by ANOVA and response surface plots. Aloe vera 

concentration was found to be more influencing parameter for mix gel formation followed by sucrose content 

and pH. The numerical optimization technique suggested that reduction of sucrose from 60 to 40% w/w could 

be possible by addition of Aloe vera/HM pectin with a mix ratio (r) varying from 0.40 to 0.59 to obtain 

similar gel strength and having  higher desirability. The predicted results further validated with experimental 

data at optimized conditions where, the average absolute relative deviation was 8.5%. 

 

Keywords: Reconstituted Aloe vera gel, rheological properties, morphological observations, FTIR, 

optimization, mix gel. 
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Nutrient stress is a conventional approach used for increasing lipid accumulation in microalgae, but 

the reduced growth under such conditions eventually affects biodiesel production through reduced lipid 

productivity. To overcome this drawback, mixotrophy can be preferably considered for increasing the 

microalgal growth. In the present study, the effect of mixotrophy with six different exogenous carbon sources 

was assessed for growth and lipid accumulation in a green microalga, Scenedesmus obliquus (Trup.) Kutz. 

(SAG 276-3a). The results of the individual and interactive supplementations of the carbon sources 

demonstrated maximum lipid accumulation up to 29% of dry cell weight (dcw) in the test microalga under 

the combined supplementations of 0.16% citrate and 0.16% acetate in N 11 medium. The multifactor 

optimization study using Response Surface Methodology further boosted the lipid content to 56.4% (dcw). 

The biodiesel (transesterified lipids) obtained was found to be predominated with saturated and 

monounsaturated fatty acid methyl esters.  

To economize the process, various industrially important co-products were also produced from the 

test microalga along with biodiesel. Under the optimized condition, although accumulation of β-carotene, 

omega-3 fatty acids and carbohydrates were not found to be significantly stimulated, a fivefold rise in glycerol 

recovery from the transesterified lipids was observed. 60% of the total carbohydrate present in the microalgal 

biomass was found to be converted into bioethanol under the optimized condition. Extraction of protein from 

S. obliquus biomass was standardized, following which, the extracted protein was formulated into a diet 
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containing standard fish feed and whole S. obliquus biomass and the extracted protein in a ratio of 25:25:50 

that induced maximum growth in the freshwater fish varieties, rohu, mrigal and catla.  

The algal refinery thus designed by sequentially extracting the above microalgal components, was 

able to convert 70% of the microalgal biomass into industrially valuable products by yielding 0.6 g of β-

carotene, 10 g of protein, 38 g (43 mL) of biodiesel, 1 g of omega-3 fatty acid, 3 g (2.4 mL) of glycerol and 

18 g (23 mL) of bioethanol from 100 g of dry S. obliquus biomass under the optimized condition.  

 

Keywords: Algal refinery, β-carotene, Biodiesel, Bioethanol, Glycerol, Mixotrophy, Omega-3 fatty acids, 

Protein-rich algae meal, Scenedesmus obliquus 
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In a world of diminishing resources and increasing needs, each opportunity for the sustainable reuse 

of waste materials must be examined. Organic refuse from household, agriculture and agro-industrial 

processing can help to fulfill the requirements for fuel and fertilizer. Biomethane production from organic 

wastes through anaerobic digestion is perceived as one of the viable options for the safe disposal of wastes 

without hindering the natural ecosystem. Despite its numerous advantages, anaerobic digestion at times tends 

to be ineffective due to certain bottlenecks associated with the inoculum and process instability owing to 

inhibitory products. The present study is an attempt to mitigate the aforementioned constraints thereby a 

stable and economically viable anaerobic process can be implemented without any limitations. 

Firstly, inorder to overcome the problem of non-availability of inoculum in a required quantity at a 

particular place and duration an attempt has been made to utilize specifically isolated microbial consortia 

(MAC) which consists of six facultative anaerobes and two methanogenic strains as an inoculum for 

anaerobic digestion of organic wastes. All the strains were characterized for its growth kinetic behavior and 

methane production potential. Specific methanogenic activity (SMA) of the developed inoculum was found 

to be 0.41 𝒈 𝑪𝑶𝑫𝑪𝑯𝟒𝒈 / 𝑽𝑺𝑺∗𝒅 which is comparable to the conventional inoculum sources applied for 

biomethane production.  

Organic wastes such as Kitchen wastes (KW) and Potato wastes (PW) were selected as a main stream 

substrate for anaerobic digestion. Since these wastes, being characterized as having varied C: N (26:1 to 

36:1), high moisture (<84% w/w) and carbohydrate content (43-45%, w/w) could undergo rapid degradation 

leading to accumulation of volatile fatty acids (VFA). This causes decline in pH to acidic range which is quite 

detrimental to methanogens thereby causing cessation of methane production. To overcome these difficulties, 

anaerobic codigestion was adopted in the present study as an alternative strategy using Pistia stratiotes as 

cosubstrate for PW and KW digestion. Preliminary biomethane production studies revealed that codigestion 

of PS with KW and PW resulted in enhanced methane production by exerting positive synergistic effect 

during the digestion process leading to stability in pH amenable for methanogenesis. Further, optimization 

of process parameters for KW+PS and PW+PS digestion was conducted using statistical approach CCD-

RSM and artificial intelligence models ANN-GA. Upon comparison of these two optimization techniques, 

ANN-GA model obtained through feed forward back propagation methodology was found to be efficient and 

yielded 447.63±24.4 L CH4/kg VSfed and 362.17±17.85 L CH4/kg VSfed for PW+PS and KW+PS 

respectively.  

In order to examine the process behavior of anaerobic codigestion process, kinetic modeling using 

first order, modified Gompertz and unstructured segregated model was carried out. First order and modified 
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Gompertz models were found to fit well with the observed methane profile with R2 of ~0.97-0.99. In case of 

unstructured segregated model important kinetic constants such as Khs, KSS, Ka, KVFA were derived and the 

simulated cumulative methane production was found to match well with the observed methane yield within 

the error band of ±20% and ±12.5% for KW+PS and PW+PS respectively. This showed that the developed 

model could represent the overall process behaviour of this novel anaerobic codigestion using mixed 

anaerobic culture as an inoculum. 

Finally, an approach for carbon utilization as well as valorization of waste residues obtained after 

biomethanation was attempted through biotechnological means by subjecting it for treatment with six 

cyanobacterial cultures and two free living nitrogen fixing bacteria which utilize the organic matter present 

in the residue and simultaneously enhance the N, P and K content thereby reduce the waste strength making 

it suitable for application as biomanure. The biomanure enriched with nutrients through aforementioned 

process was applied to the soil to evaluate the influence of it towards soil quality parameters and crop 

(Bhendi) production. The plant growth from biomanure treated plot was at par with the urea supplemented 

soil which advocates that synthetic fertilizer can be potentially replaced with this enriched residual slurry.  

 

Keywords: Anaerobic codigestion; Kitchen waste; Potato waste; Pistia stratiotes; Mixed anaerobic consortia 

(MAC); Modeling; Biomanure. 
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A locally isolated chlorophycean microalga, Scenedesmus obliquus (Turpin) Kützing, was explored 

in laboratory-scale photobioreactors and closed raceway ponds to assess its potential for production of lipids 

for biodiesel purpose. In photobioreactor study, the test microalga depicted maximum biomass yield of 3.74 

g L-1 with lipid yield of 850 mg L-1 under 15% CO2 sparging at 0.6 vvm air flow. These values were increased 

up to 7.01 g L-1 and 1690 mg L-1, respectively, with 1% glucose supplementation under the said conditions. 

Moreover, following one-week biphasic nitrogen starvation, the lipid content was enhanced up to 43.9% 

(dcw) with a yield of 2.0 g L-1. The maximum CO2 biofixation rate was found to be high enough as 0.77 g L-

1 day-1. 

Cultivation of the test microalga was carried out in closed raceway ponds (14×4×0.75 m) with a 

capacity of 40,000 L. The maximum areal biomass and lipid productivities were recorded as 13.12 and 1.39 

g m-2 day-1 at 30 cm culture depth during winter season followed by summer and rainy seasons. Under one-

week biphasic nitrogen starvation, the test microalga depicted lipid productivity of 2.43, 2.29, and 1.88 g m-

2 day-1 during winter, summer and rainy seasons, respectively. 

Drying of algal biomass can account for 30% of the total cost of microalgal biodiesel production. 

Therefore, three different drying protocols with solar, oven and tray dryers were developed taking into 

account different initial sample thickness and varying the temperature for oven and tray dryers. Solar drying 

was found quite effective during summer, autumn and winter seasons except rainy season. For oven and tray 

drying, partial drying with 10% residual moisture content reduced the energy consumption to half with more 

than 90% lipid recovery as compared to complete drying. On the basis of energy consumption, oven drying 

emerged to be highly economical as compared to tray drying. 

Characterization of various fuel properties, viz. viscosity, density, acid value, saponification value, 

iodine value, calorific value, cetane index, ash and water contents of the biodiesel produced were found to be 

within the specified limits of national and international biodiesel standards. 
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Tomato is a climacteric fruit that continues to respire and ripen even after harvest and has short shelf 

life. The deterioration of tomatoes resulting from mechanical damage, moisture loss, respiration, enzymatic 

action and microbial spoilage causes huge losses during postharvest handling. In order to extend the shelf life 

of tomatoes, the parameters such as gas concentration inside the package, moisture loss, ripening, temperature 

and relative humidity are need to be manipulated. The advanced and novel technologies such as active 

packaging (AP) and edible coating (EC) were used for extending the shelf life of tomatoes, as these have 

potential to address all the issues together while maintaining the quality of the tomatoes. The physicochemical 

parameters of light red tomatoes (USDA color scale 5) were determined. Values of color parameters, L*, a*, 

b*, C* and h* of the tomatoes were 57.32, 15.62, 42.98, 44.53 and 66.03, respectively. Firmness, pH, total 

soluble solids (TSS, °Bx) and titratable acidity (% citric acid) were 1378 g, 4.03, 2.9 and 0.838, respectively. 

Average size of tomatoes was 0.052 m diameter and 80.36 g weight. The respiration rate of tomato and 

absorption kinetics of scrubbers were studied at temperatures ranging from 10 to 35 °C. The values of the 

OTRreq (oxygen transmission rate required) and CTRreq (carbon dioxide transmission rate required) were 

83.038 and 531.4437 cm3/m2.day.atm. The LDPE 50 matched the gas requirement (OTR = 101.85 and CTR 

= 542.82 cc/m2.24h for 0.045 m2 package area) for the selected pack size. The absorption capacity was found 

to be 23 ± 0.38 mL of O2/sachet (1 sachet = 0.84 g) for oxygen scrubber, 40.8 ± 1.64 mg of water/g of weight 

of moisture scavenger and 3 cc/g of KMnO4 for ethylene scrubber.  

The concentration of scavengers was varied from 0 - 10 g of moisture scrubber (MS, silica gel), 0 - 

1 g of ethylene scavenger (ES, potassium permanganate) and 0 - 4 sachets of oxygen scavenger (OS, FT 20 

cc O-buster) for 250 g of fruit using central composite rotatable design (CCRD). The optimized concentration 

of scavengers was 7.8 g MS, 0.8 g ES and 3 sachets of OS per 250 g of tomatoes with more than 3 fold 

increase in shelf life (55 days) at 10 °C and 85%. Weight loss of tomatoes varied from 0.71% for 2.03 g to 

5.1% for 7.97 g of MS. The firmness of the tomatoes after 55 days was 1327 ± 42.52 g, which was comparable 

to the firmness of fresh tomatoes 1365 ± 24.66 g. A mathematical model for active packaging system was 

developed and validated, the relative deviation between experimental and predicted values of gas 

concentrations was 4.81% and 4.26% for O2 and CO2, respectively.  

The concentration of sodium alginate (0 to 1.5%, w/v) and glycerol (0 to 2%, v/v) were optimized 

using CCRD and RSM methods. This was followed by optimization of concentration of sunflower oil (1 - 

3%, v/v) and clove oil (0 - 0.5%, v/v) using a 3-level factorial design, at fixed (optimized) levels of sodium 

alginate and glycerol; millipore water was used for volume makeup. Coating time was varied from 0 - 5 min. 

Tomatoes coated for 4 min showed the minimum physiological weight loss (3.43%) and change in gas 

concentration i.e. 1.1% CO2 and 19.4% O2 using 4.9 ± 0.3 g of coating solution for one kg of tomatoes; the 

coating thickness was 12.5 ± 0.87 μm. The optimum composition of the coating solution was 1.12 % sodium 

alginate (w/v) and 1 % glycerol (v/v), sunflower oil (3%) and clove oil (0.25%) with more than three times 

increase in shelf life of tomatoes (49 days) at 10 °C and 85% RH.  

Evaluation of quality parameters during storage at 10 °C and 85% RH, ranked the EC tomatoes as 

the best sample followed by AP, and control tomatoes. The lycopene content for control, AP and EC tomatoes 
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was 7.5, 11.96 and 12.7 mg/ 100 g of fresh fruit weight, respectively, at the end of their storage. The ascorbic 

acid content decreased significantly (p < 0.05) from 16.44 to 7.69 for control tomatoes, 10.24 for EC tomatoes 

and 9.27 mg/ 100 g for AP tomatoes during storage for 15, 49 and 55 days, respectively. The hydrophilic 

phenolic content for the control, AP and EC tomatoes was 17.44, 19.92 and 21.63 mgGAE/100g; lipophilic 

phenolic content was 4.24, 5.43 and 6.49 mgGAE/100g. The hydrophilic and lipophilic antioxidant activities 

of control, AP and EC tomatoes were 124.78 & 9.86, 173.54 & 13.44 and 178.86 54 & 15.94 mmol TEAC/kg, 

respectively.  

 

Keywords: Tomato, active packaging, edible coating, shelf life extension, kinetics, mathematical modeling, 

respiration rate. 
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Curcuminoids are natural antioxidants present in turmeric (Curcuma longa L.) rhizomes. The present 

study was focused on solvent (acetone) extraction of oleoresin from dried turmeric powder using Soxhlet 

extractor followed by separation of curcuminoids from oleoresin by subsequent hexane and water washing; 

the residue was dried to yield curcuminoid enriched powder. Experiment was conducted to test the efficacy 

of curcuminoid enriched powder to act as an antioxidant in sunflower oil. 

Fresh turmeric rhizomes (85.8 ± 2% moisture content, MC), both peeled and unpeeled were dried 

under sun (39.6 ± 1.35 °C, 87.1 ± 2.88% RH), in hot air oven dryer (60 °C) and microwave-convective dryer 

(60 °C, 2.45 GHz, 1.5 kW). The maximum retention of curcumin was observed in microwave-convective 

dried samples with 10 ± 2.07% MC. Pertaining to extraction of oleoresin, equilibrium-time was determined 

by studying extraction kinetics; first order kinetic model was found to be the best-fit representing extraction 

kinetics. To optimize parameters of extraction process, response surface methodology was used; the 

independent variables were: temperature, solvent-to-solid ratio and particle size; dependent variable was: 

yield of oleoresin, curcumin and total phenolic content. Optimized results were temperature: 50°C, solvent-

to-solid ratio: 21:1 (w/w) and particle size: 0.24 mm. A systematic study of stirred batch extraction under 

equilibrium was conducted to develop the Equilibrium-Distribution-Relationship (EDR) between oleoresin 

concentration in miscella (solvent+oleoresin) and residual oleoresin concentration in marc (de-oiled 

rhizome); EDR was found to follow a linear relationship with high coefficient of determination. Oleoresin is 

a viscous, oily substance, brown red in color and consists of curcuminoids, oils, resins, polysaccharides and 

other unwanted components. Oleoresin was washed with hexane to remove the oil at 70 °C in 4 stages – 

yielding crude curcuminoids powder as residue which was then washed with hot water, to remove 

polysaccharides and other unwanted components, for 2 h at 100 °C to yield curcuminoids-enriched powder 

(CEP); curcuminoid-content in oleoresin was found to be 43.13% and that in curcuminoids-enriched powder 

(CEP) 76.63%. Analysis was carried out to identify the optimum time and solvent-to-solid ratio in each stage. 

The CEP was characterized by employing tandem mass spectrometry (MS/MS) at m/z 367, 337 and 307. It 

was free of hexane residues and residual acetone level was below permissible limit (6.8-7.2 ppm). The CEP 

also showed α–amylase inhibitory, α–glucosidase inhibitory and radical scavenging activity with IC50 values 

of 1.77, 3.47 and 11.42 μg/mL respectively. Food borne pathogens E. coli and S. aureus showed susceptibility 

towards CEP with a minimum inhibitory concentration of 125 and 250 μg/mL, respectively. Sunflower oil 

samples containing CEP at different concentrations (100, 200, 300, 400 and 500 ppm) along with 2% w/w 

kalonji (Nigella sativa L.) extract showed higher oxidative stability compared to control sample (without any 
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added antioxidant). Addition of 500 ppm CEP with 2 % kalonji extract in sunflower oil provided oxidative 

stability upto 30 days at 27 °C, 15 days at 45 °C and 8 days at 60 °C, respectively. Rapid, non-destructive 

FT-NIR spectroscopic method was cross validated for the estimation of curcumin in sunflower oil using PLS 

regression analysis. 

 

Keywords: Curcuma longa, curcuminoids, Soxhlet extraction, oleoresin, equilibrium, kalonji, response 

surface methodology, kinetics, FT-NIR spectroscopy 
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Drinking tea is gaining popularity as a non-alcoholic beverage throughout the world. Apart from 

processing conditions, the quality of manufactured tea is dependent on fresh tea leaf quality, which is further 

influenced by standard plucking condition and climatic factors. Tea quality is a function of the content of leaf 

metabolites. Generally, tea quality varies with seasonal flushes and declines with leaf maturity. Limited 

information is available on the status of metabolites in fresh tea leaves during their maturity and the levels of 

metabolites in different seasonal flushes. Therefore, the present research aimed at studying any changes of 

targeted metabolite composition in fresh tea leaves with maturity which will form the scientific basis for 

understanding of tea quality deterioration. GC-MS and HPLC based techniques were used to analyze the 

metabolites from fresh tea leaves at different developmental stages. Significant variation in the levels of 

metabolites was observed during tea leaf maturation. The concentrations of catechin (C), epicatechin gallate 

(ECG), epigallocatechin gallate (EGCG) and total catechins (TC) decreased with leaf maturity, while 

epicatechin (EC) and epigallocatechin (EGC) showed a reverse trend. An increase of the contents of cell wall-

bound phenolics with leaf maturity was noted, which was predominated by gallic acid followed by trans-

pcoumaric acid. The relative abundance of monoterpenoids declined with leaf age, while volatile fatty acid 

derivatives (VFAD) and benzenoids showed an inverse trend. Activities of shikimate dehydrogenase (SKDH) 

and phenylalanine ammonia-lyase (PAL) also decreased with leaf age and their activities showed significant 

positive correlation with total catechins content. The transcript levels of flavone-3-hydroxylase and 

anthocyanidin synthase also showed a significant positive correlation with total catechins content. 

Interestingly, accumulation of total catechin showed significant negative correlation with total fatty acid 

derivatives, total wall-bound phenolics, chlorophyll and volatile benzenoids during leaf development. This 

suggests a possible alteration of carbon pool in tea leaf during maturation. It is hypothesized that the 

declination of flavan-3-ols biosynthesis in mature leaves might lead to a shifting of carbon flow in the 

direction of linked metabolic pathway related to chlorophyll, wall-bound phenolics, volatile benzenoids and 

fatty acids biosynthesis. 

Study on the effect of different seasonal flushes (spring, summer, monsoon and autumn flushes) on 

metabolites accumulation indicated that the individual catechins content in tea shoots of Chinese cultivars 

(AV2, B157 and P312) grown at tropical plain land (Kharagpur, India) varied significantly throughout the 

harvested seasons in this study region. The accumulation of total catechins was found to be highest in tea 

leaves harvested from monsoon flush, followed by spring flush, autumn and summer flushes. The EGCG 

content in tea shoots harvested from monsoon flush was highest followed by autumn, spring and summer 

flushes. The accumulation of ECG was found to be highest in monsoon flush and lowest in autumn flush. 

The non-galloylated catechin such as EGC and EC content were highest in tea leaves harvested from spring 

flush. Highest accumulation of VFAD was observed in tea leaves harvested from autumn flush, followed by 
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spring, summer and monsoon flushes, whereas monoterpenoids was found to be highest in summer and spring 

flushes and lowest in monsoon and autumn flushes. Enhanced accumulation of volatile benzenoids was 

observed in spring flush, while higher sesquiterpenoids content was observed in tea shoots harvested from 

summer flush and least in autumn flush. Thus, with respect to accumulation of both catechins and aroma 

volatiles in fresh tea leaves, it can be suggested that spring flush would give a better quality finished product 

(black tea) as fresh tea leaves harvested from this season contained a balanced amount of aroma volatiles and 

catechins as compared to other seasonal flushes in this study region. 

 

Keywords: tea, leaf maturity, metabolites, catechins, volatiles, seasonal flush  
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Climate change and the resulting environmental issues are a major hindrance to the sustainable 

economic growth of urban Indian. Transformation of the Southwest Indian Subcontinent Monsoon, waning 

of urban green cover, generation of urban heat islands, heat induced mortality, worsening of atmospheric 

pollution, and the related health problems are some of the most prominent concerns. Lack of adequate 

domestic finance and a high percentage of the urban poor necessitate the need for economic and long lasting 

solutions.  

Urban greenery has been projected as a potential solution to the environmental woes. However, the 

status of urban greenery has been declining in most of the Indian cities. Inadequate thermal design of 

residences increases the net domestic energy consumption. Moreover, people in developing countries tend to 

spend more time indoors, thus escalating the acute need for passive cooling of residential buildings.  

The present research involves study of the passive cooling potential of five different tree species 

(Magnifera indica, Polyalthia longifolia, Lagerstroemia flos-reginae, Azadirachta indica, and Peltophorum 

pterocarpum). Since data on the shading co-efficient of tree species involves expensive experimental set-up 

and remains largely unavailable in India, an attempt was made for easy estimation of the shading potential of 

tree species. The tree species were selected based on a set of parameters inclusive of ease in availability, 

variance in foliage geometry and no potential threat to the structural safety of buildings.  

Review of literature revealed that few software possess the capability to simulate the shade of trees. 

An extensive study was conducted to compare the potentials of the available software. Seven different 

software programs (TRNSYS 17.0, EnergyPlus 1.2.2, DOE-2.1E (121), IES VE, Energy-10 (1.8), ESP-r 10.1, 

and PowerDomus 1.5) were studied and compared on the basis of parameters such as - thermal performance, 

energy consumption, heat transfer capabilities. EnergyPlus was thereafter selected for the present research. 

The results were analysed for the heat interception potential of trees, external and internal surface 

temperatures of walls, and the solar radiation reflected from pavements.  

The analysis of the generated results revealed that the foliage spread is a dominant factor largely 

determining the cooling potential of trees. It was observed that the distance of the tree from the wall was a 

crucial factor required for optimising the shading efficiency of trees. The orientation of the wall and seasonal 

parameters were found to influence the indoor thermal environment. Tree presence was found to have little 

influence on the radiation reflected from pavements. The conclusions derived therefrom were used to propose 

guidelines which are expected to help in the sustainable development of urban centres. 
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‘Sustainability’ is a key issue in the rapidly developing world, especially in the construction sector. 

Pioneering efforts were made over five decades to apply the sustainability paradigm, and the ‘sustainability 

movement’ has gained significant strength and momentum. Undoubtedly, ‘ecological, economical, and socio-

cultural’ issues are at the core of planning, construction, and operation of built environment. All 

developments in the contemporary world are related to the environmental issues like land, energy, water, 

resource consumption-efficiency; pollution at all levels, mitigating global warming and effects of climate 

change. Thus, it has become mandatory to adopt the principles of making and operating ‘sustainable built 

environments’ around the globe. Sustainable development, in India, is regulated by the National Rating 

System-GRIHA. The other rating system, LEED-India, has exercised considerable influence, especially in 

the commercial sector. However, it is arguable, if LEED-India or GRIHA is adopted in the diverse climatic 

zones of the Country, with the respective local societies, and culture having varying economies; whether 

these rating systems will ensure the much needed end result, sustainability! Mostly, LEED-India is designed 

to address environmental concerns and building standards. The national green building rating system, 

GRIHA, and LEED-India are following a single evaluation system for all climatic zones, compromising the 

influence of local and regional variations. A comprehensive literature review establishes that these rating 

systems mainly focus on the ‘environmental performance’ and ‘resource utilization efficiency’ assessment. 

These rating systems developers are predominantly concerned with environmental protection and utilization 

efficiency of materials and resources. Such systems have limited ability to address other sustainability issues 

such as regional variations. However, these rating systems do not effectively address the wider sustainability 

concerns of the Nation. These present rating systems also have failed to differentiate the wide variations in 

climatic zones, socio-cultural base, economic status, and varying resource availability across the Country. 

Therefore, it is necessary to develop an appropriate, robust, pro-active, simple yet comprehensive sustainable 

built form assessment system. The research considers local and regional specificity, and respective 

sustainability issues such as regional variations; the social, cultural, economic and wellbeing aspects. Further, 

the model appreciates the vernacular wisdom in such built forms with their near acceptable performance and 

draws lessons for sustainability. Methodology adopted in this research is ‘mixed-method’, involving a 

detailed review of ‘relevant literature’; followed by an opinion survey among the Indian construction industry 

stakeholders, mainly: Architects, designers, planners, engineers, green building consultants, developers, 

builders, owners, users, administrators, facility managers, NGOs, CBOs, environmentalists, ecologists, 

academics, and researchers, in order to pursue ‘sustainability issues and parameters’. Significant 

sustainability parameters are identified and categorized by using ‘Delphi technique’. The derived weights of 

identified and categorized sustainability assessment parameters; indicators, criteria and sub-criteria are 

assessed and aggregated using a multi-criteria-decision-making technique, ‘Analytical Hierarchy Process 

(AHP)’. Fuzzy Logic theory and technique are appropriately employed to develop the fuzzy scoring system 

for built form criteria and sub-criteria performance. Research developed a ‘robust, holistic and simple yet 

comprehensive ‘Fuzzy Logic Inference System (FLIS)’ for the fuzzy scoring performance of built form 

criteria and sub-criteria which leads a development of an appropriate methodology and a unique integrated 

‘Delphi-AHP-Fuzzy Logic Model’ for sustainability assessment of built forms in local and regional contexts. 

Finally, the research developed an integrated Excel and Matlab 2012a based on ‘Graphical User Interface’ 

to ease analysis process of the built form assessment.  
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The relationship between transport infrastructure, economic development and urbanization has long 

been discussed by planners and policy makers. However, it has been a matter of debate whether transport 

infrastructure promotes economic development and urbanization or economic development and urbanization 

promotes investment in transport infrastructure or there is a feedback effect. Each of these views has found 

theoretical support. Existing literature also shows that the relationship may vary from region to region and 

from time to time. The present study thus tries to find out the causal relationship between transport 

infrastructure, economic development and urbanization in India, both at the national and sub-national 

(regional) level, during the post-liberalization period. It has adopted dynamic time series analysis approach 

like unit root, cointegration and Granger causality test for this purpose. It has also used Vector Error 

Correction (VEC) and Vector Auto-Regression (VAR) models to distinguish between long-run and short-run 

causality. Moreover, to validate Hansen's hypothesis, the study classifies the Indian states into leading, 

intermediate and lagging categories, and then tries to find out the relationship separately for each region. To 

have a detailed and disaggregated understanding of the transport sector, eleven variables representing its 

various sub-sectors have been used. It has been found that in most of the cases it is economic development 

which caused development of transport infrastructure in the long-run. Transport infrastructure, on the other 

hand, helped boosting economy, though only in the short-run. Therefore, endogenous growth theory has been 

found to be more suitable in explaining the phenomena for short-run, whereas, Wagner’s law has been more 

suitable in the long-run for India. The positive effect of investment in transport infrastructure has been mainly 

observed for the lagging region, both in long and short-run. Development of transport infrastructure was also 

not found to have significant influence on urbanization in the long-run. Although, support in favor of 

modernization theory has been obtained to some extent, but no evidence was found in support of urban bias 

theory; rather, it has been observed that urbanization has promoted urban bias in India. Also, dependency 

works mainly for the leading region, though in the short-run only. 

 

Keywords: Transport Infrastructure, Economic Development, Urbanization, Cointegration, Granger 

Causality, Vector Error Correction, Vector Auto-Regression. 
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Antheraea mylitta cytoplasmic polyhedrosis virus (AmCPV) is a segmented double stranded RNA 

(dsRNA) virus having 11 segments (S1-S11) as its genome. AmCPV is a member of Cypovirus genus of 

the Reoviridae family, infecting Indian non-mulberry tasar silkworm Antheraea mylitta, and causes 
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substantial economic loss each year. The mechanism of genomic RNA transcription/replication has not 

been studied in detail for any CPVs. AmCPV S2 encodes 1116 amino acids long (~123 kDa) RNA- 

dependent RNA polymerase (RdRp) which mediates transcription/replication of all the viral genome 

segments but its mechanism of RNA synthesis is not elucidated. Therefore, it necessitates the structural 

and functional characterization of AmCPV RdRp to understand the underlying mechanism for cypoviral 

RNA-polymerase interaction in the replication/transcription process, which may help to design effective 

antiviral compound (s) on the basis of structure and biochemical properties of the polymerase. Initially, a 

three-dimensional model structure of AmCPV RdRp has been predicted by bioinformatics methods and 

compared to the other structurally known viral RdRps. In addition, docking with biologically relevant 

molecules and molecular dynamics (MD) simulation have enabled to identify important sequence and/or 

structural features involved in substrate entry or binding, polymerase reaction and the product release 

events governed by AmCPV RdRp. These analyses have predicted the presence of three domains in 

AmCPV   RdRp,   namely   N-terminal,   polymerase   and   C-terminal   domains.   Cloning,   expression, 

purification and functional analysis of the individual domains of AmCPV RdRp demonstrate that the 

purified domains interact in vitro. The central polymerase domain shows nucleotide binding property as 

that of the full length polymerase but not the N- and C-terminal domains. The nucleotide binding in the 

active site is supported by a loop structure of the polymerase, which is further stabilized by a zinc ion 

(Zn
2+

). Isolated polymerase domain does not exhibit RdRp activity but the activity can only be 

reconstituted when all three domains are included in the reaction mixture. It is hypothesized from the MD 

studies  that  the  motions  of  the  separated  polymerase  domain  may  lead  to  the  formation  of  a  less 

accessible RNA template binding channel which impairs the RdRp activity. Recruitment of RdRp to the 

specific sequence of viral RNA has been studied using 
32

P-labeled 3'-UTR of viral RNA and the full 

length AmCPV RdRp or the domains in a binding assay. It has been demonstrated that the full length 

viral polymerase specifically binds to the unique secondary structure of the 3'-UTR region of viral RNA. 

On the other hand, isolated different domains of RdRp exhibit a poor and non-specific interaction with the 

RNA. Further, the polymerase shows a higher cooperativity to the RNA representing the 5'-UTR (>2.0) 

than the 3'-UTR (~1.0) of viral RNA, implying a complex mechanism of RNA-polymerase binding and 

interaction. 

 

CRYSTAL STRUCTURE DETERMINATION AND BIOCHEMICAL 

CHARACTERIZATION OF STAPHYLOCOCCAL INOSITOL 

MONOPHOSPHATASES 
 

Anirudha Dutta 
Supervisor: Prof. Amit Kumar Das 

Department of Biotechnology 

Accession No.: NB15582 

 

Inositol monophosphatase (IMPase) is a Mg2+ activated and Li+ inhibited phosphatase that 

hydrolyzes phosphomonoester bond of myo-inositol-1-phosphate (I-1-P). IMPase plays a crucial role in the 

development and proper functioning of the brain due to its involvement in phosphoinositol signalling cascade. 

IMPase is an important target of Li+-based therapeutics for manic depressive disorders. Despite the 

therapeutic efficiency of Li+, the precise mechanism of the Li+-induced inhibition of IMPase remains 

obscured. IMPase shows the highest catalytic activity with the substrate I-1-P, but it also manifests substrate 

promiscuity with other substrates like 2’AMP and β-glycerophosphate. Attempts have been made with 

staphylococcal IMPase-I (SaIMPase-I; SAS2203) and IMPase-II (SaIMPase-II; SAS1042) to decipher the (i) 

molecular basis of substrate promiscuity, (ii) mode of inhibition by metal ions like Li+ and high concentration 

of Mg2+ and (iii) possible role of SaIMPase-II in staphylococcal biofilm formation.  
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Crystal structures of SaIMPase-II and its substrate (I-1-P and 2’AMP) bound complexes have 

revealed the role of active site mobile loops (connecting α1-α2, α4-β6, α6-β8 and α5-β7) in substrate 

selection. Furthermore, considering the high degree of structural homology and conserved active site residues 

of SaIMpase-I with human IMPase-I, SaIMPase-I is used as a model enzyme to study molecular details of 

Li+ inhibition. Li+ inhibition in IMPase is competitive with Mg2+ and shares a common or overlapping binding 

site. Li+ is virtually invisible in X-ray crystallography since Li+ has only two electrons to interact with X-ray. 

The crystal structure of SaIMPase-I ternary product complex (SaIMPase-I/3Mg2+/PO4
3-) shows a bound 

phosphate and three Mg2+ (namely Mg1, Mg2 and Mg3) in the active site. The competitive displacement of 

Mg2+ as a function of an increasing LiCl concentration in the crystals of SaIMPase-I ternary product complex 

has been employed to visualize the binding site of Li+. The complete absence of the electron density 

corresponding to the pre-occupied Mg2 is observed in LiCl soaked structures. Moreover, based on a detailed 

investigation of the phosphate conformation and the coordination state of the bound Mg2+ ions, the inhibition 

mechanisms of Li+ and high concentrations of Mg2+ are proposed. It is also reported that the SaIMPase-II is 

essential in staphylococcal polysaccharide-independent biofilm formation. Overexpression of SaIMPase-II 

in E. coli produces extracellular macroscopic fibers and it is confirmed that the fibers are composed of 

SaIMPase-II. The amyloidic nature of the fiber has been evaluated by high-resolution electron microscopy 

complemented with X-ray fiber diffraction and binding of amyloid-specific dyes, such as Congo red and 

Thioflavin-T. The fibers are found to be highly sticky in nature and bind a large number of bacterial cells. It 

is suggested that SaIMPase-II is involved in fibers formation and acts as the adhesion in biofilm matrix.  

 

Keywords: Inositol monophosphatase; Staphylococcus aureus; crystal structure; substrate specificity; Li+ 

inhibition; amyloid fiber. 
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Penicillin interactive enzymes (PIEs) constitute a group of enzymes that either bind to beta-lactams 

(PBPs) or hydrolyse beta-lactams (beta-lactamases). However, little is known about the physiological nature 

of those PIEs in mycobacteria. To study their physiological behaviour, three LMM-PIEs of mycobacteria 

were selected, namely, MSMEG_2433 (putative DD-CPase of M. smegmatis) and its homologue DacB2 

(from M. tuberculosis) and MSMEG_4455 (putative beta-lactamase of M. smegmatis). The genes of their 

membrane-bound forms were cloned and expressed in E. coli. Interestingly, in vivo expressions of 

MSMEG_2433 and DacB2 were able to restore the cell shape oddities of E. coli septuple PBP deletion mutant 

suggesting their ability to perform as DD-CPase in vivo. Also, the beta-lactam resistance in mutant ΔampC 

mutant of E. coli was augmented upon ectopic expression of MSMEG_2433 and MSMEG_4455 indicating 

in vivo beta-lactamase activity. To establish the biochemical reasons behind such physiological behaviours, 

the soluble forms of these PIEs were purified and analysed. Harmonizing with the observed physiological 

behaviours, soluble MSMEG_2433 and DacB2 exhibited DD-CPase activities with the pentapeptide 

substrates. Surprisingly, sMSMEG_2433 and sDacB2 also showed considerable deacylation efficiency with 

the beta-lactam substrate, a distinct character of beta-lactamase. However, the deacylation efficiency (an 

indicator of efficient beta-lactam hydrolyzing efficiency) of sMSMEG_4455 was very high as compared to 

both DD-CPases (sMSMEG_2433 and sDacB2). In silico analyses suggested the presence of an ‘Ω-like loop’ 

near the active site of all these enzymes, which is a characteristic feature of beta-lactamases and is involved 

in enhancing the deacylation efficiency of beta-lactamases. Therefore, to understand the physiology of the 

‘Ω-like loop’, significant amino acids were mutated (E75A in MSMEG_2433 and D167E in DacB2, & 
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Y194A in MSMEG_4455) at ‘Ω-like loop’ region. The deacylation efficiency of the mutant proteins was 

altered considerably that reduced both DD-CPase and or beta-lactamase activities. The effects of such 

mutations also affected the physiological behaviours like cell shape and beta-lactam resistance. Overall, the 

study reveals the presence of dual activity PIEs in both M. smegmatis and M. tuberculosis, and a very efficient 

penicillinase in M. smegmatis where the enzymatic efficiencies are governed by specific amino acids of the 

‘Ω-like loop’. 

 

CARBON DIOXIDE SEQUESTRATION AND CLEAN ENERGY GENERATION 

USING Anabaena sp. PCC 7120 
 

Bikram Kumar Nayak 
Supervisor: Prof. Debabrata Das 

Department of Biotechnology 

Accession No.: NB15761 

 

Global warming due to greenhouse gases produced from burning of fossil fuels is a major concern. 

Cyanobacteria may be used for CO2 sequestration, and subsequent generation of clean energy (hydrogen and 

bioelectricity). Suitable physico-chemical parameters were determined for the maximization of the growth of 

Anabaena sp. PCC 7120. The suitable phosphate concentration and light intensity for maximization of 

biomass concentration were found to be 120 μE m-2 s-1 and 60mg L-1, respectively. The maximum CO2 

biofixation rate was determined as 0.68 g L-1 d-1. A maximum biomass concentration of 2.12 g L-1 was 

obtained using 5 %(v/v) CO2 at light intensity of 200 μE m-2 s-1. Mixing time was determined in different 

type of tubular photobioreactors. Application of this microorganism for CO2 sequestration was conducted 

using industrial flue gas rich in CO2 and H2S. Among different strategies used, serially connected 

photobioreactors was found most promising for CO2 sequestration. After CO2 fixation, the culture was 

investigated for the production of hydrogen. Different parameters such as initial pH, light intensity and 

different type of photobioreactors were studied to maximize hydrogen production. Hydrogen production by 

Anabaena sp. PCC 7120 takes place in two stages: biomass production followed by hydrogen generation. 

The biomass and hydrogen production rates were monitored in a customized flat panel rocking 

photobioreactor. The maximum rate of hydrogen production was found to be 1.73 mL gdcw-1 h-1. To enhance 

the biohydrogen production, the biomass was considered as substrate for thermophilic dark fermentation 

process. At biomass concentration of 12 g L-1, highest cumulative hydrogen production of 1900 mL L-1 was 

observed. The hydrogen production was found to increase as the biomass increased from 6 to 12 g L-1. 

Potential of Anabaena sp. PCC 7120 to enhance the electricity production in microbial fuel cell was also 

studied with simultaneous biofixation of CO2 in cathode chamber. Further the biomass was pretreated and 

used as substrate in sMFCs. Highest power production potential of 6.76 W/m3 was observed in acid pretreated 

biomass due to the availability of simple carbohydrates in anolyte. Thus, the thesis highlights the importance 

and necessity of strategic production of microalgal biomass by biofixation of CO2 followed by production of 

clean energy in the form of hydrogen and electricity for sustainable development of bio-based economy in 

the near future. 

 

Keywords: photobioreactor; CO2biofixation; biohydrogen; bioelctricity; MCC; sMFC. 
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Gram-negative bacteria like E. coli is one of the common nosocomial pathogens 

encountered today. The bacteria evade antibiotic action by mechanisms like modifications of 

drug targets, active efflux pumps, outer membrane permeability changes, biofilm formation 

and drug hydrolysing enzymes. NGM9 was observed as a multidrug resistant strain among an 

array of E. coli clinical isolates. It revealed the simultaneous presence of four different active 

resistance mechanisms indicating the co-existence of drug resistance mechanisms. Beta-

lactamase expression is the most common for beta-lactam resistance. In the induction pathway 

of AmpC, the first few steps of induction and peptidoglycan recycling are common after which 

the two pathways bifurcate depending upon the circumstance encountered by the bacterial cell. 

The genes implicated in the initial steps of the pathway, namely, ampD, ampE and ampG were 

cloned in pBAD-18Kan to study their roles in the expression of Ambler class A and D beta-

lactamase. The representative beta-lactamases chosen were CTX-M-15, TEM-1 and OXA-2 

on the basis of their relative prevalence and were cloned in pBAD-18Cam for in vivo studies. 

A two-fold increased resistance was observed in E. coli ΔampC mutants harbouring beta-

lactamases as compared to the wild type cells possessing the same beta-lactamases. This 

indicated the possibility of expression restriction of other serine beta-lactamase in presence of 

AmpC in E. coli. The effects of each of the three induction pathway genes were ascertained by 

inducing the expression of beta-lactamase in the deletion mutants and the ectopically 

complemented deletion mutants by determining beta-lactam sensitivities and nitrocefin 

hydrolysis. AmpD showed variable result depending upon the beta-lactamase under study. The 

deletion ampE enhanced beta-lactamase expression while ampG deletion enhanced 

susceptibility as compared to wild type harbouring beta-lactamase. The effect of beta-

lactamase expression on biofilm formation was checked in presence and absence of the 

presumptive beta-lactamase inducing genes. CTX-M-15 and AmpC enhanced E. coli biofilm 

formation while TEM-1 and OXA-2 reduced it and results were similar to those obtained for 

beta-lactamase induction assays. Therefore, it can be inferred that AmpD has a variable role, 

AmpE probably acts as a negative regulator while AmpG directly influences E. coli biofilm 

formation. 
 

DEVELOPMENT OF MICROALGAE FEEDSTOCK-BASED BIOREFINERY 

FOR THE CO-PRODUCTION OF LUTEIN AND BIODIESEL WITH 

SIMULTANEOUS CARBON DIOXIDE CAPTURE 
 

Dinesh kumar R 
Supervisors: Prof. Ramkrishna Sen and Prof. Sukanta Kumar Dash 

Department of Biotechnology 

Accession No.: NB15713 

 

Microalgae have emerged as a sustainable biomass feedstock to address the contemporary 

challenges of healthcare, energy and environment through the production of high-value bioactive carotenoids, 

poly-unsaturated fatty acids and low-value biofuels with concomitant CO2 mitigation in a biorefinery model. 

However, there has been a question mark on the viability and discrete downstream processing steps. In this 

context, the present thesis endeavours to optimize and integrate the bioprocess for improved production of 

biomass, lutein and lipid with CO2 mitigation using the microalga Chlorella minutissima, and develop 
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integrated downstream processing for concurrent recovery of lutein and biodiesel. Firstly, a suitable 

production medium was formulated through screening and optimization of essential nutrients by adopting 

Plackett-Burman design followed by artificial neural-particle swarm optimization (ANN-PSO) technique. On 

optimization of critical medium components including nitrate, phosphate, manganese and copper, the 

productivities (mg L-1 d-1) of biomass, lutein and lipid were found to be 570 ± 11, 3.45 ± 0.07 and 95.2 ± 3.3, 

respectively. Upon optimizing the influential process parameters like light intensity, CO2 and aeration rate in 

a 2-L airlift photobioreactor by ANN-PSO technique, the productivities (mg L-1 d-1) of biomass, lutein and 

lipid were enhanced to 672 ± 18, 4.32 ± 0.011 and 142.2 ± 5.6, respectively with CO2 captured at a rate of 

1.2 ± 0.03 g L-1 d-1. The production of microalgal lutein and lipid was not significantly affected when flue 

gas was used as an alternative carbon source, suggesting possible utilization of flue gas through biological 

sequestration. As light influences lutein synthesis critically, light-feeding strategies were optimized followed 

by semi-continuous operation for facilitating higher rate of lutein synthesis. On integrating the optimized 

light-feeding strategy with semi-continuous mode, the productivities (mg L-1 d-1) of biomass, lutein and lipid 

could be further improved to 870 ± 21, 6.34 ± 0.12 and 134.6 ± 5.2, respectively with photosynthetic 

efficiency of 11.7 ± 0.2% and CO2 fixation rate of 1.59 ± 0.04 g L-1 d-1. The performance of C. minutissima 

for co-operation of lutein and lipid stands out to be efficient, as compared with most of the studies reported 

in literature. An integrated downstream process was subsequently designed to achieve simultaneous biomass 

harvesting and disruption using reusable magnetic nanocomposites (MNCs) namely, chitosan coated core-

shell structures of Fe3O4-TiO2. The harvesting efficiency of >98% was obtained at 0.07 g MNCs per g 

biomass. The harvested wet-biomass was then photocatalytically disrupted using visible light for 3 h. The 

cationic, photocatalytic and magnetic properties of MNCs were not significantly affected upon recycling it 

for five consecutive batches. Finally, lutein and lipid products were concomitantly separated through binary 

solvent systems followed by parallel saponification and tansesterification to recover 94.3 ± 2.1% of lutein 

and 92.4 ± 1.8% of biodiesel. The recovered lutein product showed significant antioxidant activity by 

efficiently scavenging the free radicals induced by DPPH. The fuel properties of microalgal biodiesel 

complied with the international ASTM D6751 and EN 14214 standards. Thus, the thesis showcases the 

development of a green microalgal refinery model for integrated bioprocessing of algal biomass towards 

strategic enhancement of lutein and lipid production with CO2 capture for healthcare, energy and environment 

applications. 

 

Keywords: Microalgal biorefinery; Process optimization & integration; Photobioractor; Light feeding 

strategy; Semi-continuous reactor operation; Downstream processing; Reusable biopolymer nanocomposites; 

Lutein; Lipid; Biodiesel; Flue gas CO2 capture. 
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Global-warming-driven climate change is induced by the rampant emission of carbon dioxide (CO2) 

from different industrial point sources, including coal-fired thermal power plants (CTPPs). This immediately 

calls for stringent implementation of CO2 sequestration strategies, of which, algae-based CO2 capture and 

recycle (ACCR) is one of the most eco-friendly options because it reduces the consumption of fossil fuels. 

ACCR comprises of algae cultivation in photobioreactors, followed by co-firing of the harvested biomass 

with coal feed in CTPPs. The success of the ACCR strategy depends upon achieving high biomass 
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productivites (Vp) at high algal densities during harvest (Xh) and greater CO2 capture efficiencies (CCE). 

Therefore, in the first objective of the thesis, a comprehensive Light Harvesting Model (LHM) was 

formulated and validated to accurately estimate the growth of Chlorella vulgaris in flat panel reactors (FPRs), 

wherein Xh = 1.15±0.12 gL-1, Vp = 0.39±0.11 gL-1d-1 and CCE = 70.18±0.20% under optimum conditions. 

In the second objective, the scope of the LHM was expanded by incorporating critical physico-chemical 

parameters into the same to enhance the values of Xh (2.50±0.04 gL-1) and Vp (0.91±0.01 gL-1d-1). However, 

CCE reduced to 16.23±0.01%. A proof-of-concept of the ACCR strategy was developed in the third objective 

by cultivating Chlorella vulgaris in outdoor conditions. The volumetric productivity of the microalga in FPRs 

was 0.40±0.06 gL-1d-1 at Xh = 1.21±0.09 gL-1. Chlorella vulgaris was also cultivated in a raceway pond (as 

control) in which, the Vp and Xh were 0.05±0.01 gL-1d-1 and 0.33±0.01 gL-1, respectively. The conceptual 

feasibility of the ACCR process, at pilot-plant scale, was evaluated in the final objective of the thesis, via life 

cycle analysis. The assessment revealed that the ACCR strategy, when used with raceway ponds, would 

reduce CO2 emissions by 45.53% for an additional energy requirement of 25.02%, while FPRs would be 

ineffectual in reducing CO2 emissions of CTPPs. To the best of our knowledge, the thesis adds new scientific 

values to the relevant world literature in terms of development of algal growth kinetic model, a novel ACCR 

strategy integrable with CTPPs and desirable algal characteristic for the ACCR strategy.  
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Lipopeptides are ecofriendly green surfactants with myriad applications in the areas of healthcare, 

energy and environment. Their increasing demand compounded by poor yields call for the development of 

improved and efficient bio-manufacturing processes. In this regard, the present thesis endeavors to design 

and optimize a bioprocess for enhanced production of lipopeptide biosurfactants from marine bacterium 

Bacillus megaterium. Firstly, critical process variables were optimized to increase lipopeptide production 

from food waste by a combined artificial neural network-particle swarm optimization (ANN-PSO) technique. 

Batch cultivation of B. megaterium under the optimized process conditions in 3.7 L stirred tank reactor 

resulted in a lipopeptide production of 6.58 g L-1 at a rate of 148 mg L-1 h-1. The productivity was further 

improved by employing two nutrient feeding strategies namely. DO-stat feeding and cyclic feeding. The DO-

stat feeding increased the lipopeptide productivity to 177 mg L-1 h-1, while cyclic feeding enchanced it to 

2254 mg L-1 h-1. The resulting crude product composed of three lipopeptide families such as iturin, fengycin 

and surfactin, with each family comprising a mixture of homologues. In order to recover and separate 

lipopeptide families from crude mixture, a simple and efficient pH-solvent double gradient elution strategy 

was devised in macroporous resin column chromatography (MRCC). Consequently, lipopeptides were 

effectively resolved and purities up to 68.3% (iturin), 77.6% (fengycin) and 91.6% (surfactin) were achieved. 

Finally, a rapid RP-HPLC method was developed and optimized using analytical C18 column for efficient 

purification of homologues of the three lipopeptide families. The optimized conditions of analytical HPLC 

were then systematically scaled-up to semi-preparative HPLC without affecting purification efficiency and 

product quality. The partially purified surfactin product obtained after MRCC was evaluated for its ability as 

encapsulating and stabilizing agent in microbubble synthesis. Thus, the thesis showcases strategic 
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development and optimization of an improved bio-manufacturing process for enhanced production and 

purification of lipopeptides and application of one purified lipopeptide in microbubble generation and 

stabilization. To the best of our knowledge, the thesis adds new scientific values to the relevant world 

literature in terms of application of ANN-PSO as an optimization strategy, development of dual gradient 

MRCC for simultaneous recovery and purification of individual lipopeptide families, semi-preparative 

purification of lipopeptide homologues and use of lipopeptide as stabilizing agent for microbubbles. 

 

Keywords: Marine bacterial lipopeptide; Waste utilization; Process optimization; ANN-PSO; Nutrient 

feeding strategy; Macroporous resin column chromatography; Semi-Preparative HPLC; MALDI-ToF; 

Lipopeptide homologues; Microbubbles; Lipopeptide as encapsulating agent 
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The traditional top-down approach in tissue engineering fails to develop tissues with the intrinsic 

micro-architecture as seen in vivo. This limitation is addressed via the more recent bottom-up approach; 

however, it too has issues pertaining to mechanical strength, tissue assembly process and other technical 

problems associated with the most sophisticated 3D organ printing. The integrating approach wherein, both 

the top-down and bottom-up approaches are combined together is currently promising. Although there are 

some preliminary reports; however, the combined strategy is not well explored in the field of bone and 

vascular tissue engineering. This thesis utilizes the integrating approach to engineer bone and vascular tissues 

using microtissues, biocomposite matrix, and hydrogel.  

Firstly, a biocomposite material (GCnHP) composed of gelatin (G), carboxymethyl chitosan (C), 

polyvinyl alcohol (P), and nano-hydroxyapatite (nH) was fabricated and characterized physicochemically 

and biologically. Results showed that the scaffold had a heterogeneous interconnected pore size and 

substantial Young's modulus and hardness, indicating its use in the construction of cancellous bone or as a 

filler for non-load bearing bone tissue engineering application. The scaffold also supported the growth of 

human bone marrow mesenchymal stem cells (hBM-MSCs) and human umbilical vein endothelial cells 

(HUVEC).  

Secondly, hBM-MSC microtissues (MTs) were seeded on the fabricated GCnHP scaffold and its 

osteogenic potential was evaluated both in vitro and in vivo. In vitro results showed substantial mineralization 

within 7 days, ALP production and the most prevalent osteogenic gene expression by day 14, indicating 

differentiation of MSCs to osteoblast-like cells. In vivo results revealed the formation of ectopic bone-like 

tissue in immunocompromised mice within 4 weeks.  

Finally, HUVEC MTs were embedded in goat tendon collagen (GTC)-human fibrin (HF) hydrogel 

and vasculogenesis was extensively studied in terms of MT size, age, media conditions and matrix strength 

and the most optimized condition was validated in vivo. Results revealed that, endothelial media (containing 

10 % FBS, 50 ng/mL VEGF and 30 ng/mL bFGF), 24h old HUVEC MTs of 500 cells, seeded at 200 

MTs/cm3 in GTC-HF gel of ~100 Pa elastic modulus, resulted in most optimal vasculogenesis with intact 

lumen that were stable up to a week, without any supporting cells. In vivo too, the model was stable for 7 

days. In conclusion, it may be said that top-down approach in combination with bottom-up approach may be 

a versatile tool for the development of more complex functional tissues of clinical relevance.  
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Extracellular polysaccharide (EPS), secreted outside microbial cells enabling adaptation to harsh 

habitat, has received adequate attention as prebiotic nutraceutical and immunomodulatory molecule. 

Psychrotolerant microbes are known for secreting EPS to prevent freezing damage. In this study, an EPS 

have been isolated and characterized from Sphingobacterium sp. IITKGP-BTPF3 (Arctic permafrost isolate; 

identified sequencing 16S rRNA; GenBank-KC352072). The maximum yield of EPS (1.42 g/L) was 

optimized at pH-8, 4% sucrose, 1.5% tryptone, 25 °C temperature, and 6 days of incubation. The purified 

(>2000 kDa) EPS (PEPS) was chemically characterized for structural elucidation using GC-MS/MS, NMR, 

etc. The signature sequence was predicted as α-mannan of (1→6) and (1→2) linked backbone with frequent 

branching at 2nd or 6th carbon of branch point. PEPS showed superoxide radicle scavenging; and anti-

inflammatory activity (in vitro) against LPS elicited RAW 264.7 cell line and mouse peritoneal macrophages. 

RT-PCR based studies revealed increase of the ratio of IL-10/IL-12 (102.5 fold) and Arg1/iNOS (40 fold) in 

PEPS treated mice, enabling re-education of pro-inflammatory (M1) macrophages to anti-inflammatory (M2) 

state in vivo. PEPS showed positive prebiotic activity and selective adhesion (5.76 fold) on gut epithelial cells 

against Lactobacillus rhamnosus (0.51) and Bifidobacterium longum (0.39), with respect to E. coli. PEPS 

was able to thwart the progression of inflammatory-bowel-disease (IBD) through resolution of inflammation 

in chemically induced colitis in mice (BALB/c) model. Down-regulation of proinflammatory Cox2, iNOS 

and TNF-α (5.56, 5.63 and 3.37 folds respectively) and upregulation of anti-inflammatory IL-10 (2.7 fold) 

upon oral treatment with PEPS (25 mg/kg body wt.) along with enhanced growth of lactobacilli (4.8 fold) 

and bifidobacteria (4.2 fold) in the colon of colitis bearing mice shed light on the immunological and 

microbiological status through RT-PCR and PCR based studies. Increased accumulation of lactate, acetate, 

propionate (1.3 fold) and isobutyrate (4.7 fold) in the caecal content of colitis bearing mice upon PEPS 

treatment was recorded from HPLC spectrum. Finally, results obtained from the study indicated towards the 

potential of PEPS to be regarded as a prebiotic candidate, suitable for further clinical trials and eventually 

commercial applications. 

 

Keywords: Extracellular polysaccharide, Arctic permafrost, Biological response modification, macrophage 
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Psychrophilic fungi, predominant in Antarctica, are valuable resources of extracellular 

polysaccharide (EPS). EPS plays an essential role in cryoprotection at subzero temperatures. In the present 
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study, a psychrophilic fungus isolated from Antarctica was identified, and its EPS production ability was 

investigated with detailed structure and bioactivity. Antarctic fungal isolate was identified as Thelebolus sp. 

(Ascomycota) and named as Thelebolus sp. IITKGP-BT12. Thelebolus was found to produce EPS in 

synthetic medium in submerged culture condition. Maximum EPS concentration obtained was 1.94 g L-1 in 

basal salt medium containing 5 % (w/v) glucose, pH 6 at 18 ºC after 10 days. The purified EPS is composed 

of a backbone of (1→3)-linked β-D-glucan with (1→6) and (1→2) linked branches of the β-Dglucopyranosyl 

moiety at every fourth residue. The glucan EPS has the unique chemistry, being the first and the only one 

reported from Thelebolus sp. and has been named as Thelebolan. The anticancer activity of Thelebolan was 

investigated in vitro against B16-F0 cell line and in vivo against S 180 in mice model. It exhibited strong 

antiproliferative activity in the cancer cell in vitro with an IC50 of 275.4 μg mL-1. Thelebolan reduced tumor 

growth (~94-99 %) in vivo possibly by activating Caspase 3 via extrinsic [upregulation of TNF-α (3 fold) and 

Caspase 8 (1.3 fold)] and intrinsic [upregulation of BAX (1.1 fold) and Caspase 3 (1.8 fold)] apoptosis 

pathways. Additionally, prebiotic effect and dietary cancer chemoprevention activity of Thelebolan was 

tested. Thelebolan supplement indicated positive prebiotic activity score against tested probiotics, L. 

rhamnosus (0.226), L. acidophilus (0.731) and B. longum (0.903) reflecting selectivity for colonic 

fermentation. The preventive role of orally administered Thelebolan in the aetiology of colon cancer was 

studied in azoxymethane-induced mice model. It exerts a significant chemopreventive effect against cancer 

by reducing the frequency of aberrant cryptic foci (ACF), polyps, reforming colon epithelium, as supported 

by colon histopathology, serum LDH measurement, cecal SCFA quantification and RT-PCR study of CRC 

marker genes. Moreover, cancer-related inflammation was found to be downregulated in an effect of 

Thelebolan treatment [down regulation of COX-2 (1.7 fold), BCl-2 (1.6 fold), iNOS (6.1 fold), GST-P (1 

fold)] possibly resulting from inhibition of colon cancer progression. These findings indicate the potential 

use of Thelebolan in the formulation of complementary medicine and functional foods and the need for further 

work on the molecule. 

 

Keywords: Cancer, in vitro, in vivo, Psychrophiles, Prebiotic, Thelebolus, and Thelebolan. 
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In order to develop the 3rd generation microalgal biomass based biofuels, a holistic approach is 

quintessential towards achieving feedstock, process, environmental and economic sustainability. Present 

study implements the idea of strategic cultivation of microalgae with simultaneous waste utilization for 

subsequent downstream processing of biomass constituents into biofuels. Initial pH, nitrate and phosphate 

concentration of the medium were optimized using single parameter optimization technique. The interactions 

of different parameters were determined using the Box-Behnken design. The optimal values of pH, nitrate 

and phosphate concentrations were 7, 4.4 mM and 2.7 mM respectively. The maximum biomass obtained 

was 1.26 g L-1 at a constant light intensity of 100 μmol m-2 s-1 and temperature of 30 oC considering above 

mentioned physico-chemical parameters. The effect of CO2 concentration on the biomass production was 

also investigated in customized airlift reactors which had an Ad/Ar ratio of 4.4 with a constant surface by 

volume (S/V) ratio of 0.57 cm-1. The inner draft tube had a diameter of 3 cm. The biomass concentration 

was found to be a maximum of 4 g L-1 at 5% air-CO2 mixture (v/v). On the other hand, maximum lipid yield 

of 24.6% (w/w) was observed at 2% air-CO2 mixture (v/v). A biomass concentration of 6.78 g L-1 was 

observed in 20 L airlift photobioreactor at 5% air-CO2 mixture (v/v). The use of spent media of acetogenic 

dark fermentation was investigated further for mixotrophic algal cultivation for biodiesel production. 

Mixotrophic growth conditions were optimized in culture flask (250 mL). Maximum lipid accumulation (58 
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% w/w) was observed under light intensity, pH, nitrate and phosphate concentration of 100 μmol m-2 s-1, 7, 

2.7 mM and 1.8 mM, respectively. Under optimized conditions, air lift (1.4 L) and flat panel (1.4 L) reactors 

were used for algal cultivation. Air lift showed 58 % improvement in biomass and lipid production, 

respectively as compared to flat panel reactor. The results could help in development of sustainable 

technology involving acetogenic hydrogen production integrated with sequential mitigation of spent media 

by algal cultivation for improved energy recovery. Suitable conditions were investigated for maximization 

of biodiesel production. HCl showed the highest lipid extraction efficiency and biodiesel conversion as 

compared to other catalysts and organic extraction solvents. The optimal temperature and reaction time were 

determined to be 70°C and 90 min, respectively. Under the optimal conditions, the biodiesel conversion based 

on the total lipid content was 84.2%. The fatty acids content of biodiesel from the lipids of the microalgae 

suggested its potentiality as a promising fuel for the future. The fuel properties of Chlorella sp. MJ 11/11 

biodiesel were found to be comparable with the international and Indian biodiesel standards. Life cycle 

analysis of the process was performed to analyze the holistic effect on the environment. The energy intensive 

processes were identified and sustainable methods were suggested to reduce the energy consumption. Thus, 

the thesis highlights the importance and necessity of strategic production of microalgal biomass by utilizing 

cheap substitutes followed by bioconversion of the biomass constituents into biofuel products sustainable 

development of bio-based economy in the near future.  

 

Keywords: Microalgae; Chlorella sp. MJ 11/11; Box-Behnken design; Medium optimization; Biomass; 

Lipid; Spent medium; Biodiesel; Transesterification; Life Cycle Analysis. 
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Quantity of the particular set of fatty acids is a key determinant of the quality of dietary fat or oil for 

human consumption. In spite of their immense importance, the fatty acid profiles of seed storage lipids from 

widely-cultivated oilseed crops are nutritionally imbalanced. The rice bran oil (RBO) contains the essential 

ω-6 and ω-3 fatty acids in a ratio of approximately 25:1 as the proportion of ω-3 linolenic acid (C18:3) is 

almost negligible. Whereas, mustard oil naturally contains a very low level (<10%) of saturated fatty acids 

along with ~45% nutritionally undesirable erucic acid (C22:1). Moreover, with a steep decrease in arable 

land, scarcity of irrigation water and alteration in agro-climate, there is a pressing need to increase the yield 

of storage lipid having suitable fatty acid profile to meet the calorific demand by the escalating global 

population. This urgent necessity of improving the quality and quantity of oilseeds compels the use of 

metabolic engineering strategies to up- or down-regulate the crucial enzymes involved in fatty acid 

biosynthesis. Therefore, to improve the nutritional quality of the RBO, the BjFad3 (Brassica juncea Fad3 

desaturase) gene was heterologously expressed in rice bran tissues resulting in up to 10-fold increase of C18:3 

content in storage lipid, upgrading the nutritionally desirable ω-6:ω-3 ratio (from ~25:1 to ~2:1) in the 

engineered rice-bran oil. Secondly, to shift the fatty acid flux towards the production of C18:0 at the expense 

of C22:1, the MlFatB (Madhuca longifoila fatty acyl-ACP thioesterase B) gene was expressed heterologously 

in seed tissues of B. juncea. This resulted in up to 16-fold increase in C18:0 along with concomitant reduction 

in the C22:1 content up to 71% in the seed oils of transgenic B. juncea lines. However, this increase in C18:0 

content was found to be associated with reduced seed germination and decrease in seed lipid content. Further, 

to enhance the total lipid content of B. juncea seeds, an attempt was made by simultaneous expression of 

AtWRI1 (Arabidopsis thaliana Wrinkled1) and silencing of endogenous BjAGPase (B. juncea ADP-glucose 
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pyrophosphorylase) to shift the carbon flux from starch to lipid biosynthesis. The transgenic B. juncea lines 

exhibited a significant increase in the seed lipid content up to 16.9% without any detrimental effect on the 

structure and viability of the transgenic seeds. Taken together, the present study documented that the adopted 

metabolic engineering strategies not only steered to improve the quality and quantity of two oilseeds but also 

revealed the unique physiological role of fatty acid composition in the maintenance of seed quality and 

viability as propagules. 

 

Keywords: α-linolenate, ω-6:ω-3 ratio, erucate, fatty acid biosynthesis, metabolic engineering, 

mustard oil, nutritional improvement, quantitative enhancement, rice bran oil, seed lipid, stearate 
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Copper is an engineering material and copper nanostructures (particles, rods, wires, sheets) have a 

variety of applications including electronics, biomedical and catalysis. However, in contrast to other metals 

in the same column in periodic table, work on copper nanomaterials is much less. This work aims at 

developing different strategies to prepare copper colloid. The main focus of this work will be the preparation 

of concentrated copper colloid using easy solution based techniques and preparation of nano-powder. The re-

dispersibility of the powder in a variety of polar and non polar solvent will also be studied. The first chapter 

of this thesis discusses these goals in light of the current literature.  

Second chapter deals with preparation of concentrated copper sol in aqueous (0.5-100 mM Cu) and 

organic solvents (1-300 mM Cu). In aqueous phase, charge stabilized and sodium citrate stabilized 

concentrated sol is prepared. The optimum concentration of sodium citrate (8 mM) plays a vital role in the 

stability of sol against oxidation and aggregation. These sols are successfully transferred to low polarity 

organic solvents by using HCl mediated and ethanol mediated phase transfer protocols. To increase the 

concentration of particles in the organic phase, a new strategy based on repeated phase transfer has been 

successfully introduced. Stability and oxidation resistance of all the sols have been thoroughly studied. Stable 

organosol containing 2–4 nm particles has been formed by repeated phase transfer. The resulting sols have 

very high particle loading.  

Third chapter focuses on preparation of sub 10 nm copper nanopowder. First, a PVP-PEG stabilized 

copper sol was formed which was subsequently washed to form re-dispersible powder. The optimum 

polymers concentration (PVP: 0.0015 M and PEG: 0.013 M) (PVP+PEG) has been successfully found to 

prepare stable polymer stabilized copper nanoparticles. These polymer stabilized particles were also phase 

transferred successfully to toluene using a suitable protocol. Stable organic dispersible nanopowders have 

been produced from the organosol by drying the organosol with inert gas purging. The particle size (sub 10 

nm) is preserved after phase transfer and redispersion in organic solvent. Fourth chapter aims at preparation 

of highly monodisperse copper and silver nanoparticles (5 nm with <10% COV) and separation of these 

particles by forming crystal like superlattices of size 30 μm. Superlattices have been formed using slow 

destabilization of the colloid. A confined environment of emulsion droplet has been used to promote 

formation of 3D superlattices. It has been shown that very compact crystal like superlattices can be formed 

if the destabilized 4 °C.  

Fifth chapter discusses a facile method for preparation of copper nanosheets (0.4-0.5 μm width, 1-

1.5 μm length and thickness 6-30 nm) as powder redispersible in a variety of solvents. A simple fast reduction 

technique has been developed to prepare copper nanosheets in aqueous phase. The size of the nanosheet 

found to be very sensitive to reactant concentrations and an optimum concentration range has been 



Abstracts of Ph.D. Theses 2016-17 

 

Central Library 51 
 

determined experimentally. The large nanosheets could be centrifuged and dried as a powder and re-dispersed 

without any apparent size or shape change. Strong centrifugal field has been shown to initiate oriented 

attachment of small nanosheets leading to very large nanosheets.  

 

Keywords: Copper nanoparticles, Phase transfer, Citrate stabilized copper nanoparticles, Thiol coated copper 

nanoparticles, Nanopowder, Redispersion, Polymer stabilized copper nanoparticles, Centrifugation, 

Monodisperse copper nanoparticles, Superlattices, Copper nanosheets. 
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Among the various organs present in a human body, kidney is such an organ which, once damaged, 

can never be brought back to its original state. Once the extent of renal damage exceeds a certain degree, then 

either kidney transplant or undergoing hemodialysis are only options for the patient to survive. Hemodialysis 

is carried out with help of hemodialyzers with specialized, clinical grade fibers. India does not possess the 

technology to manufacture these clinical grade fibers. In fact, only a handful of companies around the world 

are capable of manufacturing (or spinning) these fibers. Hence, all hemodialyzers in India are imported 

costing Rs. 1500-2000. This makes the whole dialysis treatment a very expensive process, since a patient 

ideally requires 3-4 such cartridges per week. This thesis addresses this problem by designing a complete 

process to make spinning of such clinical grade fibers possible at a low cost. The thesis begins with synthesis 

of suitable material with desired biological response and physical properties, suitable for hemodialysis 

application. Comprehensive cytocompatibility and hemocompatibility analysis were carried to test the 

suitability of the material. Once the correct composition was established, a low cost, less energy intensive 

process was designed to spin affordable hemodialysis grade hollow fiber membranes. These membranes cater 

to the international clinical specification of 220 microns inner diameter and 35 microns thickness. Once the 

process was optimized, various grades of hemodialysis fibers were spun from high efficiency to high 

performance. The membranes were characterized in detail and their performances were evaluated in vitro and 

clinical parameters were evaluated in diffusive mode. The next effort was to devise and optimize a proper 

post processing technology for these fibers in order to yield the desired surface properties. The fibers were 

compared with the standard commercial fibers and found that post processing made the fibers competitive 

with respect to the commercial ones. Lastly, a financial and business model was devised working with the 

industrial partners and teaming with appropriate stakeholders. This exercise helped in concluding that the 

indigenous product could be made available to the end user at Rs. 300 instead of Rs. 1500-2000.  

 

Keywords:  Cytocompatibility; Hemocompatibility, Hollow fiber membranes; Hemodialysis; Hemodialyzer; 

Fiber spinning. 
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One of the main global challenges in the years to come is to reduce the carbon dioxide (CO2) 

emissions in view of its apparent contribution to global warming. Aqueous amine based absorption-

regeneration process for removing CO2 is a mature technology. Monoethanolamine (MEA), diethhanolamine 

(DEA) are the conventional solvents for rapid capture of CO2. However, implementation of the conventional 

amine solvent for capturing CO2 from power plant flue gas streams leads to high energy requirement, large 

solvent circulation rate and high solvent degradation rate, all of which in turn increases the operating and 

capital cost of carbon capture. So, the focus of CO2 capture research is to develop more efficient solvents with 

high CO2 absorption rate and capacity with lower regeneration energy requirement. 

This work focuses on the development of an effective solvent for the post-combustion CO2 capture 

by evaluating the absorption properties (physico-chemical property, kinetics, vapourliquid equilibrium and 

absorption enthalpy) of hexamethylenedimaine (HMDA) based solvent. Five aqueous solvent systems are 

studied in the wide range of temperature (303-333K) and composition. The solvent systems studied in this 

work are aqueous HMDA, sodium glycinate (SG), (HMDA+MDEA), (HMDA+AMP) and (HMDA+SG). 

Physico-chemical (density, viscosity, and physical solubility) properties of aqueous single and 

blended amine solvents are measured in the temperature range of 303-333K and suitable model (Redlich-

Kister model for density, Grunberg and Nissan model for viscosity, Wang model for physical solubility and 

empirical model) is proposed to correlate the experimental data. These physico-chemical property data are 

used to analyse the kinetics of CO2 absorption. 

Kinetic of CO2 absorption in the formulated solvents are investigated under pseudo-first order 

reaction condition using a reaction calorimeter set-up. Second order rate constant for HMDA-CO2 reaction 

system is found to be one order higher than that of the benchmark amine MEA. For the mixed amine systems 

(HMDA+MDEA, HMDA+AMP and HMDA+SG), reaction rate is found to enhance significantly due to 

presence of HMDA. 

Vapour-liquid equilibrium (VLE) of CO2 in the aqueous single (HMDA, SG) and blended amine 

solvent systems are measured using a stirred equilibrium cell set-up. VLE data is expressed in CO2 loading 

(mole CO2 absorbed per mole total amine, αCO2). For aqueous HMDA system, αCO2 is found to be 2.5 times 

higher than the MEA system of same concentration. αCO2 of the blended solvent appears to improve due to the 

presence of HMDA. CO2 absorption enthalpy in the formulated single and blended solvent systems is studied 

using a reaction calorimeter system. CO2 absorption enthalpy of HMDA is found to be higher than that of the 

MEA solvent. So, to reduce absorption enthalpy, HMDA is mixed with the low energy solvents (MDEA, 

AMP, SG). The blended solvents show lower absorption enthalpy compared to the MEA system. 

 

Keywords: CO2 capture, VLE, Kinetics, enthalpy, HMDA, SG, MDEA, AMP. 
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The concentration of CO2 in the atmosphere increases time to time due to various industrial 

activities. This trend will rise unless and until we put up a mechanism that will not only curb CO2 

concentration but also put us the development agenda in front. To mitigate this CO2 emission coming out 

from flue gas, A four stage fluidized bed reactor with down comer was designed and fabricated to study the 

stable operating range in respect of gas and solids flow rate capable of operating in continuous manner and 

operating at low temperature. The adsorbent used for this reactor was Monoethanol amine activated carbon 

(MEA-AC) and Diethanol amine activated carbon (DEA-AC) of different impregnation ratio (0.4 and 0.6). 

Hydrodynamics of the fluidized bed reactor was performed for MEA-AC to understand its loading and 

flooding characteristic of the reactor. Experiments were conducted on reactor to measure the gas pressure 
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drop at gas velocities ranging from 0.188-0.353 m/s and solids flow rate ranging from 2.15-4.12 kg/h under 

different weir heights. The maximum pressure drop inside the column was obtained 220 N/m2 for low gas 

velocity (0.188 m/s), high solid flow rate (4.12 kg/h) and high weir height (70 mm). Similarly, minimum 

pressure was drop found to be 92.2 N/m2 for high gas flow rate (0.353 m/s), low solid flow rate, (2.15 kg/h) 

and low weir height (30 mm). The maximum percentage removal of CO2 occurs for MEA-AC (0.6) which 

led to 94.9 % removal under low gas flow rate (0.188 m/s), high solid flow rate (4.12 kg/h) and weir height 

of 50 mm at 3000 ppm. From this experiment MEA-AC (0.6) has been found to be the most suitable adsorbent 

for removal of CO2 inside a four-staged fluidized bed reactor. From the process optimization, the optimum 

CO2 removal efficiency was found to be 95.17 %. From the experimental result, it was found that for the 

same operating condition the CO2 removal efficiency was 95.97 %. Results indicate that the experimental 

and predicted removal efficiency of CO2 fits well. 

 

Keywords: Monoethanol amine; Diethanol amine; Impregnation; Hydrodynamics; Loading and Flooding; 

Pressure Drop; Adsorbent; Four Stage; Carbon Dioxide; Activated Carbon 
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The demand for energy has been increasing day by day and the energy production from synthesis 

gas (syngas) can meet the present and future global energy needs. The syngas is a mixture of carbon monoxide 

and hydrogen. The syngas can be produced from gasification of carbonaceous fuels but the gasifier syngas 

also contains particulate matter (PM) and hydrogen sulphide (H2S) which need to be addressed to protect the 

energy production equipment and environment. Plate scrubbers are medium level energy wet scrubbers which 

are widely used in various chemical process industries for individual and simultaneous removal of particulate 

matter and gas pollutants. Plate without down comer is called as dual-flow plate and its free area is 20% more 

than normal tray with down comer. The sieve plate columns have advantages of simple design and easy 

maintenance. In present study, a lab scale multi (three) stage dual-flow sieve plate column has been designed 

and developed to remove air pollutants from gasifier syngas. The hydrodynamics of the multistage dual-flow 

sieve plate column have been studied by observing the effect of gas flow rate (8.297x10-4 -27.65x10-4 Nm3/s) 

and liquid flow rate (20.649x10-6 - 48.183x10-6 m3/s) on pressure drop, liquid holdup and froth height. The 

maximum pressure drop observed was 2798.76 Pa. The performance of the multistage dual-flow sieve plate 

column was investigated for particulate scrubbing at different operating conditions and achieved a maximum 

efficiency of 99.27% for 25x10-3 kg/Nm3 inlet PM loading at gas and liquid flow rates of 27.65x10-4 Nm3/s 

and 48.183x10-6 m3/s respectively. A mathematical model was developed to predict the particulate removal 

efficiency in the scrubber. The water scrubbing of H2S for 50-300 ppm was studied experimentally and 

78.88% efficiency achieved at 300 ppm H2S inlet concentration. The simultaneous scrubbing of particulate 

and H2S was carried out and observed that the removal efficiency of the H2S in presence of particulate matter 

has been increased. The maximum percentage removal of H2S in presence of 25x10-3 kg/Nm3 particulate 

matter was observed as 87.45% for 300 ppm inlet H2S concentration at 27.65x10-4 Nm3/s gas flow rate and 

48.183x10-6 m3/s liquid flow rate. The process parameters were optimized to maximize the particle laden 

H2S removal efficiency using response surface methodology.  

 

Keywords: Air pollution control, hydrodynamics, performance, hydrogen sulphide, wet scrubber, particulate 

matter, gasification 
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The one millimetre long nematode Caenorhabditis elegans is a model organism for research into the 

biological basis of behaviour. Its 302 neurons have been extensively studied, and their connectivity has been 

comprehensively mapped. Despite its small size and the apparent simplicity of the underlying nervous  

system, the worm is capable of a surprisingly rich repertoire of behaviours including navigation, foraging, 

mating, learning, interacting with others and adaptability. Its chemosensory neurons are highly developed 

which not only help the animal to detect bacteria but also distinguish between pathogenic and non-pathogenic 

species. This research on these organisms aimed at understanding their locomotion and behaviour in complex 

environment which will lead to better understandings in regard to drug screening and genetic applications 

involving the organism. 

In this thesis, we thoroughly investigated the behavioural strategies adapted by C.elgans in response 

to change in temperature, substrate elasticity and chemical gradients. First, we studied the effect of 

temperature pre-exposure on locomotion and chemotaxis of the C.elgans. Animals showed increased levels 

of activity, speed, and chemotaxis, compared to control worms, immediately after pre-exposure to 30 °C. The 

effect of pre-exposure was observed to be persistent for about 20 minutes and surprisingly, after 30 minutes 

of recovery, the behaviour of C. elegans continued to deteriorate further below that of control worms. Then, 

we studied the behaviour of C. elegans on surfaces with different stiffnesses. We observed that the animals 

are able to detect the rigidity of the underlying substrate and exhibit durotaxis toward stiffer surfaces. We 

also note that, unlike cells, C.elgans make a judicious decision to stay on the stiffer region by making Uturns 

or reversals when they cross the interface from stiffer to softer region. 

We have explored more about C. elegans behaviour on substrates with different stiffness and studied 

the effect of grooves incised by the worms on their locomotion speed and efficiency. We measured the height 

of the groove that the animal incise on different gel surface by confocal microscopy and found that groove 

height decreases with rigidity of the substrate. Our results indicate that the kinematic properties of C.elgans, 

including amplitude (A), wavelength (λ), and frequency (f) of head turns depend strongly on surface  roperties 

and the groove height created by them. These deformations increase resistance to lateral slipping. Therefore 

the worms on softer gels crawl with a non-slipping undulatory wave in contrast to the backward slip over 

stiffer substrates. 

Finally, we investigated C.elegans behaviour in gradients of chemical attractant. The results 

demonstrates that the worm directly approach the peak of the concentration gradient and roam around the 

peak before leaving the gradient. It was found that the short term memory of C.elegans about the peak 

concentration is constant over all the substrates and distance travelled by the worm from the peak is a function 

of its velocity and consequently a function of substrate stiffness. The worm with high velocity covers a large 

distance before it returns to the peak. On the other hand, the worm remains briefly at the centre of the gradient 

over the stiffer substrate where its velocity is less. 

 

CONFINEMENT INDUCED ORDERING OF POLYMER BILAYER AND 
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Supervisor: Dr. Rabibrata Mukherjee 
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 Thin polymer films are important in a host of areas such as multifunctional coatings, smart surfaces, 

resist layer in lithography, controlling surface wettability, development of exotic metamaterials etc. Ultra thin 

films (thinner than 100 nm) tend to become unstable due to various meso scale interactions such as van der 

Waal’s forces, rupture spontaneously and dewet on a non-wettable surface. While such instability is 

undesirable from the stand point of a coating, it is gaining popularity as a viable non lithographic route to 

engineer meso scale structures. These structures are inherently random which significantly hinders their 

practical utility. This limitation can be overcome and the structures can be aligned by suitable templating 

strategies which essentially combine the key concepts of both top down and bottom up fabrication 

approaches. This thesis reports some advanced experimental issues related to topographic confinement 

induced dewetting of multi component thin film systems comprising of two immiscible polymers in the form 

of bilayer and immiscible blends. Ordering of the instability patterns are mostly done by using a 

topographically patterned substrate, which are soft lithographically fabricated. Classical Soft Lithography 

requires an original stamp or a master pattern for every separate design of structures. As a part of this thesis, 

we develop a new nano fabrication technique, which is capable of creating higher aspect ratio and taller 

structures from a single stamp with lower feature height based on contact instability observed in thin elastic 

films (chapter 2). These topographically patterned templates are used to investigate ordering and alignment 

in different multi component systems including dewetting of pre-patterned polymer thin film and instability 

in a bilayer thin film with a topographically structured polymer-polymer interface (chapter 3), realization of 

a novel meso scale morphology comprising an alternate equi-sized binary polymer nano droplet array (ADA) 

using sequential spin dewetting (chapter 4) and dewetting of a thin bilayer on a topographically patterned 

non wettable substrate comprising array of pillars, arranged in a square lattice (chapter 5). Spontaneous phase 

segregation of an immiscible polymer blend system has been a major area of research. Spin cast films of 

these blends show a variety of random structures depending on the composition of the two polymers, the film 

thickness as well as the nature of the substrate. It is observed that on spin coating blend thin films on 

topographically patterned substrates, for a specific blend composition, below a certain critical blend 

concentration, the phase segregation remains no more random and a perfect ordering of the two phases is 

observed due to the effect of physical confinement (chapter 6). The possible future works are discussed in 

the final chapter, along with a general conclusion of the work presented in the thesis. 

 

MIXED MATRIX MEMBRANES: PREPARATION, CHARACTERIZATION 

AND APPLICATIONS IN LIQUID SEPARATION 
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Mixed matrix membrane (MMM) is a special class of membrane where one or more inorganic 

additives are dispersed in the polymer matrix. The main advantage of this class of membrane is combined 

action of sieving mechanism by the porous membrane and specific beneficial properties of the additive. 

MMMs can be customized uniquely for targeted application. The purpose of this work is to fabricate and 

characterize different types of MMMs for application in different high throughput filtration processes.  

Alumina nanoparticle embedded MMM offers high throughput and charged surface with adsorptive 

properties, showed good rejection performance of different types of phenolic compounds. Simultaneous 

removal of phenol and suspended solids was achieved using powdered activated carbon MMM. In order to 

improve separation efficiency, hollow fiber MMM with carbon nanoparticle was spun for the first time and 

has been employed for removal of various organic components. However, limitation of fouling leads to 

deterioration in membrane performance in prolonged usage. Titanium-d-oxide embedded hollow fiber MMM 
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was developed leading to photocatalysis assisted ultrafiltration of phenolic compounds with no loss in term 

of flux decline.  

Graphene oxide impregnated flat sheet membrane showed good performance in adsorptive removal 

of heavy metals, like chromium, copper, cadmium and lead. Interestingly, throughput was enhanced 

substantially with marginal loss in rejection efficiency in hollow fiber configuration. Positively charged 

MMM with zinc oxide nanoparticle was proved to be another good alternative in this same purpose. The 

system was demonstrated by treating chrome tanning effluent.  

Polyaniline, a well known conducting polymer with good surface functionality was used to improve 

membrane throughput substantially to shift the membrane for nanofiltration to ultrafiltration grade while 

retaining its salt rejection property. Graphene oxide was used to gain high permeate flux and good rejection 

of salt with higher throughput in hollow fiber configuration.  

Removal of anion, like nitrate was carried out using alumina nanoparticle embedded hollow fiber 

MMM. Whereas, zinc-chloride impregnated MMM was very effective in simultaneous removal of multiple 

anions from real life steel industry effluent.  

Overall this work can pose an alternate route for energy efficient process for selective separation 

techniques with an array of MMMs with novel composition.  

 

Keywords: Mixed matrix membrane; adsorption; surface charge; removal of organic; desalination; heavy 

metal removal; photocatalytic ultrafiltration; real life effluent treatment. 
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A renewable and clean source of energy is required to change the current energy scenario which is 

based on carbon-based fossil fuels technologies. Renewable energy sources like solar, wind, water, biomass 

etc. have received a lot of attention in this regard to reduce the carbon emission. Hydrogen could be an 

appropriate alternative in terms of clean energy technologies as the only by-product of hydrogen fuel-cell is 

non-polluting water vapour. At the same time it is one of the abundant sources of energy and has a high 

energy content in unit mass. In past decade, intensive research has been done to store the hydrogen and to 

utilize it as a fuel in our daily life. Storing hydrogen is one of the major issues due to low density of hydrogen 

gas at ambient conditions. Hydrogen can be stored in a safe and energy efficient manner in terms of 

physisorption of hydrogen gas molecules on solid adsorbent. In this context, single-walled carbon naotube 

(SWCNT) is the promising one to adsorb hydrogen gas molecules into its unique curved hollow structure 

above the storage target defined by the U.S Department of Energy (DOE). Here, this thesis presents hydrogen 

storage in single-walled carbon nanotube by incorporating several structural changes by state of the art 

molecular dynamics simulation and density functional theory. At the beginning of the thesis a preliminary 

study based on pure SWCNT is conducted to optimize the diameter and chirality of nanotubes and to find 

optimum operating conditions for hydrogen storage. Literature says the storage goal in terms of 

physisorption, can only be reached at cryogenic temperatures. Thus my main objective of Ph.D work is to 

tune the structure of the nanotubes to make it suitable to store hydrogen above the DOE goal at room 

temperature. At the time of synthesis of nanotube several topological defects form on nanotube's surface. 

Thus the consensus which indicates several discrepancies in storage target of SWCNT, can be attributed to 

nature of structural defects present in nanotube's surface. Binding energies of defective rings present on 

nanotube's surface plays a crucial role for hydrogen adsorption. Stone-Wales 5,8 defective nanotube can 

enhance the storage capacity whereas all the other types of defective nanotubes decrease the capacity. 

Moreover, when nanotubes are arranged in a specified lattice, number of adsorption sites increases. At an 

increased value of lattice constant, number of captured hydrogen in groove volume and interstitial volume 
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increases. Thus single-walled nanotubes arranged in a square lattice show better storage capacity at room 

temperature compared to isolated one. The next two parts of my thesis is devoted to dope foreign atoms on 

nanotubes. We find a new technique to dope titanium atom on nanotube structure, which reaches the storage 

capacity of 7.75 wt% above the DOE goal at room temperature. We have also studied hydrogen storage in 

lightweight alkaline metal, beryllium doped defective nanotubes. Due to light weight of beryllium it increases 

gravimetric storage capacity of nanotubes significantly. Lastly, in contrast to arranged structure of nanotube, 

we studied hydrogen storage in completely amorphous structure, formed from melting of nanotube and other 

carbonaceous materials above their melting point. We find that there is a significant effect of starting structure 

on hydrogen storage. In summary, hydrogen storage depends on defect, doping of foreign atoms and several 

structural changes present in adsorbent and by doping metal on defective single-walled carbon nanotube high 

storage capacity above the target could be reached even at room temperature and moderate pressure. This 

theoretical approach and all the novel findings could be an appropriate guideline to start an experiment. 

 

STUDY OF NANOPARTICLE-BACTERIA INTERACTION FOR BIOMEDICAL 
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An interesting topic of investigation in the domain of bio-nanotechnology is interaction between 

bacteria and nanomaterials. On one hand, bacteria is responsible for the most lethal infections caused to man, 

whereas on the other hand, it is the foremost contributor to the biodiversity on earth and plays a vital role in 

regulating the environment for sustaining life on earth. Thus, interaction of nanoparticles with bacteria 

follows a multifaceted approach-: one in which development of antibacterial nanoparticles is targeted for the 

killing of pathogenic bacteria -: while in another, interaction of nanoparticles with bacteria is studied in order 

to limit its harmful effects on bacterial ecology. In both cases, understanding the fundamental mechanism of 

interaction of bacteria with nanoparticles is vital in order to achieve a specific application. This study aims at 

the development of antibacterial nanoparticles and also emphasizes on the mechanism of interaction and 

modes of entry of nanoparticles into bacteria cells (gram positive and gram negative bacteria). 

Comprehending the interplay of precisely defined particles with bacteria forms a rationale for 

understanding the in vitro and in vivo aspects of antibacterial nanomaterials. In this study, we have 

investigated the antibacterial efficacy of size, shape and composition controlled ZnO nanomaterials. ZnO 

nanoparticles of five different sizes (9 to 75 nm) were synthesized by varying the calcination temperature 

from 200⁰C to 600⁰C and the particles were designated based on the calcination temperature (Z200-Z600). 

An increase of particle size with increasing calcination temperature was evident from the TEM images. Shape 

controlled synthesis of ZnO (spheres, petals, rods) was achieved in this work by the use of PEG400, water 

and toluene as the solvent. The shape dependence of antibacterial activity of ZnO is still in the embryonic 

stage, and researchers have mostly focused on the mechanism of formation of nanostructures rather than 

antibacterial application. To increase the ROS generation and aid the antibacterial efficiency, ZnO 

nanoparticles were doped using Ag, Fe and Cu. There is almost no work reported on the study of the detailed 

mechanism of antibacterial action of Cu and Fe doped ZnO NPs. These nanomaterials have mostly been 

investigated in semiconductor and photovoltaic applications. Although Ag doped ZnO is under study for its 

antibacterial activity, the detailed mechanism of action is not clearly understood. 

In this work, the nanoparticle toxicity was assessed against two model bacteria species: gram 

positive S.aureus and gram negative E.coli at different concentration. Disc diffusion assay, minimum 

inhibitory concentration (MIC), and time kill assay were used for the preliminary assessment of antibacterial 

activity of nanoparticles at different concentrations. The amount of protein leakage from the bacteria on 

exposure to nanoparticles at different time intervals was quantified by Bradford assay. It was noted that lower 
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the size of nanoparticles, better the antibacterial activity. For different shapes of nanoparticles, the 

antibacterial activity followed the order: ZnO nanosphere>ZnO nanorods> ZnO nanopetals. Doping of 

nanoparticles with Ag, Cu and Fe significantly increased its activity in the order Ag-ZnO>Fe-ZnO>Cu-ZnO 

for both S.aureus and E.coli while Ag-ZnO was found to be most efficient. FTIR analysis was carried out to 

probe the molecular damage induced on the bacterial surface on exposure to nanomaterials and this enabled 

us to investigate the mechanism of action of nanoparticles on bacteria. 

Cellular internalization of Z200 (lowest size) was observed for E.coli (from TEM images) but unlike 

S.aureus, it did not affect the cell wall structure. All other sizes of nanoparticles affected both the cell wall 

and protein structure. ZnO spheres and ZnO petals affected the cell wall structure of S.aureus but ZnO 

nanorods altered only the protein secondary structure leaving the cell wall almost unaffected. Ag-ZnO 

distorted the cell wall structure leading to cell death but the protein structure of S.aureus was unaltered. For 

E.coli, Cu-ZnO mostly affected the protein secondary structure while Ag-ZnO and Fe-ZnO also damaged the 

cell wall apart from protein distortion. Most of these observations were supported with TEM images. DNA 

damage was confirmed by imaging the intact and nanoparticle exposed bacteria in confocal microscope after 

staining with DAPI. Based on all these analysis, we propose that the bacteria damage could be mainly due to 

cell wall disruption and protein distortion due to physical contact or internalization, ROS generation or metal 

ion release. The cytotoxicity of nanoparticles against MG-63 osteoblast like immortalized cell line indicated 

that ZnO nanomaterials of all sizes and shapes under consideration had negligible cytotoxicity. No 

appreciable toxicity was observed on cells exposed to Ag-ZnO and Cu-ZnO nanostructures for concentration 

less than 20μg/ml while Fe-ZnO was toxic to the cells at concentrations higher than 20μg/ml. 

 

Keywords: Bacteria, Reactive oxygen species, Morphology, Doping, Cytotoxicity, Protein leakage, Cell 

wall. 
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Controlling the morphology of nanoparticles in a polymer matrix is crucial for tuning the 

macroscopic properties of the resulting polymer nanocomposites. In thin film, due to the presence of a 

substrate/ air interface, nanoparticles are entropically pushed to the surface. When the surface is grafted with 

polymer chains that are chemically similar to the matrix chains, the tethered chains shield the depletion 

attraction between the surface and nanoparticles and prevent the particles from migrating to the surface. At 

low grafting density, both polymers and nanoparticles penetrate into the brushes. But as the grafting density 

increases, the matrix dewets the brush due to strong steric repulsions between the grafted monomers and the 

matrix chains, causing the nanoparticles to occupy the interfacial region. In systems consisting of polymer 

matrix, bare ungrafted spherical nanoparticles and polymer-grafted nanoparticles, where the particle cores 

are identical and grafted chains are similar to matrix polymer, we observed that the introduction of grafted 

particles to the blend prevents the migration of bare particles to the surface. This unusual behaviour is caused 

by the formation of binary aspherical clusters due to the presence of grafted particles. Hence, parameters 

including grafting density and the length of the grafted polymer play a significant role in dictating the spatial 

arrangement of bare particles in the blend film. In bulk systems, we observe that addition of grafted 

nanoparticles to a blend of polymer and bare particles can result in the formation of anisotropic structures. 

By carefully selecting the grafting density and molecular weight of the grafted chains, the clusters go from 

spherical to cylindrical to branched cylinders. The formation of anisotropic structures are mainly due to the 

difference in tendencies of the two types of nanoparticles to aggregate that is controlled by the intrinsic 
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balance between the enthalpic and entropic forces governing the self-assembly. Varying of interactions and 

type of nanoparticles, allows clusters for many ways in which behavior can be tuned and controlled. Our 

study suggests that it is indeed possible to control the morphology of bare nanoparticles in polymers without 

directly modifying their surface properties. We believe that this phenomenon might be of high importance, 

especially in cases such as polymer-based solar cells, where it is not feasible to graft the nanoparticles with 

polymer chains to achieve a greater level of control over the morphology.  

 

Keywords: Polymer Nanocomposites, Morphology, Depletion attraction, Segregation, Polymer brush, 

Polymer grafted Nanoparticle, Self-assembly. 
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The super-porous biopolymer gels have wide range of applications, especially in controlled release 

of bioactive species, and as 3-D scaffold for tissue harvesting. The performance of these hydrogel films can 

be enhanced by introducing voids uniformly into the gel matrix through fluidic arrangement. This thesis 

addresses the making of biopolymer gel film with embedded voids, and diffusive transport of moisture and 

solute in aqueous phase respectively through such film. Two different types of fluidic device were used. One 

was conventional T-joint. The other was the “orifice in throat” arrangement, making use of co-flow with a 

further squeeze of gas thread at the outlet. Aqueous suspensions of two biocompatible polymers (alginate and 

chitosan) were considered as the continuous phases in separate experiments to generate sub-millimeter 

bubbles. The bubble generation process and the bubble size were analyzed under a microscope, and were 

further studied through mathematical model. The bubble size linearly varied with gas to liquid flow ratio. 

The bubbles self-aligned after collection on a petridish. The bubble pinch-off from in a T-joint by the 

geometry-driven collapse (squeeze mode) was developed, and validated using glycerol-water solution. The 

transition from one mode of pinch-off to the other mode is discussed with reference to the capillary number 

and the confinement. The bubble generation in the “orifice-in-throat device” was numerically simulated in 

Ansys for different gas to liquid flow ratios. The bubble diameters from the simulation are compared with 

experimental observations.  

To study the transport of solute in aqueous phase, the vacuum-dried film was soaked in Vitamin B12 

solution. The porosity of the gel was measured gravimetrically. The release of Vitamin B-12 in PBS buffer 

on a shaker was studied. The release experiments were repeated at an elevated temperature of 37 °C in the 

presence of lysozyme. An effective diffusion coefficient within the gel layer, and the mass transfer coefficient 

at the interface with the bulk-liquid were estimated using a mathematical model. The simulations of solute 

profile were also performed using a multi-domain approach, assigning different diffusivity values to the void 

and the gel matrix respectively for comparison. 
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Increasing energy demand, gradual depletion of fossil resources and environmental regulations on 

greenhouse gas emissions have stimulated intensive research in finding a potential raw material for hydrogen 

production. In this light, water splitting in sulphur-iodine (SI) thermochemical cycle has emerged as a 

promising approach, whose hydroiodic (HI) acid section (Section 3) greatly influences the thermal efficiency 

of the SI cycle. This Section 3 that comprises of HI-H2O-I2 (HIx system) is proposed to treat by a reactive 

distillation (RD) that allows the simultaneous separation and reaction in a single unit. Prior to designing the 

RD column, a deep knowledge of the thermodynamic behavior of the HIx system is inevitable. It is with this 

intention that the present work has been undertaken. 

In this contribution, at first, the vapor-liquid equilibrium (VLE) model is proposed to estimate the 

bubble pressure of the highly nonideal complex HIx system. For this, we develop an artificial neural network 

based model followed by a simple non-random two liquid (NRTL) model, disregarding all side reactions 

commonly considered in previous studies. Getting reasonable accuracy, we extend our work to predict the 

phase equilibrium more rigorously in terms of compositions, along with bubble pressure, which are required 

for RD simulation. For this, three VLE models, namely NRTL, SRK (Soave-Redlich-Kwong) and PR (Peng-

Robinson), have been formulated for a ternary (HI-H2O-I2), and four VLE models, namely NRTL, SRK, PR 

and NRTL-SRK, for a reactive quaternary (HI-H2O-I2-H2) system. Experimental validation is made for all 

these phase equilibrium models. It is observed for the reactive quaternary system that the homogenous 

equation of state (EoS) models (i.e., SRK and PR) with no side reactions are capable of showing close 

performance, if not better, with the relatively complicated model of Murphy and O’Connell (2010). 

Finally, a configuration for the RD column is constructed for simulation with using the developed 

SRK equation of state model and a kinetic model for the HI decomposition reaction. It is investigated that 

the proposed RD shows a close result, particularly in terms of H2 production, with the simulation result 

reported by Murphy and O’Connell (2012), and Roth and Knoche (1989). 

 

Keywords: SI thermochemical cycle; HIx system; vapor-liquid equilibrium; modeling and experimental 

validation; reactive distillation; hydrogen production 

 

METAL AND METAL OXIDE NANOMATERIAL FOR CATALYTIC AND 

SENSING APPLICATION 
 

Anindita Roy 
Supervisor: Prof. Tarasankar Pal 

Department of Chemistry 

Accession No.: NB15798 

 

The thesis principally engrosses the syntheses and characterizations of various metal and metal-

oxide based nanomaterials and their useful applications in sensing and catalysis. Designing and development 

of a variety of metal and metal-oxide based nanomaterials encourage us in research with their promising 

physical and chemical properties at nano regime. In the first chapter, an overview of recent progress pertains 

to metal and metal oxide nanomaterial-based research regarding their synthesis, different characterization 

techniques and various interesting practical application in the advancement of science has been illustrated. In 

the second chapter, a direct synthetic approach for one-dimensional Ag nanoarchitecture formation from the 

reduction of linear polymeric AgCN compound is proposed. Ag nanorod with its inherent surface plasmonic 

property behaves as an effective SERS substrate. Furthermore, concentration-dependent selective SERS 

signal enhancement of melamine attached at silver surface leads to detection of melamine down to picomolar 

level in a unique way. In next two chapters, we have discussed the efficiency of the bimetallic system with 

enhanced catalytic activity in comparison to their monometallic analogues. In the third chapter, we have 

proposed a co-reductive synthetic protocol for synthesizing bimetallic AgRh system in spite of ~7% lattice 

parameter difference between Ag and Rh. The enhanced catalytic efficiency of Rh in the presence of Ag is 

established considering the benchmark reaction, 4-nitrophenol (4-NP) reduction. The enhancement of 
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catalytic efficiency is elaborated in light of ‘ensemble effect.' A thorough catalytic study with theoretical 

evidence provides the necessity of particular ratio of metals in a bimetallic system. The fourth chapter 

describes the formation of AgPd bimetallic system by galvanic replacement reaction (GRR) acknowledging 

their standard reduction potential. Pd is well-appreciated electrocatalyst for ethanol oxidation reaction in 

alkaline medium. Enhanced current density in EOR and reduction in catalyst poisoning occur in the presence 

of oxophilic Ag. The perturbed electronic environment of Pd in the presence of Ag enables to describe the 

enhanced electrocatalytic activity towards EOR at room temperature which can be a potent answer to global 

energy crisis. In the fifth chapter, the simple hydrothermal synthetic protocol of V2O5 nanowires formation 

employing the intercalative nature of pyridine is established. Further utilization towards the degradation of 

an organic pollutant, methylene blue dye is depicted here. A thorough study of the degradation helps us to 

establish that degradation undergoes via ‘adsorption-oxidation-desorption’ mechanism. In sixth chapter, 

different Schiff’s bases (SB) template mediated phase selective synthesis of α- or γ-Fe2O3 with magnetically 

active nature is illustrated. These as-prepared magnetically active α- or γ-Fe2O3 nanoparticles are employed 

for catalytic oxidation of 3,3׳5,5,׳-tetramethylbenzidine (TMB) in the presence of H2O2 due to their 

peroxidase-like property. Thus colorimetric sensing of thioglycolic acid (TGA) down to micromolar level 

has been possible utilizing the peroxidase-like activity of the designed α- or γ-Fe2O3 nanoparticle. 

 

Keywords: Nanomaterials; Environmental abatement; Sensing; Energy conversion; Catalysis 
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Syntheses of heterometallic complexes have drawn the attention of the chemist for their applications 

in the field of catalysis, magnetism, and sorption. In addition, the heterobimetallic or heterotrimetallic 

complexes afford structural diversity such as helical chains, metal clusters, coordination polymers, metal-

organic frameworks (MOFs). But, Synthesis of heterometallic complexes remains a challenge due to the 

homometallic complex formation. There have been many ways to synthesize the heteromultimetallic 

compounds, but metalloligand strategy is the best among all. Metalloligand is a metal complex that can bind 

other metal ions using its appended functional group(s). Applying this method, we can diminish the chances 

of formation of homometallic complexes and one can get exclusively heterometallic compounds. The design 

and synthesis of heterometallic polynuclear compounds via metalloligand approach have received intense 

attention over the past few years. A survey of the literature reveals that mainly transition metal complexes 

like those of iron, cobalt, nickel, ruthenium, and copper have been used as metalloligands. 

Polyoxomolybdates have been found to bind other metal ions through the oxo-ligand and form 

heteropolymolybdates. However, mononuclear or dinuclear oxo molybdenum and oxo vanadium complexes 

containing organic ligands acting as metalloligands have rarely been explored. 

Thus in this dissertation, the results of a systematic approach towards the use of dioxo molybdenum 

and oxo vanadium complexes as metalloligands for the synthesis of heterobimetallic and heterotrimetallic 

polynuclear compounds have been described. The metalloligand, [L1MoO2(μ-O)MoO2L1]2- {H2L1 = 2-(3-

tert-butyl-2-hydroxy-5-methoxybenzylamino) acetic acid} and [L2V(O) (μ-O)V(O)L2]3-/4- { H3L2 = 

nitrilotriacetic acid} and their complexes with s-block, transition metal ions, and cerium have been 

synthesized and structurally characterized by single crystal X-ray diffraction. The heterobimetallic complexes 

of s-block metal ions (e.g. Mg2+, Ca2+, Sr2+, and Ba2+) and transition metal ions (e.g. Co2+, Ni2+, and Zn2+) 

have been found to be single source precursors for the synthesis of mixed metal oxides. The mixed metal 
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oxides of the type MMoO4·MoO3 (M = Mg2+, Ca2+, Sr2+, and Ba2+) are good gas sorption and selective dye 

sorption materials. The heterotrimetallic complexes of molybdenum metalloligand and sblock metal ions 

(Na+, K+, Rb+, and Cs+) are showing dye adsorption properties. The heterobimetallic and heterotrimetallic 

complexes of vanadium metalloligand with [Co2+, K+], [Cu2+, K+], and [Ce3+] are exhibiting interesting 

magnetic and luminescence properties, respectively. The heterotrimetallic complex of Co2+ exhibits slow 

relaxation of magnetization. 

 

Keywords: Molybdenum, Vanadium, Cerium, s-block metal ion, Transition metal, Metalloligand, 

Heterobimetallic, Heterotrimetallic, Cluster, Coordination polymer, Mixed metal oxide, Dye, Adsorption, 

Magnetic properties, Luminescence properties. 
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Advancements in the field of nanobiotechnology have motivated the pursuit of identifying 

nanostructured materials that are not impeded by associated toxicity and are compatible to biological systems. 

The present thesis attempts to contribute in this pursuit by routing for the biocompatible, thermally stable, 

and chemically as well as biologically inert, zirconium phosphate (ZrP) system as a promising contender in 

the field. Although the layered morphology of ZrP (viz. α-ZrP and θ-ZrP) have been previously reported for 

their biomedical application, but their relatively larger sizes (ranging between 175-275 nm) have often 

overridden their relevance in in vivo intracellular applications. Deliberating on this, the present study focuses 

on the design and synthesis of ZrP in the nanoparticulate form and attempts to explore their efficacy as 

nanocarriers for drug delivery and as bioactive fillers in nanocomposite scaffolds for tissue engineering 

application, by virtue of their small size and high surface to volume ratio.  

The present research endeavors to establish a facile aqueous-based sonochemical method for the 

synthesis of ZrP and a solution based template method for the preparation of Fe3O4@ZrP core-shell 

nanoparticles. Their suitability and efficiency as potential nanocarriers in drug delivery application have been 

assessed through cytotoxicity studies, carried out via conventional MTT [3-(4, 5-dimethylthiazol-2-yl)-2, 5-

diphenyltetrazolium bromide] assay using human breast cancer cell lines MDA-MB-231, while curcumin has 

been used as a model anti-tumor drug molecule. The ZrP nanoparticles were further expended as bioactive 

fillers in the fabrication of nanocomposite films of poly (vinyl alcohol) (PVA)/ZrP (undoped and doped with 

Ca, Mg, and Ti) and PVA/montmorillonite (MMT)/ZrP via solvent casting method. Biocompatibility, 

bioactivity, biodegradability and mechanical properties of the nanocomposite films were examined for 

recognizing their potency as tissue engineering scaffolds.  

Investigates (i.e., in vitro experiments) revealed that the synthesized spherical ZrP (average size 48 

nm; surface area ~206.51 m²/g) and Fe3O4@ZrP core-shell nanoparticles exhibit good biocompatibility and 

cellular internalization behavior. Their drug (curcumin) loading capacity was observed to be ~11.5% and 

~11.15% respectively, while the release of the drug molecule was found to be triggered by acidic pH 

conditions. This validated the potency of these nanoparticles as nanocarriers for drug delivery application, 

where the drug-release could be triggered by the acidic pH of the tumor micromilieu. In addition, reasonable 

magnetization depicted by the Fe3O4@ZrP core-shell nanoparticles (superparamagnetism at 2 room 

temperature) enable them to be magnetically chauffeured to the tumor site. Further, it was observed that the 

cytotoxicity and the bioavailability of curcumin molecule were enhanced in the nanoformulations compared 

to its native form.  
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The nanocomposite films of PVA/ZrP (undoped and doped with Ca, Mg, and Ti) and 

PVA/MMT/ZrP were successfully fabricated. The nanocomposite films with doped ZrP (doped with Ca, Mg, 

and Ti) were found to exhibit improved nanomechanical properties, biocompatibility and bioactivity in 

contrast to the PVA/ZrP (undoped) and neat PVA films. The PVA/Ca-doped ZrP nanocomposite film 

exhibited the highest bioactivity, while PVA/Ti-doped ZrP demonstrated the highest hardness and elastic 

modulus values. This recognizes the ZrP (doped with Ca, Mg, and Ti) nanoparticles as promising bioactive 

fillers for scaffolds in tissue engineering application. Further, the PVA/MMT/ZrP nanocomposite film 

showed good bioactivity, biocompatibility and mechanical properties, which validated their efficacy as 

matrix materials in tissue engineering application compared to PVA/MMT, PVA/ZrP or the neat PVA films.  

 

Keywords: Zirconium phosphate; Nanocarriers; Drug delivery; Bioactive fillers; Scaffold; Tissue 

engineering. 
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Fluorescence spectroscopy has been widely used in chemistry and biology for studying the 

conformations and dynamics of molecules in complex systems. The confinement of biomolecules in restricted 

environments and the surrounding water molecules play an important role in controlling their structure, 

reactivity and dynamics. The organized assemblies such as, micelles, reverse micelles, microemulsions, 

mixed micelles and vesicles have ability to confine a probe within the solvent molecules of its small region. 

Using these organized self-assemblies as bio-mimicking model membrane systems, we have demonstrated 

the effect of confined microenvironments on various biologically important dynamical processes such as 

excited state intermolecular proton transfer (ESIPT), photoinduced electron transfer (PET), fluorescence 

resonance energy transfer (FRET), solvation dynamics and conformational dynamics of protein. We have 

shown how excited state proton transfer dynamics of firefly’s chromophore D-Luciferin is influenced in 

confined microenvironments like AOT reverse micelles. ESIPT choromophore D-Luciferin has been further 

used as a highly microenvironment sensitive probe to understand the structural transition of DMSO-water 

binary solvent mixtures. The effect of confinement on PET dynamics is also investigated in the AOT reverse 

micelles. FRET has been utilized to characterize different organized assemblies like surface active ionic 

liquid (SAIL) micelles and vesicles. We have also demonstrated how the dynamics of water changes 

surrounding the self-assemblies upon micelle-vesicle transition of zwitterionic surfactant, N-hexadecyl-N, N-

dimethylammonio-1-propanesulfonate (SB-16) in presence of Poly-L-lysine (PLL). Fluorescence correlation 

spectroscopy (FCS) serves as an effective tool to measure dynamics and hydrodynamics of biomolecules. 

Using this FCS and fluorescence lifetime imaging microscopy (FLIM), we have conducted the 

conformational dynamics of bovine serum albumin (BSA) on graphene oxide (GO) surfaces.  

 

Keywords: Organized Assemblies, Time-resolved Fluorescence Spectroscopy, Surface Active Ionic Liquids, 

Fluorescence Correlation Spectroscopy, Fluorescence Lifetime Imaging Microscopy 
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STUDIES ON THE SYNTHESIS AND REACTIVITY OF DIRADICAL 

GENERATING MOLECULES 
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This thesis is a compilation of mechanistic studies and synthetic potential of diradical generating 

cycloaromatization reactions, in particular, the Garratt-Braverman cyclization (GBC) and the Bergman 

cyclization (BC). The first chapter contains a brief review on sequential developments on the mechanistic 

aspects of BC and GBC. The second chapter deals with the mechanistic investigation on GBC. By using 

various experimental techniques like 2H NMR, LA-LDI and from the fate of deuterium labeled substrates we 

have been able to propose a diradical pathway for bis-propargyl sulfones and an anionic intramolecular   Diels 

Alder (IMDAR) pathway for bis-propargyl ethers (Scheme 1). The third chapter comprises the validation of 

enediyne moiety to act as a photoaffinity label in protein capture. The probable mechanism of capture via a 

photo-Bergman cyclization of enediynes has also been described (Scheme 2). The fourth chapter contains 

differential reactivity of bis-propargyl ethers appended with aliphatic substituents. These systems may 

undergo either GBC to aryl (dihydro) naphthalenes or follow a 1,5-H shift pathway to yield 3,4- disubstituted 

furans. Strategies have been developed to shift the preference from GBC to 1,5-H shift process to yield 3,4-

disubstituted furans that are otherwise difficult to obtain and also constitute an important skeleton in 

medicinal chemistry (Scheme 3). Unlike the ethers which follow a GBC pathway under base treatment, the 

corresponding propargyl alkenyl sulfones follow a base-mediated 6π-electrocyclizaton reaction to substituted 

thiopyran dioxides. The mechanistic investigations (briefly represented in Scheme 4) of this 6 -

electrocyclization process have been discussed in the fifth chapter. In the sixth chapter, the synthetic potential 

of GBC was further exploited by carrying out a one pot GBC and Scholl oxidation reaction to polyaromatic 

compounds having low lying ELUMO level without sacrificing the band gap and the aerial stability of the 

compounds (Scheme 5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Keywords: Radical, ionic, Garratt-Braverman cyclization, Bergman cyclization, mechanism, furans, 

thiopyran dioxides, protein capture. 
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DEVELOPMENT OF POROUS NANO METAL OXIDES DERIVED FROM 

NANO COORDINATION POLYMERS AND THEIR HYBRIDS FOR 

PHOTOCATALYTIC ENVIRONMENTAL REMEDIATION 
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Photocatalysis under the visible light is harmless, cheap, and environmentally acceptable approach 

for water remediation technique. Semiconductor nano metal oxides have gained wide attention as 

heterogeneous photocatalysts due to their unique nanoscale properties, highly photoactivity, good stability, 

less-toxicity and cost effectiveness. Nanomaterials synthesized via nano coordination polymer (NCP) route 

possess high surface area and porosity; besides, the process is facile and rapid, and hence it has several 

advantages over other methods. Hence, in the present work, NCP derived metal oxide semiconductors have 

been designed for effective visible light photocatalytic water treatment. The research findings are summarized 

into five chapters in this thesis (Chapter 2 to Chapter 6). 

In Chapter 2, three novel ZnO nanodisks are obtained from the calcinations of three different Zn 

based NCP precursors which are prepared at room temperature one pot method. The synthesized ZnO 

nanodisks exhibited high surface area, porosity and photocatalytic activities compared to commercial ZnO. 

In Chapter 3, an attempt has been made to synthesize various ZnO-Co3O4 heteronanostructures from the 

facile NCP route varying the ratios of Zn/Co, and they have been applied in visible light photocatalytic 

removal of organic dyes from water for the first time. The prepared ZnO-Co3O4 61 heterostructures exhibited 

relatively high surface area, pore volume and very good visible light photocatalytic activity. The Chapter 4 

elaborates the fabrication of graphene encapsulated NCP derived ZnO-Co3O4 (GE/ZnO/Co3O4) core-shell 

hybrid for the effective removal of toxic 2,4-DCP from water under visible light. Here, the core-shell structure 

maintains high photostability of the hybrid. In Chapter 5, a novel visible light active Ag deposited NCP 

derived SnO2/NiO hybrid (Ag/SnO2/NiO) has been developed for the effective removal of toxic Cr(VI) from 

water. The Ag/SnO2/NiO hybrid exhibits higher photoreduction of Cr(VI) compared to many previous 

reports. In Chapter 6, a novel NCP derived CuO decorated Ag3AsO4/GO (CuO/Ag3AsO4/GO) ternary Z-

scheme photocatalytic hybrid has been developed by electrostatically-driven assembly method followed by 

nucleation and growth for the efficient removal of aqueous phenol under visible light. It is found that O2•− is 

the major intermediate that mainly contributed to the degradation of phenol. 

 

Keywords: Nano coordination polymer, metal oxides, heteronanostructure, visiblelight, photodegradation, 

organic pollutants, photoreduction, Cr(VI) 
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Prime focus of the present study is to develop theranostic agents that can show target specific 

monomodal and bimodal cancer treatment. To this end, we have designed anthracene- N-

phenylethylenediamine and fluorene-morpholine-based organic nanoparticles having strong inherent 
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fluorescence for target-specific image-guided PDT. Thereafter, the well-known coumarin phototrigger was 

devised to show synergic PDT and chemotherapy by decorating onto TiO2 semiconducting nanoparticles 

and a star-shaped 4-arm polyethylene glycol to accomplish better image-guided biological application. 

Moreover, a xanthene-coumarin-based FRET-induced theranostic system was developed to attain 

“activatable” bimodal treatment of PDT and chemotherapy with real-time monitoring. 

The  thesis  entitled  “Target  Specific  Photodynamic  Therapy  (PDT)  for  Mono  and Bimodal 

Anticancer Treatment” consists of six chapters. Chapter 1 describes the overview of lightinduced cancer 

treatment. Chapter 2 describes an organic nanoparticle-based fluorescent chemosensor for selective 

switching ON and OFF of Photodynamic Therapy (PDT). Chapter 3 illustrates fluorene–morpholine-based 

organic nanoparticles for lysosome-targeted pHtriggered two-photon photodynamic therapy with 

fluorescence switch On-Off. Chapter 4 elaborates the use of targeted photoresponsive TiO2–coumarin 

nanoconjugate for efficient combination therapy in MDA-MB-231 breast cancer cells involving synergic 

effect of photodynamic therapy (PDT) and the anticancer drug chlorambucil. Chapter 5 deals with 

coumarin-containing-star-shaped 4-arm polyethylene glycol-based targeted fluorescent organic 

nanoparticles for dual treatment involving PDT and chemotherapy. Chapter 6 elaborates a fluorescence 

resonance energy transfer (FRET)-based xanthene-coumarin theranostics for “activatable” bimodal 

treatment of PDT and chemotherapy with real-time monitoring of drug action. 
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CRYSTAL ENGINEERING STUDIES ON SOLID STATE [2+2] REACTIONS OF 

OLEFINS CONTAINING AMIDE MOIETIES: SINGLE-CRYSTAL-TO-SINGLE- 

CRYSTAL REACTIONS TO FUNCTIONAL MATERIALS 
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The thesis deals with exploration of crystal engineering strategies for the design of novel materials 

with predictable functional properties. In particular, the exploration of hydrogen bonds or coordination bonds 

as templates for alkenes or bisalkenes to promote their solid state [2+2] dimerization/polymerization is 

discussed elaborately. For this purpose, two classes of molecules have been chosen: 1) unsymmetrical bis-

pyridyl olefins containing amides (UBOs) and 2) phenyl and pyridyl substituted bis-(acrylamido)alkanes in 

which amide groups were separated by alkyl/aryl-alkyl spacers. The intended work can be classified as three 

parts based on the nature of the materials: 1) organic molecules, 2) Ag(I)-CPs and 3) CPs of Cu(II), Cd(II) 

and Zn(II). The study deals with elucidation of importance of molecular geometries, coordination 

environments, crystallization conditions, hydrogen bonding or other non-covalent interactions, role of 

solvents and anions in determining the supramolecular self-assembly, solid state reactivity and their 

properties. The key outcome of the studies is the synthesis of crystalline organic polymers and Coordination 

polymers of organic polymers (CPOPs) via single-crystal-to-singlecrystal (SCSC) [2+2] reactions which are 

otherwise impossible to synthesis by conventional methodologies. The synthesized materials are shown to 

explore functional properties such as plasticity, transparency, dye sorption and gas permeability. 

 

Keywords: amide-to-amide recognition, solid state [2+2] photochemical reaction, SCSC, coordination 

polymer, organic polymer, plastic film, transparency, gas permeability. 
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The aim of the dissertation is to evaluate the stimuli-sensitive self-assembled nanostructures of some 

novel PEG-based biocompatible amphiphilic random polymers as drug delivery systems (DDSs). Self-

assembled polymers in water are considered to be important colloidal carrier for drugs, genetic materials or 

any other pharmaceutically active agents for their delivery to the target site. In addition, the stimuli-sensitive 

nature of these nanostructures makes them also beneficial for the release of guest molecules at the desired 

site in the body. The thesis involves the synthesis and in vitro evaluation of the stimuli-sensitive random 

copolymers as DDS in the form of polymeric micelle (PM) and polymersome (PS) to carry the hydrophobic 

and/or hydrophilic drugs to the desired site of action. The thesis describes in detail the self-assembly 

behaviour of a series of random amphiphilic copolymers in water at room temperature. The effect of 

hydrophobe (fatty acid chain or cholesterol) content on the formation, drug loading capacity, and 

biocompatibility of the PMs was investigated. Comparatively more biocompatible, higher encapsulation 

efficiency (for hydrophobic chemotherapeutic drug, Camptothecin) and stable aggregate formation by 

cholesterol-containing PM is reported. The PEG chains forming corona provides stability to the micelles at 
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the physiological temperature. As far as biocompatibility is concerned, shorter PEG chains on the surface of 

PM was found to be better than its longer chain analogue. More biocompatible random ionic (zwitterionic, 

cationic, and anionic) copolymers without having any typical hydrophobe in the backbone were also 

synthesized and characterized in solution. In all the cases, spontaneous formation of PS was observed above 

a critical concentration. The bilayer membrane of the PS was found to be constructed by the PEG chains, 

which is normally considered to be polar in nature. Unlike PMs, the PSs could encapsulate hydrophobic as 

well as hydrophilic model drug. The pH-sensitive release of encapsulated model drugs in acidic environment 

has been demonstrated for all the copolymers. The pH-sensitive cationic PS was shown to carry not only 

model drugs, but also genetic materials to the target site. The pH- and glutathione-triggered release of 

encapsulated drug from the anionic PSs was also studied and evaluated as DDS. 

 

Keywords: Drug delivery systems, stimuli-sensitive, random copolymers, polymeric micelle, 

polymersome, camptothecin, gene transfection. 
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This thesis presents studies on the synthesis, reactivity and application of alkenyl propargyl ethers 

and sulfones for the synthesis of some privileged heterocyclic skeletons. The first chapter contains a brief 

review on the synthetic methodologies available in the literature for the synthesis of 4- chromenones, 

6H-benzo[c]chromenes, 5,6-dihydrophenanthridines and 6H-benzo[c]chromen-6- ones. The second 

chapter contains synthetic studies on the desilylation of TMS-protected alkyne in chromone based 

systems. A series of cyclic ketals and terminal alkynes have been synthesized using the developed protocol 

(Scheme 1). A mechanistic rationalization of the path-selectivity of the  reaction  has  been  provided  using  

reaction-progress  NMR  and  HRMS studies.  The  third chapter comprises of an account on judicial use 

of Garratt-Braverman (GB) Cyclization and Buchwald Hartwig (BH) Coupling to synthesize a series of 

dihydroisofuran fused 6H- benzo[c]chromenes and 5,6-dihydrophenanthridines. Crystallographic studies 

established their helical  motif.  DNA  binding  studies  revealed  weak  intercalation  for  the  

benzochromene derivatives (Scheme 2). In the fourth chapter, a strategic combination of Garratt-

Braverman Cyclization and Minisci Acyloxylation reaction has been proposed to synthesize a series of 

dihydroisofuran fused 6H-benzo[c]chromen-6-ones. Their DNA-binding studies revealed intercalative 

mode of binding (Scheme 3). In the fifth chapter, an attempt towards the asymmetric synthesis of sulfolene 

fused biphenyl-amino acid hybrids, using Garratt-Braverman Cyclization, has been reported (Scheme 4). 
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Scheme 1: Conversion of TMS-alkyne to protected ketones and terminal alkynes in 4-

chromenone system. Scheme 2: Synthesis of dihydroisofuran fused 6H-benzo[c]chromenes and 5,6-

dihydrophenanthridines. Scheme 3: Synthesis of dihydroisofuran fused 6H-benzo[c]chromen-6-ones. 

 

Scheme 4: Attempted asymmetric synthesis of sulfolene fused biphenyl-amino 

acid hybrids. 

 
Keywords: Desilylation, path-selectivity, Garratt-Braverman Cyclization, Buchwald Hartwig 

Coupling, Minisci Acyloxylation, Crystallographic studies, DNA-binding, Asymmetric synthesis, 

Diastereoselectivity. 
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Syntheses of different transition metal oxides (TMOs) or hydroxides (TMHs) based nanomaterials 

or their composites for their applications in environmental remediation like water purification and sustainable 

energy storage (especially in supercapacitor) are the primary content of the thesis. TMOs and TMHs have 

been chosen due to their unique properties like wide range of band gap, variety of oxidation states, high 

abundance, ease of synthesis with different morphologies etc. These are the primary requirements to be 

looked into for a cost-effective photocatalyst, adsorbent and a pseudocapacitor. In the first two chapters, we 

have emphasized on the water purification by an efficient magnetic nanomaterial. In both the chapters, Fe3O4 

has been used as the magnetic nanomaterial. Here, for the first time, we have exploited an unconventional 

redox pathway to synthesize Fe3O4 (nanocube and nanocomposite) from Fe(0) nanomaterial using our 
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laboratory developed modified hydrothermal technique (MHT). We have presented the synthesis of a ternary 

hybrid, Pd@CdS@Fe3O4 in the first chapter. The synthesis involves three steps and for decoration of Fe3O4 

by CdS and Pd we skipped the use of any surface modifier. Pd2+ has been reduced to Pd by the adhering S2- 

on CdS. Here, Fe3O4 has been used to make the composite magnetic in nature. CdS acts as the visible light 

photocatalyst and Pd acts as the scavenger of electrons. This efficient ternary visible light phtocatalyst has 

been used for oxidative photo degradation of a water pollutant rhodamine B (RhB) dye. In the second chapter, 

we have again considered to synthesise a magnetic nanocomposite Fe3O4-MnO2 via an uncommon synthetic 

strategy. During the process, Fe(0) and KMnO4 have been mixed in aqueous medium as the oxidant and 

reductant respectively. The evolved hierarchical mesoporous Fe3O4-MnO2 nanocomposite has then been used 

as the magnetic adsorbent for removal of cationic dyes methylene blue (MB) and crystal violet (CV) from 

waste water. As both Fe3O4 and MnO2 exhibit excellent pseudocapacitance properties individually, we have 

tested the pseudocapacitive activity of the as-synthesized composite in neutral electrolyte. As a 

pseudocpacitor, it exhibits high specific capacitance value with very high specific energy value. In the last 

three chapters, we have exhibited the effect of mixed metal oxides (chapter 4), morphology of nanomaterials 

(chapter 5) and composition in a particular composite (chapter 6) to increase the superiority of a 

pseudocpacitor. In this respect, we have synthesized ultrathin 2D CO3O4 and Co3V2O8 and it has been 

observed that the Co3V2O8 exhibits better pseudocapacitive activity. Here, ammonia has been introduced that 

plays a crucial role during the preparation of ultrathin 2D structure. When it has been coupled with AC 

(activated carbon) to construct aqueous asymmetric super capacitor (AAS), the two electrode cell exhibits 

very high specific energy value. To study the morphology effect, we have synthesized hierarchical 

nanostructure (HNS) and cubic nanostructure (CNS) of the same compound, CoSn(OH)6. Here also, ammonia 

has been used to construct the HNS sample and NaOH has been used to transform it to CNS. Due to the 

morphology driven advantage, HNS sample exhibits superior electrochemical activity over CNS. In this case 

AC also has been used as the negative electrode to construct HNS CoSn(OH)6//AC which exhibits excellent 

electrochemical activity. Finally, we have reported the synthesis both the positive electrode and negative 

electrode to construct AAS. Ni3V2O8@MWCNT and β FeOOH@rGO have been used as the positive and 

negative electrode, respectively. In both the cases, a selected amount of nanomaterial loading on 

carbonaceous sample has been observed to show up extraordinary pseudocapacitance activity. The as-

fabricated AAS exhibits very high specific energy value which is the main interest of our work. 

 

Keywords: Transition metal oxide (TMO), Transition metal hydroxide (TMH), Multiwalled carbon nanotube 

(MWCNT), rGO, Activated carbon (AC), Photocatalyst, Adsorbent, Pseudocapacitor, Aqueous asymmetric 

supercapacitor (AAS). 
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Thermoplastic Polyurethane (TPU) is one of the most versatile block copolymers (consisting of 

alternating hard and soft segments) having multifaceted commercial and biomedical applications. In view of 

above, the present work intended to focus on development of high performance TPU and its blend 

nanocomposites with 3D hybrid fillers. In view of this, present work involves the preparation of multiwalled 

carbonnanotube(MWCNT)-montmorillonite(MMT) and MWCNTgraphene 3D hybrid fillers by simple dry 

grinding and solution mixing methods respectively. This is followed by investigation of synergistic effect of 

these hybrids on the physicochemical properties of TPU nanocomposites prepared by solution intercalation 
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method. These hybrid filled TPU nanocomposites exhibits improved mechanical, dynamic mechanical and 

thermal properties compared to either neat TPU or individually MWCNT, MMT, graphene filled TPU 

nanocomposites due to synergistic effect. Our findings also showed that TPU/MWCNT-graphene exhibits 

overall superior properties compared to TPU/MWCNT-MMT nanocomposites. Another effective approach 

in the present work involved the synthesis of 3D MWCNT-layered double hydroxide(LDH) [MgAl LDH and 

ZnAl LDH] and carbon nanofiber(CNF)-LDH [MgAl LDH and ZnAl LDH] hybrids through noncovalent 

assembly of MWCNT (or CNF) and LDH. Subsequently, their reinforcing effect has been explored in 

development of TPU/NBR (nitrile butadiene rubber) blend nanocomposites. The investigations on 

mechanical and thermal properties have shown that all the properties are enhanced in all hybrid filled 

TPU/NBR blend nanocomposites compared to either neat blend or individually MWCNT, CNF, LDH filled 

blend nanocomposites. These enhanced properties are attributed to the synergistic effect, exerted by the 

hybrid fillers. Overall, TPU/NBR blend containing MWCNT-MgAlLDH hybrid show maximum 

enhancement in mechanical properties, whereas dynamic mechanical and thermal stability are maximum 

improved in TPU/NBR blend containing MWCNT-ZnAlLDH and CNF- ZnAlLDH hybrid respectively. In 

conclusion, 3D hybrid nanofillers significantly enhance the mechanical and thermal properties of TPU and 

its blend nanocomposites. 

 

Keywords: Multiwalled carbonnanotube, Carbon nanofiber, 3D Hybrid, TPU, Blend, Nanocomposites 
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The objectives of this thesis include: a) identification of aromaticity in non-carbocyclic π- and σ-

aromatic molecules (all-metal and all-nonmetal) with the aid of computational techniques, b) studying the 

mechanism of transition metal catalyzed reactions involving selected aromatic molecules, c) study of an 

exotic phenomenon, viz., bond-stretch isomerism associated with an aromatic molecule, Be3
2- , and d) looking 

for aromaticity in extended networks containing periodic array of metals. 

In Chapter 1 we have discussed a brief introduction to the history and recent developments in 

aromaticity and theoretical background of the computational methods used in this thesis. Our efforts to 

characterize aromaticity in novel molecular environments are discussed in Chapters 2 and 3. In Chapter 2, 

we have discussed p-aromaticity in all-pnictogen cyclic anions. In addition, we have studied the mechanism 

of a plausible synthetic pathway for the smallest analogue, and a potential use of these anions as ղ5-ligands 

in metallocenes. Similarly in Chapter 3, we have analyzed the s-aromaticity of M+
3 (M = Cu, Ag, Au) and 

compared with that in Li+
3 and H+

3 . We have also exploredthe stabilization of M+
3 by coordination with 

various ligands, noble gases, and CO. 

Reactivity in transition-metal catalyzed reactions involving some selected aromatic molecules, viz., 

Ru(II)-catalyzed aromatic substitution and Au(III)-catalyzed benzannulation reactions, is rationalized in 

Chapters 4 and 5, respectively. We have described the mechanism of regio- and stereoselective addition of 

alkynes to pyrazole catalyzed by Ru(II)-catalysts in Chapter 4. By exploring the catalytic cycle, we have 

established a unique structure–selectivity relationship of two catalysts. Similarly, in Chapter 5 we have 

analyzed the electronic effects of substituents on chemo- and regioselectivity in Au(III)-catalyzed 

benzannulation of nicotinaldehydes with alkynes. 

Bond-stretch isomerism, a much-debated phenomenon, is explored in the p-aromatic Be3
2- molecule, 

in Chapter 6. Two isomers are distinguished on different potential energy surfaces even at the sophisticated 

level of calculations. In Chapter 7, we have described the search for aromaticity in extended three-
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dimensional (3-D) networks containing infinite chains of Srn and Ban rectangles. Although the existence of 

aromaticity was proposed, the analysis of the structures has proven that the metals are not covalently bonded 

with each other and hence are not aromatic. Meanwhile, our studies have shown that these porous 3-D metal–

organic frameworks could have a potential use for noble gas storage or as a filter to separate Ne from a gas 

mixture. 

 

Keywords: Aromaticity, Electronic structure calculations, Bonding, Electron density analysis, Energy 

decomposition analysis, Reaction mechanism. 
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Amino acid modifications followed by aggregation in human γ-crystallin and other members of the 

crystallin superfamily are one of the reasons for cataract formation. Several in vivo/in vitro factors like 

ultraviolet (UV) radiation, low pH, temperature and exposure to chemical agents are found to destabilize the 

structural integrity of the proteins in the eye lens. 

In this thesis, an investigation on the modification of specific amino acid residues of cataractous γ-

crystallin (HGCc) was performed. The cataractous protein was purified from the discarded mass obtained 

after cataract surgery. Secondary structure perturbations and amino acid modifications in HGCc have been 

demonstrated through various biophysical techniques. A fluorescence spectroscopy based method was used 

to investigate the extent of Trp residue oxidation of HGCc in the presence of (-) epigallocatechin gallate 

(EGCG). It was found that EGCG could effectively prevent H2O2 mediated oxidation of Trp residues in 

HGCc. 

Recombinant human γB-crystallin was overexpressed in E. coli. and purified using different 

chromatographic techniques. The mass and the purity of the protein obtained was verified by sodium dodecyl 

sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and Matrix-assisted laser desorption ionization-

Time of flight (MALDI-TOF). Green tea polyphenols have been used to evaluate their respective potency 

against oxidative damage of the recombinant human γB-crystallin. The protein samples were exposed to UV 

radiation under physiologically relevant conditions in absence and presence of varying concentrations of 

green tea polyphenols. Quantitative structure activity studies for the relative inhibition of oxidative 

photodamage of recombinant human γB-crystallin were investigated. (-) Epicatechin gallate (ECG) was 

found to be the most effective green tea polyphenol against oxidative photodamage of the protein. 

Fluorescence quenching studies were performed to calculate the binding parameters of green tea polyphenols 

with human γB-crystallin. 

Several spectroscopic and microscopic techniques have been used to monitor the low pH and 

elevated temperature mediated aggregation of recombinant human γB-crystallin. Thioflavin T fluorescence 

confirms the amyloid like fibrillar nature of the human γBcrystallin aggregate. We have observed that (-) 

epigallocatechin gallate (EGCG) effectively inhibits the fibrillogenesis of human γB-crystallin. Molecular 

dynamics simulation studies imply that an interdomain hinge bending movement is most likely to be the 

reason for the aggregation propensity of the protein as this movement leads to exposure of the hydrophobic 

regions. We speculate that subsequent intermolecular interactions promote fibrillation of the protein. 

Glycation studies indicated that with increase in the incubation period, advanced glycation end products are 

formed with a decrease in Trp fluorescence intensity. Glycation of human γB-crystallin shows attachment of 

a single glucose moiety. 
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Bioactive compound (curcumin) loaded protein based nanoparticles were prepared from water 

soluble fractions of the cataractous protein solution obtained after phacoemulsification surgery. The 

nanoparticles were characterized and their ability to sustain compound release monitored. The release profiles 

of curcumin, our model compound, from the curcumin loaded nanoparticles, shows an initial burst release 

followed by persistent release of curcumin with variation in pH and ionic strength of solution. 

 

Keywords: Cataract; Human γ-crystallin, Green tea polyphenols; Inhibition; Oxidative photodamage; 

Glycation; Aggregation; Protein nanoparticles. 
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Multinuclear coordination complexes of 3d metal ions have been attracting particular interest in 

recent years because of their importance in synthesis, structural diversity, bioinorganic relevance, catalytic 

propensity, and molecule based magnetic behavior. Phenoxido function with potential for bridging two to 

three metal ions is therefore the first choice for ligand in this area of investigation. Other available donor 

groups, close to the phenoxido group, can show enormous promise towards generation of {M2L}, {ML} or 

{ML2} fragments bearing varying charges in solution while reacting with selected 3d metal ions. Involvement 

of in situ generated or externally added ancillary anionic ligands (e.g., O2−, HO−, H2O, RCO2−, MeO−, N3
−, 

NCS−, CO3
2–, ClO4

– etc.), in the next step, in attaching the above mentioned fragments are crucial and 

decidedly important. Maneuvering of reaction protocol is thus extremely challenging to obtain the new 

products. In the present thesis, five new phenol based ligands have been examined in association with 

different anionic co-ligands for their potential to provide new family of coordination complexes of selected 

3d metal ions showing different geometrical arrangements and interesting biophysical and magnetic 

properties. Control of aggregation of {Cu2L} fragments by three different carboxylate groups have been 

scrutinized for quasi-tetrahedral and partial-dicubane [Cu4] complexes. The role of long and flexible amine-

ether-alcohol arms adjacent to phenoxido group were examined for inhibition of similar teracopper 

assemblies during a spontaneous dimerization process instead. A new family of pentanuclear [Co5], [Ni5] and 

two other {Co2} and {Ni2} based coordination polymers have been studied and established. In another study, 

an angular [Co3L4] and a planar disc-like [Co7L6] coordination aggregates have been isolated using phenol-

based Schiff base and studied magnetic properties and catechol oxidase activity. A family of five [Ni2] 

complexes of varying Ni•••Ni separations has been synthesized, which showed interactions with HSA and 

CT-DNA. In another work a unique μ-1,1,3,3 formate bridge induced [Cu4] complex formation has been 

established from the use of imidazolidinyl-penol-based ligand, which showed higher order antimicrobial 

activity to various strains and interact with CT-DNA in a partial intercalative mode compared to other [Cu2] 

complexes obtained from the same ligand.  

 

Keywords: Phenol-based Schiff base; Multinuclear aggregate; Ancillary ligand; Coordination self-assembly; 

Supramolecular coordination complexes; X-ray structure; DFT calculation; Catechol oxidation; Bio-

macromolecular Interaction; Magnetic susceptibility; Antimicrobial activity. 
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Accurate estimation of the seismic responses of a concrete gravity dam is important for the safety 

of the habitations living on the downstream side. Foundation flexibility and reservoir effects on the elastic 

dam alter the seismic responses significantly. Strong earthquake ground motion demands consideration of 

material nonlinearity in the analysis of the soil-foundation domain of a dam. Continuous contact with the 

reservoir water at the upstream face of the concrete dam leads to degradation of concrete strength over ages. 

Accumulation of the sediments at the reservoir bottom with time is also of importance. Therefore, a rational 

analysis procedure is necessary which should be capable of concerning the degradation effects due to ageing 

of concrete, the effects of sediments and the interaction effects among dam, its foundation and the adjacent 

reservoir. Due to varied geometry of the dam and reservoir bed, the finite element method is considered to 

be one of the most suitable techniques to model these three systems. 

A finite element based code in MATLAB environment has been developed to study the coupled 

response of aged concrete gravity dams. The displacement based finite element is used to formulate the dam 

and the soil-foundation domain, whereas the reservoir is modeled by pressure based formulation. An efficient 

absorbing boundary condition has been proposed to model the infinite soil-foundation domain. An algorithm 

has been developed to perform the nonlinear transient analysis of the soil-foundation domain considering the 

elasto-plastic material properties. A wavelet based time-frequency resolution method has been considered to 

incorporate the frequency dependent absorbing boundary condition considered for the reservoir domain. The 

dam-foundation-reservoir has been coupled together for finite element analysis considering nonlinear soil-

structure-fluid interaction. 

The developed algorithm can assess the behavior of dam at any age during its lifetime so that 

measures can be taken to prevent damage of the dam. Accurate responses of the dam can be obtained due to 

strong earthquakes as foundation nonlinearity has been incorporated in the present analysis. The efficiency 

of the present algorithms has been demonstrated through numerous examples. The parametric studies show 

the importance of consideration of nonlinear dam-foundation-reservoir interaction effects. 

 

Keywords: Soil-structure-fluid interaction; Coupled system; Finite element method; Infinite reservoir; 

Hydrodynamic pressure; Earthquake response; Wavelet transformation; Cone type absorbing boundary; 

Aged dam; Mohr-Coulomb yield criteria 
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Vertical plate anchors are being widely used in the construction of geotechnical structures such as 

sheet pile walls, bulkheads, bridge abutments and retaining walls etc. Holding capacity of the anchor plates 

is a major concern in the design and analysis of the supported structures and if not evaluated properly may 
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lead to failure. In view of this the load carrying mechanism of the vertical plate anchors needs to be 

understood properly.  

At times the retained structures undergo failure due to rupture of anchor plate owing to excessive 

loading or inadequate resistance from the soil around. In order to enhance the pullout capacity and prevent 

sudden failure it is necessary that the soil in which these anchors are embedded be improved. Amongst the 

various ground improvement techniques used, soil reinforcement is probably the most popular one. Geocell 

reinforcement is the latest development in this field. It is a three dimensional, polymeric, honeycomb like 

structure of cells interconnected at joints. The reinforcement mechanism in the geocells is by all-round 

confinement of soil within its pockets. Therefore, it is expected that the soil supporting the anchor if 

reinforced with geocells can inhibit the slip planes effectively leading to enhanced pullout capacity. The work 

reported herein has investigated these issues through physical model tests.  

A series of model tests were carried out in a test bed-cum-loading frame assembly in the laboratory. 

In the first phase, pullout behavior of anchor was studied through full model tests conducted in a flexible 

laminar box. In the second phase, to delineate the rupture surfaces in the anchor bed, half model tests were 

conducted in a steel tank with transparent face. The anchor used was made of steel and measured 100 mm in 

width, 100 mm in height and 10 mm in thickness. The test beds were formed using sand raining technique. 

The geocell reinforcements were made out of geogrid strips and bodkin joints. The anchor plate was 

connected to the tie rod passing through the geocells, following which sand raining was continued until the 

target depth was reached. The load was applied in stress controlled manner by adding weight increments. 

Each load increment was maintained constant until the anchor displacement stabilized. Loading was 

continued till failure. The measurements carried out are; anchor load and displacement, deformations on fill 

surface, strain in reinforcement, and pattern of movement of soil in the anchor bed. 

It was observed that the load carrying capacity of the anchor increases with increase in density of 

the fill soil and embedment depth. In case of shallow anchor the rupture surface reached out to the ground 

surface leading to a general shear mode of failure whereas in case of deeper embedment the rupture surface 

was localised around the anchor plate. The size of rupture surface increases with increase in density of fill 

soil that mobilises higher resistance leading to enhanced anchor capacity. There exists a critical embedment 

depth beyond which further increase in anchor capacity is practically negligible. It is observed that the critical 

embedment depth is higher in case of dense soil.  

The geocell reinforcement can significantly enhance the anchor load carrying capacity and induce a 

stable behaviour until very large displacements. This is because the interconnected cells form a panel like 

structure that redistributes the anchor load over a wider area leading to reduced stress on the supporting soil 

mass that the system could sustain increased loading without failure. With geocell reinforcement the extent 

of surface heaving was much larger in size. It indicates that with geocell reinforcement a larger mass of soil 

has participated in sharing the anchor load. As a result of which higher resistance is mobilised giving rise to 

enhanced anchorage capacity. Post test measurements indicate that under horizontal pull the anchor has 

moved in the upward direction as well. This is because during failure the supporting soil mass sheared up and 

moved upward pulling the anchor along with it. But with geocell reinforcement, the anchor upward 

displacement was found to have reduced substantially which establishes that the geocell reinforcement can 

significantly enhance the stability of the system. The critical height, width and length of geocell mattress 

giving maximum performance improvement are found to be 2.8ha, 3ha and 5ha respectively, where ha is the 

height of the anchor. Similarly, the critical embedment depth giving maximum performance improvement is 

found to 7ha.  

In an attempt to transfer the results of the model tests to the field conditions dimensional analysis is 

carried out. It is observed that for the present test data to be valid in prototype case the strength of geocells 

should be N2 times the strength of geocells used in the present tests, where N is the model scale. For 

predicting the load carrying capacity of the geocell reinforced anchors, simple analytical and empirical 

models are developed.  

 

Keywords: Vertical plate anchor, load carrying capacity, reinforced sand, geocell reinforcement, model tests. 
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In the present study, integrated modeling approaches were developed to examine potential emission 

flux to aerosol pollutants, distribution of aerosol constituents and emissions of black carbon (BC) over India. 

A combined source-receptor approach through an application of fuzzy c-mean clustering to back trajectory 

data in conjunction with emission flux and residence time weighted aerosols analysis was developed to 

evaluate the potential emission flux to winter-monsoon (WinMon) aerosols over Bengal Gangetic plain urban 

(Kolkata, Kol) and semi-urban atmospheres (Kharagpur, Kgp). WinMon mean aerosol optical depth (AOD) 

and °Angstr¨om exponent (AE) at Kol were respectively slightly higher than and nearly equal to that at Kgp. 

Distinct features of emission flux contribution potential (EFCP) to aerosol pollutants were identified over 

Bengal Gangetic plain. While the surface layer (SL) of urban atmosphere (Kol) was inferred having a higher 

influence from anthropogenic emissions than that of semi-urban atmosphere (Kgp), the elevated layer (EL) 

of both atmospheres were found being equally influenced from anthropogenic emissions; the EL of Kol, 

unlike that of Kgp, had also a predominant influence from dust. Specific hotspot of EFCP zones of aerosol 

constituents at SL and EL were identified over the Indo-Gangetic plain (IGP). Though the Africa (AFR) 

cluster was constituted of significantly high emission flux source potential of dust emissions, the EFCP of 

dust from northwest India (NWI) was comparable to that from AFR at Kol SL/EL. 

The newly formulated constrained aerosol simulation (constrsimu) which resulted from a fusion of 

measured AOD and simulated aerosol characteristics from a free running aerosol model with the general 

circulation model (GCM) led to obtain the most concurred estimates of aerosol constituents with observations 

during pre-monsoon and winter-monsoon season, including their sources during the Tigerz experiment. 

Estimates of constrsimu (GCM) simulation was mostly 70–100% (20–50%) of the measured BC, organic 

carbon (OC), and sulfate. The constrsimu estimates also captured a higher value of pre-monsoon and winter-

monsoon mean surface concentration and AOD due to anthropogenic aerosol constituents over the IGP than 

the rest of India. Spatial distribution of aerosol surface concentration during winter-monsoon in contrast to 

that during pre-monsoon, was predominated by a higher contribution from anthropogenic aerosols than dust. 

Spatially and temporally resolved gridded constrained BC emissions over India was estimated in a strategic 

integrated modeling approach; this was done extracting information on base BC emissions (using India 

emission inventory implemented in a GCM) and atmospheric BC concentration from a GCM simulation in 

conjunction with the receptor modeling approach. Constrained BC emission rate obtained was about seven 

times the base emissions in GCM. Sensitivity analysis between BC emissions and its atmospheric 

concentration simulated in Weather Research Forecast model coupled with Chemistry (WRF-Chem) was 

done. A significant increase in coherence of simulated BC concentration with observations was obtained with 

the constrained emissions compared to base emissions. 
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The results of an experimental study on turbulent flow characteristics in submerged plane offset jets 

are presented. The vertical profiles of time-averaged velocity components, Reynolds stresses, third-order 

correlations of velocity fluctuations and turbulent kinetic energy (TKE) fluxes at different horizontal 

locations are depicted to show their variations with horizontal distance. Also, the horizontal profiles of 

boundary shear stress are furnished. The jet profile in the pre-attachment region and the length dimensions 

related to the physical characteristics of submerged offset jets are obtained from the velocity profiles. The 

profiles of velocity and Reynolds stresses are analysed in the context of the self-similarity and the decay of 

their representative scales. The self-similarity characteristic in the pre-attachment and wall jet regions is better 

preserved than that in the impingement region. The similarity characteristic of individual profiles of 

horizontal velocity in different regions of submerged offset jets is examined by using the velocity scale as jet 

velocity and the vertical length scale as the jet half-width from the point of occurrence of jet velocity in the 

pre-attachment region and from the solid boundary in the impingement and wall jet regions. The vertical 

profiles of horizontal and vertical Reynolds normal stresses at different horizontal distances demonstrate that 

in the pre-attachment region, the jet layer is characterised by two peaks occurring at the points of inflection 

of a horizontal velocity profile in the inner and outer layers of jet, respectively. Based on the two-dimensional 

Reynolds averaged Navier-Stokes equations, the Reynolds shear stress profiles within the jet layer are 

theoretically derived. Analyses of the third-order correlations and the TKE fluxes reveal that within the jet 

layer in the pre-attachment region, an upward advection of low-speed fluid streaks induces a strong 

retardation to the jet; while in the wall jet region, an inrush of low-speed fluid streaks induces a weak 

retardation. The TKE budget suggests that within the jet layer, the TKE diffusion rate and the pressure energy 

diffusion rate oppose each other, and the peak of the dissipation rate lags from that of the corresponding 

production rate. Further, the anisotropic invariant maps (AIMs) appear to be a looping trend within the jet 

layer. 

 

Keywords: hydraulics, jets, submerged offset jets, turbulent flows, boundary layer 
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Reclaimed asphalt pavement (RAP) material consists of aged binder and aggregate. Considering the 

higher cost of RAP mix production, it is beneficial if larger quantities of RAP can be utilized in the mixes. 

The present study, carried out in two universities (UTEP and IIT Kharagpur), examined different issues 

related to the selection of RAP content in a mix. RAP from six sources and three Viscosity Grade (VG) 

binders were used. Dense Bituminous Macadam (DBM) mix with VG40 bitumen was selected as the target 

mix. Virgin and RAP binders were characterized by conducting complex modulus, multiple stress creep 

recovery (MSCR), and linear amplitude sweep (LAS) tests. RAP mixes were prepared using three dense 

gradations and two gap gradations. RAP contents of 0%, 15%, 25% and 35% were considered for dense 

gradations whereas 25%, 35% and 45% were chosen for gap graded mixes.  

The mixes were tested for ITS, resilient modulus and dynamic modulus and for fatigue, rutting and 

moisture damage resistance. A simple approach for estimation of the properties of the blend of RAP and 

virgin binders was proposed. The predictive models developed for dynamic modulus and phase angle of RAP 

mixes have been found to be good especially for predicting the phase angle of mixes for high temperature 

and low frequency range. Rutting resistance of the mixes was evaluated using the flow number and dynamic 

creep test whereas the fatigue performance of the mixes was evaluated using indirect tensile fatigue test. 

Moisture damage resistance was measured in terms of Tensile strength ratio and resilient modulus ratio.  
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The rutting resistance of the binders and mixes increased with increasing RAP content. While TSR 

did not give a clear indication of the effect of RAP content on the moisture resistance, the resilient modulus 

ratio decreased with RAP content. Fatigue performance evaluation of typical pavement sections done using 

laboratory fatigue models suggested that higher RAP contents do not have a significant detrimental effect on 

the fatigue performance of thick layers with RAP mixes. Utilization of softer virgin binder and open graded 

mixes permits use of higher RAP content in the mix.  

 

Keywords: RAP, Dense and Gap gradation, Target mix, Blending, Resilient modulus, Dynamic modulus, 

Flow number, Fatigue 
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The objective of this research study was to develop a fatigue cracking characterization process for 

asphalt mixtures in order to evaluate fracture-fatigue performance using a laboratory test technique: dynamic 

Semi-Circular Bending (SCB) test, and assess: (i) crack initiation, (ii) crack propagation, (iii) fatigue failure, 

and (iv) residual materials properties at any stage of the progressive fatigue process. The major scope of the 

research included: formulation of dynamic SCB test; and assessment of fatigue performance using crack 

initiation and propagation properties of three major types of asphalt mixtures. Static SCB test results showed 

that plane strain condition could be achieved when specimen thickness varied within the range of 40-50 mm. 

In addition, fracture resistance Optimization showed that higher fracture resistance could be obtained when 

asphalt content was at the intermediate level considered in this study. Also, aggregate gradation showed a 

pronounced impact on KIC of asphalt mixtures.  

Dynamic SCB test was devised, formulated, and programmed in order to estimate the fatigue 

performance of eighteen asphalt mixtures at three temperatures. Next, dynamic SCB tests were conducted on 

648 SCB specimens at 5, 15, and 25 oC. Fatigue lives of dense-graded asphalt mixes were characterized by 

higher crack initiation phase and brief crack propagation time. In contrast, modified asphalt mixtures resulted 

in early crack initiation time entailed by a prolonged crack propagation phase. Dense-graded asphalt mixes 

resulted in a stable crack growth for comparatively shorter time than the modified ones. Further, crack growth 

rate estimated using Paris’ law parameters indicated that the gap-graded asphalt mixtures resulted in higher 

crack growth than dense-graded mixes for stable crack growth condition. Predictive models were established 

to estimate the number of cycles to crack initiation, propagation, and fatigue failure encompassing 648 data 

points that showed good to fair fit between the observed and predicted values. Overall, this research 

synergized static and dynamic fracture-fatigue responses of asphalt mixtures in a concurrent manner for 

fatigue cracking characterization. The developed dynamic SCB test integrated various fundamental fracture-

fatigue properties to explain fatigue process and set a strong venue to advancing the state-of-the-art pertaining 

to fatigue cracking evaluation of asphalt mixtures.  

 

Keywords: Asphalt mixture, polymer-modified asphalt, asphalt-rubber, fatigue cracking, fracture toughness, 

crack initiation, crack propagation, dynamic SCB test, fracture mechanics, predictive models. 
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Microbial desalination cell (MDC) is a new bioelectrochemical system which can simultaneously 

remove organic and inorganic matter along with facilitating energy recovery from wastewater in the form of 

electricity. In the present research, effect of orientation of ion exchange membrane and total dissolved solids 

(TDS) concentration in saline water on performance of a MDC was investigated. Anion exchange membrane 

(AEM) placed near anode exhibited higher desalination performance and Coulombic efficiency as compared 

to that when cation exchange membrane (CEM) was placed near anode in three-chamber configuration of 

MDC. However, chemical oxygen demand (COD) removal is more when CEM is placed near anode. The 

MDC was modified from three-chamber to five-chamber configuration by addition of concentrate chambers 

on both sides of desalination chamber to avoid pH imbalance in electrolyte and to achieve stable performance 

in long run with higher TDS removal (78%) than three chamber MDC (50%). Five chamber MDC offered 

smaller inter-membrane distance (0.5 cm) and lower internal resistance (110 Ω) as compared to three-

chamber MDC with high inter-membrane distance (3.0 cm) and internal resistance (1362 Ω). Statistical 

optimization revealed significant effect of TDS concentration and HRT of saline water on TDS removal 

efficiency and power generation; whereas, inter-membrane distance has less significant effect on TDS 

removal and power generation with optimal performance of MDC at feed TDS concentration of 29.7 g/L, 

HRT of 72 h and inter-membrane distance of 3 mm, which is the least inter-membrane distance used in this 

study. The model predictions were validated successfully by evaluating performance results of two 

independent MDCs.  

The desalination performance of MDC was enhanced further by application of imposed potential 

(0.7, 0.9 and 1.1 V) to cathode and use of different chemical catholytes (dichromate, permanganate and 

hypochlorite). Hypochlorite as cathodic electron acceptor demonstrated highest TDS removal (89 ± 2%) and 

power generation (385 mW/m2) in MDC. Using mixture of pure culture of Pseudomonas aeruginosa and 

mixed anaerobic sludge inoculum, the five-chamber MDC effectively removed phenol (> 90%) in anodic 

chamber and TDS (78%) in desalination chamber along with power generation (27.5 mW/m2) from steel 

plant effluent. The five-chamber MDC also demonstrated effective metal removal in cathodic chamber and 

simultaneous TDS removal in desalination chamber along with energy recovery using Cr (VI) as the cathodic 

electron acceptor. Based on this experimental performance evaluation, it can be inferred that MDC can 

provide a promising and sustainable approach for wastewater treatment with capability of simultaneous 

organic and dissolved inorganic matter removal and electrical energy recovery.  

 

Keywords: Desalination; Inter-membrane distance; Ion exchange membrane; Microbial desalination cell; 

Power generation; Total dissolved solids; Wastewater treatment. 
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The precise and  accurate prediction of  responses of  concrete gravity dams during earthquakes 

at  any age  is  essential for  the safety of  the  habitations living on  its downstream side.  The  decision  

of  retrofitting or  strengthening the  existing dams necessitates  accurate  analysis  of  the  same  due  

to  degradation of  concrete  and accumulation of  sediments at the reservoir bottom with time. 

Therefore, a rational analysis procedure is necessary which should be capable of taking care of the degradation 

effects due to ageing of concrete, the effect of sediments at the reservoir bottom and the interaction effects 

among dam, its foundation and the adjacent reservoir. Due to varied geometry of the dam and reservoir bed, 

the finite element method is considered to be one of the most suitable techniques to model these three systems. 

A finite element based code has been developed to study the response of these three systems in a 

coupled manner. A suitable truncation boundary condition has been incorporated to model the infinite 

reservoir into finite one. Similarly, the infinite soil foundation domain has been truncated with a suitable 

non-reflecting boundary condition at the artificial truncation surfaces. The displacement based finite element 

is used to formulate the dam and foundation, whereas, the reservoir is modeled by pressure based formulation 

to reduce the degrees of freedoms as well as the computational time. A direct coupling method has been 

developed to obtain the dam-reservoir-foundation interaction effects. The present algorithm also includes 

the time dependent degradation due to environmental condition and mechanical loading in terms of isotropic 

degradation index. At the same time, the concrete in the gravity dam may deteriorate due to continuous 

contact with water and for harsh environmental conditions. 

The developed algorithm can assess the behavior of dam at any age during life time   so  that  the  

remedial  measure  can  be  undertaken to  strengthen  or  perhaps decommission the dam at the right time. 

The absorption of pressure waves at the bottom of the reservoir due to the deposition of sediments has also 

been incorporated in the developed code. The efficacy of the present algorithm has been demonstrated 

through numerous examples. The parametric study shows the importance of consideration of the ageing, 

sediments and dam-reservoir-foundation interaction effects. 

 

Keywords:  Dam-reservoir-foundation interaction,  Direct  coupling,  Free  field response, Added 

response, Degradation index, Reservoir bottom absorption, Finite element method, Seismic response 
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Basin irrigation is a common practice in many parts of the world, and especially in some regions of 

India, where paddy is grown as a staple food. In many canal irrigated command areas where basin irrigation 

is practised with diverted water from a river, it is often seen that the supplied water is inadequate to meet the 

crop water requirement. As a result, cultivators at the lower ends of the command area resort to pumping 

groundwater, thus posing a threat of its over withdrawal. Water managers, therefore, advise “conjunctive 

use” of surface and groundwaters for a more equitable and sustainable solution to this issue. However, the 

decisions these managers have to take are based either from their experience acquired by a study of past 

scenarios or on some empirical tools. The work presented in this thesis attempts to fill in this gap by 

developing a physically based numerical model that simulates surface flow, groundwater flow and the 

interlinking process of moisture movement in the unsaturated zone for basin irrigation in a canal command 

area. Details of the individual models as well as the integrated framework combining all the models is 

discussed. Capability of the model is demonstrated considering an illustrative study area irrigated by canal 
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(surface) and groundwater. Various scenarios possible for a basin irrigated system for conjunctive water use 

is also demonstrated using this sample domain.  

 

Keywords: Numerical Simulation, Basin Irrigation, Conjunctive Use 

 

DECENTRALIZED WASTEWATER TREATMENT PLANTS AS A 

SUSTAINABLE IMPACT MITIGATION SYSTEM 
 

Pritha Chatterjee 
Supervisors: Prof. M.M. Ghangrekar and Prof. Surampalli Y. Rao 

Department of Civil Engineering 

Accession No.: NB15706 

 

A review of the existing wastewater treatment technologies and reinvention of them is very timely 

in order to achieve complete sewage treatment with organic matter, solids, nutrients and pathogen removal 

which was aimed to do in the current study to facilitate reuse of treated water. Five decentralized and one 

centralized treatment plants were monitored extensively after studying the qualitative performance of thirteen 

treatment plants as a case study in West Bengal. Proper emphasis ought to be placed on sludge management, 

tariff of water and training of staff for improving performance of these plants. Decentralized treatment plants 

fared well in terms of these aspects, with the anaerobic technologies using 15 fold less energy and producing 

5 times less sludge than the aerobic technologies.  

Possibility of methane generation from septic tank sludge was explored in laboratory scale anaerobic 

digesters with and without sonication pre-treatment. Biogas production rate was predicted best with first order 

kinetic model which was validated in a 2000 L pilot digester. The pilot digester could produce biogas of 280 

± 22 L/kg VS destroyed per day. Arrhenius temperature correction factor was worked out to be 1.12. 

Sonication of septic tank sludge resulted in higher methane recovery and a net energy gain of 1.67 W-h/L of 

sludge digested.  

The problems of up flow anaerobic sludge blanket (UASB) reactor while treating low-strength 

sewage, namely sludge washout, improper mixing and no granular sludge was solved by the novel reactor 

configuration of UASB-moving bed biofilm (MBB)-rope bed biofilm (RBB) reactor, which was operated for 

640 days on synthetic wastewater and 90 days on raw sewage. A 99% chemical oxygen demand (COD) 

removal efficiency and 89% nitrogen removal efficiency via anammox process could be achieved in the 

hybrid reactor when operated with synthetic sewage. COD removal efficiency of 95% with final effluent 

COD less than 10 mg/L was achieved when the reactor was operated on raw sewage. 83% sludge granulation 

could be observed in the laboratory hybrid reactor. 73% of sulphur recovery from sulphate rich raw municipal 

wastewater could be achieved in a microbial fuel cell (MFC), which could harvest power of 54.4 mW/m2, at 

a Coulombic efficiency of 14%, with respective COD and sulphate removals of 90% and 95%. 2-3 log scale 

pathogen removal producing effluent with MPN less than 1000/100 mL was achieved using novel ZnO-Ag 

coated chitosan beads.  

The UASB-MBB reactor piloted and operated for a year to treat up to 500 m3/day of sewage 

generated in IIT Kharagpur campus. COD removal efficiency increased from 73% to 83% upon addition of 

moving media in the UASB reactor. A 67% granulation of sludge could be observed, which has never been 

reported earlier in a full scale UASB reactor treating low strength sewage. For post treatment of UASB 

effluent a HRAP was operated which could achieve a total nitrogen removal of 85%, phosphate removal of 

91% and 2-3 log scale pathogen removal. The research thus provided a solution for sustainable decentralized 

sewage treatment.  

 

Keywords: Decentralized wastewater treatment, Disinfection, Granulation, Hybrid reactor, UASB-MBB-

RBB, ZnO-Ag-Chitosan beads 
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WALL-WAKE FLOWS DOWNSTREAM OF WALL-MOUNTED AND NEAR-

WALL HORIZONTAL CYLINDERS 
 

Rajashree Lodh 
Supervisor: Prof. Subhasish Dey 

Department of Civil Engineering 

Accession No.: NB15815 

 

Turbulent characteristics in wall-wake flows downstream of wall-mounted and near-wall cylinders 

are investigated. The distributions of the defect of streamwise velocity, Reynolds shear stress and turbulence 

intensities exhibit a certain degree of self-preserving characteristic when they are scaled by their respective 

peak defect values. For the velocity defect distributions, the vertical distances are scaled by the half-width of 

peak defect measured from the bottommost point of the cylinders. However, for the distributions of the 

defects of the Reynolds shear stress and the turbulence intensities, the vertical distances are scaled by the 

half-width of Reynolds shear stress defect. The values of the peak defects of all the quantities gradually 

reduce with the distance downstream from the cylinders signifying the recovery of their undisturbed upstream 

distributions. The third-order correlations and quadrant analysis reveal that for the wall-mounted cylinder, a 

streamwise acceleration associated with a downward flux in the inner-layer of wall-wake composes sweeps 

and a streamwise deceleration associated with an upward flux in the outer-layer forms ejections. On the other 

hand, for the near-wall cylinder, a streamwise deceleration associated with a downward flux in the inner-

layer of wall-wake flow and the gap flow produces the inward interaction events, while the outer-layer 

characteristic is similar to that of wall-mounted cylinder. The turbulent kinetic energy (TKE) budget in the 

wake flow is characterized by a high negative pressure energy diffusion rate in addition to high TKE 

dissipation and diffusion rates and that in the gap flow by a minor positive peak of pressure energy diffusion 

rate and a minor negative peak of TKE diffusion rate. In the wake flow, the mean duration of bursting events 

is shorter than their mean interval of occurrence. The turbulent length scale length scales in the wake flow 

decrease as compared to those in the upstream distributions.  

 

Keywords: Flow characteristics; Hydraulics; Open-channel flow; Streamflow; Turbulent flow; Wakes. 

 

STABILITY OF COMPOSITE SKEW PLATES AND SHELL PANELS UNDER 

LOCALIZED IN-PLANE MECHANICAL AND THERMAL LOADS 
 

Rajesh Kumar 
Supervisors: Prof. L. S. Ramachandra and Dr. B. Banerjee 

Department of Civil Engineering 

Accession No.: NB15709 

 

The non-linear static and dynamic instability analyses of composite skew plates and shell panels 

subjected to non-uniform in-plane mechanical (parabolic, partial and concentrated) and localized thermal 

(partial rectangular, central and dome shape) loadings are studied in this thesis. The laminated composite 

skew plates and rectangular plates are modeled based on first order shear deformation theory (FSDT) 

incorporating von Kármán non-linearity. Love’s shell theory incorporating FSDT and von Kármán type of 

non-linearity are used to model the composite cylindrical and conical shell panels. 

The prebuckling stresses developed within the skew plates and the shell panels, subjected to non-

uniform in-plane mechanical and localized thermal loadings, are not known a priori. In order to estimate the 

critical bucking load/temperature of the plate and shell panel, two step approach is adopted – (i) the 

prebuckling stress distributions within the plates and the shell panels are first evaluated by solving the in-

plane elasticity/thermoelasticity problem and (ii) using these prebuckling stress distributions the governing 

partial differential equations describing the static and dynamic instability behavior of composite skew plates 
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and shell panels are derived via Hamilton’s principle. Using either generalized differential quadrature method 

or Galerkin method, the nonlinear static stability of plates and shell panels are studied. The critical buckling 

load/temperature of plates and shell panels is obtained by solving the associated eigenvalue problem and the 

postbuckling equilibrium paths are traced using modified Newton-Raphson method in conjunction with Riks 

approach. The Bolotin method is adopted to trace the boundaries of instability regions. The nature of 

instability regions are studied by plotting dynamic responses in stable and unstable regions via Newmark’s 

method. The dynamic buckling load of imperfect composite plate subjected to in-plane pulse loading is 

computed based on the Tsai-Wu failure criterion. The effects of plate and shell geometric parameters, 

damping, and various types of mechanical and thermal loadings, boundary conditions and influence of initial 

geometric imperfections on the static and dynamic instability behaviour are studied. 

The load carrying capacity of thin shell panels reduces drastically in the presence of imperfections. 

In this investigation, the local imperfections present in shells are identified based on a simple, yet robust, 

penalty based inverse approach within the framework of geometric nonlinear finite element method. Using 

the present algorithms, single and multiple dent type imperfections were identified based on sparse 

displacement measurements. After identifying the local imperfections, the load carrying capacity of shell 

panels are estimated. 

 

Keywords: Composite skew plates, Composite shell panels, Buckling, Postbuckling, Postbuckled vibration, 

Dynamic instability, Dynamic buckling, Non-uniform mechanical loading, Localized thermal loading, Initial 

geometric imperfection 

 

STATIC AND DYNAMIC PROPERTIES OFUNTREATED AND LIME 

TREATED FLY ASH 
 

Rana Chattaraj 
Supervisor: Prof. Aniruddha Sengupta 

Department of Civil Engineering 

Accession No.: NB15699 

 

The static and the dynamic properties of an untreated and a lime treated fly ash have been 

investigated by means of unconfined compressive strength tests, triaxial compression tests and resonant 

column tests in the laboratory. Cyclic triaxial tests have been also carried out on the fly ash to investigate the 

liquefaction potential of the fly ash. The static and the dynamic properties of a local river sand have also been 

determined in the laboratory and compared with the published results on other sands. The liquefaction 

potential, dynamic shear moduli and the damping ratio of the fly ash have been compared with the 

corresponding values for the sand. Based on the experimental investigation, simple empirical relationships 

are developed to predict the maximum dynamic shear modulus and the damping characteristics of the sand 

and the fly ash. A number of correlations have been developed to predict the maximum dynamic shear 

modulus of the sand and the fly ash from the triaxial compression tests. The shear strength characteristics of 

the fly ash are studied with the addition of 4, 6, 8 and 10% lime to it. The effects of the lime content and the 

confining pressure on the dynamic shear modulus and the damping ratio have been investigated after 3, 7, 14 

and 28 days of curing. A regression analysis has been performed on the experimental data and simple 

empirical formulae are developed to predict the maximum dynamic shear modulus of the lime treated fly ash 

after 3, 7, 14 and 28 days of curing. Empirical formulae are also developed to predict the maximum dynamic 

shear modulus of the lime treated fly ash from the results of the unconfined compressive strength tests and 

the triaxial compression tests. It is found that the dynamic shear modulus of the fly ash increases as the lime 

content, curing period and the confining pressure increase. It is observed that the damping ratio of the fly ash 

increases due to the addition of lime, but increase in lime content from 4 to 10% does not have any significant 

effect on the damping. It is also observed that the curing period does not affect the damping behaviour of the 

lime treated fly ash.  



2016-17 Abstracts of Ph.D. Theses 
 

84 Indian Institute of Technology Kharagpur 

 

 

Keywords: Fly ash; Lime treatment; Resonant column test; Dynamic triaxial test; Shear modulus; Damping 

ratio. 

 

ESTIMATION OF DAMPING PARAMETERS FOR STRUCTURES USING 

FINITE ELEMENT MODEL UPDATING TECHNIQUE 
 

Subhajit Mondal 
Supervisor: Prof. S. Chakraborty 

Department of Civil Engineering 

Accession No.: NB15829 

 

Assessment of correct dynamical responses of structures is extremely important from safety, 

vibration serviceability and operational point of view, as well as for long term health monitoring. This 

depends upon, how well the mathematical model represents the realistic behaviour of the structure in terms 

of material properties, existing boundary conditions, geometry and applied loading. Although the geometric 

and material properties are well incorporated into a finite element model to represent the elastic and inertia 

properties, there is no generally agreed mathematical model to represent the damping behavior accurately. 

Moreover, such properties deviate from the initial values over time. The identification of the overall damping 

behavior of a structure, considering the contribution from material damping, damping at boundary and 

environmental damping through a forward problem is extremely difficult. A non-destructive inverse 

technique may be more suitable in such situations for the estimation of damping and elastic properties. 

Vibration based inverse model updating approaches rely upon experimental modal testing, finite element 

modeling, correlation between these two models and finally, estimation of elastic and damping parameters 

through optimization of a suitable objective function. In this thesis, viscous proportional and non-proportional 

models are identified from experimental modal analysis results; also critical factors affecting the non-viscous 

response of damped structures are investigated. Special focus is given to the fibre-reinforced plastics layered 

composites as high level of uncertainties are induced into the elastic and damping properties. Numerically 

simulated problems as well as experimental investigations are conducted to examine the efficiency of the 

proposed gradient based inverse eigensensitivity algorithm in presence of measurement noise and also in the 

environment of spatial and modal sparsity. Influence of carbon nanotubes on the elastic and damping 

parameters are investigated through real experimental case studies, with special emphasis to the effects of the 

presence of glass fibres in fibre reinforced plastic composites.  

 

Keywords: Viscous proportional damping, Viscous non-proportional damping, Nonviscous damping, Finite 

element model updating, Frequency response functions, Complex eigenvector, Glass fibre reinforced plastic 
 

HYDROLOGICAL MODELING OF A SUB-HIMALAYAN WATERSHED AND 

IMPACT ASSESSMENT OF BEST MANAGEMENT PRACTICES 
 

Swagata Chatterjee 
Supervisor: Prof. V.R.Desai 

Department of Civil Engineering 

Accession No.: NB15671 

 

Himalayas are the youngest and tallest mountains of the world, which are ecologically very fragile. 

They are significantly impacted by climate change in general; heavy precipitation followed by landslides, 

sporadic cloud bursts, excessive soil erosion/sediment deposition and occasional earthquakes. Moreover, data 

related to Watersheds in the Sub-Himalayan regions is also very scarce. So, the watersheds in the Sub-

Himalayan Region need to be properly studied using appropriate technological tools such as Remote Sensing, 
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Geographical Information System (GIS), distributed hydrological models etc. so as to better understand their 

behavior and to arrive at meaningful inferences. With this broad objective, Rongni Chu Watershed, a part of 

Teesta River Basin, was chosen as the study area. Morphometric analysis for the 25 Micro-Watersheds 

constituting the Study Area was carried out and Universal Soil Loss Equation (USLE) was used for sediment 

yield estimation. Spatio-temporal land use/ land cover (LU/LC) change analysis was performed using Markov 

Chain (MC) Model, Cellular Automata (CA) Model and the LU/LC scenario for the year 2030 was predicted. 

For hydrological modeling for streamflow and sediment yield, Soil and Water Assessment Tool (SWAT) 

Model was used, assuming appropriate base data wherever essential over and above the hydrometeorological 

data obtained by India Meteorological Department (IMD). Using the LU/LC change results, sensitivity 

analysis was performed on parameters which significantly impact the streamflow and sediment yield. There 

is a good agreement between the measured and simulated flows and sediment yields with higher values of 

Coefficients of determination, Nash Sutcliffe efficiency and Percent Bias. Within the study area, Taksom 

Chu Sub-Watershed consisting of three Micro-Watersheds was considered for the impact assessment of 

existing Best Management Practices (BMPs). Later on a village was selected in this Sub-Watershed and the 

problems affecting the village and its neighboring areas were identified based on intensive field survey 

conducted in 2011-2012. Using the field survey results, feasible solutions were proposed to the identified 

problems which are impacting the field survey village. The novelty of the research work is that, it has tried 

to integrate the terrain analysis, landscape analysis and hydrologic modeling to predict the hydrological 

behaviours of the Rongni Chu or Ranikhola Watershed. The calibrated model can be used for further analysis 

of the effect of climate and land use change as well as other different management scenarios on stream flows 

and soil erosion. The study also suggested some best Management Practices (BMPs) for the impending 

Rongni Chu Hydro-Electric Project area, especially for the most affected villages. To conclude, it is expected 

that the output of this research work will substantiate our current understanding on the effect on erosion and 

sediment yield and spatial pattern of LU/LC on catchment response. The result of the study could help 

different stakeholders to plan and implement appropriate soil and water conservation strategies. It will also 

enable the decision makers to formulate Best Management Practices (BMPs) in the region so that the 

environmental sustainability of the catchment can be maintained. 

 

Keywords: LU/ LC Change, USLE, GIS, SWAT, Streamflow, Markov Chain, Cellular Automata, Sediment 

Yield, and BMP 
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Concrete is a non-homogeneous mix of coarse aggregates, sand, cement, airvoids and interfacial 

transition zone (ITZ) around aggregates. Adoption of these complex structures and material properties in 

numerical simulation would lead us to better understanding and design of concrete. This dissertation is 

concerned about mesoscale modeling of concrete and shape analysis of coarse aggregates using digital 

camera and CT images. The digital image helps in quantifying structural elements at mesoscale and captures 

shape and texture of coarse aggregates. 

In this work, the mesoscale model of concrete has been prepared using digital camera and X-ray CT 

image. Firstly, two-dimensional (2D) shape analysis of coarse aggregates has been performed using digital 

images. The parameters for shape analysis, such as, circularity, sphericity, roundness, roughness, solidity, 

rectangularity, aspect ratio and fullness are used to characterize the shape of 2D coarse aggregates. Secondly, 

these images are converted into computer model and numerically simulated using commercially available 
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finite element software. The mesoscale models are simulated under the influence of compressive 

displacement. The effect of shape and distribution of aggregates, continuous and discrete ITZ thickness, 

voids, and variation of mortar strength has been investigated. Thirdly, the effect of shape and distributions of 

steel fibers has been investigated. The compressive response of fiber reinforced concrete (FRC) at meso level 

has been numerically evaluated. The discrete fibers are distributed in between aggregates in the digitally 

modeled mesoscale concrete. The orientation, shape, distribution, aspect ratio, and material properties of 

fibers are considered for the strength evaluation of FRC. Finally, the three dimensional model is also made 

from 2D CT scan images and finite element analysis is carried out for evaluation of compressive and tensile 

strength of concrete cube. 

The present study shows that imaging systems like digital camera and CT scans are fast, efficient 

and reliable in finding realistic structure of mesoscale concrete and actual shape and texture of coarse 

aggregates. The digital imaging techniques can be adopted in engineering evaluation for quality control of 

concrete. 

 

REMOTE DYNAMIC PARTIAL RECONFIGURATION FOR EMERGING IoT 

APPLICATIONS: THREATS AND COUNTERMEASURES 
 

Anju P.J. 
Supervisors: Dr. Rajat Subhra Chakraborty and Dr. Debdeep Mukhopadhyay 

Department of Computer Science and Engineering 

Accession No.: NB15587 

 

The Internet of Things (IoT) is a dynamic, ever-evolving \living" entity. Hence, modern Field 

Programmable Gate Array (FPGA) devices with Dynamic Partial Reconfiguration (DPR) capabilities, which 

allow in-field non-invasive modifications to the circuit implemented on the FPGA, are an ideal _t for 

emerging IoT applications. Remote Dynamic Partial Reconfiguration (RDPR) of FPGAs is a modern 

technique which allows “in-field”, “on-the-fly” modifications to predefined partitions of the FPGA floorplan 

from a remote device connection. In this technique bitstreams corresponding to a new “add-on” hardware is 

transferred over a remote connection to the deployed FPGA. Controllers residing within the FPGA initiates 

Dynamic Partial Reconfiguration (DPR) in the required FPGA partition, whereby a new hardware design gets 

configured for use. The RDPR of FPGAs provides countless benefits as it allows mapping of additional 

hardware to the device as and when required, without the need of bringing the FPGA “offline” or without the 

need of storing bitstreams inside the FPGA. 

In this work we propose a novel complete methodology for RDPR of FPGAs in IoT applications 

using open source software packages, and standard EDA/CAD software tools which do not require special 

paid license for establishing RDPR. This feature may be exploited by an adversary to launch attacks on the 

device. We further analyze the security threats on the proposed RDPR systems mainly due to malicious 

bitstreams corresponding to Hardware Trojan Horses (HTHs). HTHs are malicious hardware alterations in 

the device which would either effect the circuit functionality or leak useful information via a covert channel. 

In this thesis, we also provide low-overhead solutions based on Physically Unclonable Functions (PUFs) to 

resist these threats. 

 

Keywords: Internet of Things (IoT), Dynamic Partial Reconfiguration (DPR), Remote Dynamic Partial 

Reconfiguration (RDPR), Field Programmable Gate Arrays (FPGAs), Hardware Trojan Horse (HTH), 

Physically Unclonable functions (PUFs). 
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FULLY HOMOMORPHIC ENCRYPTION BASED ALGORITHMS: DESIGN 

AND CHALLENGES 
 

Ayantika Chatterjee 
Supervisor: Prof. Indranil Sengupta 

Department of Computer Science and Engineering 

Accession No.: NB15643 

 

Storage and management in cloud services are of growing importance due to their cost-effective 

approaches in using large shared resources. However, with public access to the information in clouds, security 

is a very important issue. Confidentiality of data can be preserved by encrypting critical data before storing 

it in the cloud. However, bringing the data back and processing after decryption also leads to an overhead 

and outweighs the advantage of cloud computing. Homomorphic encryption which allows operations directly 

on the encrypted data is a solution to reduce this overhead. Fully homomorphic encryption (FHE) goes a step 

further and provides an effective primitive to perform arbitrary operations on encrypted data. With the support 

of FHE, cloud can evaluate any functions on encrypted data without having access to the secret key and 

without knowing the result. Significant research is being performed to make the original scheme more 

efficient and practical for real-life applications in recent few years. Motivation of our work is from the fact 

that for developing suitable tools to execute algorithms operating on FHE data on general purpose computers, 

one also needs to architect suitable translations of algorithms operating on unencrypted data to those which 

operate on FHE encrypted data. Further, FHE schemes are by design circuit-based and are not amenable to 

a non-circuit computation. However, classic algorithms are mostly non-circuit based, implying that they are 

not described in terms of logical gate level operators, like AND-OR multiplexers. This inspires us to develop 

suitable synthesis techniques to handle algorithms which operate on FHE data and find methodologies to 

improve their performances. In this dissertation, we start with the age old problem of sorting, and propose 

the first circuit based implementation of FHE encrypted sort. We extend our work to identify the basic 

components of an algorithm and then try to realize them in encrypted domain. Subsequently, we target 

algorithms in both non-recursive and recursive versions and discuss their realizations while operating in the 

FHE domain. We identify that detecting termination while implementing encrypted algorithms on existing 

unencrypted processors is a major challenge and we propose a possible solution to this problem with the use 

of encrypted processor. While existing encrypted processors are chosen plaintext attack (CPA) insecure due 

to absence of randomization in underlying encryption scheme, this motivates us to design FHE encrypted 

URISC (FURISC) architecture which works with single opcode. Finally, we analyze the challenges of 

realizing such FHE encrypted processor with very large parameters in reconfigurable hardware and propose 

design of addition and multiplication building blocks for such processor with suitable compression 

techniques. 

 

Keywords: Fully homomorphic encryption (FHE), Sorting, Algorithm Translation, URISC, Reconfigurable 

hardware, Hardware implementation 
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In this thesis, we present the first of its kind early global routing framework after floorplanning of a 

design is done as per the existing physical design (PD) flow. The intent of this work is to assess early 
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routability of a design, earlier than the existing practices in the present PD flow. The proposed routing 

framework begins with the identification of a set of monotone staircase routing regions obtained by recursive 

floorplan bipartitioning, based on a simple floorplan topology graph. For this purpose, a new floorplan 

bipartitioning framework based on different graph search techniques on the floorplan graph is proposed for 

faster completion, as compared to the existing maxflow based methods that incur higher runtime overhead. 

During the proposed early global routing, we aim to address an early version of unconstrained via 

minimization (UVM) problem, by an improved bipartitioning framework for identifying of a set of minimal 

bend monotone staircase routing regions, using a greedy and a randomized search technique. 

The corresponding routing regions are used to construct a new routing graph model which allows 

the nets to be strictly routed through these routing regions in a number of routing (metal) layers. Notably, this 

routing model is fundamentally different from the grid graph model used in the existing global routing 

methods. Subsequently, we extend this early routing model for undertaking over-the-block early global 

routing at floorplan level. This hybrid model employs the monotone staircases for routing in lower routing 

layers, while a suitable floorplan based adaptation of the existing grid graph model is used for upper layers. 

Unlike the existing grid graph model used in post-placement global routing, both the proposed routing models 

can potentially address the pin accessibility problem of the nets at floorplan block level by suitable edge 

definition. Beside early routability assessment, both the models ensure that the congestion in any routing 

region is restricted to 100% and also adhere to the proposed UVM based early routing topology generation 

and layer assignment of the nets for minimal via routing. The corresponding routing solutions can be helpful 

in guiding the subsequent post-placement global/detailed routing as well as performing detailed placement 

of standard cells while obeying the given floorplan topology. In this regard, a case study on different floorplan 

instances of an industrial design with the help of a well known industrial physical design (PD) tool has been 

also conducted. 

Finally, the proposed routing framework is explored for design for manufacturability (DFM) aware 

early routability assessment, by considering an early abstraction model of edge placement errors (EPE) due 

to the limitation of planar fabrication processes. In this part, we also focus on uniform wire distribution 

intended for minimizing the surface irregularities due to non-uniform metal density across the layout and 

different hardness factors of the metal and the dielectric materials during chemical mechanical polishing 

(CMP) process. 

 

Keywords- Electronic design automation, physical design flow, floorplanning, global routing, routing region 

definition, monotone staircase regions, pin access, congestion, unconstrained via minimization, chemical 

mechanical polishing, design for manufacturability, edge placement error. 
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The research works documented in this thesis lie in the intersection of two different aspects of 

symmetric key cryptography. From one side the thesis evaluates the security of symmetric-key primitives 

such as hash functions and authenticated encryption (AE) schemes from the mathematical point of view and 

from the other side it investigates the physical security of these primitives, notably against fault attacks. For 

hash functions the cryptanalytic results obtained are on SHA3 standard while the analysis for authenticated 

ciphers is concentrated on CAESAR candidates. The first part of the thesis highlights a problem that renders 

differential fault analysis inapplicable to Nonce-based AE. Then it progressively explores three ways to solve 

the problem leveraging on properties of authenticated ciphers that are often contested to be desirable. The 
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first approach exploits nonce-misuse resistance and onlineness, the second approach exposes the side channel 

vulnerability of releasing unverified plaintexts while the final approach introduces the notion of fault analysis 

using internal differentials. Additionally, this part of the thesis reports the first fault analysis of a sponge 

based mode of operation used in AE and also addresses the problem of fault analysis with partial state 

information. The second part revolves around finding distinguishers on SHA3 standard and its internal 

permutation (KECCAK-p) which exploit the self-symmetry of the internal state. The first result comes in the 

form of an interesting property exhibited by a special quartet of coordinates which can be converted to a 

distinguishing strategy using the internal symmetry of the state. Then it is shown how the technique can be 

composed with other known strategies to penetrate up to 8 rounds of KECCAK-p using practical query 

complexities. The second result reports a new distinguishing property of SHA3 hash functions that requires 

4 times fewer inputs that the higher order differential property. It shows and capitalizes on the existence of 

special sets of inputs for which the sum of the images under SHA3 exhibits a symmetric property. 

Interestingly, this work constitutes the first analysis of SHA3/KECCAK that relies on round-constants but is 

independent of their Hamming-weights. The third part explores the paradigm of guess-and-determine attacks 

in the context of authenticated encryption. It develops practical key-recovery attacks on CAESAR submission 

PAEQ in the round reduced setting. The attacks target the mode of operation along with diffusion inside 

internal permutation and reach 6, 7 and 8 rounds. 

 

DESIGN AND ANALYSIS OF SECURE PHYSICALLY UNCLONABLE 

FUNCTION COMPOSITIONS 
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Accession No.: NB15778 

 

Silicon Physically Unclonable Function (PUF) circuits exploit device-level CMOS manufacturing 

process induced variations to define a random and IC-specific physical challenge response mapping. Since 

most of the primitive delay PUF designs such as Arbiter PUF (APUF) are proven to be insecure against 

modeling attacks, compositions of primitive PUFs are used to achieve robustness against modeling attacks. 

However, the reliability of the resultant PUF is usually significantly less compared to primitive PUF designs. 

The primary goal of this thesis is the design and security analyses of secure PUF compositions with higher 

reliability assurance. 

Our proposed Composite PUF design framework can be used to design a PUF using a set of primitive 

PUFs with enhanced performance and security metrics. One of the major problems with most of the existing 

PUF compositions is that reliability of the resulting PUF reduces with increasing number of primitive PUFs 

used in compositions. As a solution to this problem, we propose a multiplexer based composition of APUFs, 

called MPUF. Our proposed MPUF variant, called rMPUF, can achieve higher reliability and security against 

reliability based modeling attack compared to any practical instance of XOR APUF. To the best of our 

knowledge, rMPUF is the only APUF composition that is robust against most powerful reliability based 

modeling attack. 

Since APUF designs are often used in composition due to its lightweight property, we propose an 

architectural analysis technique to select good APUF variants for composition. Our analysis reveals that the 

classic APUF architecture is superior to its two FPGA variants, namely Programmable delay line based APUF 

(PAPUF) and Double APUF (DAPUF). Thus, in ASIC, APUF should be used in composition instead of 

architecturally weak PAPUF and DAPUF. 

For security analysis, we develop an unpredictability test based on the propagation property of PUF. 

We show that APUF, XOR APUF and Lightweight Secure PUF (LSPUF) cannot pass this test. As a result of 

the failure in this test, it is revealed that adversary can generate related challenge-response pairs (CRPs). 

These related CRPs should not be used in security applications. In addition, we develop various cryptanalysis 
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techniques that can be used by an adversary to reduce the security level of PUF design. We also demonstrate 

how these cryptanalysis techniques are used along with traditional machine learning techniques to achieve 

an enhanced modeling attack. Our proposed cryptanalysis assisted modeling attack on LSPUF shows that 

multibit output LSPUF instances are not secure. 

Finally, we provide fault-tolerant implementations of various delay PUFs implemented on FPGA 

against laser fault attacks. Our fault tolerant solutions can detect runtime faults, and prevent information 

leakage through faulty output. To recover the faulty PUFs on FPGA, we implement PUFs using configurable 

LUT and random-sliding features. 

 

Keywords: Physically unclonable functions (PUF), Arbiter PUF, Composite PUF, Cryptanalysis, Modeling 

Attacks, Chosen-challenge Attacks, Adaptively Chosen-challenge Attacks, Architectural Bias, Propagation 

Property, Field Programmable Gate Array (FPGA), Fault Tolerant PUF Implementation. 
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Wireless multimedia sensor networks (WMSNs) involving camera sensor (CS) and scalar sensor 

(SS) nodes provide precise information of events occurring in the monitored region by transmitting video 

packets from the event area to the base station (BS). Topology management in WMSNs differs from that in 

ordinary wireless sensor networks (WSNs) due to factors such as continuous sensing of the environment for 

retrieving video data, transmission of large-sized payload of video packets, and specific requirements with 

respect to event coverage. Consequently, energy efficiency, routing, sharing of limited bandwidth, and 

security provisioning emerge as new challenges for distributed topology management in WMSNs. In this 

work, we focus on achieving improved event coverage, efficient energy usage of the nodes for enhanced 

lifetime, increased packet delivery ratio, increased throughput, and efficient resource allocation among the 

competing links. 

We address some of the above issues by first proposing a distributed topology management scheme, 

named T-Must, to ensure improved event coverage, enhanced lifetime of the CS nodes, and optimized 

connectivity between the CS nodes. 

The deployment of WMSNs in unattended environment makes the nodes vulnerable to node 

replication attack. This security issue is considered here along with topology management in WMSNs. Next, 

by exploiting the received signal strength of the control packets exchanged between nodes, we propose a 

trust-based distributed topology management scheme, named TRAST, to provide efficient coverage of an 

event and maintain inter-node connectivity, even in the presence of malicious entities. 

Upon occurrence of an event, when the data sent by the associated SS nodes in the event area exceed 

a pre-configured threshold, the CS nodes start sensing the event and send the corresponding video packets to 

the BS. Therefore, in addition to the lifetime of the CS nodes, the lifetime of the SS nodes and their data 

reporting latencies play pivotal roles in distributed actuation of the CS nodes. In order to prolong the lifetimes 

of both the CS and the SS nodes, and to reduce the data reporting latency, while ensuring event coverage and 

reliable event reporting, we propose a topology management-based distributed camera actuation scheme, 

named TADA. 

Finally, by considering the possibility of occurrence of multiple concurrent events in the monitored 

region in an environment affected by shadow fading, we conclude our work by proposing a cooperative 

communication and resource allocation scheme, named CRAQ, for quality of service (QoS) support. CRAQ 
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offers enhanced lifetime of the CS nodes, increased packet delivery ratio, and increased throughput with fair 

resource allocation among the contending links of multiple flows. 

Results of performance evaluation obtained from extensive simulation-based experiments indicate 

that T-Must, TRAST, TADA, and CRAQ help in distributed topology management and resource allocation 

in WMSNs. 

 

Keywords: Wireless sensor networks, Wireless multimedia sensor networks, Topology management, Trust, 

Cooperative communication, Resource allocation 
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Stream ciphers play an important role in cryptographic applications where the resources are at a 

premium. eSTREAM project was a multi-year effort to identify new stream ciphers for wide adoption. 

Trivium, one of the finalists of eSTREAM project, is shown to be vulnerable against fault attacks. Differential 

fault analysis and a number of its variants pose a major threat against Trivium which exploits the weakness 

in nonlinearity and reversibility of the cipher. This thesis analyses the fault attacks on Trivium and show how 

Cellular Automata (CA) based stream ciphers can effectively be deployed to prevent these attacks. In general, 

CA based stream ciphers use three-neighbourhood CA which are widely studied and accepted as suitable 

cryptographic primitive. A 3-neighbourhood nonlinear CA with rule 30 was proposed as an ideal candidate 

for cryptographic primitive but was later shown to be vulnerable. The cryptographic properties like diffusion 

and randomness increase with increase in neighbourhood radius and thus open the possibility of exploring 

the cryptographic properties of 4-neighbourhood CA. We explore whether 4-neighbourhood CA can be a 

better cryptographic primitive. We construct a class of cryptographically suitable 4-neighbourhood nonlinear 

CA rules that resembles rule 30 and study its cryptographic properties. Four-neighbourhood nonlinear CA 

are shown to be resistant against Meier-Staffelbach attack on rule 30, justifying the applicability of 4-

neighbourhood CA as better cryptographic primitives. We use 4-neighbourhood CA to design a fault-resistant 

CA based cipher which is also shown to be secure against other major attacks.  

 

Keywords: Cellular Automata, Stream Cipher, Fault Attack, 4-neighbourhood CA, nonlinear CA rules, 

cryptographic properties of CA, CA rule 30 
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Indian summer monsoon is a complex climatic phenomenon. The Indian subcontinent receives 70% 

of its rainfall from the Indian summer monsoon (ISM). India is an agricultural country. The Indian monsoon 

is critical for the economy of the country. Prediction of the summer monsoon rainfall plays a significant role 

in planning of agriculture, irrigation, food storage, and infrastructure development of the country. 
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Prediction of summer monsoon rainfall still remains a challenging task. It is a non-linear 

phenomenon affected by many global long range effects. The dynamics of tropical climate in the climate 

change era makes it even more difficult. There are two major approaches for prediction–the first one is based 

on numerical physics based global circulation models and the second one is based on statistical predictions 

using climatic monsoon predictors of the world. Performances of both the models are currently comparable 

for Indian monsoon. 

In this thesis we explore machine learning based statistical prediction models– we attempt the tasks 

of forecasting the national aggregate rainfalls in the months of June-September. We also predict the early and 

late monsoons spanning the months of June-July and August-September, respectively. Regional rainfalls in 

the central, north-east, north-west, and south-peninsular parts of the country are also predicted. Finally, we 

try to predict the active and break spells of monsoon over the summer months. 

Machine learning based monsoon prediction consists of two major steps, namely, identification of 

monsoon predictors, and development of prediction algorithms using these predictors. The thesis addresses 

both these issues. While identifying the climatic predictors and developing the prediction algorithms, effort 

is being made to address the challenges specific to monsoon prediction. The challenges include variable and 

time evolving nature of interaction between global climatic variables and Indian monsoon, non-linear and 

complex nature of the phenomenon, presence of teleconnection and long-range dependencies, and finally, 

uncertainties involved with the phenomenon. 

The major contributions of the thesis are the following. A recurrent neural network based approach 

is first proposed for prediction of national aggregate rainfall. The three operational models of Indian 

Meteorological Department have mean absolute errors of 7.5%, 7.1%, and 6.5%, respectively. While the 

recurrent network has an error of 3.3% in predicting the summer monsoon. Next, to model the time evolving 

characteristics of influence of global climatic variables over monsoon, we adopt an ensemble approach. The 

years that have similar nature are grouped together using fuzzy and subspace clustering. Models built on 

these groups of years are ensemble to obtain the prediction. The approach reports an error of 3.4% on the 

national aggregate monsoon prediction. 

In order to capture long-range dependencies for identification of new climatic predictors, we next 

propose a climate network based approach. A complex network is built using geographical grids as nodes 

and similarity between their climatic variables as edge weights. A community detection is performed on this 

network for extraction of new predictors influencing the Indian monsoon. The predictors are observed to 

provide an mean absolute error of 4.3% using ensemble of bagged regression trees model for forecasting the 

summer monsoon. The discovered predictors are found to be meteorologically significant. 

The problem of identification of monsoon predictor is then addressed with an autoencoder framework. This 

helps in capturing the nonlinear relations in the variables. A mean absolute error of 4.4% is reported for 

monsoon prediction by using the identified predictors using an ensemble of bagged regression trees prediction 

model. Many of the existing monsoon predictors are recaptured by this method as well as some new predictors 

are also identified. 

A stacked autoencoder architecture is utilized next for predictor discovery and subsequent prediction 

for more challenging tasks of early-late and regional monsoon rainfalls. Mean absolute errors of 6.1% and 

4.9% are observed for early-late, and errors of 4.1%, 5.1%, 5.5%, and 6.4% are attained for four regional 

monsoon predictions, respectively. These predictions are more useful in planning purposes and deploying 

proper agricultural policies. 

Finally, the problem of prediction of active and break spells of monsoon is focused. These 

predictions are important for identifying extreme monsoon conditions. A linear discriminant analysis based 

classifier is used to classify daily monsoon and assemble the classified days to finally detect spells of 

monsoon. An accuracy of 81% and 57% is achieved in classifying the dry and wet days of monsoon. 

Prediction of Indian monsoon still remains a challenging task, where use of sophisticated machine 

learning as well as hybrid physics-statistical models are likely to grow further in future. 
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Nanoscale communication networks (henceforth termed as “nanonetworks”) consist of at least one 

synthetic network component of size ranging from 1 to 100 nm, exploit different nanoscale properties, and 

incorporate the basic elements of communication elements – transmitter, message, message carrier, medium, 

and receiver. Limited energy capacity and small magnitude of harvested energy of such nanonetworks make 

the design of robust networking protocols challenging. Furthermore, potential applications based on 

nanonetworks are expected to adopt multi-hop communication strategy due to the limited communication 

range and stringent power budget. Therefore, the study on characterization of the phenomenon of collision, 

and optimization of energy consumption is of paramount importance for providing foundations on enabling 

robust multi-hop nanoscale communication networking. 

In this Thesis, first we focus on the characterization of collision in bacterial conjugation-based 

molecular communication nanonetworks, in which bacteria are the carriers of information. We show from 

existing literature that bacterial multi-conjugation process resembles the phenomenon of collision in such 

bacterial nanonetworks. Furthermore, the effect of such collision on the maximum achievable throughout is 

thoroughly analyzed. Second, we study “catastrophic collision” in the context of electromagnetic 

nanonetworks, which includes the sequential collision of symbols of a same packet. We analyze the event of 

catastrophic collision by modeling the energy of a receiver nanodevice as a Markov process. Analytical 

results reveal that the more the receiver is in the “OFF” state, the lesser is the successful probability of 

reception of symbols. 

Third, we investigate the problem of optimizing energy consumption in the context of Green 

Wireless Body Area Nanonetworks (GBANs), which are capable of communicating in both the 

electromagnetic and molecular communication modes. We formulate the optimization problem as a 

cooperative Nash Bargaining game. In GBANs, nanodevices bargain with one another in terms of their 

available energy in order to optimize Quality of Service (QoS) of the system. The results show that the 

probability of mistuning, which refers to mismatch on the agreement of choice of communication modes 

between the sender and receiver nanodevices decreases by up to 42%. Finally, we study the problem of 

optimizing energy consumption for asymmetric data delivery in an envisaged Coronary Heart Disease (CHD) 

monitoring system consisting of nanodevice-embedded Drug Eluting Stents (DESs), which are termed as 

nanoDESs. We propose a simple distance-aware power allocation algorithm, named as catch-the-pendulum 

which exploits the periodic change in mean distance between a nanoDES inserted inside affected coronary 

artery and a nano-macro interface which is placed in the intercostal space of the rib cage of a patient who is 

suffering from a CHD disease. Extensive simulations confirm better performance of the proposed algorithm 

in terms of energy consumption, packet delivery, and shutdown phase. 

 

Keywords: Nanoscale communication networks, bacterial conjugation-based nanonetworks, green wireless 

body area nanonetworks, multi-conjugation, catastrophic collision, Nash bargaining game, nanoDES, 

asymmetric data delivery. 
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Biometric technology has been successfully applied to solve automatic user identification and 

verification problems. Of late, there is a trend to apply biometric traits of a user in cryptography for data 

storage security, secure message communication through an insecure network channels and user 

authentication in a distributed environment. This dissertation attempts to explore the possibilities of the 

aforementioned applications. More specifically, this thesis aims three objectives: to secure a users’ remote 

data storage, to authenticate a user for a secure access to services and group authentication in a multiparty 

system. 

We propose biometric-based cryptographic mechanism (we call it BioKEY ) to protect users’ data. 

In BioKEY, we consider a fingerprint biometric data of a user from which we extract statistical features. These 

feature vectors are then used to generate a cryptographic key. We encrypt user’s data with this cryptographic 

key. Ciphertexts are stored as a combination of encrypted text and a codeword. Codeword is a secret piece 

of component to encode the user’s biometric data. We propose the codeword generation using Reed-Solomon 

coding scheme. Prior to the decryption, a user is validated with a newly captured feature and the codeword. 

For the verification, we propose SVM ranking mechanism. A successful verification follows the regeneration 

of cryptographic key from the codeword and hence the decryption. 

In our second work, we develop a user authentication scheme (we call it as BioCAP) for a secure 

access to Cloud services located in remote locations. In BioCAP, we derive a unique and revocable user 

identity from a user’s biometric data, which is used to generate user’s private key and session keys. These 

keys are used for a secure message transmission and access to services remotely. Further, with the proposed 

session key, we lay down an approach to mutually authenticate two communicating parties for a secure 

communication. 

Our third work is to address the issues and challenges to develop a multy-party authentication system 

(we call our proposed approach as BioMAS). In this work, we investigate the generation of group permits for 

each user belongs to a group using his biometric data. A member can access the system using his fingerprint 

data as a secret credential. A number of issues in the multiparty authentication system namely adding a new 

member, revoking a member, revocable member id generation, etc. have been  addressed in this work. 

 

Keywords: Bio-Crypto System, Remote Data Storage Security, Cloud Service Security, Authentication 

Protocol, Multi-party Authentication 
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In this thesis, we focus on characterizing regular Twitter users in terms of their expertise, interests, 

and personality, and use that understanding to help them in better producing and consuming information and 

content on Twitter. 

Earlier studies of the Twitter microblogging platform had suggested that Twitter is a social media 

platform consisting of a relatively small section of elite users, producing information on a few popular topics 
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such as media, politics, and music. In this thesis, we show that the above characterization ignores a rich set 

of highly specialized topics, ranging from geology, neurology, to astrophysics and karate — each being 

discussed by their own topical groups. We present a semantic methodology to identify topical groups in 

Twitter on a large number of topics, each consisting of users who are experts on or are interested in a specific 

topic. We perform a detailed characterization of these topical groups based on their network structures and 

tweeting behaviors. 

In Twitter, over 500 million tweets are posted daily, while on Facebook, over 4.75 billion pieces of 

content are shared daily. This sheer volume of unfiltered content makes it incredibly difficult for today’s 

social media users, to filter out interesting and engaging content, from within the deluge of uninteresting 

ones. Using traditional recommendation system techniques to help social media users in this regard is 

difficult, as content recommendation systems for social media have markedly different challenges compared 

to traditional systems. The primary problem is with regard to the fact, that content in social media are 

produced at an amazingly fast pace and peoples interest in them dissipate rapidly. In this thesis we propose a 

novel system for performing topical recommendations in the Twitter network, that is scalable, trustworthy, 

and explainable. 

Out of 500 million tweets posted daily on Twitter, 11% are deleted by the users posting them. This 

widespread deletion of tweets begs a number of questions: what kind of content posted by users makes them 

want to delete them later? Are users of certain predispositions more likely to post regrettable tweets, deleting 

them later? In this thesis we provide a detailed characterization of tweets posted and then later deleted by 200 

thousand Twitter users, during a period of four weeks. Our characterization shows significant personality 

differences between users who delete their tweets and those who do not, and significant linguistic differences 

between tweets that are deleted later compared to those that are not. Additionally, we build a classifier which 

takes textual, contextual, as well as user features to predict whether tweet is likely to be deleted in the future. 
 

ENHANCING DOCUMENT RETRIEVAL WITH ENRICHED 
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Searching for information has become an important part of us in our day to day life. Modern 

Information Retrieval (IR) systems attempt to satisfy the user’s information needs given in the form of a 

query and output a ranked list of documents. A document presented by an IR system is said to match a user’s 

information needs only if the user perceives it to be relevant and useful. User queries are often short and 

ambiguous. An important challenge for IR systems is how to find documents relevant to such queries. The 

occurrence of query terms alone is not often a sufficient indicator of the relevance of a document to the query. 

In many situations, a query may be reformulated, enhanced with added terms so as to be able to retrieve more 

relevant documents. It may also be possible to have a representation of the terms that capture the meaning of 

the terms and then relation of association with other terms. 

In this thesis, we examine some approaches to query understanding, query enhancement and query 

representation to improve the efficiency of document retrieval. Given a specific collection of documents and 

an user information need, our task is to retrieve documents that are relevant to the user information needs in 

terms of various aspects like comprehensiveness and diversity. We also look at some domain specific aspects 

and cross language information retrieval. 

In order to improve document retrieval efficiency, we have first studied the use of pseudo relevance 

feedback based clustering approach. This approach identifies additional terms for query expansion from the 

initial set of documents by applying a clustering approach. Each cluster is assumed to represent an aspect and 

the additional terms are chosen from a set of diverse clusters. Using these additional terms, we perform query 

expansion and document retrieval as well. 
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In some cases user may be interested to know everything about the query topic. In such cases, it may 

be necessary to identify documents covering different aspects of the query topic. We present an approach for 

finding comprehensive documents with respect to the given query. The proposed approach analyzes the 

content of a document to find whether it contains information on various aspects of the query. 

Using query terms as atomic units, one may not be able to retrieve all relevant documents. A 

representation of the terms that capture the relation of the term with other terms is useful to understand and 

capture the semantics of the terms. We have developed an approach based on random indexing that encoded 

the context of the terms in query and documents and used them for improving document retrieval. 

Understanding the intent of the query may be difficult from short and ambiguous query. By being 

able to identify the type of the user query, it may be possible to match the query to the desired type of the 

documents. This allows to organize the information in the documents under major topics. These topics could 

be exploited to perform retrieval of specific type of information. In this thesis, we have studied the tourism 

domain and explored the use of topics in document retrieval. 

Finally we addressed the query translation problem in cross language document retrieval. The task 

is to translate the query from the source language to the target language and getting the right translation of 

the given query is of great importance. The dictionary may have multiple translations of a given word. Some 

terms may be absent in the dictionary. In such cases, one has to use other resources to formulate appropriate 

query in the target language. We addressed this problem by proposing a method based on corpus driven query 

suggestion approach. In this approach, co-occurrence based term associations are captured using a bi-lingual 

dictionary and bipartite network has been created using the terms co-occurring with source query and the 

translated query. Based on the term importance of the terms in the target language, top ranking terms are 

selected for query formulation. Based on this probable query terms in the target language, we perform 

document retrieval. 

We have used the standard corpus released by Forum for Information Retrieval and Evaluation 

(FIRE) in many of our experiments and also a portion of web corpus having tourism related documents. 

 

Keywords: Information retrieval, topic identification, comprehensiveness, pseudo relevance feedback, 

segment clustering, domain specific search, random indexing, term contexts, query translation, dictionary-

based approach, cross language information retrieval, document retrieval and ranking. 
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Modeling climatological dynamics and weather patterns have been studied extensively using remote 

sensing (RS) and geographic information system (GIS). These analyses are crucial for various geospatial 

applications, such as, climatological trend analysis, prediction and forecasting, urban growth modeling, etc. 

The meteorological parameters, closely related to earth surface, play important roles for any climatological 

study. Prediction of these parameters is one of the crucial pre-processing steps involved in most of the 

analyses, specially when the datasets contain missing and erroneous values. The geostatistical spatial 

interpolation methods are reported to be the most efficient choice for predicting meteorological parameters 

that are derived from the satellite (raster) imagery. These methods facilitate improved modeling of spatial 

autocorrelation/proximity, hence producing minimal in estimation. From the state of the art, it can also be 

observed that the interdependencies between the meteorological and terrestrial dynamics play a critical role 

for the proximity estimation. The semantic modeling of these land-atmospheric interactions and analyzing 
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the associations between different factors are obvious for better spatial prediction of the meteorological 

parameters.  

This work focuses on the semantic land-atmospheric interaction modeling for the meteorological 

parameters that are influencing and correlated with terrestrial dynamics. Many lietratures have reported that 

the land surface temperature (LST) is one such parameter, which is highly influenced by the terrain 

information, mainly the land-use/land-cover (LULC) distribution. Hence, for better prediction/interpolation 

accuracy of this parameter, the terrestrial dynamics should be modeled and incorporated into the estimation 

process. However, for most of the existing interpolation methods, the proximity (autocorrelation) is modeled 

in terms Euclidean distance between selected sampled locations, and is independent of the representative 

LULC variation of these locations. Therefore, modeling and quantifying this inherent knowledge of the 

terrain, establishing its relationship with the existing knowledge and finally proposing a more pragmatic 

interpolation method for the meteorological parameters are needed to be studied further.  

In this work, an extensive literature survey has been carried out of existing spatial interpolation 

methods and some contemporary groups are found based on their popularity in the literature. It is observed 

that though some literatures have identified the importance of LULC analysis for meteorological parameters', 

they failed to incorporate this knowledge into their prediction process. A new spatial interpolation method is 

proposed, namely semantic kriging (SemK), which is capable not only to model the LULC distribution of the 

terrain, but also incorporate this property into the exiting interpolation method to make the prediction process 

more pragmatic and yield better accuracy. It presents a novel approach to extend any spatial interpolation 

method (for meteorological parameters) with contextual/semantic LULC knowledge of the terrain. A 

hierarchical ontology based approach has been adopted to quantify the same. To blend this semantic 

knowledge into the interpolation process, the most popular interpolation method reported in literature, i.e., 

ordinary kriging (OK) has been extended further in semantic domain. Hence, like OK, the proposed approach, 

SemK can also be categorized as a geostatistical univariate spatial interpolation method, which aims to 

minimize the variance of estimation error.  

This proposed univariate spatial interpolation method, semantic kriging has been extended further 

to come up with more accurate interpolation model by a-posterior correlation analysis between LULC classes. 

A fuzzy Bayesian analysis approach has been considered to evaluate the influence of other classes on a pair 

of LULC classes. It is more pragmatic solution than the basic SemK approach, with more accuracy. The SemK 

is further extended to spatio-temporal domain and past time-series data is utilized further to predict the 

parameter in future time instances. Next, an application of LULC distribution pattern analysis for urban 

landscape modeling is presented. Here, the basic spatio-temporal SemK is extended to a multivariate model 

in order to incorporate different meteorological parameters' information for forecasting LULC distribution of 

a terrain in future.  

For the efficacy analysis of all the proposed approaches, an empirical experimentation have been 

carried out with LST data, derived from the satellite imagery. The proposed approaches are compared with 

relevant exiting spatial and spatio-temporal interpolation methods and found to produce more accurate results 

than others. For basic spatial SemK approach, theoretical analysis is also presented to prove that the extension 

of the basic interpolation framework with LULC distribution knowledge of the terrain is more reliable. With 

higher information content, it is accountable to produce better results than other existing methods. 

 

Keywords: Meteorological parameter, Spatial interpolation, Kriging, Land-use/land-cover, Semantics, Land 

surface temperature. 
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A user written application program goes through significant optimizing and parallelizing 

transformations, both (compiler) automated and human guided, before being mapped to an architecture. 

Formal verification of these transformations is crucial to ensure that they preserve the original behavioural 

specification. PRES+ model (Petri net based Representation of Embedded Systems) encompassing data 

processing is used to model parallel behaviours more vividly. Being value based with a natural capability of 

capturing parallelism, PRES+ models depict such data dependencies more directly; accordingly, they are 

likely to be more convenient as the intermediate representations (IRs) of both source and transformed codes 

for translation validation than strictly sequential, variable-based IRs like Finite State Machines with Data 

path (FSMDs) (which are essentially sequential control and data flow graphs (CDFGs)). This thesis presents 

two translation validation techniques for verifying optimizing and parallelizing code transformations by 

checking equivalence between two PRES+ models, one representing the source code and the other 

representing its optimized and (or) parallelized version. 

Any path based (symbolic) program analysis method consists in introducing cut-points in the loops 

so that each loop is cut in at least one cut-point; this step permits us to visualize any computation of a program 

as a sequence of finite paths. Once computations are posed in terms of paths in the above manner, a path 

based equivalence checking strategy consists in finding equivalent paths in the models. Unlike sequential 

CDFG models like FSMDs, for PRES+ models, such a sequence is expected to have parallel paths. It is, 

however, found that apparently cutting only the loops is not adequate to capture a computation as a sequence 

of parallel paths. The dissertation first describes a method of introducing cut-points so that a computation can 

be posed as a sequence of parallel paths. This method is referred to as dynamic cut-point induced path based 

equivalence checking -- “dynamic” because additional cut-points over and above those introduced to cut the 

loops are needed for the purpose and the method entails a symbolic execution of the model keeping track of 

the tokens and disregarding the symbolic values. Subsequently, we also reveal that it is possible to have a 

valid path based equivalence checking strategy even when the conventional approach of introducing cut-

points only to cut the loops is followed. This method is referred to as static cut-point induced path based 

equivalence checking. 

Correctness and complexity of the two methods have been treated formally. The methods have been 

implemented and tested and compared on several sequential and parallel benchmarks. While underscoring 

the effectiveness of equivalence checking as a method for verification of machine independent optimizing 

and parallelizing passes of compilers, the dissertation discusses some limitations of the work and identifies 

some future directions in which it can be enhanced. 

 

Keywords: Translation Validation, Equivalence Checking, PRES+ Model (Petri net based Representation of 

Embedded Systems), Path Based Program Analysis, Finite State Machine with Data path (FSMD), Control 

and Data Flow Graph (CDFG). 
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Wireless Sensor Networks (WSNs) have enhanced the standard of living of mankind with the touch 

of advanced technology and the manifestations of this fact are found in numerous real-life applications. 

However, all of these WSN-based applications are single-user centric, in which a user-organization owns 

and deploys its personalized sensor network and typically does not share the accessed data to another party 



Abstracts of Ph.D. Theses 2016-17 

 

Central Library 99 
 

(user/organization). Also, the data sharing policies vary across organizations and an external user-

organization is able to retrieve sensor information that is specific only to the region that is administered by 

the network administrator. Thus, generally, only user-organizations that own a sensor network have 

satisfactory access to sensor data. To address these issues, recently, sensor-cloud infrastructure has been 

conceived as a potential solution for multi-organization WSN deployment and data access.  

Sensor-cloud infrastructure acts as the interface that connects the physical world (attributes of which 

can be measured using sensor based devices) and the cyber world of inter-computer communication through 

excellent data scalability, on-demand service provisioning, remote data visualization, and user programmable 

analysis. The idea of sensor-cloud thrives on the principle of virtualization of physical sensor nodes. The 

user-organizations possess their own applications, and request the sensor-cloud for retrieval of sensed data. 

These requests are interpreted within the sensor-cloud environment, and the physical sensor nodes are 

dynamically consorted to form Virtual Sensors (VSs), as per requirements. Aggregated data from the VSs 

are transmitted to the end-users in the form of a simple obtainable service (just as electricity, or water), named 

Sensors-as-a-Service (Se-aaS). Sensor nodes are hereby transformed from a typical ‘hardware’ to a simple 

‘service’, which is cheap, convenient, user-friendly, and scalable.  

Currently, the principles, ideology, and challenges involved in this paradigm shift from traditional 

WSNs to sensor-cloud platforms are being explored. However, the technicalities that are required from an 

implementation perspective, inclusive of the theoretical modeling, experimental analysis, architectural 

designs, and development of this platform, are unexplored till date. This dissertation focuses to resolve the 

principal technical challenges associated with the complete conceptualization of sensor-cloud and eventually 

aims to build a fully-functional prototype of sensor-cloud infrastructure.  

A summary of the major works reported in this dissertation is described as follows. From an 

implementation point of view, the scope of technical and theoretical research have been identified in this 

domain. Initially, the focus is on the theoretical modeling of virtualization of physical sensor nodes within 

sensor-cloud. The necessity for this paradigm shift to a sensor-cloud platform is mathematically justified for 

all WSN-based applications. Eventually, the work endeavors to establish the idea of Se-aaS. Next, the design 

issues of sensor-cloud platforms are addressed. Conventional data transmission techniques involve periodic 

packet transmissions from sensor nodes to the cloud-servers for computation, storage, and processing. 

However, the rate of change of the physical environment may not be reasonably significant, thereby, leading 

to redundant packet transmissions and inefficient utilization of network resources. In this regard, a dynamic, 

adaptive, and optimal caching has been designed that preserves the accuracy of information, and conserves 

the network resources, simultaneously. Followed by this, the economics of the infrastructure is investigated. 

Within sensor-cloud infrastructure, the end-users utilize the physical sensors and the cloud infrastructure as 

per their demand and pay as per their usage, to the cloud service provider (CSP). Thus, to quantify the usage 

of the end-users and charge them accordingly, a dynamic and optimal pricing scheme is designed, specifically 

for Se-aaS. The networking dimensions of sensor-cloud have also been considered – the problem of routing 

and channelization of the data of the VSs, originating from multiple regions, to geographically distributed 

sensor-cloud data centers (DCs) is investigated. To resolve this issue, an algorithm is proposed for the 

dynamic scheduling of a cloud DC that would serve a particular user application with data from the respective 

VSs.  

Combining the solutions of the afore-mentioned research challenges, a holistic prototype of sensor-

cloud infrastructure is developed using real sensor hardware and a real cloud platform. To validate the 

correctness of the infrastructure, an application-specific scenario of multiple target tracking is investigated 

and experimented within it. An experiment is also performed using the real (non-simulated) setup to examine 

the performance of the prototyped sensor-cloud infrastructure in big-data environments. It is observed that 

the infrastructure performs significantly well in practical scenarios involving real sensor-hardware, huge and 

voluminous data requests, and large number of end-users.  

 

Keywords: Cloud computing, wireless sensor networks, big data, data centers, energy constraints, pricing, 

virtualization 
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The communication channels are now being managed generally by autonomous agents and the 

generated data is converted into experience by machine learning. The attack surface of the future generation 

networks is increasing many-fold and any system can be attacked, vandalized or collapsed via the network 

route. The future of digital world is thus highly dependent on its continuous analysis and evolving security. 

The learning based systems are highly dependent on the type of corpus on which it has been trained. 

Existing pieces of literature indicate use of datsets generated from simulated networks, lab environments, or 

datasets released for data competitions. However, literature with experimentation based on actual networks, 

that too in a country-scale and being utilized for various network enabled services, are scarce. Video 

conference is a bandwidth hungry application running on this network which calls for a minimum assured 

bandwidth, even in case the quality of service of the network is not defined. The network management system 

(NMS) monitoring the network keeps polling it at frequent and regular intervals to update its awareness about 

it. The feed from the NMS is used by various intrusion detection and prevention systems for anomaly 

detection. We also identify and study portability issues with regard to public key infrastructure (PKI) for its 

use over low-power wireless networks, specifically ZigBee and 6LoWPAN, as PKI is primarily designed for 

wired networks. 

Motivated by these problems, in this dissertation, we train different classifiers on a video conference 

call corpus from actual network to learn and predict the bandwidth of call setup and the source-destination 

pair, between which a call has been setup. This can help predict the quality of the video conference before 

initiation, so that necessary resource allocation can be made a priori, if required. As a spinoff, this set of 

experiments indicates a set of attributes that can be used for learning various critical parameters, which can 

also be used for anomaly detection. Thus, we conducted experimentation on a NMS dataset from the same 

network and executed machine learning using four different classifiers to detect normal behavior, so that any 

deviation from it could indicate an intrusion. The results of our learning experiments indicate poor 

performance of the classifiers in the detection of normal network profiles, thereby raising concerns for 

enhanced security of current and future networks. Further, the future networks have smart objects and agents 

that would provide services and do transactions and hence should be third-party acceptable. This led us to 

adopt PKI across various types of networks. 

We started our PKI-based security enhancement by first devising a replay attack resilient system for 

authentication in channel-response mode for securing channel connectivity, followed by timestamped secure 

signing mechanism to ensure non-repudiation. Thereafter, we propose a PKI enabled secured communication 

schema for ZigBee networks. Protocols for interconnection between network entities are proposed, followed 

by analysis of network adaptation in different scenarios. Based on the success of secured inter-network 

communication in ZigBee, we attempt internal network communication in another low power network, i.e 

6LoWPAN. We integrate PKI with 6LoWPAN without proposing any changes in PKI, but integrating it with 

6LoWPAN in an efficient manner. Finally, we propose a security model for an application oriented wireless 

sensor network (WSN) setup in the area of surveillance network. The proposed scheme is based on a unique 

chemical-process inspired security paradigm, wherein the concept of a `Chelating Node' is defined and its 

effectiveness in providing n-modular security scheme in detection of breach in surveillance sensor network 

is presented. 

 

Keywords: Machine learning, Video conference dataset, Anomaly detection, Public key infrastructure, 

ZigBee network, 6LoWPAN security, Chemical process inspired security, Chelating node 
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Digital control of DC-DC converters has been growing at a rapid pace in the power electronics 

industries, because it offers various technical benefits. In fixed-frequency digital pulse-width-modulated 

(DPWM) DC-DC converters, current-mode control (CMC) offers improved bandwidth and stability margin 

over voltage-mode control (VMC); however, the former requires discretization of both the voltage and current 

information. While one sample per switching cycle is sufficient for the output voltage because of small ripple, 

the inductor current ripple is considerably large. Thus it is difficult to sample the fast-changing inductor 

current with the switching frequency beyond a few hundreds of kHz. Over the last decade, significant research 

efforts have been attempted to develop simple, cost-effective, and power-efficient digital CMC techniques. 

This thesis considers existing digital CMC architectures and proposes a unified discrete-time framework for 

analyzing fast-scale instability under finite sampling. Approximate discrete-time models are derived and 

closed-form stability boundaries are obtained. The analysis shows that the use of finite current and/or voltage 

loop sampling in digital CMC often leads to fast-scale instability, considering the effective series resistance 

of the output capacitor. Further, design methods are proposed to enhance stability boundary with fast transient 

performance. The proposed discrete-time framework would be very helpful for power supply practitioners to 

understand underlying behavior under digital CMC and to devise stable digital control with fast response. 

 

Keywords: Digital current mode control, buck and boost converters, continuous conduction mode, discrete-

time modeling, finite sampling, sub-harmonic instability 
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Protection systems are employed on power systems to save the networks from damages during 

faults. Designs of power system protection schemes are validated today using Monte-Carlo simulation and 

manual interpretation of results. The limitation of such simulation based validation is uncertainty of complete 

coverage of all possible operating conditions due to the time complexity of simulation. Recognizing the 

shortcomings of random testing, various automated design validation strategies to validate the correctness of 

a design efficiently under a large number of operating conditions of interest are becoming increasingly 

popular in the domain of CAD of VLSI circuits. Following these approaches, this research work attempts to 

develop an efficient automated technique for validating power system protection schemes using temporal 

logic assertions. 

For this, behavioral models of the protective devices are devolved first. The hybrid automata models 

of the relays and circuit breakers represent the functionalities of the devices under different operating state. 

Desired properties of the protection system are then encoded in temporal logic and verified for the design 

models using assertion checker (Chapter 2). 
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A systematic method to discover the power system operating conditions for which the protection 

system may fail to response appropriately is proposed next in Chapter 3. It uses Swarm Intelligence for the 

same. A modified version of Particle Swarm Intelligence which is suitable for optimizing discontinuous 

objective functions has been developed. The proposed verification technique has been tested on several IEEE 

standard power systems and the performance of the method is compared with the conventional approach of 

verification (Monte-Carlo simulation). It is found that the proposed method is better than the existing 

approaches both in terms of accuracy and computational complexity. At the end of the chapter, a sensitivity 

analysis based approach is introduced that can be used to modify the relay parameters to avoid undesired 

trippings during operation 

During heavy loading conditions, a distance relay may trip due to load encroachment. This was one 

of the root causes of the blackout happened in India. One of the common practices is to use a load blinder or 

an Anti-Encroachment-Zone in the operating characteristic of a distance relay to prevent it from unnecessary 

tripping due to load encroachment. However, this approach may make the relay insensitive to fault and the 

appropriate design of load blinder is a challenging task. Instead of blocking the relays in normal operating 

condition, one should rather operate a power system in such a way that the apparent impedances of the 

distance relays never enters into their operating zones when there is no fault in the network. These issues are 

addressed in Chapter 4. 

 

Keywords: Protection System, Assertion checking, Temporal Logic, Hybrid Automata, Particle Swarm 

Optimization, Sensitivity Analysis. 
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Electrostatic comb drive is one of the most widely used configurations for both sensing and actuation 

in a number of microsystems. For analysis of such popular comb drive, the lumped model is generally used 

considering parallel motion of individual comb. However, in practice, the ideal assumption of parallel motion 

may not be always valid and the beams may show undesired bending which affects the critical ‘pull-in’ 

characteristics considerably. Even slight overestimation of pull-in voltage may lead to severe structural 

damage during operation. So, the incorporation of the undesired bending prompts scope for contribution 

towards improvement of existing model and also proper pull-in analysis both theoretically and 

experimentally. 

Accordingly, this work starts with a comprehensive modeling and analysis of the coupled 

electromechanical problems of reciprocated beam bending including the critical pull-in characteristics in a 

unit cell of an electrostatic comb drive system and gradually evolves toward the formulation of design 

guidelines to minimize the bending effect, supported by experimental results with a specific fabricated comb 

structure. In this direction, firstly an efficient semi-analytical approach is proposed to solve the coupled 

problem incorporating the effect of undesired beam bending under static condition. The effects of the bending 

phenomena on the critical performance parameters like pull-in voltage and capacitance change are studied 

thoroughly. The analysis is further extended to deduce important design guidelines to minimize beam bending 

in comb drive. Subsequently, a specific comb structure is fabricated and tested to establish the proposed 

design guidelines experimentally. In this regard, a single mask SOI-based cost effective fabrication process 

is established and a low-cost simple in-house experimental set-up is also developed for characterization of 

microstructures. Next, the dynamic characteristics of the reciprocated beam bending in double beam 

configuration of comb drive is analyzed and the theoretically predicted performance parameters like resonant 

frequency and dynamic pull-in characteristics are experimentally validated. It is shown that the proposed 
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analysis predicts the critical pull-in characteristics of the microstructures more accurately than the 

conventional lumped model in specific cases. 

Finally, the pull-in study for microstructures is extended for analysis on various electrostatic 

nanostructures. Simple generalized closed form expressions for the threshold determination of crucial design 

parameters and the critical pull-in voltages of three nanostructures like cantilever, fixed-fixed beam and 

tweezers are proposed incorporating the effect of van der Waals and Casimir forces. The main advantage of 

the proposed expressions is that they do not require any complex mathematical operations unlike reported in 

literature. Hence, they can serve as quick yet reasonably accurate predictor for the pull-in characteristics of 

nano-actuators. 

The overall study will be thus useful for the designers to be sufficiently aware of the accurate design 

and analysis of the electrostatic micro and nano structures. 

 

Keywords: MEMS, Electrostatic actuation, Static and dynamic characteristics, Pull-in, Comb drive, Nano-

actuator. 
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DC-DC converters are used in almost all battery-powered portable devices. As such devices remain 

idle for a considerable period of time, it is important to improve their light load efficiency to enhance the 

battery-life. Such converters need to be operated in multiple modes depending on the load current and input 

voltage conditions as well as the other demands from the applications. We need a controller which may 

judiciously employ pulse-width-modulation (PWM), pulse frequency modulation (PFM), pulse skip 

modulation (PSM) or pulse train (PT) control schemes. Thus one can achieve fast response using a fixed-

frequency PWM scheme during high and medium load conditions along with improved light-load efficiency 

using PFM, PSM, or PT schemes. Such reconfigurable controllers can be easily implemented using a digital 

device; thus digital control has been gaining increased popularity for controlling DC-DC converters. 

However, unlike in the well-known PWM schemes, the selection of suitable light load control techniques, 

their analysis and design guidelines are not well established. This thesis highlights the shortcomings in 

existing PFM, PSM, and PT schemes and their direct interface with digital PWM (DPWM) schemes. 

Thereafter, digital versions of PSM, PFM, and pulse train (PT) control techniques are proposed, which can 

be directly derived from a DPWM controller with a little modification, thereby simplifying their unification. 

All the controllers share a common digital voltage mode or current mode controller; thus smooth controller 

transitions can be inherently achieved. Thereafter, a unified discrete-time framework is proposed to derive 

analytical conditions for stable periodic behaviour and to devise power-optimized solutions. Small-signal 

models are derived and design guidelines are provided. All the proposed techniques have been validated 

experimentally. The proposed unified controller provides useful features of improved efficiency and stable 

periodic behaviour with predictable ripple parameters, which would be useful for upcoming digital power 

management solutions. 

 

Keywords: DC-DC converters, Digital PWM, Digital PSM, Digital PFM, Voltage-mode control, Current-

mode control, FFT, Stable periodic behaviour, Ripple parameter, Light load efficiency. 

 

  



2016-17 Abstracts of Ph.D. Theses 
 

104 Indian Institute of Technology Kharagpur 

 

IMPEDIMETRIC ASSESSMENT OF CELLULAR BEHAVIOR OF HEALTHY 

AND ALIGNANT CELLS USING MICRODEVICES 
 

Debanjan Das 
Supervisors: Dr. Karabi Biswas and Dr. Soumen Das 

Department of Electrical Engineering 

Accession No.: NB15630 

 

Bioimpedance spectroscopy is one of the widely established interdisciplinarytechnique used in 

cancer research for exploring electrophysiological features. Bioimpedance provides a real-time, label-free, 

highly sensitive, cost-effective and in vitro monitoring of living cells. Although significant progress is 

observed in cancer research, interpretation of cancer transformation and progression is still a challenging task 

which promotes further scope for contribution towards fundamental understanding of normal and malignant 

cell characteristics. Hence, the aim of the present study is to develop a bioimpedimetric technology for 

exploring the biophysical properties of cancerous and normal cells as well as to investigate their dynamic 

behaviors under the influence of an external toxicant and electric field in a suitable microenvironment. 

A bioimpedance sensor was realized by microfabrication technology for on-chip cell culturing and 

impedance measurement combining frequency-sweep and real-time modes for characterization of cells. In 

the present study, human epithelial healthy cell line, HaCaT and three cancer cell lines, HeLa (cervical 

cancer), MCF-7 and MDA-MB-231 (breast cancer) were investigated for bioimpedimetric study. In order to 

analyze the measured frequency dependent bioimpedance data and estimate the cellular properties, novel 

electrical models along with data analysis techniques have been developed in this dissertation. The results 

exhibited reduced membrane potential, cytoplasmic resistance and mechanical stiffness, with enhanced 

membrane capacitance, cell-substrate height and membrane roughness of cancer cell. Further, analysis of 

real-time impedance response captured during cell growth process demonstrated significantly different 

growth patterns between normal and breast cancer cells. Impedimetric measurement was also employed to 

evaluate the cytotoxicity of Paclitaxel drug on breast cancer cells and the results highlight that dose dependent 

cytotoxic effect will cause steady decrease of impedance value corroborating with induced cell-apoptosis. 

Finally the dissertation introduced an impedimetric label-free cell separation and counting device in 

microscale dimension to overcome the limitation of electrical characterization for mixed cell population. In 

this direction, a dielectrophoretic based cell separation system integrated with real-time impedance based 

flow cytometer was developed and exhibited its feasibility to manipulate cancer and normal cells inside a 

microchannel. Therefore, the multifaceted research outcome of this dissertation may help to advance cancer 

research in an integrated approach. 

 

Keywords: Impedance spectroscopy, Bioimpedance, Cancer & Normal cells, Mechanical haracterization, 

Cytotoxicity, Dielectrophoresis, Flow cytometer. 
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This thesis attempts to investigate efficient techniques for modeling and estimation of Distributed 

Parameter Systems (DPS) with applications to process monitoring and fault identification. DPS appear in a 

wide range of practical systems which are mathematically modeled using Partial Differential Equations 
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(PDE). As a first step for designing an estimator for a PDE, a reduced-order model of the PDE needs to be 

developed using spatial basis function approximations. The order of such a model or the related accuracy is 

critically dependent on the choice of the basis functions and the type of the PDE. Consequently, the principal 

challenge for designing an estimator for DPS is to formulate a general approximate model for the PDEs 

suitable for estimation. The model should automatically choose the basis so as to make the approximate 

system sufficiently low order and accurate and hence suitable for online implementation. 

The major contribution of this thesis lies in the development of this basic framework for estimation 

of the distributed profile of states of a DPS. The referred framework uses a Hybrid Basis Approximation 

Method (HBAM) which is capable of choosing appropriate basis functions online by using a monitor 

function. This type of modeling can provide low order yet sufficiently accurate dynamic model for PDEs 

with sharp spatial gradient. For other PDEs with smooth spatial gradient, modeling with continuous basis is 

shown to provide better results. This model is used in conjunction with states estimators like Kalman Filter, 

Extended Kalman Filter etc. to dynamically estimate distributed profile of the states illustrated by case 

studies. A joint input and state estimation technique has been proposed as well to simultaneously predict the 

unknown boundary inputs for the DPS. The technique has been validated for an inverse heat conduction 

problem, common in many popular applications. 

The HBAM technique has been applied for modeling an actual industrial example, static sintering 

process. The location of the _re-line in the sinter pot is estimated based on temperature measurements at two 

different heights of the pallet. The dynamic location of the _re-line is essential for process control, monitoring 

and fault detection which can be achieved as an application of this work. Finally the proposed framework has 

been used to model the leak in a tubular counter-flow type heat exchanger. The proposed method can estimate 

unknown mass flow rate input in the estimator from temperature measurements. Additionally the estimator 

algorithm can successfully detect leak and identify leak location in a heat exchanger which allows swift 

remedial action. The efficacy of the HBAM and the framework for estimation is demonstrated through several 

practical industrial examples. The theoretical analysis and the furnished applications raise the potential for 

monitoring and control of a wide variety of industrial processes involving DPS. 

 

Keywords: Distributed Parameter System, Partial Differential Equation, Modeling, Basis Function, State 

Estimation, Input Estimation, Sintering Process, Inverse Heat Conduction Problem, Heat Exchanger, Leak 

Detection. 
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Power system, being dynamic, its states change continuously and also its parameters vary with time. 

Fixed setting approach in conventional relays causes protection malfunction at times. In order to meet the 

power demand and to exploit economic benefits series-compensation and multiterminal lines are being 

introduced. Available line protection schemes have limited performance for series compensated lines as 

compensation level varies with time and the metal oxide varistor (MOV) protecting it functions nonlinearly. 

Synchronized data from both ends of the series compensated line are applied to compute the compensation 

level and to identify the operation of MOV during fault. This is used to adapt the zone-2 and zone-3 

characteristic which improves the protection performance. To overcome the limitations of conventional 

distance relays for the protection of three terminal lines, direct under reaching transfer trip (DUTT) scheme 

is being applied. Such scheme has problems with the increase in infeed current when portions of the lines 

may remain unprotected by the scheme. Prefault synchronized data of the three terminals are applied to 
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estimate the infeed current during fault and used to adapt the relay settings to ensure more reliable operation 

of DUTT scheme.  

Alpha plane method using ratio of both end currents is better scheme than differential relays. Such 

a scheme has limited performance during outfeed condition. An adaptive alpha plane relaying is proposed 

using phase angle between the voltage and current and magnitude of change in current at both ends of a line 

to confirm an internal fault which provides improved performance.  

Zone 3 in distance relaying scheme uses local data and is unable to distinguish three phase fault and 

heavy loading condition. Whenever apparent impedance enters zone 3 the ratio of change in voltage 

magnitude to change in phase angle collected from nearby busses are applied to derive an index which 

discriminates load encroachment from three phase fault. This helps in avoiding relay malfunction during load 

encroachment.  

All the proposed methods are tested for different systems and conditions and are compared with 

available methods. It is found that with the synchronized data available in a power system, there is great 

scope to improve protection scheme performance.  

 

Keywords: Phasor Measurement Unit, Synchronized data, Wide area measurements, Transmission line 

protection, Series-compensated line, Three-terminal line, Load encroachment, Direct under reaching transfer 

trip 
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The thesis presents, design and development of an electrowetting device working at low voltage, 

with droplet position sensing scheme. In electrowetting device, wetting property of liquid droplet is altered 

by applying an electric potential to the actuating electrodes, and used for developing digital microuidic 

(DMF) platform. These devices use an insulating _lm between the electrode and the liquid droplet to prevent 

electrolysis which plays a vital role to reduce the actuation voltage. 

In this work, a nanocomposite thin film of Barium Strontium Titanate (BST) and Teflon®AF is 

synthesized, to use as an insulation layer in electrowetting-on-dielectric (EWOD) device for reducing 

actuation voltage. First, crystallized BST nanopowder is prepared by the sol-gel method, and after that, a 

nanocomposite is prepared by using Teflon®AF as matrix and BST as the filler material. The nanocomposite 

solution is spin-coated on a glass substrate and baked at 80 °C in open air. A thorough characterization of the 

film using X-ray Diffraction (XRD), Transmission Electron Microscopy (TEM), Energy-Dispersive X-ray 

(EDX), Selected-Area Electron Diffraction (SAED), Field Emission Scanning Electron Microscopy 

(FESEM) and Atomic-Force Microscopy (AFM) techniques show smooth, uniform and crack-free 

hydrophobic film (contact angle, CA ≈ 115 ± 2°). The dielectric constant (€r) and breakdown voltage (Vbd) 

of the film are measured to be 9.1 ± 0.4 at 1 kHz and 1073 ≠ 76 V/μm respectively. 

The synthesized BST- Teflon®AF nano-composite film is then used to fabricate several EWOD 

devices using conventional micro-fabrication technology. Experiments have been carried out for contact 

angle modulation and transport of the droplet to study the performance of the nanocomposite film as a 

hydrophobic and dielectric material. Further experiments have been carried out to investigate the effect of 

the different shapes and size of the actuating electrodes for droplet transport.  

An electrical sensing scheme has been proposed to detect the position of the droplet during transport 

on the array of coplanar electrodes. Experimental results are provided, which shows that the direct output 

voltage linearly related to the position of the droplet during transport. 
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A Jigsaw electrode design is proposed for addressing inner electrodes in EWOD device consisting 

of a large two-dimensional (2-D) array of electrodes. The device has been fabricated, and droplet transport 

has been demonstrated experimentally. Algorithms have also been developed for transport, mixing and 

splitting of droplets for this new type of electrode design. 

 

Keywords: Digital microuidics (DMF), Electrowetting-on-dielectric (EWOD), Low voltage EWOD, Barium 

Strontium Titanate (BST), Nanocomposite, Droplet position sensor, Contact angle sensor, Two-dimensional 

(2-D) electrode array, Jigsaw electrode. 
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Distributed generations are really inevitable for modern deregulated power systems to meet 

enormous load demand. The proper allocation of distributed generation (DG) units in the distribution systems 

is very crucial for improving technical performance as well as gaining economical benefits. A method based 

on heuristic technique and loss sensitivity is proposed for the placement of DG units in the distribution 

networks. The optimum size of DG units are obtained by using both genetic algorithm and particle swarm 

optimization methods to keep real power loss, node voltage and branch currents within specified limits. The 

DG units have the potential to transform distribution networks into microgrids for supplying total loads and 

losses of isolated areas. The proper positioning and penetration of DG power plays an important role to meet 

load demands and improve technical performance of microgrids. An analytical based approach is proposed 

for finding the locations and sizes of DG units in the microgrids to minimize real power loss while voltage 

and current constraints are satisfied. A method based on heuristic technique is also presented to reconfigure 

the distribution and microgrid networks for reducing real power loss of the system. 

Loss allocation is basically the way of sharing power losses among all users through exact 

instruction to avoid unfairness. An exact method is used for the allocation of real power loss to each user of 

distribution networks based on true impact of each user on network losses. Nowadays, voltage stability issue 

is of major concern in distribution networks due to ever growing load demand and presence of DG units. A 

new voltage stability index based on active power loss is proposed to identify the node which is most sensitive 

to voltage collapse and to indicate the severity of the loading situation of the system. 

 

ENERGY SAVING IN WIRELESS NETWORKS BY MODIFIED PHYSICAL 

LAYER ALGORITHMS 
 

Anilkumar C.D. 
Supervisor: Prof. Sant S. Pathak 
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In order to meet the ever growing demand for services that require larger data rates, like online video 

streaming, video calls, navigational systems etc, researches are focused to improve existing systems while 

bringing out new technologies. Communication at higher data rates needs more power if the channel is highly 

noisy and highly fading, and that is the situation in urban areas. Transmission at higher power drains the 

battery of the user faster. In addition to that, transmission beyond a power level is hazardous to health. But, 

then transmission of higher data rates at lower power has limitation with range of coverage. Also, from the 
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service provider's point of view, they are tied up with limited resources like bandwidth. So, new mechanisms 

need to be devised and/or existing ones be improved so that users can transmit at lower power yet achieving 

higher data rates and QoS, while the service providers can support more number of high-bandwidth users 

with available resources. Diversity scheme that does not need extra transmission or antenna is of prime 

interest, and modulation diversity (MD) is one such scheme. For a conventional multidimensional signal 

constellation, the modulation diversity is achieved by phase rotating the symbols by using an appropriate 

rotation matrix. The rotation matrix that is selected based on the parameter minimum-product-distance, for a 

given diversity order, often produces symbol values with high precision. The effect of reducing the precision 

of the rotated symbols, considering constellation with modulation diversity of order two, is investigated. 

While concentrating on diversity, multiplexing gain should also be taken care of. As a scheme that provides 

multiplexing gain but suffers from a serious drawback like high peak-to-average-power ratio (PAPR), 

orthogonal frequency division multiplexing (OFDM) is researched for reducing PAPR. A modified version 

of interleaved OFDM named as IFDM-PAI has been introduced and the PAPR performance has been tested 

with correlated data. A considerable performance gain can be observed. The Performance of the system is 

expected to be improved further by introducing better random interleaving methods. Next, two adaptive 

algorithms are proposed to search optimal values of phase rotation weights which, in turn, reduce PAPR. We 

calculate and compare the computational complexities of our algorithm with conventional PTS, and PAPR 

performance is evaluated. The energy efficient transmission policy of “transmitting more when the SNR is 

favourable, and holding off from transmission when channel is bad”, creates delay in the network which will 

affect the overall throughput. So, a trade-off between power budget and delay is another aspect to look into, 

and some relevant works have been done reported in the literature. Our work considers energy optimization 

over a specified duration for double queue architecture of transmitter. Transmitter scheduling and its power 

allocation are considered on the basis of SNR and queue backlog. Frame length is interpreted as the number 

of observation time-slots over which arrival-rate averaging is performed which, in turn, is used for setting the 

terms for the average power constraint. Communication utilizing cooperation among nodes provides diversity 

gain as well as multiplexing gain for certain under privileged users who seek assistance of relays. A major 

concern of why a user should cooperate is solved in active-user cooperation models. Here, an OFDM based 

three-active-user cooperative communication model for Base-station controlled system has been developed. 

Our scheme is providing diversity gain and multiplexing gain. 

 

TRAPPING CHARACTERISTICS AND REVERSE LEAKAGE CURRENT 

MECHANISM OF ALGAN/GAN AND ALGAN/INGAN/GAN 

HETEROSTRUCTURES 
 

Apurba Chakraborty 
Supervisor: Prof. Dhrubes Biswas 
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Accession No.: NB15592 

 

Nitride Based Semiconductor devices are considered to be the next promising candidate for future 

high speed and high power applications. Heterostructure based on gallium nitride (GaN) and its related 

compound (like aluminium gallium nitride (AlGaN), Indium gallium nitride (InGaN) etc.) can induce higher 

Two dimensional electron gas (2DEG) concentration (~ 1013 cm-2) without any intentional doping due to its 

inherent polarization property. In this research, trapping characteristics and reverse leakage current 

mechanism of AlGaN/GaN and AlGaN/InGaN/GaN are investigated. First, the simulation based study has 

been carried to see the electron distribution and trap recombination phenomena in these structures. It is found 

that the AlGaN/GaN structure suffers from large distribution of electron below the gate contact in gate-drain 

side. This is because of the higher electric field and carrier energy formation in the same region. The transient 

simulation reveals that the on-state drain bias gives higher recombination of channel electron in the GaN 

buffer region below the gate contact.  
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Before analysing the AlGaN/InGaN/GaNheterostructure, the InGaN growth investigation on silicon 

substrate is carried out. Indium nitride (InN) segregation is found to be a most common problem in constant 

flux growth regime which degrades the quality of the crystal. So the shutter modulation scheme is adapted to 

grow InGaN, where the Indium, gallium are shuttered simultaneously and periodically in the constant 

ambience of nitrogen. Indium incorporation is dependent on In/(In+Ga) ratio in which the Gallium flux is 

changed keeping the indium flux constant. In this way, 16% and 23% indium are incorporated in the InGaN 

layer without any InN segregation. The FESEM image reveals that the surface of InGaN contains many V-

shaped pits due to the lattice relaxation. Also, trench formation is seen in the cross sectional images of 

heterostructures mainly due to the basal stacking fault.  

Now, frequency dependent conductance measurement is carried out to observe the trapping effect 

in the grown 𝐴𝐴𝐴𝐴0.3𝐺𝐺𝐺𝐺0.7𝑁𝑁/𝐼𝐼𝐼𝐼0.02𝐺𝐺𝐺𝐺0.98𝑁𝑁/𝐺𝐺𝐺𝐺𝐺𝐺double heterostructure and compared 

that with conventional 𝐴𝐴𝐴𝐴0.3𝐺𝐺𝐺𝐺0.7𝑁𝑁/𝐺𝐺𝐺𝐺𝐺𝐺single heterostructure. The surface and interface 

trapping characteristics are investigated separately by conductance measurement in the depletion and 

accumulation region of voltage biases. It is found that the AlGaN/InGaN/GaN diode structure does not show 

any interface trapping effect, whereas single heterostructureAlGaN/GaN diode suffers from two kinds of trap 

energy states. This conductance behaviour of AlGaN/InGaN/GaNheterostructure is owing to more Fermi 

energy level shift from trap energy states at AlGaN/InGaN junction compare to single 

AlGaN/GaNheterostructure and eliminates the trapping effects. Analysis yielded interface trap energy state 

in AlGaN/ /GaN is to be with time constant of (33.8-76.5)μs and trap density of (2.38-0.656) ×1012eV-1cm-

2in -3.2 to -4.8 V bias region, whereas for AlGaN/InGaN/GaN structure no interface energy states are found. 

But, the surface trap energy of AlGaN/InGaN/GaN is extracted with concentrations and time constants of 

(5.87-4.39)×1012eV-1cm-2and (17.8-11.3) μs respectively in bias range -0.8 to 0.0 V.  

Next, the reverse gate leakage current mechanism is investigated in the same device structures. Two 

types of reverse leakage current mechanism are investigated: one is Frenkel-Poole (FP)emission and other is 

Fowler-Nordheim (FN) tunnelling. The conduction band simulation shows that the band bending at the 

interface is higher in AlGaN/InGaN/GaNheterostructure due to the higher polarization charge which results 

in higher electric field across the AlGaNbarrier compare to single heterostructure. Hence, the single 

heterostructureAlGaN/GaN shows only FP emission leakage current whereas the double 

AlGaN/InGaN/GaNheterstructure follows FP and FN both. The FP analysis reveals that the trap energy levels 

of 0.37eVand 0.34eVare contributing for AlGaN/GaN and AlGaN/InGaN/GaNheterostructure 

respectively.However, the FN tunnelling in AlGaN/InGaN/GaN is dominating for electric field higher than 

2.63 MV/cm. 

 

FAULT TOLERANT VLSI ARCHITECTURE DESIGN FOR REAL-TIME 

SIGNAL PROCESSING APPLICATIONS 
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In this dissertation, we have designed fault tolerant architectures for real-time signal processing 

applications using static redundancy and dynamic reconfiguration methods. For systems with structural 

regularity, dynamic reconfiguration is preferred due to its area and power efficiency. But because of its offline 

testing and reconfiguration, the method cannot be applied in fault tolerant designs of real-time systems. We 

have made the testing and reconfiguration online incorporating hot-standby topology in the dynamic recovery 

technique making it suitable for real-time applications. We have also incorporated some features like graceful 

degradation, C-testability and cascadability in this method to increase its practicability. But for systems where 

the use of dynamic reconfiguration is impossible or costly, we must opt for static redundancy methods. Most 

of the existing static fault tolerant approaches suffer from the limitations like voter reliability or high area 
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and delay overheads. We have modified some of the techniques to mitigate their pitfalls and proposed some 

new defect tolerant approaches those achieve higher fault tolerance with lesser resources compared to the 

existing methods. We have combined redundancies at various levels to get the benefits of the individuals 

alleviating their drawbacks. We have also proposed a new fault tolerant technique based on triple transistor 

redundancy that offers good reliability at minimum increase in area and delay overheads compared to the 

existing methods and hence is well-acceptable in resource constraint applications. We have proved that for 

every fault tolerant technique, there exists an optimal granularity value for which reliability is maximum for 

minimal increase in area and delay overheads. Our fault tolerant motion estimation unit designed by 

combining various fault tolerant modules offers 224% increase in reliability (with failure probability of single 

inverter = 10‒3) for 136% increase in area overhead, which is much better compared to its triple modular 

redundant counterpart. 

 

Keywords: Fault tolerance, reliability, dynamic reconfiguration, static redundancy, triple modular 

redundancy, hot-standby, graceful degradation, C-testable, quadded logic, quadded transistor logic, triple-

transistor logic, granularity, motion estimation 
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The ever increasing demand for efficient storage and transmission of multimedia content consisting 

of both digital audio and video necessitates the development of efficient means for their compression. The 

need to embed multimedia applications in hand held devices such as mobile phones prohibits the use of recent 

video codecs like H.264 or H.265, which rely on motion compensated discrete cosine transform (DCT) based 

video coding, for this purpose. The work reported in this thesis adopts the alternate line of research in 

transform based video compression based on the application of the wavelet transform (WT) technique for 

compressing video data with a goal to reduce the complexity of the video codec. 

First, a faster and fully scalable image codec is proposed based on the set partitioning in hierarchical 

trees (SPIHT) algorithm to encode the coefficients of an wavelet transformed image. The modifications 

include the use of a pre-processing step, use of the tree structure of the embedded zero tree wavelet (EZW) 

encoding algorithm in SPIHT and the use of edge enhancing decomposition (EED) for preserving the edge 

information at low bit rates. Further, a fully scalable image codec is developed by using the resolution scalable 

version of the SPIHT algorithm. The pre-processing step is then used along with 3D-SPIHT to design a two 

layer resolution scalable video codec. The designed video codec avoids the motion compensated temporal 

filtering (MCTF), used in contemporary 3D-DWT based video codecs, so as to reduce the complexity of the 

developed video codec. 

Fast estimation of the rate-distortion (RD) performance is important for the efficient design of 

image/video codecs. The popular ρ-domain theory is suitably modified so that it could be used for rate 

estimation of the modified SPIHT based image codec. Further, the resulting distortion is modelled using the 

approximation theory. The estimation performance is close to the operational R-D behavior for still image 

compression. Finally, different rate allocation criteria are examined for assigning the bit rates to independent 

subband based coding units for designing a 3D-SPIHT based optimal video coder. 

 

Keywords: Discrete Wavelet Transform, Set Partitioning in Hierarchical Trees, Zero-Shifting, Edge 

Enhanced Decomposition, Wavelet Packet Decomposition, Resolution Scalability, Rate-Distortion Analysis. 
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High-frequency asymptotic techniques are preferred methods for solutions of large scale 

electromagnetic problems. Their accuracy increases with frequency as they possess the in-built asymptotic 

nature (λ  0). The Geometrical Theory of Diffraction (GTD) and its immediate supplements i.e., the 

Uniform Theory of Diffraction (UTD) and the Uniform Asymptotic Theory of Diffraction (UAT) are the 

most widely used among these techniques. GTD by its nature, exhibits singularities in accordance with the 

boundaries present as a consequence of wave incidences at the edges. This behavior of GTD around the ray-

shadow boundaries was addressed by UTD and UAT (hence called uniform solutions), while away from these 

boundaries they reduce to the calssical GTD form. 

The problem of diffraction by a straight edge in a curved screen is a subject of interest for over few 

decades, and the application of UTD was limited by its inadequacy in providing uniform solutions for grazing 

incidence at the edges and for concave side incidence around the reflection boundary (RB). On the other 

hand, UAT formulation was available only for the case of convex side incidence on the curved screen. 

In this thesis, a UTD-type diffraction coefficient to account for the diffraction by a straight edge in 

a cylindrically curved screen has been established, maintains the simplicity of the UTD form, yet exhibiting 

the physically exact nature of the UAT form. The proposed coefficient is uniformly applicable for all aspect 

angles including the convex and the concave side incidence, and does not suffer from the existing problem 

of the grazing incidence at the edge. The plane wave and the spherical wave solutions of this diffraction 

coefficient have been validated by using the available experimental results in literature and the simulations 

using full-wave integral equation based solver (WIPL-D). The reciprocity condition of the diffraction 

coefficient has been verified for the problem of grazing incidence at the edges. The closed-form expressions 

have been derived to compute the backscattered RCS of cylindrically curved plates and an accurate shape 

reconstruction algorithm has been proposed for the inverse problem from amplitude only measured/simulated 

RCS data. 

 

Keywords: Bistatic RCS, Diffraction by curved screen, Grazing incidence, High-frequency asymptotic 

methods, Phase detour, RCS of curved plate, Reciprocity, Shape reconstruction, UAT, UTD. 
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The Scalable video coding (SVC) extension of the traditional video coding method is able to very 

high throughput in data compression. However, it possesses considerable high complexity and low error 

resiliency to channel errors, which are not suitable for applications such as video surveillance, wireless 

camera sensor network, space exploration and sports broadcasting, where low complexity encoding is needed. 

The present work has, therefore, focused on the development of a novel framework for Compressed 

Sensing based Scalable Video Coding (CS based SVC) and its VLSI implementation. The proposed 

framework achieves scalability through 3-Dimensional Discrete Wavelet Transform (3-D DWT) and better 
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compression ratio by exploiting the inherent sparsity of the high-frequency wavelet sub-bands through CS. 

By using 3-D DWT and a proposed adaptive measurement scheme (AMS) at the encoder, one can succeed 

in improving the compression ratio and reducing the complexity of the decoder. The proposed CS based SVC 

uses only 12% of the total number of multipliers needed in a conventional CS-based video coding system. A 

codebook of Bernoulli matrices with different sizes corresponding to the predefined sparsity levels is 

maintained at both the encoder and the decoder. Based on the calculated `0-norm of the input vector, one of 

the sixteen possible Bernoulli matrices will be selected for calculating the CS measurement vector y. The `0-

norm (K) of the input vector is also transmitted with the CS measurement vector y. Based on the K value, the 

corresponding Bernoulli matrix has been used in CS reconstruction algorithm to get back the high-frequency 

wavelet sub-bands at the decoder. At the decoder, a new Enhanced Approximate Message Passing (EAMP) 

algorithm has been proposed to reconstruct the wavelet coefficients and apply the inverse wavelet transform 

for restoring back the video frames. 

An efficient hardware implementation for CS based SVC has also been presented in this thesis. The 

proposed hardware architecture consists of an encoder and a decoder. A high-speed memory efficient VLSI 

architecture for the encoder of a proposed CS based SVC has been implemented for space and low power 

video applications. The proposed encoder architecture consists of a high-speed 3-D DWT architecture and 

the efficient compressed sensing module (CS module). The 3-D DWT architecture, which has been designed 

with nine stage pipeline architecture, requires less memory and one can reap high throughput when compared 

with the best existing 3-D DWT architectures. The proposed architecture (which is based on DWT and CS) 

for an encoder is the first of its kind, and to the best of the authors' knowledge, no architecture is available in 

literature for comparison. 

A novel architecture for the decoder of the proposed CS based SVC has been implemented using 

Enhanced Approximate Message Passing (EAMP) algorithm and the inverse 3-D DWT computation 

procedure. The EAMP algorithm shows better performance in terms of convergence rate and sparsity 

measurement trade-off while being compared to AMP, IST, and IHT. The execution time of the proposed 

design is reduced by maximizing parallelism with an appropriate level of unfolding. A high-speed memory 

efficient pipelined hardware architecture for 3-D inverse discrete wavelet transform is developed. 

Implementation results show that the proposed architecture benefits from features including reduced memory, 

low power consumption, low latency, and high throughput over several existing designs. 

 

Keywords: scalable video coding (SVC), compressed sensing (CS), 3-D discrete wavelet transform (3-D 

DWT), VLSI design, 3-D Inverse DWT (3-D IDWT), EAMP, AMP, IHT. 
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Multi-port networks finds its use in wireless communication, radar and power-delivery system. In 

RF, microwave and mm-wave frequency range some of the commonly used multi-port networks are two-port 

filter and impedance matching network (IMN), three-port power-divider (PD), four-port rat-race and branch-

line coupler (RRC & BLC) etc. These networks finds application in the design of antenna feed network, high 

frequency amplifier input and output matching, design of power combiners and dividers, balanced mixers 

and amplifiers, image rejection mixers, modulators, demodulators etc. The IMNs are finding increasing 

usefulness in the modern day applications like RFID, impedance compensation network for energy harvesting 

etc. Conventionally these network are designed using symmetrical transmission line or its equivalent network, 

while in recent years design emphasis has been laid upon using asymmetric elementary building blocks to 

have enhanced figure-of-merit. 
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This thesis is about synthesizing a multiport network with or without plane of symmetry. A 

conceptually correct synthesis approach of conventional equal power division rat-race and branch-line 

coupler using asymmetric-two-port network have been proposed exploiting the symmetry property of the 

asymmetric network. The synthesis equations are laid down in forms of two theorems. A generalized multi-

port network synthesis algorithm has been proposed based on a novel philosophy of port-decomposition 

technique. This algorithm can be applied to any type of multi-port networks like the symmetric or 

asymmetric, perfectly matched or unmatched, lossy or lossless etc. Concept of true transmission phase and 

it's usefulness has also been introduced. Four theorems pertaining to multi-port network synthesis have been 

postulated. The theorems provides the conditions for realization of generalized rat-race and branch-line 

couplers, a five-port network using such two-port building blocks and a coupled-line based arbitrary phase 

difference coupler. The two-port lossless ABCD parameters of a matching circuit with desired transmission 

phase has been derived and its importance has been discussed, which matches an arbitrary complex load to 

different complex source impedance, thus providing maximum power transfer. 

 

Keywords: arbitrary phase coupler, asymmetric two-port network, branchline coupler, coupled lines, 

directed graph, five-port network, impedance matching, multiport network, network synthesis, phase shifter, 

port decomposition, power combiners and dividers, power-wave, rat-race coupler, transmission phase, 

unequal power division. 
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Satellite Navigation plays an important role in the current Location based services (LBS). Thus, the 

navigation systems grow rapidly in variety of applications such as transportation systems, precision 

agriculture, mining, tracking and defense scenarios. The navigation systems require GNSS receivers to 

provide precise position and timing information depending upon the respective application. In addition, the 

GNSS signals are also classified as outdoors, indoors, soft indoors and deep indoors based on the application. 

Since the GNSS user community keeps on increasing, the research gains more attention on complex signal 

processing algorithms in the advanced GNSS receiver architectures.  

The GNSS signals are designed to meet the increasing demands of the user in terms of accuracy, 

integrity, sensitivity and robustness. In particular, the use of pilot channel in addition to the data channel is 

one of the major innovations in the current developments. Since, the channels are transmitted simultaneously; 

joint data/pilot combining becomes necessary inorder to avoid unwanted power loss between the channels at 

the receiver side. More specifically, attention has to be paid on joint data/pilot combining in order to improve 

the sensitivity and accuracy performance of the GNSS signals under weak signal conditions.  

The thesis provides detailed analysis of problems faced and novel solutions with respect to joint data 

and pilot combining in terms of code acquisition, code tracking and carrier phase tracking. Firstly, the thesis 

deals with the comprehensive analysis of joint data/pilot code acquisition algorithms to improve the 

acquisition performance of the GNSS signals. Here, differential noncoherent integrations are introduced. The 

second part of the thesis deals with collaborative code tracking of GNSS signals. Here, we introduce novel 

code tracking discriminator algorithms to improve the code tracking performance of weak GNSS signals. 

The last part of the thesis deals with joint data/pilot for carrier phase tracking of GNSS signals.  

 

Keywords: GNSS, code acquisition, code tracking, phase tracking, weak signals 
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This dissertation presents the design of sampled analog VLSI architectures that can be applied to 

real time signal processing. These architectures consume minimum hardware than their equivalent digital 

architectures and eliminate the need of data converters by processing input analog signals in terms of discrete 

time unquantized samples. In this work, several sampled analog architectures have been proposed to 

implement various useful transforms such as discrete wavelet transforms (DWT) as well as digital signal 

processing (DSP) algorithms of adaptive nature such as least mean square (LMS) algorithm based adaptive 

FIR filters. Initially, the design of various sampled analog architectures to implement DWT is presented, 

where the DWT coefficients are realized by the ratio of capacitors in switched capacitor (SC) circuits and 

addition and subtraction operations are carried out with SC integrators. In an attempt to realize adaptive 

circuits, a sampled analog architecture is proposed to implement LMS algorithm based adaptive FIR filter 

with just half the number of multiplier blocks compared to what is required in its conventional 

implementation, and the same is applied to realize system identification and channel equalizer architectures. 

A sampled analog architecture is proposed to implement the signal processing tasks involved in a cochlear 

implant as a real time application of DWT. Current mode sampled analog architectures are proposed to 

implement DWT, where DWT coefficients are realized by properly choosing W/L ratios of MOS transistors 

and intermediate current samples are stored across the gate-to-source parasitic capacitance of the MOS 

transistors as voltage samples. A detailed study of non-idealities occurring in sampled analog architectures 

that degrade the performance is presented, where a low complexity model with less number of technology 

parameters as compared to BSIM3v3 model is proposed to study the MOS transistor switch non-idealities 

such as channel charge injection error and clock feed through effects. 

All the proposed sampled analog architectures are validated through simulations on commercially 

available 0.18μm CMOS technology. Simulation results show that sampled analog architectures have the 

ability to implement DSP algorithms with minimum hardware and best suitable for the applications where 

low cost is of prime concern than the accuracy. 

 

Keywords: Sampled analog, Discrete time, VLSI architecture, Discrete wavelet transform, LMS algorithm, 

Adaptive filter, Cochlear implant, channel charge injection, clock feed through. 
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Video streaming applications are becoming more and more popular in consumer electronic devices 

with the advancement of video coding and wireless communication technologies in recent years. As end 

viewers always prefer to watch a consistent visual quality1 stream under strict bandwidth constraints, 

delivering such a constant quality media under the constraint of a given target bitrate and provides a unique 

challenge for the video service providers. In this context, two novel rate control mechanisms are proposed 

for bandwidth constrained video streaming applications by employing hierarchical coding structures in multi-
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pass and single-pass encoding mechanisms. To achieve the target bitrate with the best quality, the initial 

quantization parameter is determined by the average spatio-temporal complexity of the sequence, its 

resolution and the target bitrate. The proposed multi-pass rate control mechanism uses the statistics collected 

in the first-pass to derive an optimal quantization parameter for encoding the frames in the second-pass while 

the single-pass rate control mechanism periodically estimates the number of bits that would be necessary to 

encode a frame for a given spatio-temporal complexity and quantization parameter. Simple linear estimation 

models are further employed to update the frame quantization parameter values in an adaptive manner, 

resulting in a smoother variation among these values and a better visual quality. The experimental results 

demonstrate that the proposed rate control mechanisms outperform the traditional rate control scheme in the 

reference software in terms of peak signal-tonoise ratio and consistent perceptual visual quality while meeting 

the bitrate constraint. Finally, the proposed rate control mechanisms are validated through implementation 

on a miniature wireless test-bed. 

Accurate assessment of video quality has become a crucial concern for the video service providers 

with the increasing demand for video streaming applications. The video service providers are always 

interested in evaluating the quality of a video from an end viewers’ perspective since reliable assessment of 

video quality plays an important role in meeting the agreed quality of service and in improving the end 

viewers’ quality of experience. Consequently, video quality assessment models which evaluate the perceptual 

quality of a video as perceived by human observers have increased in importance. In this context, two no 

reference video quality assessment models, namely, feature extraction based predicted video quality measure 

and feature extraction based predicted video quality measure with encoding dimension adaptation are 

proposed for predicting the quality scores of a distorted video before the adaptation of its encoding 

dimensions and after the dimensions adaptation respectively. For video quality evaluation, both of the models 

extract all the spatio-temporal distortions and content characteristics from the video to quantify the initial 

frame level quality scores. A multi-stage temporal pooling mechanism thereafter transforms the frame level 

quality scores of a video into video level quality scores corresponding to each of the distortions in a modular 

way to account for both viewers sensitivity to quality degradation and saturation effects. Finally, a trained 

neuro-fuzzy model outputs the predicted video quality score according to the pooled frame level quality 

scores. The performance evaluation of the proposed models with regard to their efficacy in predicting the 

video quality scores tested on publicly available video quality databases have shown a strong correlation with 

the subjective scores. 

A quality of experience driven rate adaptation approach is proposed for adaptive video streaming 

which jointly considers both bandwidth savings and video quality adaptation for the rate adjustment, 

beneficial to both video service providers and subscribers. At each decision epoch, the adaptation algorithm 

accumulates the time varying quality of experience of a viewer by accounting for all the impairments, namely, 

initial delay, quality transitions and playback interruptions, which commonly occur during the playback of a 

video in adaptive video streaming. Based on the possible bandwidth savings and resulting quality of 

experience variations, the algorithm decides on to adapt the bit rate dynamically and accordingly maximizes 

the viewer’s quality of experience. Since the proposed adaptation algorithm constructs an optimal path across 

the segments for adaptation, it also achieves quality of experience fairness among multiple clients in shared 

bandwidth environments. The experimental evaluation carried out over real-world wireless network 

environments demonstrate that the proposed adaptation approach can maximize end viewers quality of 

experience in adaptive streaming, especially, under highly variable throughput conditions. 

 

Keywords: Video Streaming, Spatio-Temporal Complexity, Video Adaptation, Video Quality Assessment, 

Adaptation Algorithm, Quality of Experience 
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India, with its unique geological setting and socio-economic conditions is highly vulnerable to 

Natural disasters. According to the Vulnerability Atlas of India prepared by BMTPC, more than 59% of the 

total land-cover in the country is susceptible to seismic hazard of which 30% is falling in Seismic Zones III, 

IV and V. The Seismic Risk Map of the subcontinent developed in the present study by integrating the 

vulnerability elements, viz. population density and Landuse and Landcover, Building rural wall, Building 

rural Roof, Building urban wall, Building urban Roof, Building density with the probabilistic seismic hazard 

theme demarcates five zones viz. severe, high, moderately high, moderate and low. The entire Himalayan 

belt and Indo-gangetic plains fall under severe risk while few patches of high risk have also been spotted in 

that region.  

At the backdrop of the high risk Indian subcontinent the city of Kolkata placed at the boundary 

between Seismic Zone III and IV is one of the most urbanized and densely populated regions in the world 

and a major industrial and commercial hub of the eastern and northeastern region of India. The major tectonic 

framework of Eocene Hinge Zone, Main Boundary Thrust (MBT), Main Central Thrust (MCT), Main Frontal 

Thrust (MFT), Dhubri Fault, Dauki Fault, Oldham Fault, Garhmoyna–Khandaghosh Fault, Jangipur-

Gaibandha Fault, Pingla Fault, Debagram-Bogra Fault, Rajmahal Fault, Malda-Kishanganj Fault, Sainthia-

Bahmani Fault, Purulia Shear Zone, Tista Lineament, and Purulia Lineament in and around Bengal Basin as 

well as the Bihar-Nepal seismic zone, Assam Seismic Gap, Shillong Plateau, and the N-E Himalayan extent 

pose constant seismic threat to the city of Kolkata. Seismic hazard zonation and risk assessment is undertaken 

for Kolkata to assess the likely effects of earthquakes as site specific implications.  

A synoptic probabilistic seismic hazard model of Kolkata has been developed considering 33 

polygonal seismogenic sources and 158 active tectonic sources (faults/lineaments). The probabilistic hazard 

in terms of PGA distribution for 10% probability of exceedance in 50 years shows a variation from 0.109g 

to 0.151g at the bedrock level. All the geomorphological units in Kolkata have the potential of a high 

liquefaction susceptibility during strong seismic shaking. Effective shear wave velocity (Vs30) for 30m soil 

column is used as a proxy site classification parameter for Kolkata following NEHRP, USGS and FEMA 

regulations placing the City in D1 (Vs30: 320-360ms-1), D2 (Vs30: 320-280ms-1), D3 (Vs30: 280-240ms-1), 

D4 (Vs30: 240-180ms-1) and E (Vs30: <180ms-1) classes. Some patches of E site class whichever have  

shown the tendency of liquefaction under seismic excitation is further reclassified into F site class.  

A deterministic liquefaction susceptibility scenario of the City created with PGA at 10% probability 

of exceedance in 50 years at the surface consistent level generated a high liquefaction hazard zone at the 

depth range of 5-10m due to the presence of coarse grained sediments viz. sand, silty sand, clayey silty sand 

and shallow ground water conditions. It is seen that extremely high risk zones encompass the northeastern 

and southeastern parts of the City along with parts of Central Kolkata and a small patch of the southwestern 

corner of the City. The rest of the City is at high liquefaction risk except for the two patches of low risk areas 

in the northern and southwestern corners of the City.  

The Seismic Hazard Zonation (SHZ) map of the entire city classifies it into ‘Severe’ in Salt Lake, 

New Town areas, ‘High’ mostly in Barabazar, Anandapur, Belgachiya, Bagdoba areas of the expanding City, 

‘Moderate’ in most parts of South and West Kolkata and Low zones.  

Four broad divisions of socio-economic risk index (SERI) have been identified in Kolkata with Risk 

Index (SERI) defined as 0.75<SERI≤1.0 indicating severe risk condition, 0.50<SERI≤0.75 high risk, 

0.25<SERI≤0.50 moderate risk, while SERI<0.25 presents a completely risk free regime. On the other hand 
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four broad divisions have been identified in the City with Structural Risk Index (SRI) defined as 

0.75<SRI≤1.0 indicating severe risk condition, 0.50<SRI≤0.75 indicating high risk, 0.25<SRI≤0.50 moderate 

risk, while SRI<0.25 presents a completely risk free regime.  

In order to understand the implication of Probabilistic Seismic Hazard with 10% probability of 

exceedance in 50 years at surface level the same has been exposed to buildings and essential facilities. The 

building stock used in this study consists of 554,907 buildings with different occupancy classes such as, 

residential, commercial, residential-commercial, religious, governmental and educational. Damage 

probability of different model building types have been computed in five different damage states viz. none, 

slight, moderate, extensive, and complete in terms of damaged area or number of damaged buildings using 

capacity spectrum method in SELENA. Out of 554,907 buildings of Kolkata approximately 34% is expected 

to suffer from ‘moderate’ damage followed by ~26% ‘complete’, ~18% ‘extensive’, and 15% ‘slight’ 

damage. Approximately 7% buildings are seen to be seismic resistant in the City. The estimated building 

damage is converted to economic loss by using the available inventory database of the City, including the 

floor area, construction cost estimates per square meter provided by the local competent authorities. 

Construction cost for individual model building type has been provided for each geounit and a complete 

economic loss profile for the City has been generated. The estimated possible loss for this probable hazard 

scenario with 475 years of return period is about 231 billion Rupees from building damage point of view. 

The damage is also estimated for the essential facilities like Schools, Hospitals, Police Stations and Fire 

stations using HAZUS. Out of 1455 Schools 66% is expected to exceed ‘slight’ damage, 23% will exceed 

‘moderate’ damage and 11 % of the school buildings will exceed ‘complete’ damage state. From 1060 

medical care facilities in the City 48% of the buildings is expected to exceed ‘slight’ damage, 28% will exceed 

‘moderate’ damage and 24% will exceed ‘extensive’ damage state. The estimation of damage for 17 fire 

stations in the City indicates that 67% of these facilities will exceed ‘slight’ damage, 22% will exceed 

‘moderate’ damage and 11% will exceed ‘extensive’ damage state. Out of 62 Police stations considered in 

the present analysis 64% is expected to exceed ‘slight’ damage, 23% will exceed ‘moderate’ damage and 

13% will exceed ‘extensive’ damage state. Transportation network of the City will face ‘slight’ to ‘moderate’ 

damage states while exposed to the probabilistic hazard level assessed in this study. The economic loss 

projected for the Highway, Railway, Bridges, Ferry and Bus terminals is about 76 billion Rupees for the City. 

The seismic hazard, vulnerability, risk, damage and economic loss scenario for Kolkata may be used for land 

use planning and up-gradation of seismic building codal provisions.  

 

Keywords: Probabilistic Seismic Hazard, NEHRP Site Classification, Deterministic Liquefaction 

Susceptibility Scenario, Seismic Hazard Zonation, Socio-economic Risk Index, Structural Risk Index, GIS, 

Capacity Spectrum Method, SELENA, HAZUS, Economic Loss, Kolkata, India. 
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The present study, deals with the ambient soil contamination around Kolaghat thermal power plant 

(1260 MW), West Bengal, India. The major aspects of the study are – (i) study of contamination using 

selected geochemical and geophysical methods, (ii) delineation of contamination/hazard zones (iii) 

vulnerability and risk analysis around thermal power plant, and (iv) generation of a GIS based risk analysis 

model for adopting remediation measures. The contamination study was initiated by an in-situ radiometric 

(surface radiation) survey, followed by robust radioelemental analysis of selected soil and ash samples from 
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the study area. The analytical results in terms of high radiation dose, high heavy metals and rare earth 

elements (REE) concentration in soil indicated the contamination due to ash deposition in the area. Observed 

REE concentration in soil was almost similar to that observed in REE mining areas. Subsurface contamination 

due to leaching from the ash ponds was identified based on direct current resistivity soundings in the area. A 

continuous and highly conductive zone was identified starting at a depth of ~ 2 – 10 m and extending up to a 

depth of ~ 50 m in the area close to the thermal power plant. Delineation of hazard zones was done based on 

geostatistical interpolation (using Empirical Bayesian Kriging) of the surface radiation data. Vulnerability 

map of the area was generated using landuse-landcover map (prepared using satellite image interpretation) 

and demographic data. Surface radiation risk map was prepared integrating hazard and vulnerability map. 

This map can be used for identification of areas demanding remediation. Hazard zonation and risk analysis 

is an important aspect in contamination monitoring and management to keep contamination risk under 

control. However, the above mentioned process of hazard zonation and risk analysis involved a considerable 

amount of time, resources and expertise. To avoid the repetition of these processes for each instance of 

periodic monitoring or rapid assessment (of a new area), a new GIS based model – ‘Contamination Hazard, 

Vulnerability and Risk Analysis’ (CHVRAN), was developed in the present study. The model is simple, 

flexible and can be replicated to soil contamination study, around an industry.  

 

Keywords: Coal fly ash, Radioactivity, Rare earth elements, Direct current resistivity, Hazard zonation, Risk 
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Groundwater discharge (SGD) from the coastal aquifers to the oceans takes place when the elevation 

of the water table of coastal aquifers is higher than the mean sea level, varying seasonally and tidally. SGD 

provides a route for escape of a large portion of the fresh groundwater, solutes and contaminants to sea. The 

present study is the first detailed documentation of SGD to the Bay of Bengal. The study site is at Chandipur 

(21° 26' 11.6" N and 87° 01' 3.1" E), a micro tidal coast of Balasore district of Odisha, India adjoining the 

Bay of Bengal. The specific objectives of the study are to made (1) delineation of different types of 

groundwater discharged zones; (2) quantification of the present day SGD to Bay of Bengal (3) identification 

of the sources of the discharged groundwater and (4) quantification of present day solute (nutrient and 

contaminates) flux to Bay of Bengal via SGD. In addition, implication of nutrient dynamics to coastal ecology 

of the Bay of Bengal has also been deciphered. Results of the thermal mapping of porewater have been used 

for mapping and visualizing the three-dimensional seasonal spatial extent of groundwater plume and 

identification of zones of focused or diffuse SGD. This work also provides the first direct/experimental 

estimate of SGD to the Bay of Bengal, which suggests total average annual SGD to the Bay of Bengal is 

about 8.98 ± 0.6 ×108 m3/y. Stable isotope composition of the porewater demonstrates significant seasonal 

variability in the source of the discharging groundwater. The measured solute concentrations in the 

discharging groundwater provied a general overview about the solute/nutrient and contaminant flux to the 

Bay of Bengal. The annual flux of NO3
- were found to be 160±4.8 mM m-2d- and the annual flux of Fetot has 

been estimated as 224±1.8 mM m-2d-1 for the study site. Hence by understanding the mechanism of the 

nutrient dynamics, we can assume that SGD input to Bay of Bengal will be vital for its ecosystem and 

sustainability in near future.  
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In this study, 434 sediment samples have been analyzed for benthic and planktic foraminifera as 

well as total organic carbon and stable isotope studies of carbon and oxygen from marine sediment cores SK-

240/327, SK-243/I-1, and ABP-25/03, off Gujarat in the northeastern Arabian Sea. In total 249 species 

belonging to 103 genera of benthic foraminifera are reported in this study. For benthic foraminiferal faunal 

study, dry samples were sieved over 125 μm-size sieve and split into suitable aliquots to obtain ~300 

specimens of benthic foraminifera, whereas for planktic foraminiferal study, samples were dry-sieved over 

149μm-size sieve. My goal is to reconstruct the Holocene history of the Indian monsoon. Factor and cluster 

of analyses of thirty, thirty-four, and thirty highest-ranked benthic foraminiferal species identified each seven 

biofacies from three cores, characterizing major changes in shallow/deep-sea environments during the studied 

interval. The diversity parameters of benthic foraminifera like Information function [H(S)], Equitability (E), 

Number of species and Sanders’ rarefied values were calculated to examine changes in the species diversity 

of benthic formaminifera driven by strong summer monsoon during the Holocene. The population flux of 

planktic foraminifer Globigerina bulloides suggests phases of strong summer monsoon during the early to 

mid-Holocene and a weak summer monsoon during the late Holocene. However, there seems to be a spatial 

variation in the strength of the summer monsoon in the northeastern Arabian Sea during the studied interval. 

For this study, the population percentage data of Globigerina bulloides and mixed layer species have been 

compared to the combined Globigerina bulloides percentages from ODP Hole 723A and core ABP-25/02, to 

understand intense upwelling driven by a strong summer monsoon changes as over the last 11 cal Kyr BP, 

from marine sediment records in both the eastern and western parts of the Arabian Sea. The northeastern 

Arabian Sea benthic foraminifera are good proxies to understand productivity changes related to monsoon 

variability during the Holocene. At core SK-240/327, a major change occurs at ~8.2 to 5.5 cal Kyr BP, 

suggesting strengthening of the summer monsoon, whereas in the late Holocene during 4 to 2 cal Kyr BP, the 

summer monsoon was weak. During the Medieval Warm Period the summer monsoon strengthened whereas 

during the most recent climatic event, the Little Ice Age (1400-1800 AD), there was a drastic reduction in the 

intensity of the summer monsoon. At core SK-243/1-1, a major change in benthic foraminifera suggests a 

major intensification of the southwest monsoon (SWM) monsoon ~11 to 7 cal Kyr BP, coinciding with major 

intensification of the Indian summer monsoon. The summer monsoon was weak during ~7 to 2 cal Kyr BP. 

At core ABP-25/03, a major change in benthic foraminifera occurs during ~8.5 to 6 cal Kyr BP, indicating a 

stronger summer monsoon whereas during 4 to 2 cal Kyr BP the summer monsoon was weak. Thus it is 

observed from the study that the signature of southwest monsoon variability at the three different cores is not 

exactly similar. However all the three sites show strong southwest monsoon during early Holocene (upto ~6 

cal Kyr BP), and weak southwest monsoon during late Holocene (from 4 to 2 cal Kyr BP).The eastern Arabian 

Sea upwelling induced productivity was higher during the early Holocene. The Total Organic Carbon (TOC 

wt. %) results document a great complexity when combined with Globigerina bulloides data at core ABP-

25/03, a vital proxy for surface productivity. The carbon and oxygen isotope (δ13C and δ18O) analysis of 

shells of benthic foraminifer Cibicides spp. has been used as an important tool in the reconstruction of the 

history of deep oceanic changes. The spectral analysis performed on G. bulloides and benthic foraminifera 

Uvigerina proboscidea, Anomalina globulosa and Nonion cf. astarizans shows cyclicity which can be linked 

to solar variability. 
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In this dissertation, the history of magmatism and tectonometamorphism of the Paleoarchean 

Tonalite–Trondhjemite–Granodiorite (TTG) suite and the Neoarchean Malayagiri supracrustal belt of the 

Singhbhum Craton is used to address issues of Archean crustal growth and metamorphism, and the position 

on proto-India in reconstructions of the supercontinent Rodinia. 

The TTG magmas were emplaced in two pulses at 3.45–3.44 Ga and 3.35–3.32 Ga, followed by 

potassic granitoid activity at ~3.10 Ga. Titanium-in-zircon thermometry gives zircon crystallization 

temperatures of 938–798 ºC. The TTGs belong to the medium to low pressure group with the parental 

magmas derived from rutile-free, garnet and plagioclase-bearing sources. Strontium–Nd–Hf isotopes indicate 

that the 3.45–3.44 Ga tonalites and trondhjemites were derived from juvenile mafic crust with little crustal 

residence time. Granites of this suite were derived by up to 60% recycling of preexisting Eoarchean crust. 

The 3.35–3.32 Ga TTG suite was produced by partial melting of the same mafic crust with up to 25% 

recycling of Eoarchean crust. The younger potassic granitoids such as the Mayurbhanj pluton in the eastern 

part of the craton can be modeled as intracrustal melts of more potassic members of the Paleoarchean TTGs. 

A tectonic setting with relatively high geotherms of 15–20 ºC/km such as in a very hot subduction zone, or a 

collapsed continental collisional zone can account for the magmatism. The TTGs were metamorphosed at 

3.30–3.28 Ga and 3.19–3.13 Ga at P-T conditions of 2.4–4.3 kbar, 695–751 ºC and ~1.44 kbar and 534–

581ºC under high geothermal gradient of 46–115 ºC/km. 

The Malayagiri supracrustal rocks in the Rengali Province at the southern margin of the craton were 

deposited in the Neoarchean (2.79‒2.42 Ga) and affected by three major tectonothermal events at 2.47‒2.42 

Ga, 0.98‒0.94 Ga, and 0.54‒0.57 Ga. They share a common geological history with granulites of the Eastern 

Ghats Province since the early Neoproterozoic. The early Neoproterozoic event shared by the two terranes 

corresponds to the suturing of the Eastern Ghats Province with the southern margin of the craton, thereby 

establishing that the Eastern Ghats Province was docked with India during the Grenvillian orogeny, and 

implying that proto-ndia was a part of Rodinia. 

 

Keywords: Singhbhum Craton; Tonalite–Trondhjemite–Granodiorite; zircon U–Pb dating; Sr–Nd–Hf 

isotope; metamorphism; Malayagiri; Grenvillian; Rodinia 
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The Indian Sub-Continent (ISC), which hosts the largest and densest global population, faces acute 

shortage of mostly drinking water and other usable waters as it is witnessing rapid rise in population, 

urbanization, and change in societal water use and lifestyle. The work of this thesis, aims to delineate the 

groundwater resources across the parts of the ISC, ranging from its quantification to its controlling factors. 

The study delves into the details of groundwater recharge, storage (GWS) change, it's possible estimation 

using other parameters (i.e. vegetation data), spatio-temporal variability of groundwater storage, and also the 

effect of water management strategies on groundwater storage in ISC using in situ, satellite-based and 

numerical model simulations. Groundwater recharge estimated from in situ groundwater levels exhibit 

comparatively higher values (>300 mm/yr) over the intensively irrigated alluvial plains of the Indus-Ganges-

Brahmaputra (IGB) river system. High precipitation rates along with a combination of favorable 

hydrogeologic properties of the unconsolidated alluvial deposits and intensive irrigation in the IGB promote 

recharge. Most of the regions in the central and southern ISC experience comparatively lower recharge (<200 

mm/yr) as a result of comparatively lower precipitation, less permeable surface geology, and less-intensive 

irrigation. In situ GWS anomaly data indicate renewal of GWS in western and southern ISC at a rate of 

1.06±0.03, and 0.31±0.02 km3/year in 1996-2014, on the other hand, the northern and eastern ISC have been 

subjected to rapid GWS depletion at a rate of -4.55±0.11 km3/year and -3.59±0.14 km3/year in 1996-2014, 

respectively. Satellite-based GWS anomaly shows GWS depletion in the northern and eastern ISC with rates 

of -14.02±1.37 km3/year and -14.49±4.36 km3/year, respectively, in 2003-2014. It is also found that, the 

spatial variability of groundwater storage anomalies are influenced by well spacing. A positive linear 

relationship does exist between the logarithm of spatial variability in GWS anomaly and the logarithm of 

spatial extent. Based on the outputs of robust statistical applications along with simulating the effects of water 

management policy changes, it is found that the GWS has been replenished due to application of proper water 

resource management practices in parts of the ISC. 

 

Keywords: Indian Sub-Continent; Groundwater recharge; Groundwater storage;Groundwater management 

policy; Hydrogeology 
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The research literature on Corporate Social Responsibility (CSR), the usual paradigm to assess the 

socially and environmentally responsive business practices, earlier used to be exclusively focused on the 

large corporations. Lately, however, Small and Medium Enterprises (SMEs) are included in the CSR 

discourse. For, globally SMEs are now recognized as engines of inclusive growth, but reports of unethical 

behavior by the SMEs, particularly in many developing countries, have raised our concern. Extant literature 

also shows that most of the studies on SMEs and responsible business practices are on SMEs from developed 

countries; in comparison, very little is known about the SMEs and their CSR or responsible business practices 

in the developing country such as India. The present study has tried to contribute in this lesser-known area. 

Utilizing the concept of „responsible business practices‟ (RBP), this research has undertaken a study among 

some SMEs in two states of India, West Bengal, and Odisha. With the aid of a questionnaire survey and a 

subsequent round of personal interviews, it has collected data and analyzed the practices of SMEs towards 

the key stakeholders, such as employees, community, and the environment. It also has tried to find out (a) 
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whether the personal values and beliefs of the owner-manager shape the RBP in the SME, (b) what the SMEs 

perceive as barriers to their engagement in RBP. The findings suggest that the concepts of RBP and CSR are 

not well-received and well-practiced in the surveyed samples; that the awareness about obligations related to 

RBP or CSR is low, and that the business practices do not always conform to the values and beliefs, as stated 

by the owner-managers. The thesis ends with recommendations for workable, specific measures to improve 

the situation among the Indian SMEs, and has attempted to develop a training module for value reorientation 

and behavioral modification based on certain theories of ethics.  

 

Keywords: Small and Medium Enterprises, Responsible Business Practices, Corporate Social 

Responsibility, Business Ethics. 
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Today’s workplace demands more energy, talent and multi skills with specialized aptitudes in order 

to succeed and survives in the face of global competition. Globalization, deregulation of markets, changing 

customer requirements are some of the major challenges of organizations. These challenges have created 

more complex and unpredictable business environment than before. Employees are facing greater challenges 

in coping with work transitions and unpredictable market situations. Organizations which develop flexible 

processes, capacities and decision making are able to adjust and survive the turbulent marketplace. Hence, 

flexibility in the workplace is a necessity for employees, employers and for the organizations for their 

survival. Keeping this in view, the present study has examined the influence of human resource flexibility on 

organizational effectiveness. It has also examined the mediating role of organizational citizenship behaviour 

and employee intent to stay between human resource flexibility and organizational effectiveness. Data were 

collected from 391 executives working in various public manufacturing industries across India. Software 

tools like SPSS 16.0 and AMOS 21.0 were used to analyze the data. The results of the study have revealed 

the positive and significant relationship between the variables. The findings of the study show a significant 

relationship between human resource flexibility and organizational effectiveness. The findings also reported 

a significant and positive mediating effect of organizational citizenship behaviour and employee intent to 

stay between human resource flexibility and organizational effectiveness. Both the mediating variables 

reported significantly partial mediation between human resource flexibility and organizational effectiveness. 

The overall results indicate that the human resource flexibility system of an organization emphasizes new 

idea generation, flexibility, adaptability, and risk taking behaviour to achieve organizational effectiveness. 

The study further suggests that implementing flexibility system practices could enhance employee 

performance as well as organizational effectiveness. The outcomes of the study offer valuable insights and 

inputs for future research while providing a gateway to understanding turnover intentions of the employees 

through human resource flexibility.  

 

Keywords: Human resource flexibility, Organizational effectiveness, Organizational citizenship behaviour, 

Employee intent to stay. 

 

  



Abstracts of Ph.D. Theses 2016-17 

 

Central Library 123 
 

MULTILEVEL LEADERSHIP AND ORGANIZATIONAL 

EFFECTIVENESS IN INDIAN TECHNICAL EDUCATION 
 

Jyotiranjan Gochhayat 
Supervisors: Prof. Vijai N. Giri and Prof. Damodar Suar 

Department of Humanities and Social Sciences 

Accession No.: NB15654 

 

Three studies were conducted to provide a conceptualization of educational leadership with 

multilevel and integrative approach. The studies aim to examine the impact of multilevel leadership on the 

effectiveness of technical educational institutes through the mediating effects of organizational 

communication, organizational culture, and bases of power. The first study examines the trend of research 

on prominent leadership theories over the period 1990-2015. 752 research publications in six journals were 

examined. The findings suggest that the research on transformational leadership is in its growth stage, 

whereas research on transactional leadership, charismatic leadership, and leader-member exchange was in 

their decline stage. In the second study of narrative enquiry, data were collected from published interviews 

and personal interviews of founders, vicechancellors, and directors of universities in India. Content analysis 

of the results suggests an integrative model of leadership with attributes from multiple levels, approaches, 

and perspectives. In the subsequent quantitative study, data were collected from 153 heads of engineering 

and management institutes across India along with 306 subordinates working in coordination with the heads 

of the institutes. The subordinates assessed leadership and organizational communication and the leader 

assessed the remaining constructs. Findings suggest that the multilevel leadership construct directly predicts 

organizational effectiveness. Organizational communication, organizational culture, and use of personal 

power mediate the effects of leadership on organizational effectiveness. However, positional power does not 

mediate the effect of leadership on organizational effectiveness. Conclusively, the results indicate that 

multilevel leaders may promote organizational communication, organizational culture, and use personal 

power for higher effectiveness of technical institutions. 

 

Keywords: Multilevel leadership, organizational culture, power, communication, organizational 
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This study examines the dividend policy of 781 continuously traded listed companies in India during 

the period 1994-95 to 2012-13. It analyzes the trends in dividend payout ratios and determines the factors 

affecting dividend policy and dividend smoothing. It also examines the influence of catering incentives on 

dividend policy and the role of business group affiliation in determining dividend policy and dividend 

smoothing. Logit, tobit, fixed effect and time series regression models are used to investigate the issues 

mentioned above. It is observed that the proportion of dividend paying firms has declined during the period 

1994-95 to 2012-13 and this declining trend is not continuous. The dividend paying companies are larger, 

more profitable, have fewer investment opportunities, less levered and more mature than non-payers. The 

results reveal that the larger, more profitable, more mature and highly liquid firms are more likely to pay 

dividends, and the likelihood of paying dividends is less for the firms having more growth opportunities, high 

financial leverage, and high business risk. Firms are more likely to pay dividends and have higher dividend 
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payout level when the insiders’ ownership is less or when thedispersion of ownership is higher. The factors 

like financial leverage, the size of the company and profitability have played the significant role in 

determination of dividend policy for the continuously dividend paying companies. The results are consistent 

with the pecking order theory, transaction costs theory, signaling theory and firm life-cycle theory of 

dividends. The companies having high investment opportunities, low leveraged, riskier, high dividend 

distribution taxes and smaller companies tend to smooth their dividend more which is in line with the 

information asymmetry and agency-based explanations of dividend smoothing. The catering incentives have 

significant positive impact on dividend policy and propensity to pay a dividend, which implies that Indian 

companies cater to their investors’ sentiments. The dividend policy decisions and the dividend smoothing 

behavior of business group-affiliated companies differ significantly from that of non-affiliated companies. 

The findings would help the corporate managers to formulate appropriate dividend policy for their companies 

in India.  

 

Keywords: Dividend policy; Dividend smoothing; Catering incentives; Propensity to pay; Business groups. 
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Ecotourism is a type of sustainable tourism that aims at conservation of the environment through 

maintaining a balance between conservation and development of indigenous communities. However, though 

ecotourism has become a popular phrase in tourism sector, the authenticity of ecotourism practice is a big 

question. The situation is grim for developing countries. The present study is an attempt to address the impact 

of ecotourism in Bhitarkanika Wildlife Sanctuary (BKWS), Odisha, which is the second largest mangrove 

ecosystem in India. Both primary and secondary data are used to address the objectives of the study. The 

study uses a variety of econometric techniques and case studies to examine the various factors that influence 

the participation of indigenous local communities’ (living inside the sanctuary) in ecotourism, to examine the 

economic impact of ecotourism to the participants compared to the non-participants, the socio-cultural impact 

of ecotourism, costs to the locals for ecotourism policy, environmental impact of ecotourism, and finally the 

attitude of locals towards the policy. The study finds that ecotourism has come as an economic rescuer for 

the participants who did not have a wide avenue of earning and had to depend on natural resources for their 

livelihood. With the creation of employment opportunities, locals also have been made aware for participation 

in community development programs such as Eco development clubs, Self-help groups etc. However, these 

institutions have failed to empower the communities. Moreover a huge cost of ecotourism occurs to the locals 

in terms of man-animal conflict and the non-participants suffer mostly in terms of crop depredation, livestock 

depredation etc. The losses often result in aggravating poverty, food insecurity, additional expenses for 

investing on mitigating measures, additional expenses through repeated travel to report losses, inquire about 

payments and consequently diminished state of socio-economic wellbeing. Finally the study addresses the 

effectiveness of ecotourism policy in meeting the environmental objective and the attitude of the locals 

towards ecotourism. The study finds that there has been undoubtedly an increase in principal natural capital 

over time in BKWS as a result of ecotourism. The support of the locals is highly essential for successful 

conservation policy and it is found that regardless of the socio-economic circumstances villagers exhibit a 

positive attitude towards the ecotourism policy. Such positive attitude is a boon for policy makers as they can 

tap this positivity into conservation favorable behavior. Thus proper strategies need to be designed for an 
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inclusive ecotourism approach in BKWS, one which is socio-economically effective, culturally advanced and 

environmentally sustainable. 

 

Keywords: Ecotourism; economic impact; socio-cultural impact; environmental impact; Bhitarkanika 

Wildlife Sanctuary. 
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While cities—Jahilia, Sikri, Florence, Bombay, Karachi, London, New York and Los Angeles—

play a pivotal role in Salman Rushdie’s fiction, they have received cursory critical attention until recently. 

Although a few literary studies have focused on both the significance of cities in Rushdie’s artistic oeuvre 

and on the larger questions they raise about the contemporary urban condition, they do not sufficiently take 

into account the insights provided by emerging interdisciplinary research on cities. Building on the 

interdisciplinary spatial turn in the humanities, the present study addresses this lacuna in Rushdie studies 

through focusing on cities in Rushdie’s novels and identifying an alternative global urban space in Rushdie’s 

novels. Using an interdisciplinary approach and drawing on an eclectic group of spatial thinkers such as Henri 

Lefebvre, Edward Soja, Doreen Massey, Pierre Nora, Michel De Certeau, Nigel Thrift, Rosi Braidotti, the 

thesis hopes to make an intervention in the new understandings of the contemporary global urban condition 

that privilege global cities as “strategic territories” by rethinking the notion of the global city in two ways. 

First, the thesis proposes a diachronic perspective on globalization in Rushdie’s novels by drawing largely 

on Edward Soja’s concept of synekism that is juxtaposed against the synchronic dominated by Saskia Sassen’s 

concept of the global city. Second, the thesis engages with an immanent critique of twenty-first century global 

cities in Rushdie’s novels through focusing on the alternative understanding of the cities of the global south 

and the alternative spaces produced in the cities of the global north through the movement of the postcolonial 

migrant at the level of various scales— from the city to the home to the micro level of the body. 

 

Keywords: Salman Rushdie, Globalization, Global City, City, Urban Networks, Synekism, Postmodern, 
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This study examined the nature and characteristics of learning organization in a competitive 

environment; the role of certain organizational factors in building a learning organization such as 

organizational learning, organizational culture, HRM practices, and transformational leadership. It also 

examined the impact of learning organization on organizational effectiveness, organizational innovativeness, 

and organizational performance; the mediating role of learning organization, and the differences in learning 

organization across manufacturing and services sector. Data was collected from 124 Indian companies, which 

include 32 manufacturing and 92 service companies. Structural equation modeling was used to test 
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hypothesized relationship among the variables, and model fit. The results indicated that organizational 

learning, culture, and HRM practices significantly predicted learning organization, while transformational 

leadership did not have significant impact in building a learning organization. Learning organization 

significantly predicted organizational innovativeness and organizational performance, but did not have any 

impact on organizational effectiveness. It was found that manufacturing sector fared better in developing a 

learning organization as compared to service sector. The structural model with mediator effect was partially 

accepted. The study has implication for managers to facilitate a culture of learning, follow appropriate HRM 

practices and leadership to build learning organization.  

 

Keywords: Learning organization, Organizational Learning, Organizational Culture, Human Resources 

Practices, Transformational Leadership, Organizational Effectiveness, Organizational Innovativeness, 

Organizational Performance 
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In recent times, the universal phenomenon of ageing, rapid unplanned urbanization, and unhealthy 

lifestyles like tobacco consumption, poor dietary habits, and sedentary life pattern are leading to rise of many 

Non Communicable Diseases such as Diabetes. India leads the world with largest number of diabetic patients 

and has being termed as the “diabetes capital of the world”. The chronic nature of the disease has implications 

on the behavioral pattern of the affected person. Although some diabetic people show encouraging coping 

capabilities, majority of them experience psychological problems which lead to poor mental health status and 

ultimately resulting in diminished level of health-related quality of life experiences. This research endeavors 

to examine the mediating role of perceived social support on the relationship among mental health status and 

quality of life of people living with diabetes. Date were collected from a purposive random sample of 387 

patients diagnosed with type 2 diabetes availing out-door patient services of a specialized diabetic care 

hospital in Eastern India. A set of standardized questionnaires were used to access the perceived social 

support, mental health status and health related quality of life. Data were analyzed by using SPSS 20.0 and 

AMOS 20.0. The results reveal a positive and significant relationship among the mental health status, 

perceived social support and health-related quality of life. Mental health status significantly and directly 

influences quality of life of type 2 diabetic patients. The study also shows that perceived social support 

significantly mediates the relationship between mental health status and quality of life. The results endorse 

the role of social support / psychosocial support as an essential modulator for improving the mental health 

status and the health-related quality of life of people living with diabetes. Psychosocial support helps in 

enhancing the persons’ ability to care for their diabetes (self-care) which ultimately leads to accomplishment 

of better treatment outcomes and long-term prognosis of diabetes. This research emphasizes the importance 

of social support provided by family, friends, peers, colleagues, etc. in effective and long-term diabetes 

management while addressing the psychological issues and attaining health-related quality of life in Indian 

context. 

 

Keywords: Anxiety, Depression, Diabetes management, Psycho-social support, Psychological well-being, 

Self care 
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Odisha is classified as a ‘high focus’ state under the National Rural Health Mission (NRHM) on 

account of its high Maternal Mortality Ratio (MMR). The study attempts to appraise maternal health program 

(called Janani Suraksha Yojana) offered by the Government in the remote Jaleswar block of Balasore district. 

This region has high concentration of poor tribal population and is also characterized by geographical 

inaccessibility due to seasonal floods, making it ‘vulnerable’. The study focuses on assessment of 

infrastructural capacity, challenges faced by community workers called Accredited Social Health Activists 

(ASHAs), problems in integrating indigenous medicine, and in implementing Health Management 

Information System (HMIS). Community receptivity to the program is also assessed. The findings reveal that 

the block widely deviates from recommended safe practices and protocols on maternal health. An 

infrastructural assessment using the Parijata Tool shows that public health facilities in Jaleswar do not 

comply with minimum standards set by the World Health Organization. Further, the study finds that there is 

deficiency in knowledge, skills and training of ASHAs. Much needs to be done to improve their capacity to 

deal with tribal women. Overall, Maternal Health program mainly adopts the biomedical paradigm, and there 

is poor integration of indigenous medicine. Finally, assessment of HMIS shows that it fails to generate 

information for local application. In short, the study shows that the state of Odisha has attempted a highly 

standardized Maternal Health program without considering local needs and birthing practices. It concludes 

by suggesting remedial measures for improving maternal care for vulnerable communities by incorporating 

culture-specific practices.  

 

Keywords: Tribal health, maternal health, infrastructure, ASHA, AYUSH, HMIS, culture-specific care 

 

DETERMINANTS AND CONSEQUENCES OF ORGANISATIONAL 

CITIZENSHIP BEHAVIOUR IN INDIAN PUBLIC SECTOR UNDERTAKINGS 
 

Sangya Dash 
Supervisor: Dr. Rabindra Kumar Pradhan 

Department of Humanities and Social Sciences 

Accession No.: NB15816 

 

In recent times, research on organizational citizenship behaviour (OCB) has taken center stage in 

field of organization studies, organizational behaviour and human resources management. Although OCB is 

not prescribed as part of employee’s job profile, it influences employees’ work behaviour to a great extent. 

It promotes performance, efficiency and effectiveness of an organization. Though many studies have been 

conducted on determinants and consequences of organizational citizenship behaviour, critics have raised 

concerns with regard to their relevance, meaningfulness and adequacy. The present study is an attempt to 

examine the determinants and consequences of organizational citizenship behaviour in Indian public sector 

undertakings. A comprehensive theoretical model has been proposed for its empirical validation in Indian 

context. The conceptual model treats HR Practices, job embeddedness and employee engagement as 

determinants of OCB and job satisfaction and turnover intention as two major consequences of OCB. The 

first objective of the study tests the influence of HR practices, job embeddedness, and employee engagement 

on OCB. The second objective examines the impact of OCB on job satisfaction and turnover intention. Data 

were collected from 451 executives randomly selected from different organizations in India belonging to 
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Public Sector Undertakings. Structural equation modeling was used to examine the relationship among the 

variables. The findings of the study revealed a positive and significant influence of HR practices, job 

embeddedness and employee engagement on OCB. Further, OCB positively and significantly predicted job 

satisfaction and negatively predicted turnover intention of employees. The implications are discussed in the 

light of existing literature and offers valuable insight for academicians and practitioners.  

 

Keywords: Organizational citizenship behavior, HR practices, employee engagement, job embeddedness, 

job satisfaction, turnover intention. 

 

EXPLORING THE ANTECEDENTS, PROCESS, AND CONSEQUENCES OF 

STRATEGIC CHANGES IN INDIAN ORGANIZATIONS 
 

Sonali Sandipta Sahoo 
Supervisor: Prof. Kailash B. L. Srivastava 

Department of Humanities and Social Sciences 

Accession No.: NB15608 

 

Strategic changes are very important in today’s competitive and unpredictable business 

environment. The present study attempts to explore how Indian organizations have successfully managed the 

change to mitigate the effect of environmental uncertainty. The study examined the antecedents, process, and 

consequences of strategic changes. The data were collected using mixed method of research from 36 

organizations and secondary databases. The sample consisted of 180 respondents from senior executives for 

qualitative data through critical incident interviews, H-form visual technique, and modified balance 

scorecards; and quantitative data from 425 managers from different levels through survey questionnaires. 

The qualitative results revealed that change antecedents/critical success/failure factors affect strategic change 

that includes in-house and peripheral factors. The cyclic change framework was explored to validate the 

change process. The results regarding the change consequences indicate that HR practices positively affect 

the change process and employees had a mixed response to strategic change. The employees change 

acceptance level was high and they favored change. The results regarding the measurement of change success 

also supported the findings. The results validated the self-developed scales to measure change acceptance 

level, change management initiatives, perceived/actual change effect, and positive/negative employee 

attitude. There were significant differences in employee perception across gender, position, organizational 

type, and organization category. The results also found significant differences between pre-post change 

consequences. There were significant relationship between change initiatives and change acceptance level. 

The results also indicate significant mediating role of change initiatives, change acceptance with respect to 

perceived/actual thoughts and positive/negative employee attitude. The moderating role of employee attitude 

with perceived/actual thoughts and change management initiatives significantly predicted positive/negative 

employee attitude. The study has implications for managers to manage strategic change successfully by 

adopting the cyclic change process and taking change initiatives to improve the acceptance level of employees 

for better change outcomes and success.  
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The greenhouse gases (GHGs) released by human activities are believed to be the primary sources 

of the global warming (Live science, 2017). According to the World Health Organization (WHO), over the 

past 130 years the average temperature of the earth has risen by approximately 0.85°C. Melting glaciers, 

rising sea levels, extreme weather conditions are results of global warming (WHO, 2015). Practitioners and 

researchers are trying to address the environmental issues across the industries and supply chains, as 

continuous release of GHGs into the atmosphere has considerable adverse impact on environment, human 

life and economy. Integration of environmental thinking into supply chain management can be defined as 

green supply chain management (GSCM) (Srivastava, 2007). The concept of GSCM has been gaining 

momentum in last few years due to different environmental, legal, and socioeconomic issues. Emission of 

GHGs is quite often referred as carbon emission due to its prevalence. To curb carbon emissions, 

governments and different regulatory bodies have imposed several carbon policies across the world. These 

carbon policies can be categorized under three basic policies: (i) carbon tax policy (ii) carbon cap-and-trade 

policy and (iii) strict carbon cap policy. 

Production, inventory, and transportation are the three important aspects in GSCM as they contribute 

for a significant amount of cost and emission in supply chains. The thesis includes four objectives, and a total 

of six production-inventory models have been developed under different settings considering different carbon 

policies for a centralized controlled two-echelon supply chain consisting of a vendor and a buyer. It is also 

presumed that both the vendor and the buyer are part of a single organization and the parent organization 

takes all the operational decisions to minimize the total supply chain cost in an infinite planning horizon. 

Production, inventory, and transportation are considered as the major sources of carbon emission. In the first 

objective, we develop three models with deterministic demand in a two-echelon supply chain comprising of 

a single vendor and a single buyer under different carbon policies: (i) Carbon tax, (ii) Strict cap and (iii) Cap-

and-trade policy. 

The objective is to minimize the total supply chain cost per unit time, which comprises the ordering, 

setup, production, inventory holding and transportation costs, by optimizing the order quantity and number 

of shipments. The emissions from loaded and empty vehicles are considered different, which are assumed 

inversely proportional to vehicle velocity. In Model I, tax on carbon emissions has been included in the cost 

function; in Model II, we have considered a strict carbon cap on the total carbon emission as constraint; and 

in Model III, trading price of carbon is included in the cost function. 

The second objective is developed under carbon tax policy with random demand. The demand 

during the lead time follows normal distribution and shortages at the buyer are partially backordered. It is 

assumed that the emission from production is a function of production rate, and emission from transportation 

depends on payload and the type of vehicle. The model is formulated to minimize the total expected cost of    

the supply chain by simultaneously optimizing the production rate, order quantity, reorder point and number 

of shipments. The relevant cost components are ordering, production setup, production, inventory, shortage, 

transportation and carbon emission cost. 

In the third objective, we consider demand and defect rate both as random under carbon cap-and-

trade policy. The production rate is assumed finite and the transportation emission is inversely proportional 

to vehicle velocity. We assume that the lot sent to the buyer in each shipment contains a random fraction of 

defective item, and a fraction of the defective item can be repaired. Each lot received by the buyer is inspected 

with a finite screening rate and the defective item is kept separately and sent back to the vendor on arrival of 

the next shipment. The model is formulated to minimize the total expected cost of the supply chain by 

optimizing the order quantity, reorder point and number of shipments between the vendor and buyer. 

In the fourth objective, we have considered strict carbon cap policy to determine the optimal order 

quantity, reorder point and number of shipments in a two-echelon supply chain under random demand 

considering partial backorders. A fixed carbon emission per production setup along with the emission from 

production, inventory, and transportation has been considered. The objective is to minimize the total expected 

supply chain cost while satisfying the carbon emission constraint. At the end, we have demonstrated 

equivalence between the carbon tax and strict carbon cap policy. 
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Knapsack Problem (KP) is a well known Non-deterministic Polynomial time (NP)-complete 

problem. KP is also one of the widely studied discrete optimization problems. It allows exploitation of a 

number of combinatorial properties and, consequently more complex optimization problems can be solved 

through a series of knapsack type sub-problems. This thesis focuses on the core variants of KPs; the 01 

knapsack problem and the 01 multidimensional knapsack problem. According to the No-Free-Lunch theorem, 

under certain assumptions, no optimization algorithm is superior to any other on all possible optimization 

problems; and it is theoretically impossible to have a best general-purpose universal optimization strategy. 

So the goal is to search for the most adapted algorithm. This can be solved by the Algorithm Selection 

Problem (ASP) based on the Rices model. 

This thesis devotes to the design of efficient metaheuristic algorithms to obtain near-optimal 

solutions with high quality. For achieving this, one requires to identify the key features of the problem 

instances which relate the problem difficulty with the algorithmic performance. For solving ASP for KP, four 

key features have been identified. Problem space, P, is generated in such a way that instance characteristics 

are systematically varied to allow intensive studies. A novel flexible type of Implicit Correlation Induction 

(ICI) method is developed in this thesis for generating problem instances of KP. This particular type ICI 

method does not depend on the upper bound of profits or the number of knapsacks present in a problem. 

Among many nature-inspired algorithms, this thesis investigates the use of swarm intelligence (SI) 

based meta-heuristic search procedures coupled with local search mechanisms to obtain high-quality 

solutions for KP. The state of the art metaheuristic procedures of three recently developed algorithms, Firefly 

Algorithm, Cuckoo Search Algorithm, and Shuffled Frog Leaping Algorithm are modified so that these 

algorithms can adapt the advantages of the structure of particular combinatorial space without losing the 

merits of the continuous counterparts. For the performance analysis, Particle Swarm Optimization algorithm 

is considered as the benchmark procedure along with recently developed well-known promising algorithms. 

The modified algorithms show better results on number of instances. 

Further, in this thesis, a new metaheuristic strategy based on the migratory behavior of the monarch 

butterfly called Monarch Migration Search is developed for global optimization problems. To obtain high-

quality solutions, it is coupled with the relaxation technique and local search procedures for solving KP 

instances. To demonstrate the effectiveness of the proposed algorithms, an extensive computational study is 

provided with standard benchmark problem instances and several randomly generated problem instances. 

Furthermore, several non-parametric statistical tests are also carried out to validate the experimental results. 

Also in this research, an attempt is made to characterize the difficulty of different problem instances 

for KP using measurable characteristics of the fitness landscape. The application of Single-Solution based 

(SS) metaheuristics to KP is presented here by an analysis of the combinatorial search space. Three SS based 

algorithms are considered in the study and additional experiments are carried out to observe the effects of 

local search procedures. Results demonstrate that the strong heuristic bias and addition of local search 

techniques enhance the performance of the applied metaheuristic. Consequently, a novel metalearning 

inspired framework is proposed for analyzing the performance of the metaheuristic procedures. Finally, an 

attempt has been made to predict the performance of the proposed algorithms based on the extracted features 
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of the problem instances. According to the results, the mean of the profit and weight ratio, correlation 

structure, and tightening ratio influences the difficulty level of problem instances. 
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Market-based policies are the cornerstones of the present day climate change mitigation policies 

across the world. In 2012, India devised a market-based energy efficiency scheme―Perform, Achieve and 

Trade (PAT)―with an objective of energy saving and emissions reduction. Under the PAT scheme, unit-

wise targets are set to reduce specific energy consumption within a cycle of three years, and those units, 

which exceed their targets, earn tradable Energy Saving Certificates. 

The current research is driven by the need to evaluate the effectiveness of the PAT scheme in 

stimulating investment for enhanced energy efficiency of coal-based thermal power plants in India. The thesis 

examines the rationality of key design features of the scheme―energy efficiency target and normalization 

mechanism. It also finds out the optimal investment choices for two plants (with widely varying degrees of 

efficiency) under market inefficiency. 

Data envelopment analysis is used as the main analytical tool for examining the target rationality 

and the target normalization mechanism, and the compliance choice strategies are explored by applying the 

Monte Carlo simulations of decision trees formulated for two contrasting practical cases. 

The study finds out that the target set by the PAT scheme for the heat rate reduction in the thermal 

power sector is significantly less than the potential heat rate reduction of the sector, and that the targets for 

the more efficient plants are substantially more than their potentials, which will penalize these proactive, 

early action takers. The study also finds out that about 24% of energy saving can be realized from improved 

managerial practice. Most of the investment for energy efficiency is likely to take place in the inefficient 

plants. 
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Adoption and implementation of sustainable supply chain practices creates a competitive advantage 

to organizations. Initially the scope of competition is limited to economic performance. However, increased 

globalization, climate change, ethical practices, government regulations and pressures from stakeholders are 

caused organizations to extend from economic performance to environmental and social performance (i.e 

triple bottom line (TBL)) approach.  

In the present era, to compete in the global market, the automobile companies are becoming 

increasingly aware about the importance of sustainability and its benefits. For successful implementation of 

sustainability practices, practitioners required right assessment methods and implementation guidelines. 
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Though there are assessment frameworks are available in literature, there is a lack of integrative (TBL) 

assessment of sustainability approach in supply chain. This research mainly deals with assessment and 

implementation phases of sustainability in automobile supply chain.  

In the assessment phase, initially a composite sustainable supply chain performance index (CSSCPI) 

is developed using an integration of fuzzy analytical hierarchy process, Liberatore score and signal-to-noise 

ratio methods. The proposed methodology demonstrates how quantitative inputs can be combined with expert 

opinion to construct an overall index of sustainability. A company’s sustainable supply chain performance is 

not only related to its supply chain processes, but also it is affected by the product. For automobile industry, 

product life cycle (PLC) stages (design, manufacturing and vehicle use) and sustainability competencies are 

closely associated. For this an integrated framework (TBL-PLC) is developed using Decision Making Trial 

and Evaluation Laboratory (DEMATEL), Analytical Network Process (ANP) and pre-emptive goal 

programming (PGP) model for identifying key sustainability measures contributing towards sustainability 

across product life cycle stages. Proposed assessment methodologies are demonstrated with the case studies.  

In implementation phase, initially, a detailed empirical study is conducted to analyze the impact of sustainable 

supply chain practices on supply chain performance. Subsequently, this study has investigated the impact of 

environmental and social performance on economic performance.  

For this purpose, structural equation modelling technique is used to build the measurement and 

structural models.  

A system dynamics model is developed to depict the dynamic interaction among the sustainable 

supply chain variables such as supporters, barriers and benefits. Subsequently, scenario and sensitivity 

analysis is carried out to identify the key variables that need to be focused in long-term for successful 

implementation of sustainable practices.  

Finally, Critical Success Factors (CSFs) are identified based on the organizational theory and modelled them 

using Interpretive Structural Modelling (ISM) technique for successful implementation of sustainability in 

supply chain. Further, the importance of CSFs has been determined based on their driving and dependence 

power using Matriced Impacts‘croises-multipication applique’ and class-ment (MICMAC) analysis.  

 

Keywords: Sustainable supply chain, Indian automobile Industry, multi-criteria decision making, structural 

equation modelling , automobile supply chain 
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The objective of this research work is to offer practical guidelines to the steel wire retail supply 

chain managers in choosing the correct distribution center, finding out an optimal number of warehouses thus 

helping them in reducing overall distribution cost. Multi-objective Non-Linear Programming model is 

developed using diverse settings for the product-specific outbound retail supply chain network. The model is 

solved using meta-heuristics such as a novel hybrid Multi-objective Self-learning Particle Swarm 

Optimization (MOSLPSO), Non-dominated Sorting Genetic Algorithm-II (NSGA-II) and Territory Defined 

Evolutionary Algorithm (TDEA). The model and solution methods are tested on real datasets obtained from 

the organization in the steel wire retail setting under different scenarios. The actual data on inventory holding, 

ordering, and transportation costs of distributors and retailers are used as inputs. The framework presented 

endorses systems approach and suggests a near-optimal solution for calculating inventory for an individual 

distributor and his retailers. 
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First, the Long-term strategic planning decisions are addressed by determining the location of 

distributor warehouse considering existing network of manufacturing plants, warehouses, and retailers. The 

potential combination of locations suggested will not only help in reducing the distribution costs but also for 

serving the customer on time. 

Second, the medium-term decisions are addressed for rolling horizons in term of inventory 

optimization decisions at individual entity level including retailers using economic order quantity model by 

considering the lead time and demand variations. The model developed optimizes inventory as well as 

distribution costs. 

The short-term decisions about, which warehouse to be served which retailer is addressed based on 

distance traveled and time required to deliver material. 

The decisions above will lead to the improvement in steel wire retail supply chain processes 

uncertain market environment. The model has been developed taking into account desired customer service 

levels to avoid loss of the customer orders. 

 

IDENTIFICATION AND QUANTIFICATION OF FACTORS FOR TIME AND 

COST OVERRUN IN DEFENCE R&D PROJECTS 
 

Soumen Kumar Roy 
Supervisor: Prof. Biswajit Mahanty 

Department of Industrial System Engineering 

Accession No.: NB15819 

 

Defence R&D projects worldwide have faced time and cost overrun due to incomplete or ambiguous 

requirement specifications, lack of knowledge about the systems, absence of technology maturity, or inability 

to manufacture critical components in a timely manner. Indian Defence R&D projects are no exception to 

this phenomenon. This study is an attempt to identify and quantify the factors for such high time and cost 

overrun in the Indian defence R&D projects. Further, in this thesis, attempts are made to develop models so 

as to identify the critical areas where the Indian Defence R&D organizations should have their focus in order 

to achieve timely completion of the mission-critical projects.  

Literature survey was carried out on R&D project management, the status of Defence R&D projects, 

and the time and cost overruns in Defence R&D projects. Core issues related to timely and within-budget 

completion of the R&D Projects in weapon systems development were ascertained with the help of 

interactions with senior scientists, system managers, project managers, technology and projects heads of three 

research laboratories. It was learnt that ‘Electro Optical Target Tracking Systems (EOTTS)’ was the most 

critical technology, and projects using this technology invariably entailed large risks and hence time and cost 

overrun. Technology Index (TI) of the SRHGM system was found out. Fuzzy failure mode effect and 

criticality analysis (FMECA) was carried out of highest TI index subsystems to know their failure modes. 

The most critical failure modes are used for improving the design of the subsystems. Nine readiness levels 

were then considered to identify preparedness of Defence R&D projects so as to avoid time and cost overruns. 

A methodology involving Fuzzy VIKOR and Fuzzy TOPSIS methods is proposed to rank completed Defence 

R&D Projects. The methodology was also made use of for seven new R&D projects. Discrete simulation 

analysis was carried out for making evaluation of the indigenous development of most critical subsystem of 

short range homing guided missile (SRHGM). Graphical Evaluation and Review Techniques (GERT) was 

used for network simulation using Arena software. Critical path and critical component were analyzed and 

found out. Finally, requirements management and systems engineering study were carried based on 

questionnaire survey inputs. Fishbone diagram is used as a tool to capture the requirements management 

faults. Requirements management guidelines and systems engineering framework were proposed for weapon 

systems development.  

It was found that technology readiness and risk assessment studies of critical system components of 

a Defence R&D project (such as EOTTS) are important to foresee the technology maturity, potential failure 
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modes and the impact on the mission at the early stage of design and development. It is possible to rank the 

complexity of R&D projects based on technology and other readiness using MCDM techniques such as Fuzzy 

AHP, VIKOR and TOPSIS for knowing the project preparedness. An analysis of the India’s 1st generation 

weapon system programmes reveals that readiness levels play an important role towards timely completion 

of projects within budget. Simulation results using GERT confirm the importance of the timely development 

of critical subsystems such as EOTTS in the Indian defence R&D projects. Provisioning for rework has come 

out to become one of the major deterrents. Requirements management studies found that there have been 

requests for changes in project requirements at the middle of projects, which badly affect the delivery 

schedule, cost overrun and create a bad reputation. Fishbone diagram can be used to overcome requirements 

gathering problems. Requirements Management guidelines and weapon system development cycle are to be 

followed for better practices in weapon systems development. Systems Engineering framework is developed 

and SRHMG system is benchmarked with international standards of Spike and Javelin weapon systems. Such 

framework would help in better management of Defence R&D projects in order to avoid time and cost 

overruns.  

 

Keywords: R&D management, Project management, Fuzzy failure mode effect and critical analysis, 

Technology Readiness Level, Multi criteria decision making, Discrete event simulation, Graphical evaluation 

and review techniques, Requirements management, Systems engineering 
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In the developing countries like India, small and medium scale enterprises (SMEs) play a critical 

role in country’s economic and social growth, but their operations have significant impact on the 

environment. Therefore, in addition to their operational efficiency, they also need to align their strategies for 

enhancing their efficiency in the green dimension. 

Integration of lean and green practices can help SMEs to improve their competitiveness and 

profitability along with reduced environmental impact of their production processes. In this regards, this 

research aims to develop evaluation frameworks for integrated lean and green performance and also 

investigates the lean and green manufacturing implementation issues in Indian manufacturing SMEs. 

Design/methodology/approach 

The study reported in this thesis primarily employs deductive research approach and employs both, 

quantitative and qualitative methods for the purpose of investigation in the lean and green manufacturing 

issues in Indian manufacturing SMEs. For the purpose of analysis various multi-criteria decision making 

(MCDM) tools such as AHP, DEMATEL, ANP, ISM and IRP were used. For investigating the orientation 

of Indian manufacturing SMEs towards lean and green manufacturing, a holistic approach by integrating 

multiple case study and DEA was employed. The data collection techniques includes questionnaire survey, 

experts’ opinion, semi-structured interview, observations as well as administrative records and documents of 

the case organizations. 

Findings 

This research proposes two methodologies such as a) graphical tool, Value Value-Load Diagram 

(VVLD) along with a computer based support system (CBSS) for the assessment of lean-green performance 

and b) supply chain lean-green performance assessment framework using Fuzzy DEMATEL based ANP 

approach. The selection of right set of tools/techniques is of prime importance for achieving desired 

improvement in the performance. In this regards, this study investigates the impact of select lean and green 
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practices on the performance benefits and also evaluates the influence of lean and green paradigms on overall 

performance of SMEs using an analytical hierarchy process (AHP) methodology. The empirical investigation 

using multiple case study and DEA approach has displayed the influence of various organizational factors on 

the operational and environmental efficiency of the SMEs. Moreover, RTS and DTS analysis exhibited the 

need for attaining the improvement in operational and environmental performance to ensure sustainable 

growth in Indian SMEs. ISM study pointed that government support through various schemes and policy 

initiatives backed up by committed top level management and sufficient allocation of funds are extremely 

significant for successful implementation of lean-green paradigms in Indian SMEs. 

Research implications 

In the present situation, SMEs are trying to become competitive through enhancing their 

technological competence and concern on the environmental practices. However, their low volume of 

business and poor bargaining power in the supply chain restrict the adoption of such practices. The adoption 

of the proposed approaches for the assessment of lean and green practices and the recommendations drawn 

from the empirical investigation can help SMEs to enhance their lean-green capabilities. The insights 

developed through this research should help SMEs to understand their lean-green weaknesses and establish 

necessary benchmarks for the sustainable implementation of lean and green practices. 

Practical implications 

The research contribution has significant impact on business and organizations specifically, 

operating in SME environment. The computer based support system (CBSS) developed for lean-green 

performance assessment allows ease in the application of the tool and allows the managers to evaluate and 

tune their processes for improved resource utilization efficiency. The research outcome in the form of 

linkages between practices and performance could be useful for the companies in selecting the appropriate 

set of lean and green practices based on their business priorities. Moreover, increasing damages to scale(DTS) 

and decreasing returns to scale (RTS) triggers an immediate action for radical technological and managerial 

transformation in Indian SME operations to ensure sustainable growth. 

Originality/Value 

There is ample work on lean manufacturing and green manufacturing as an individual paradigm, 

however research on integration of lean and green manufacturing and in the context of SMEs is rare. In view 

of this, the research reported in this thesis can be seen as the first attempt in the area of lean and green 

integration analyzing the research issues specific to Indian SMEs. 

 

Keywords: Lean manufacturing, Green manufacturing, Small and Medium scale Enterprises (SMEs), 

Performance measurement, Case study, Data Envelopment Analysis (DEA), Multi-Criteria Decision Making 

(MCDM) 
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Biological fluid mechanics plays an important role in understanding of clinical and pathological 

observations and also in developing new methods for diagnosis in connection with both physiological and 

computational models. Magnetic drug targeting is an emerging area of research in this direction and is found 

to have vast applications in the human circulatory system. An attempt is made to understand the magnetic 

drug targeting of a carrier particle in the stream of blood using Herschel-Bulkley and Casson models in 

microvessels. The presence of the inertia and buoyant force is considered in the equations of motion of carrier 

particle along with the dominant effects of magnetic and fluidic forces in the movement of carrier particle. 
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The trajectories of the carrier particle are obtained from the system of coupled nonlinear equations which are 

solved using classical fourth order Runge-Kutta method. The admissible parameters, which influence the 

flow field, are the radius of carrier particle, volume fraction of magnetic nanoparticles, radius of core region, 

density of therapeutic drugs, distance from the magnet to body surface, and the effect of inertia and buoyant 

force. Furthermore, magnetic drug targeting using a porous carrier particle has been analyzed considering a 

two-phase Casson model for blood incorporating the major influences of magnetic force, fluidic force and 

Saffman force. A stress-jump condition is employed at the interface between the porous surface of the carrier 

particle and blood. Also, peristaltic motion of blood is studied in a permeable microvessel assuming blood as 

Casson fluid and the principles of magnetohydrodynamics are used for the electrically conducting nature of 

blood. In another investigation, peristaltic blood flow is analyzed through a permeable microchannel 

considering blood as Herschel-Bulkley fluid and viscous dissipation is assumed as the heat source. In both of 

these studies, reabsorption process at the permeable wall of microvessel/microchannel is governed by 

Starling's hypothesis. The influence of the reabsorption parameter, yield stress parameter, slip parameter, 

amplitude ratio, Hercshel-Bulkley flow index, Joule heating parameter, Eckert number, and Prandtl number 

are discussed.  

 

Keywords: Magnetic drug targeting; Multifunctional carrier particle; Blood rheology; Casson fluid; 

Herschel-Bulkley fluid; Two-phase flow model; Peristaltic flow; Starling's hypothesis; 

Magnetohydrodynamics; Lorentz force; Joule heating; Viscous dissipation; Permeable and impermeable 

microvessel. 
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In many real-life decision-making problems, the decision makers solve the problems which depend 

on parameters and these parameters are mostly unknown. Such type of decision-making problems appear in 

different disciplines. These problems are quite difficult to be modeled and solved, both conceptually and 

numerically. In these cases, the unknown parameters are handled by the uncertainty of the parameter. The 

uncertainty of these parameters arises because of many reasons like relevant data being in-existent or scarce, 

difficult to be obtained or estimated, the system being subjected to changes etc. One of these kinds of 

parameter is expressed by multichoice parameter. Multi-choice programming (MCP) is a mathematical 

programming problem, in which the decision maker is allowed to set a multiple numbers of values for a 

parameter. Multichoice programming problems are very hard to solve directly and computationally 

expensive. Under this situation, the main idea of the present work is to establish the solution procedures for 

some mathematical programming problems with multi-choice parameter. 

During the formulation of a mathematical programming problem, we need to take care of several 

parameters namely cost coefficients, technological coefficients, resource limits. The present thesis highlights 

the formulation of some mathematical programming model considering all of these parameters as multi-

choice type parameters. To tackle these multi-choice parameters, we use Lagrange’s interpolating 

polynomials and then develop the solution procedures. A solution methodology is developed for bi-level and 

multi-level linear programming problem where all of its input parameters are multi-choice parameters. 

Further, a solution procedure is developed for linear fractional programming problem with multi-choice 

parameters. 

The alternative values of a multi-choice parameter may not be deterministic always. Instead, these 

alternative values are random variables or fuzzy variables. For the first case, we call the parameter as multi-
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choice random parameter and the later one is called as multi-choice fuzzy parameter. A methodology based 

on chance-constrained programming is presented to solve the probabilistic linear programming problem with 

multi-choice random parameter. Considering the random variables present in the problem as independent 

normal random variables with known mean and variance, the solution procedure is presented. Possibility 

theory based approach is presented to solve the multi-choice fuzzy linear programming problem. The 

triangular and trapezoidal fuzzy numbers are considered in the problem. Some numerical examples are 

provided to illustrate the proposed models and methodologies to solve the problems. 

 

Keywords: Linear Programming, Multi-choice Programming, Bi-level and Multi-level Programming, 

Fractional Programming, Chance-Constrained Programming, Multi-objective Programming, Fuzzy 

Programming 
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Most of the studies involving flow through porous media consider that the porous matrix is rigid. 

But, one often find in nature that various porous materials are deformable. For example, biological tissues, 

soil etc. This study reports hydrodynamics and mass transfer through biological and chemical media of 

different geometries (rectangular/cylindrical/spherical) for example, longitudinal section of a blood vessel 

(rectangular geometry) and solid spherical tumor. The soft biological pellets discussed here are deformable 

porous media (DPM) and can be considered as a concentrated macromolecular mixture of solid and fluid 

phases. There are two approaches to model soft tissue hydrodynamics. Those are “theory of poroelasticity” 

and “theory of mixture”. We systematically review the governing mass and momentum conservation 

equations corresponding to these approaches introduced by (Rajagopal (2007); Whitaker (2009)). In 

particular, in this thesis, we have focused on applications of biphasic mixture theory to discuss flow through 

biological tissues. Explicit solution of the hydrodynamic problems produce the velocities corresponding to 

fluid and solid phases. These are then used in the transport reaction model inside various deformable porous 

pellets. The magnitude of solid phase displacement shows the mechanical behavior of the porous matrix 

towards the fluid movement. Suitable analytical techniques treat the boundary value problem involving 

hydrodynamic and mass transfer equations. This thesis includes study of hydrodynamics and convection 

enhanced macromolecule transport inside a solid tumor. The tumor may be isolated (in-vitro analogous) or 

embedded within normal tissue (in-vivo analogous). Our study finds some criteria based on which necrosis 

creation takes place inside the tumor. The mechanical response of a tumor tissue towards the fluid movement 

and the corresponding difference with a normal tissue layer is studied. The effectiveness factor for a tumor 

tissue corresponding to the rate of nutrient metabolism is found to increase with the strength of nutrient source 

and drainage rate. 

We have also get motivated by the absorption property of Endothelial glycocalyx layer (EGL) at the 

inner wall of a blood vessel. Accordingly, we study the hydrodynamic and convective transport of solute 

macromolecules through the clear region (or free lumen which is essentially a Stokes region) of a rectangular 

channel with the inner wall lined with deformable porous layer. The Sherwood number is calculated at the 

interface of the free lumen and deformable porous layer. The Sherwood number is found to increase due to 

increasing vertical permeation flux through the layers. In another study, we consider fixed charges to the 

polymer skeleton of EGL and the flow through the clear region is driven by combined pressure driven and 

electrostatic force. 
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In this thesis, we introduce one new variant of algebraic attack based on the general decomposition 

of a boolean function. We also apply our attack technique on other attack methods on stream ciphers. We 

discuss about the theoretical complexity of this attack technique for LFSR based stream cipher. 

In the eSTREAM competition, Grain-v1 is one of the finalists, which is a stream cipher based on 

linear feedback shift register and nonlinear feedback shift register. Grain family of stream ciphers includes: 

Grain v1, Grain-128, Grain-128a. As this cipher is based on nonlinear feedback shift register, it is secure 

against several attacks like classical algebraic cryptanalysis, linear cryptanalysis and correlation attack etc. 

In this thesis, we introduce one new type of probabilistic algebraic attack on this Grain family of stream 

ciphers. We extend our probabilistic algebraic attack on Sprout stream cipher, which is Grain type stream 

cipher. The design specification of Sprout was proposed at FSE, 2015. In this attack technique, we first 

separate out the LFSR and NFSR part by using a probabilistic technique. We generate some equations 

involving the state bits of the LFSR and then solve that system to get back the probabilistic state bits of the 

LFSR. The probability of matching of these obtained bits with the original state bits has been discussed in 

this thesis. We also discuss about the solving complexity of the final system of equations and also implement 

to obtain the probabilistic state bits. 

Further, we propose a fault attack on Sprout. We implement the fault attack on this cipher by 

injecting the single bit fault into the NFSR of the cipher in the keystream generation phase. After injecting 

single bit fault into the NFSR, we recover the secret key bits by observing the normal and faulty keystream 

bits. We also obtain two weak key-IV pairs of this cipher. If we start the key-IV initialization phase of the 

cipher with these two weak key-IV pairs then the cipher will generate a same state after 40 rounds of key-IV 

initialization phase. We also show that, depending upon several conditions, this collision may continue for 

several clockings, which helps us to prove that the key-IV initialization phase of this cipher has a very poor 

period. 

In 2003, Klimov and Shamir introduced the cryptographic primitive, T-function. This primitive has 

very good potential in designing boolean function or S-box with good cryptographic properties. In this thesis, 

we demonstrate one new construction of T-function. Our T-function is more general than the recent 

construction of Hong et al. We also discuss about several cryptographic properties of our new construction. 

In this thesis, we study ACORN, which is a competitor of the CAESAR competition. We find that 

there exists a probabilistic linear relation between the message and ciphertext bits of ACORN, and the relation 

holds with probability greater than ½. 

 

Keywords: Algebraic cryptanalysis, Authenticated encryption, ACORN, Boolean function, Bent function, 

Decomposition of boolean function, Fault attack, Grain family, Nonlinearity, Probabilistic algebraic attack, 

Sprout, T-function. 
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The association rule mining (ARM) is one of the core techniques in the field of data mining which 

identifies and analyses the hidden interesting relationships between the set of items in a large database. The 

discovered association rules are useful to take business decisions in many application areas such as e-

commerce, financial data analysis, medical diagnosis, etc. The quality of an association rule in conventional 

ARM is typically based on support and confidence measures. However, the usefulness of the results obtained 

using these measures is limited by the quality and quantity of the generated rules. As a result, many of them 

are redundant to other rules, and they are practically useless from the business point of view. To address the 

problems with the quality and quantity of the generated rules, many models have been proposed based on 

different interestingness measures, logic-based models and constraint-based models, depending on 

application domains and the nature of the dataset. Although these models improve the quality of the 

discovered rules and decrease the number of rules but they cannot eliminate the redundancy. To address this 

problem, a determined effort focused on defining a reduced set of rules from which all redundant rules can 

be generated without losing any information. The rules in the reduced set are known as non-redundant 

association rules, which are alternatively called concise or condensed representation of association rules. A 

concise representation is essential as it only keeps the non-redundant rules that cover all association rules 

while preserving information as much as possible. Several concise representations for conventional ARM 

have been proposed in the literature, mainly by defining the notion of redundancy and the corresponding 

method to discover them. However, the existence of redundancy would logically obtain according to the 

sense of minimal knowledge based on some order relation. Moreover, the rules obtained using logic-based 

models and constraint-based models contain redundancy. This thesis deals with both the conceptual and 

algorithmic aspects of concise representations of association rules with and without using utility constraint. 

The conceptual aspects aimed at providing the notion of redundancy and the algorithmic aspects concentrate 

on the design of scalable, efficient algorithms to discover them in three rules discovery framework: support-

confidence framework, coherent rules mining framework, and utility based itemset mining. Several pruning 

strategies to reduce the itemset search space are proposed that accomplish the mining efficiency of the 

methods. The evaluation of methods is performed by carrying out several experiments conducted on real, 

dense, and sparse benchmark datasets, mostly used in other existing mining approaches reported in the 

literature. The obtained results demonstrate that the proposed methods in each framework outperform the 

other existing related methods in terms of execution time and compactness of the non-redundant rule set. 

 

Keywords: Data mining, Association rule mining, Concise representation, Frequent itemset, Frequent closed 

itemset, Utility mining, High utility itemset, Non-redundant association rules, Coherent rules, Generators. 
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In a dynamical system consisting of particles, the spontaneous collision among them results in the 

change of shape, size, mass etc. of the particles. Thus the particle number density varies with time. In order 

to incorporate this variation of the particle number density, a mathematical model known as the population 

balance equation (PBE) is needed. These PBEs are basically a special type of integropartial differential 

equations involving linear and non-linear terms depending upon the particulate processes taken into account. 

In this thesis, we deal with the PBEs corresponding to the coagulation and fragmentation processes. The 

PBEs representing pure fragmentation is a linear model, whereas, the PBEs representing the coagulation 

process is non-linear in nature. In these equations, the rate of coagulation and fragmentation are represented 

through a function called, coagulation kernel and fragmentation kernel, respectively. 

In the beginning, we prove the existence of solution of a coagulation fragmentation equation. In this 

regard, it is necessary to mention that in several industrial phenomenon unwanted formation of dust particles 

(or particles with nearly zero-mass) take place. So, the system is set up with coagulation kernels having 

singularity at the axes. Thus the dust particles tend to aggregate at a high rate to form bigger agglomerates. 

In the literature, a lot of mathematical discussion regarding the existence of solutions considering the non-

singular coagulation kernel has been done. So, in this thesis we aim to prove the mathematical existence 

theory involving the singular coagulation kernel. A generalized form of singular coagulation kernel covering 

most of the well known singular kernels is tackled using the strong convergence theory. The multiple 

fragmentation process is chosen, which covers a huge class of unbounded non-singular functions. 

While proving the existence of the solutions, it is observed that the exact solution (in closed from) 

can only be obtained for very particular problems having simple kernels. Therefore, different numerical 

techniques are applied to find an approximate solution for the complicated problems. In this part of our study 

we develop a new and efficient numerical scheme approximating the pure fragmentation equation. The 

development of this new scheme is based on the finite volume methods and it estimates the particle number 

density along with the different moments with high accuracy. Furthermore, the new scheme is simple in its 

mathematical formulation as compared to the other finite volume approximations available in the literature 

and is robust to apply both on uniform and non-uniform meshes. The development of the new scheme is 

completed by providing a detailed convergence and consistency analysis of the discrete model. Beside this 

we compute the new schemes over some test problems to validate the improvement over the previous 

schemes. 

So far, this we have treated one-dimensional PBEs. We now move towards the approximation of 

multi-dimensional form of the pure fragmentation PBE. It is interesting to mention that only few numerical 

methods are available in the literature where the multi-dimensional fragmentation equations are 

approximated. Therefore, we develop a discrete model based on the finite volume methods for solving the 

multi-dimensional fragmentation equations. 

 

Keywords: Population balance equations; Coagulation; Fragmentation; Existence of solutions; Uniqueness 

of solutions; Finite volume scheme; Mass conservation; Number preservation; Consistency; Convergence; 

Multi-dimensional model. 

 

SOLUTE DISPERSION IN NON-NEWTONIAN BLOOD FLOW IN 

MICROVESSELS 
 

Jyotirmoy Rana 
Supervisor: Prof. P.V.S.N. Murthy 

Department of Mathematics 

Accession No.: NB15789 

 

Bio-fluid mechanics is a broad area of research that includes the study of blood flow in human 

circulatory system. The investigation of solute dispersion is most interesting topic of research owing to its 

outspread applications in various fields such as biomedical engineering, physiological fluid dynamics, etc. 
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The aim of the present study is to know the different physiological processes involved in the solute dispersion 

in blood flow by assuming the relevant non-Newtonian fluid models. The axial solute dispersion process in 

steady/unsteady non-Newtonian fluid flow in a straight tube is analyzed in the presence and absence of 

absorption at the tube wall. The pulsatile nature of the blood is considered for unsteady flow. Owing to non-

Newtonian nature of blood at low shear rate in small vessels, non-Newtonian Casson, Herschel-Bulkley, 

Carreau and Carreau-Yasuda fluid models which are most relevant for blood flow analysis, are considered. 

The generalized dispersion model is adopted to analyze the solute dispersion phenomenon at small and large 

time. The three transport coefficients i.e., exchange, convection and dispersion coefficients which describe 

the whole dispersion process in the system are determined. Also, the mean concentration of solute is analyzed 

at all time. The effect of yield stress of the fluid, wall absorption parameter, amplitude of fluctuating pressure 

component, Womersley frequency parameter, Weissenberg number, power-law index, Yasuda parameter, 

Schmidt number and Peclet number on the dispersion process is analyzed. A comparative study of the solute 

dispersion is made among the Newtonian, Herschel-Bulkley, power-law, Bingham and Casson fluid models 

at all time, and with non-Newtonian Carreau and Carreau-Yasuda fluid models at large time. Single and two 

phase Casson modeling is assumed for blood flow in small vessels. Also, the comparison of solute dispersion 

between single phase and two-phase models is made at all time for different radius of micro blood vessels. 

 

Keywords: Solute dispersion, Non-Newtonian fluid, Blood rheology, Pulsatile flow, Small vessels, Two-

phase model, Wall absorption and Generalized dispersion model 
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The study of linear stability of flows in porous media gained interest by researchers working in 

various branches of engineering and science during the last century because of its wide spread applications. 

To model the heat and mass transfer in porous media, three equations, namely, mass conservation, momentum 

balance and energy equation are considered. In most of the existing literatures, the viscous dissipation term 

in the energy equation is neglected. Of late, it is seen that viscous dissipation alone may play an important 

role in the onset of convection. Keeping this fact in mind, in this thesis, the linear stability of thermal 

convection and double-diffusive convection is investigated with significant viscous dissipation effect in the 

medium. Also how some other influential effects, such as variable gravity, Soret effect etc, act in presence of 

viscous dissipation is analyzed. 

 

In the first part of the thesis, the thermal convection is studied in both Darcy and non-Darcy regime. 

Also a variable gravity field is taken into account. The convection induced by inclined temperature gradient 

in a Brinkman regime is considered with horizontal through flow and non-negligible viscous dissipation. The 

governing equations are reduced to an eigen value problem. The resulting equations are solved using Runge-

Kutta accompanied by the Shooting technique. The numerical solutions are obtained using the software 

Mathematica 9.0. Various ranges of the governing parameters are considered to find the onset criterion for 

the instability. In the second part of the thesis, double-diffusive convection is dealt with. The dissipation 

induced stability and also the presence of external horizontal temperature gradient is considered in separate 

problems. The cross coupling between thermal and solutal gradients, namely the solutal flux generated due 

to temperature gradient, known as the Soret effect, is considered significant in the medium. In one problem 

the horizontal porous layer is bounded by two impermeable planes whereas for the other problem an open 

upper boundary is considered. It is seen that the influence of viscous dissipation is more significant in the 
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presence of Soret parameter. The presence of open top boundary advances the onset of convection. However, 

the horizontal temperature gradient shows a stabilizing effect when the upper boundary is open. 

 

Keywords: Porous Medium; Viscous dissipation; Variable gravity; Inclined gradients; Soret effect; Open 

boundary; Linear Stability; Thermo-solutal Convection 
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The main objective of the thesis is to study set-valued optimization problems, set-valued fractional 

programming problems, set-valued D. C. optimization problems, set-valued semi-infinite programming 

problems, set-valued minimax programming problems, and set-valued equilibrium problems via generalized 

cone convexity assumptions. We establish the existing results of optimality conditions and duality results of 

scalar and vector optimization problems in the setting of set-valued maps.  

We derive the necessary conditions for approximate quasi efficient solutions of set-valued 

optimization problems via weak subdifferential and approximate cone convexity assumptions. We further 

establish the necessary and sufficient conditions for Geoffrion approximate quasi efficient solutions of the 

said problems via approximate cone convexity assumptions. We also formulate duality results of approximate 

Mond-Weir and Wolfe types for Geoffrion approximate quasi efficient solutions of the stated problems. We 

establish the sufficient Karush-Kuhn-Tucker (KKT) conditions of set-valued fractional programming 

problems via contingent epiderivative. The duality results of parametric, Mond-Weir, Wolfe, and mixed types 

are established by using generalized cone convexity assumptions. The necessary and sufficient KKT 

conditions of set-valued D. C. optimization problems are also established via generalized cone convexity 

assumptions. We further prove the duality results of Mond-Weir, Wolfe, and mixed types via strong 

subdifferential of set-valued maps. We establish the sufficient KKT conditions of set-valued semi-infinite 

programming problems via contingent epiderivative and generalized cone convexity assumptions. We also 

discuss the duality results of Mond-Weir, Wolfe, and mixed types via generalized cone convexity 

assumptions. We establish the sufficient KKT conditions of set-valued minimax programming problems via 

contingent epiderivative and generalized cone convexity assumptions. We also study the duality results of 

Mond-Weir, Wolfe, and mixed types of the stated problems. We derive the necessary and sufficient 

optimality conditions for weak, Henig, and globally proper approximate quasi efficient solutions of set-valued 

equilibrium problems via approximate cone convexity assumptions. We establish the sufficient first and 

second-order KKT conditions of set-valued optimization problems via contingent epiderivative and 

generalized cone preinvexity assumptions. We also establish the duality results of first and second-order 

Mond-Weir, Wolfe, and mixed types.  

 

Keywords: Convex cone; Contingent derivative; Contingent epiderivative; Weak subdifferential; Strong 

subdifferential; Set-valued map; Set-valued optimization problem; Approximate quasi efficient solutions; 

Optimality conditions; Duality. 
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The present thesis deals with some problems associated with analytic functions in the geometric 

function theory. We determine the coefficient estimates for inverse of functions in several classes of analytic 

as well as meromorphic functions. In this direction, one such important technique is to find the coefficient 

estimates of negative powers of normalized univalent functions. 

Next, we investigate some families of m-fold symmetric analytic functions defined in terms of 

subordination which generalize the Janowski starlike functions. In particular, we determine estimates for 

Dirichlet integral as well as for certain integral means of functions in these classes. 

Further, we consider the Hornich space H consisting of all normalized locally univalent and analytic 

functions f on the unit disk ⅅ for which arg f̍̍̍̍ʹ is bounded in ⅅ. We determine the set of extreme points for 

several subclasses of H with respect to the Hornich space structure. Using these extreme points, we develop 

a new approach to obtain the pre-Schwarzian norm estimate for functions in these subclasses of H. We also 

consider a two parameter integral operator and determine all the values of the parameters for which the 

operator maps a specified subclass of H into another specified subclass of H. Further, we consider a larger 

space Ḧ whose linear structure is same as that of H and study the same problems as stated above for certain 

subclasses of Ḧ. 
Finally, we determine an estimate of the third logarithmic coefficient for close-to-convex functions 

with argument 0. In this context, we consider the class of close-to-convex functions with respect to Koebe 

function (with argument 0) and the class of close-to-convex functions with respect to odd starlike functions 

(with argument 0) and determine the sharp upper bound of the first three logarithmic coefficients for such 

functions. 

 

Keywords: Analytic, meromorphic, univalent, starlike, convex, close-to-convex, spirallike functions; 

hypergeometric functions; subordination; coefficient bounds; maximum area problem; Hornich space; 

extreme point; pre-Schwarzian norm; logarithmic coefficient. 
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A conventional optimization model generally represents some practical problem in which all the 

parameters associated with the objective function and constraints are real or deterministic. In real life, 

formulation of the model is always confronted with various types of uncertainties in the domain of the 

optimization problem. Modeling these uncertainties as closed intervals is the simplest and best representation 

of imprecision, where no assumption is necessary to shape the uncertainty between the lower and upper bound 

of the closed intervals. We call the optimization problems, whose uncertain parameters are closed intervals, 

as optimization problems with bounded parameters or, in short interval optimization problems. This thesis 

discusses solution methodologies to handle such type of situations in different optimization models. A partial 

order relation, named as χ-partial order relation, is introduced for the comparison between two intervals as 

well as between two interval vectors, and the properties of this partial order relation are studied. Existence of 

solution of single objective, multi objective and bi-level programming problem with bounded parameters are 

studied using the concept of χ-partial order relation in different chapters of the thesis. The complete 

methodology in each chapter is numerically illustrated. Optimization models in finance, transportation 
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problem and waste water treatment system are formulated, for which the proposed methodologies can be 

applied. 

 

Keywords: Optimization under uncertainty, Interval analysis, Nonlinear programming problem, Multi-

objective programming problem, Fractional programming problem, Geometric programming problem, Bi-

level programming problem. 
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An L(2, 1)-coloring (or labeling ) of a graph G is a mapping f : V (G) → Z+ ∪{0} such that |f (u)−f 

(v)| ≥ 2 for all edges uv of G, and |f (u)−f (v)| ≥ 1 if u and v are at distance two in G. The span of an L(2, 1)-

coloring f of G, denoted by span(f ), is max{f (v) : v ∈ V (G)}.  The span of G, denoted by λ(G), is the minimum 

span of all possible L(2, 1)-colorings of G. If f is an L(2, 1)-coloring of a graph G with span k  then an integer 

l is a hole in f , if l ∈ (0, k) and there is no vertex v in G such that f (v) = l. A no-hole coloring is defined to 

be an L(2, 1)-coloring with no hole in it.  An L(2, 1)-coloring is said to be irreducible  if the color of none of 

the vertices in the graph can be decreased and yield another L(2, 1)-coloring of the same graph. An irreducible no-

hole coloring of a graph G, in short inh-coloring of G, is an L(2, 1)-coloring of G which is both irreducible 

and no-hole. A graph G is inh-colorable if there exists an inh-coloring of it.  For an inh-colorable graph G the 

lower inh-span or simply inh-span of G, denoted by λinh(G),  is defined  as λinh(G)  = min{span(f ) : f is an 

inh-coloring of G}.  The upper inh-span of G, denoted by Λinh(G),  is defined as Λinh(G) = max{span(f ) : f 

is an inh-coloring of G}. 

In this thesis we first give answer to some problems asked in [Laskar, R., Jacob, J. and Lyle, J. (2010). 

Variations of graph coloring, domination and combinations of both: a brief survey, Advances in Discrete 

Mathematics and Applications; Ra- manujan Mathematical  Society Lecture Notes Series. 13, 133-152] These 

problems are mainly about relationship between the span and maximum no-hole span of a graph, lower inh-span 

and upper inh-span of a graph, and the maximum number of holes and minimum number of holes in a span 

coloring of a graph.  We  also give some sufficient conditions for a tree and an unicyclic graph to have inh-span 

∆ + 1. We prove that the hypercube Qn  is inh-colorable for every n ≥ 4 and find upper bounds of its inh-span 

and upper inh-span. We find the exact value of the inh-span of both finite and infinite triangular lattices. 

Then we work on L(2, 1)-coloring and inh-coloring of KmDCn  and find the exact value of 

λ(Km□Cn) and λinh(Km□Cn) for some m and n, and give upper bounds in the remaining cases.  We prove 

that for n ≥ 3, the Cartesian product of a tree and a path Pn  is inh-colorable and give an upper bound to the inh-

span of the same. We  also give two  upper bounds to the span of Cartesian product of two  arbitrary  graphs 

which are better than the existing known upper bound in some cases.  We prove that for m ≥ 4, n ≥ 3, the direct 

product Km × Pn  of complete graph and path is inh-colorable and find the exact value of its inh-span except 

one case. We determine the exact value of λ(Km × Cn) when m(≥ 3) is odd and n is a multiple of 5m + 1, and 

give an improved upper bound of λ(Km × Cn) for some other values of m and n.  We prove that for m ≥ 3, n ≥ 

4, Km × Cn  is inh-colorable and find the exact value of λinh(Km × Cn) for n = 4, 5 or 6 and an upper bound 

of it for the remaining values of n.  For n ≥ 6 and except finitely many values of m we show that Pn × Cm  is 

inh-colorable and find the exact value of λinh(Pn × Cm). We also give two upper bounds to the span of direct 

product of two arbitrary graphs. We give improved upper bounds to the span of lexicographic product of arbitrary 

graphs. We study inh-colorability of Pn o G, Cn o G, Cn o Km and T o Km̅̅̅̅ ,̅ where G is an arbitrary graph and 

T is a tree different from a star and a path. We show that for an arbitrary graph G1, if G1 o Km̅̅̅̅  ̅is inh-colorable 
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then for any graph G2 on m vertices with λ(G2) ≤ m − 1, G1 o G2 is inh-colorable and λinh(G1 o  G2) ≤ 

λinh(G1 o Km̅̅̅̅ )̅. 

We  show that the subdivision graph G(h)   is inh-colorable for h(e)  ≥ 2, e ∈ E(G). Moreover we find 

the exact value of λinh(G(h)) in several cases and give upper bounds of the same in the remaining. We prove that the 

edge-multiplicity-paths- replacement  graph G(rPh) is inh-colorable except possibly the following cases: h(e) 

= 2 for at least one but not for all e and ∆(G)  = 2, r = 2 or ∆(G)  ≥ 3, 2 ≤ r ≤ 4.  We find the exact value of 

λinh(G(rPh)) in several  cases and give upper bounds to the same in the remaining. Moreover we find the exact 

value of λ(G(rPh)) in most of the cases which were left by Lu¨ and Sun [Lu¨, D. and Sun, J. (2016). L(2, 1)-

labelings of the edge-multiplicity-paths-replacement of a graph, Journal of Combinatorial Optimization. 31, 

396-404.]. 

 

Keywords :  L(2, 1)-coloring; No-hole coloring; Irreducible coloring; Irreducible no-hole coloring; 

Span of a graph; Unicyclic graph; Hypercube; Triangular lattice; Cartesian product of graphs; Direct product of 

graphs; Lexicographic product of graphs; Subdivision graph; Edge-multiplicity-paths-replacement Graph. 
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This thesis addresses developing new hybrid metaheuristic approaches and a graph based approach 

for solving school and university course (curriculum-based and post-enrollment based) timetabling problems. 

Although these problems may appear to be similar, an approach found to solve one type will not achieve the 

same success for another type and hence they are solved in isolation from each other. Further, for each of the 

problem types, this also extends to each problem instance as problem instances can differ drastically in terms 

of dimensions and constraints. These combinatorial optimization problems are extensively studied and 

attracted the attention of scientific community from several disciplines such as Computer Science (CS), 

Operational Research (OR) and many other applied areas. The manual generation of timetables is very time-

consuming and takes countless effort. Furthermore, the resulting timetables are usually incompetent and 

expensive in terms of resources and money. It necessitates the development of automated timetables which 

minimizes errors, reduces their time of creation and satisfies desirable objectives as much as possible. They 

are defined as involving the allocation of events (meetings between groups of students and lecturers in a 

specific venue or between classes and teachers) to timetable periods while at the same time satisfying a set 

of hard constraints and minimizing a set of soft constraints violations. Finding an optimal, or even a high-

quality timetable for them is also a challenging task, especially when resources are limited. Using events 

based on groupings of students, a new hybrid algorithm combining genetic algorithm with local search is 

proposed to solve a post-enrollment based university course timetabling problem. A list of events are ordered, 

and mutually disjoint groups of students taking them are formed in such a way that once a student is selected 

for any group, he is excluded from further selection in other groups. The union of all the events taken by all 

the students of each group is formed. The number of events in each group is termed as its group size whose 

upper bound is restricted by the total number of timeslots and can be reduced to the maximum number of 

events per student. The above process of forming groups is repeated till the size of each group is reduced 

within this bound by not choosing those events which are common to all the students in the group. Next, two 

different variants of post-enrollment based university course timetabling problems using the grouping of 

students are solved by using ant colony optimization approach. Also, a hybrid metaheuristic approach 

combining the merits of genetic algorithm (for diversification) and the merits of iterated local search 

algorithm (for intensification) is developed for solving curriculum-based and post-enrollment based 



2016-17 Abstracts of Ph.D. Theses 
 

146 Indian Institute of Technology Kharagpur 

 

university course timetabling problems. The proposed algorithm iteratively explores solution search space by 

a genetic algorithm using various kinds of neighborhood moves and then exploits it using iterated local search 

to converge to the optimal solution as local optimal solutions are escaped by applying perturbations. Further, 

a general university course timetabling problem is converted into a Constraint Satisfaction Problem and 

solved by combining the usual backtracking algorithm with a local search Min-Conicts-Hill-Climbing 

algorithm. This algorithm incrementally constructs a solution as is done by backtracking algorithm. 

Whenever a dead-end is encountered, rather than backtracking to the previously assigned variable, it resolves 

the cause of dead-end by using the Min-Conicts-Hill-Climbing algorithm and then continues further 

progressively. Finally, a school timetabling problem is considered and solved by developing a graph edge 

coloring algorithm in two phases. In the first phase, a weekly requirement matrix representing the total 

number of lectures scheduled for the classes and the teachers is obtained by solving a system of linear 

equations for the variables taking integer values. Next, these total numbers of lectures are distributed 

uniformly among all the classes first, and then over all the teachers and finally among the days of a week. A 

bipartite multigraph is further used for every day of the week to obtain a daily requirement matrix representing 

the total number of lectures scheduled for the classes and the teachers from the weekly requirement matrix. 

In the second phase, for each day, again a bipartite graph is used to assign teachers for classes over the time 

periods such that all the constraints are satisfied simultaneously. This assignment is done without taking any 

preferences over the timeslots. All the approaches are validated by experimenting them on a number of 

benchmarks and randomly generated datasets of various complexities. The fitness function value, the number 

of iterations and the amount of CPU time (in seconds) used as the performance measure. The experimental 

results are summarized in tables and graphs and observed that our approaches produce promising results in 

comparison to other existing approaches. 

Finally, the conclusions are summarized, and the scope of future works in which direction the thesis 

can be extended are also provided. 

 

Keywords: Course timetabling, School timetabling, Metaheuristic, Hybridization, Genetic algorithm, Ant 

colony optimization, Iterated local search, Constraint satisfaction problem, Graph edge coloring. 
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The theory of sequence spaces of real or complex numbers has occupied an important position in 

various branches of pure mathematics. Due to its enumerable applications in summability theory, duality 

theory, matrix theory and the theory of functions, several mathematicians such as Simons (1965), Kizmaz 

(1981), Maddox (1988), Malkowsky and Savas (2004), Polat et al. (2011) have contributed to this theory by 

introducing and studying new spaces of scalar sequences from the existing one either in the conventional way 

or using different approach. Also to relax our known classical convergence criterion, the concept of statistical 

convergence is introduced where the idea of “Almost all” is replaced by “Majority” of the elements. Fast 

(1951) and Schoenberg (1959) introduced the notion of statistical convergence which is further extended by 

various authors such as Fridy (1985), Connor (1990), Colak and Bektas (2011), Et and Sengul (2014), 

Aktuglu (2014) and many others. 

The “Fuzzy set” concept was first proposed by L. Zadeh, in 1965, as a means of handling the 

uncertainty of our environment. After introducing the level sets of fuzzy numbers, the basic arithmetic 

operations and metric on the set of all fuzzy numbers, mathematicians have received a serious consideration 

over the analytical approach of fuzzy numbers. Several authors such as Matloka (1986), Nanda (1989), Nuray 
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(1998), Savas (2000a), Talo and Basar (2008) and many others have studied the sequences of fuzzy numbers 

in an analogous way as others did for scalar sequence spaces. Since the set of all fuzzy numbers is partially 

ordered and does not carry a group structure, so the results for the sequences of real numbers may not be 

valid in fuzzy setting. So the fuzzy set theory is not mere an extension of what has been known in real case. 

The present work of the thesis is aimed to study some new quasilinear sequence spaces of fuzzy numbers 

using generalized weighted mean and also to introduce the concept of generalized weighted statistical 

convergence and summability of fuzzy functions. 

To generalize the known summability methods such as Cesaro summability, weighted summability, 

etc., a new class λF [u, v, f, r] of sequences of fuzzy numbers is introduced for λ = c, c0, l1, l∞ with the help 

of the generalized mean matrix G(u, v). Topological properties and algebraic inclusion relations are 

established for this class. Using the difference operator Δ, the class of bounded variation is defined over λF 

(u, v). Its relations with few earlier known classes are obtained. Some discussions are made based on the 

concepts of symmetric fuzzy numbers, equivalent fuzzy numbers etc. 

The idea of weighted βγ - statistical convergence for sequences of fuzzy functions is also introduced. 

The convergence is classified into pointwise, uniform and equi-statistical sense. The inter-relation among 

them are examined. Also, it is shown that the basic properties such as limit, continuity, boundedness, etc., are 

preserved in equi-statistical sense of convergence if the weight sequence is bounded. 

To include the classes of λ - summability, lacunary summability, etc., the notion of absolutely 

weighted βγ - summability in case of fuzzy functions is defined. Its relations with the corresponding weighted 

βγ - statistical convergence are investigated. Also to extend the Cesaro non-absolute summability, Riesz 

summability, the concept of ordinary weighted βγ - summability of fuzzy functions is introduced. Finally a 

generalized version of Tauberian theorem is proved. 

These two methods, namely, the classes of generalized weighted mean and the weighted βγ - 

summability, are incomparable. In fact, the first one relaxes the weight condition, while the other one extends 

the interval condition. 

 

Keywords: Fuzzy number; Modulus function; Generalized mean; Convergence free; Solid; Symmetric; 

Difference operator; Natural density; Statistical convergence; λ - statistical convergence; Lacunary sequence; 

Weighted convergence; Weighted summability. 

 

SOME OPTIMIZATION PROBLEMS UNDER GENERALIZED CONVEXITIES 

AND ENERALIZED MONOTONICITIES IN RIEMANNIAN MANIFOLDS 
 

Shreyasi Jana 
Supervisor: Prof. C. Nahak 

Department of Mathematics 

Accession No.: NB15628 

 

The main objective of the thesis is to study various optimization problems such as mathematical 

programming problems, variational inequality problems, equilibrium problems under generalized convexity 

and generalized monotonicity assumptions in Riemannian manifolds. 

The thesis is comprised of seven chapters along with a chapter containing concluding remark and 

scope of future research. Chapter 1 is the introductory chapter, where brief introduction to basics of manifold, 

geodesic, exponential map, (KKM) technique and adequate literature survey on optimization problems, 

generalized convexities, generalized monotonicities, variational inequality problems and equilibrium 

problems have been presented. In Chapter 2, we have introduced both (p, r)-invex and ρ - (p, r)-invex 

functions from functions defined on Rn to functions defined on Riemannian manifolds and have studied 

optimality conditions and duality results (weak, strong, converse duality) of a pair of optimization problems 

under these generalized invexity assumptions. In Chapter 3, we study the Karush-Kuhn-Tucker (KKT) type 

optimality conditions for an optimization problem on a Riemannian manifold where the objective function is 
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geodesic ղ-invex, but the functions attached to inequality constraints are not necessarily geodesic ղ-invex. 

We also provide the concept of semistrictly geodesic ղ-prequasi invex functions on the said spaces and study 

their properties. Chapter 4 deals with the existence results of variational inequality and mixed variational 

inequality problems on Hadamard manifolds. Furthermore, we show that the sequence generated by the 

proximal point algorithm is well defined and converges to a solution. In Chapter 5, we investigate a 

projection-type algorithm for set-valued variational inequalities with pseudomonotone vector field on 

Hadamard manifolds. In Chapter 6, we solve the equilibrium and mixed equilibrium problems on Hadamard 

manifolds. In this chapter, we also introduce the implicit and explicit algorithms for mixed equilibrium 

problems. Chapter 7 deals with some existence theorems of different types of generalized vector equilibrium 

problems (GVEP) on Hadamard manifolds. 

It has been observed that many nonconvex functions and nonmonotone vector fields can be 

transformed into convex functions and monotone vector fields, respectively, with the help of proper 

Riemannian metric. This fact draws the attention of researchers to extend techniques of nonlinear 

optimizations from Euclidean spaces to Riemannian manifolds. The theories that are developed in this thesis 

will draw the attention of researchers to work in this area. 

 

Keywords: Manifold; Riemannian manifold; Hadamard manifold; Generalized invexity; Nonconvex 

optimization; Duality; Optimality condition; Variational inequality problem; Equilibrium problem; 

Generalized vector equilibrium problem; Generalized monotonicity; Riemannian metric; Hemicontinuous 
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The thesis presents a numerical investigation on the motion of charged dielectric colloids under an 

external electric field through an electrolyte or hydrogel medium. The mathematical model is based on 

conservation principles, which are the coupled Stokes-Poisson-Nernst-Planck equations. The Stokes-

Brinkman model is used to formulate the flow through the gel medium. Chapter 1 of the thesis is introductory. 

In Chapter 2 and 3, we consider a charged colloidal sphere undergoing steady migration under an 

imposed electric field through an uncharged/charged hydrogel, respectively. We have estimated the 

electrophoretic mobility based on the balance of forces experienced by the particle for a wide range of 

electrokinetic parameters. The role of electroosmosis on the hydrodynamics of the particle is analyzed by 

comparing the drag with the corresponding uncharged case. The strong background electroosmotic ow (EOF) 

for a high fixed charge density of the polyelectrolyte hydrogel with a pore size comparable to the particle 

radius, drags the particle along the direction of the EOF. 

The electrophoresis of a dielectric charged colloid in an electrolyte/charged hydrogel medium is 

studied in Chapter 4 and 5, respectively. The electric polarization of a dielectric particle due to an external 

electric field creates a non-uniform surface charge density, which in turn creates a non-uniform Debye layer. 

The solid polarization of the particle, the polarization of the double layer and the electroosmosis of mobile 

ions creates a nonlinear effect on the electrophoresis. Our computed result shows that the electrophoretic 

velocity decreases with the rise of the particle permittivity and attains a saturation limit at large values of the 

particleto-electrolyte permittivity ratio. A significant impact of the solid polarization is found in gel 

electrophoresis compared to the free-solution electrophoresis. 

Subsequently, the electrophoresis of a soft particle with a polarizable uncharged/charged rigid core 

coated with a polyelectrolyte layer is studied in Chapter 6 and 7. The occurrence of the induced non-uniform 
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surface charge density on the outer surface of the inner core leads to a situation different from the existing 

analysis of a soft particle electrophoresis. The impact of this induced surface charge density together with the 

double layer polarization and relaxation due to ion convection and electromigration is analyzed. The dielectric 

permittivity and the charge density of the core have a significant impact on the particle electrophoresis when 

the Debye length is in the order of the particle size. 

 

Keywords: Electrophoresis; Electroosmosis; Nernst-Planck equations; Solid polarization; Double layer 

polarization; Counterion condensation; Electrophoretic mobility; Numerical solution. 
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Batch-service queues with batch-size-dependent service have widespread applications in group 

testing of blood samples for detecting syphilis/HIV, eliminating defective items in manufacturing system. 

These are also used in developing congestion control mechanisms in order to regulate transmission rates in 

packet-switched telecommunication system. The main focus of this thesis is to obtain the distribution of 

number of customers in the queue as well as with the server while analyzing some infinite-buffer batch-

service queues with batch-size-dependent service. 

In this thesis supplementary variable technique is used to derive a bivariate probability generating 

function of queue length and number with the departing batch. The complete joint distributions are extracted 

in terms of roots of the associated characteristic equation. Relations between the state probabilities at 

departure, arbitrary, and pre-arrival epochs have been developed. Significant numerical results demonstrate 

the analytic procedure and results. 

This thesis consists seven chapters among them first chapter is introductory which clearly identifies 

the motivation of the work done and chapter 7 is about the conclusion and future scope of study. Chapter 2 

analyzes a batch-size-dependent service queue with Poisson arrival where service rule follows general bulk 

service rule. In chapter 3 a batch-size-dependent service queue is analyzed where customers are served 

according to random serving capacity rule. Instead of individual arrivals batch-arrival has been introduced in 

chapter 4 to analyze a batch-size-dependent service queue with general bulk service rule. Chapter 5 analyzes 

a batch-size-dependent service queue with batch-arrival where customers are served according to random 

serving capacity rule. The Markovian arrival process is an excellent representation of bursty nature of traffics 

with correlated inter-arrival, which is mostly observed in high-speed teletraffic networks. In order to deal 

with such scenarios where correlation occurs among the inter-arrival times, a batch-size-dependent service 

queue with Markovian arrival process has been analyzed in chapter 6. 

 

Keywords: Batch-service; Batch-size-dependent; Embedded Markov chain; Infinite-buffer; Markovian 

arrival process; Poisson arrival; Probability generating function; Queue; Root; Single server; Steady-state; 

Supplementary variable. 
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In the present thesis some remedial measures, for problems encountered during development of bulk, 

hard and wear resistant laser clad layers on difficult to clad materials like Ti-6A1-4V and A1 substrates, were 

undertaken. About 50 jam thick laser clad layer having nano-structured reinforcements and a hardness of 

about 2250 HV could be developed by self-propagating high-temperature synthesis (SHS) of 100 pm thick 

preplaced powder mixture consisting of Ti, hBN, and BC on Ti-6A1-4V substrate. On the other hand, the 

material could not be deposited due to powder-flying-off as a result of highly vigorous SHS in-situ reactions 

when a thicker preplaced powder layer (more than 300 pm) of the same composition was used. For reducing 

powder loss, Ni5Al and Ni powders were sequentially used with the reactants as diluents, and material 

deposition was found to be improving. Ni layer was introduced as an intermediate coat layer which resulted 

in further improvement in material deposition and reinforcement distribution. Furthermore, multicomponent 

coatings, having a thickness of 1 mm and hardness of about 1200 HV with uniformly distributed 

reinforcements, were developed. Ex-situ coatings were also attempted on a Ti-6A1-4V substrate using WC 

reinforcements. Cracks and porosities were significantly reduced in the WC reinforced coatings when 

Diamalloy (DA), instead of Ni, was used with WC. About 1 mm thick laser coatings with a hardness of about 

1800 HV could be developed on Ti-6A1-4V using WC+DA composition. The coefficient of friction for the 

developed coatings was significantly low in dry sliding wear tests. Experimental investigations were also 

performed on the development of multicomponent reinforced, hard and bulk coatings on A1 substrates. Laser 

treatment was found to be easier when A1 substrates were Ni-electroplated, and coating powder was 

preplaced over it. About 1 mm thick multicomponent coatings, with uniformly distributed reinforcements, 

could be developed using preplaced powder mixture of Ni5Al, B4C, and SiC on Ni-electroplated A1 substrate 

and a wear resistant coating with peak hardness about 900 HV could be obtained. Finally, grindablity tests, 

on clad layers using WC+DA preplaced powders, were conducted to investigate the stability of clad layers, 

bonding strength as well as possibility of finishing the coating top surface for precision engineering 

applications. The hard clad layer was grindable by an electroplated diamond wheel and its strong adherence 

to the Ti-6A1-4V substrate was evident. 

 

NATURAL CONVECTION HEAT TRANSFER FROM HORIZONTAL AND 

VERTICAL CYLINDER WITH ANNULAR FINS 
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Natural convection heat transfer from a horizontal and vertical cylinder with annular fins has been 

studied numerically. The present numerical investigation is able to capture a complete picture of natural 

convection over an annular finned cylinder from where easy visualization of the plume structure and flow 

field over the tube-fin surface can be obtained pictorially. In the present study, numerical simulations of full 

Navier-Stokes equation along with the energy equation have been conducted for a horizontal tube with 

annular fins of constant thickness by varying the Rayleigh number based on fins pacing (Ra𝑆) in the range of 

5≤Ra𝑆≤108, and for a vertical cylinder with annular fins by varying the Rayleigh number (Ra) in both laminar 

(104 ≤ Ra ≤ 108) and turbulent (1010 ≤ Ra ≤ 1012) regimes using the algebraic multi-grid solver of FLUENT 

15. The computations were carried out by varying the fin to tube diameter ratio (D/d), fin spacing to tube 

diameter ratio (S/d) in the range of 2-5 and 0.126-5.840 respectively. Optimization studies on the conjugate 

heat transfer characteristics have been conducted to find the best fin spacing (S) and fin-to-tube diameter ratio 

(D/d) for maximum heat transfer. With addition of fins to the heated horizontal cylindrical surface, heat 

transfer increases, gets a maximum value, and then it starts to decrease. Whereas, with the addition of fins to 
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the heated isothermal vertical cylinder, heat transfer goes on increasing for laminar flow and for turbulent 

flow heat transfer first increases, gets a maximum value then starts to decrease. The optimum S/d for 

maximum heat transfer varies between 0.2 to 0.25 for horizontal finned tube, and for the cases of vertical 

finned tube in turbulent flow it varies between 0.28 to 0.31. Correlations for Nu has been developed for 

horizontal and vertical finned cylinders against pertinent input parameters. An annular finned horizontal 

cylinder with different eccentricity has also been studied numerically in the present work. With the increase 

in eccentricity of the fins, the heat transfer decreases for a fixed fin diameter. But that decrease in heat transfer 

is marginal. In addition to the heat transfer study, a detailed study on entropy generation around the fin tube 

configuration has also been studied.  

 

Keywords: Natural convection; heat transfer; horizontal cylinder; vertical cylinder; annular fins; 

eccentricity; inter-fin spacing 

 

BONE INGROWTH AND REMODELLING AROUND POROUS COATED 

ACETABULAR PROSTHESIS: A MECHANOBIOLOGY BASED FINITE 

ELEMENT ANALYSIS 
 

Kaushik Mukherjee 
Supervisor: Prof. Sanjay Gupta 

Department of Mechanical Engineering 

Accession No.: NB15760 

 

Quantitative evaluation of peri-acetabular bone ingrowth and bone remodelling is necessary to 

assess failure of uncemented acetabular component. However, there is a scarcity of studies investigating the 

combined influences of bone ingrowth and remodelling on fixation of acetabular component. Quantitative 

predictions of bone ingrowth and remodelling call for FE-based numerical study combining the 

mechanoregulatory tissue differentiation and adaptive bone remodelling algorithms. Since both these 

processes depend on the mechanical environment, a detailed description of the loading history, implant 

geometry and bone quality is necessary for FEbased pre-clinical analysis. Using patient-specific FE models 

of intact and implanted pelvises, a numerical study was performed to investigate the influence of 

simplifications in loading regimes on numerical evaluation of acetabular component. Results indicated that 

consideration of eight load cases representing the entire gait cycle was required for a thorough evaluation of 

mechanically induced implant failure. In order to account for the macroscale regional variations in host bone 

material properties and implant-bone relative displacements within the 3-D microscale model of implant-

bone interface, a novel mapping framework has been developed. This framework was found useful in 

predicting the spatial variation in progressive peri-acetabular tissue differentiation. A close agreement 

between the predicted trends and the previous findings provided confidence in the use of this framework for 

numerical predictions of bone ingrowth. The efficacies of phenomenological and cell-phenotype specific 

mechanoregulatory algorithms in predicting bone ingrowth were quantitatively compared. The 

phenomenological algorithm was found computationally faster, however, the cell-phenotype specific 

algorithm was particularly useful in investigating the influences of cellular activities on bone ingrowth. The 

influences of implant surface texture designs on bone ingrowth were investigated through a full-factorial 

design of experiment (DOE) based statistical method along with sequential phenomenological algorithm. 

Results indicated that the bone ingrowth process was inhibited due to an increase in inter-bead spacing from 

200μm to 600μm and bead diameter from 1000μm to 1500μm and a reduction in bead height from 900μm to 

600μm. The bead height (amongst the main effects) was found to have a predominant influence on bone 

ingrowth. Thereafter, a multiscale framework has been developed to simulate the combined effect of bone 

ingrowth and remodelling around an acetabular component. The results indicated that for an uncemented 

acetabular component made of CoCrMo, there was hardly any effect of bone ingrowth on bone remodelling. 

However, bone remodelling was found to have considerable influence on bone ingrowth. 
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NUMERICAL STUDIES ON THE DYNAMICS OF COMPLEX FLUIDS IN 

NARROW CONFINEMENTS 
 

Kaushik P. 
Supervisor: Prof. Suman Chakraborty 

Department of Mechanical Engineering 

Accession No.: NB15679 

 

Rheologically complex fluids are important in many applications concerning narrow confinements 

and small channels. These applications range from uses in bearings to lab-on-a-CD based medical diagnostic 

platforms. Based on such applications, problems have been proposed to study the dynamics of the complex 

fluids in environments close to what would be observed in the said applications through numerical techniques. 

Fluid actuation in narrow confinements may be done by many methods. Apart from physically pumping, 

there are methods such as electrical actuation, magnetic actuation, etc. The method of fluid actuation could 

be a combination of one or more such methods as well. Some of the most important applications such as 

melting, pressurization, mixing, bearings, etc. use complex fluids. In pharmaceutical industries, where the 

manufacturing processes are primarily in the domain of squeezing and extrusion, very often use biological 

fluids. Accordingly numerical analysis is conducted to study the dynamic evolution of a non-Newtonian fluid 

modelled by the power-law model as well as viscoelastic model under the simultaneous action of squeezing 

and extrusion. In particular, the main aim is to bring out the rheology driven alteration in the extensional flow 

dynamics, as modulated by the complex growth of the fluid stresses under simultaneous effects of squeezing 

and extrusion. Recent advances in microfluidic applications, especially in Lab-on-chip devices, have 

triggered interests in exploring the electroosmotic method of flow activation. Lab-on-chip devices can be 

used for the analysis of chemical and biological samples which find many applications, especially important 

in clinical and pathological practices. Implications of studying electrosmotically actuated flows of complex 

fluids may therefore be far-reaching, ranging from the development of medical devices with artificial flow 

actuation to portable diagnostic kits. It is well known that the lack of moving parts makes it easier for 

fabrication and pumping of a fluid in microchannels by this method. Electroosmosis of viscoelastic fluid is 

not well explored in rectangular microchannels, therefore a numerical analysis is conducted on the 

electroosmotically driven transport of viscoelastic fluids characterized by the Oldroyd-B model in a 

rectangular microfluidic channel with focus on both symmetry and asymmetry in the wall zeta potentials. 

The physics involved with the microflows in a rotationally actuated platform is, indeed, complex largely 

attributed to the interference of rotation induced forces on the underlying flow dynamics. Motivated by this 

challenging proposition, a numerical analysis is conducted here for the electroosmotically driven transport of 

a power-law fluid and viscoelastic fluid in a rotating rectangular microchannel. Our results captured that the 

growth of the velocities in the flow field owing to simultaneous action of squeezing and extrusion forces and 

its interactions with the rheological behaviour of the fluid. The results from this study are also useful in 

enhancing the understanding of the behaviour of a viscoelastic fluid within microchannels actuated by 

eletroosmosis, with far-reaching implications in various applications including microfluidics based medical 

diagnostics. Vortex structures in the secondary flow field, mainly originating from the interactive effects of 

the rotation induced Coriolis acceleration and the electrical force driven uniform velocity profile in the 

channel gives rise to some interesting physics, which is discussed in detail. The results obtained from the 

analysis may bear a significant impact in designing the lab-on-chip based microsystems/devices, which are 

typically used for the transportation of biofluids. 
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There is always a demand for acoustical comfort in domains like automobiles, home appliances, 

living areas, working places, etc. Prolonged exposure to noise can create various health related issues and 

results in a reduction of overall working efficiency of humans. The reverberation sound field inside rooms or 

automobile passenger cavity is controlled by using sound absorbing materials placed in a single or multilayer 

configuration. There are different kinds of sound absorbing materials available ranging from the synthetic 

materials like polymeric foams, glass wool, rock wool, etc. to some natural fibrous materials like sheep wool, 

coconut, hemp, sisal, kenaf, and jute. Synthetic materials have several disadvantages such as not being 

biodegradable, high cost, and also create health related problems. Therefore presently there is a trend 

developing to use natural materials in the field of noise control engineering.  

The present study focuses on the acoustical characterization of natural jute material. Sound 

absorption coefficient and sound transmission loss of jute material is experimentally measured by using an 

impedance tube setup. However, for predicting the acoustical performance of jute material, the knowledge of 

its non-acoustical parameters like porosity, tortuosity, air flow resistivity, viscous characteristic length, and 

the thermal characteristic length is essential. If these non-acoustical parameters are known, then acoustical 

properties of jute material can be predicted using the established theoretical models. Furthermore, these non-

acoustical parameters could be input to finite or boundary element method software, using which the 

acoustical performance of the system under study can be predicted in the early design stage. These non-

acoustical parameters could be measured, but it needs dedicated measurement facilities. These facilities are 

very costly and not available everywhere.  

This research work estimates the non-acoustical parameters of three types of jute felts using the 

inverse acoustical characterization method. The inverse acoustical characterization is performed using the 

particle swarm optimization method (PSO). This method minimizes the error between the experimental and 

predicted sound absorption data. The Johnson-Allard equivalent fluid model with rigid and limp frame model 

and the Garai and Pompoli model are used in inverse characterization method for sound absorption prediction. 

The eight coefficients in the Dunn and Davern model are also inversely estimated for the three types of jute 

felt by the PSO method. The sound absorption coefficient predicted by using this method matches perfectly 

with experimental data.  

Sound absorption of a multilayer sound absorber constructed from the micro-perforated panel 

(MPP), jute felt, and air gap are predicted using the transfer matrix method and validated experimentally 

using an impedance tube. Sound absorption in multilayer configuration is more effective in the low-frequency 

region and absorbs sound over wideband frequencies. The effect of the position of MPP on the sound 

absorption of multilayer sound absorbers is also studied. Furthermore, the interior acoustics of an enclosure 

is evaluated for the reduction in sound pressure level due to different liner treatments of jute material on the 

inside of the wall of the enclosure. 
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After the invention of friction stir welding (FSW), automotive industries are showing keen interest 

to apply aluminum tailor friction stir welded blanks (TFSWBs) in vehicle components to further reduce fuel 

consumption and exhaust emission without deteriorating their strength and stiffness. In the literature, there 

are lacks in weldability and subsequent formability data of TFSWBs of AA5052 and AA5754 sheets. Since, 

the above two grades of aluminum sheets can be used for automotive body parts such as inner, outer, and 

floor panels, which involve drawing of sheets by a rigid punch and die. Therefore, in the present work the 

fabrication of dissimilar grade TFSWBs using AA5052-H32 and AA5754-H22 with a similar thickness of 

2.0 mm and dissimilar gauge TFSWBs using AA5754-H22 with thicknesses of 2.0 and 2.5 mm have been 

done. A conventional vertical milling machine was integrated with sensors for online monitoring and 

recording of temperature and power variations during the welding. While fabricating the dissimilar grade 

TFSWBs the variants namely, tool rotational speed, traverse speed, tool shoulder diameter, and tool pin 

geometry have been optimized using Taguchi grey based approach for the multiple output responses namely: 

weld strength, ductility, weld surface roughness, and energy consumption. The observed optimized 

parametric combination was further used without alteration for fabrication of dissimilar gauge TFSWBs. 

However, the spindle tilt towards the tool trailing edge was varied up to a great extent and its effect on the 

weld strength and ductility was analyzed. Thereafter, formability of both the fabricated optimized blanks was 

evaluated in terms of limiting drawing ratio (LDR) using a conventional cylindrical die. The obtained LDRs 

of dissimilar grade and dissimilar gauge TFSWBs were further improved by 27% and 14%, respectively, 

when using a modified conical tractrix die (MCTD) which is introduced in this work. Moreover, finite 

element (FE) modeling of the LDR test was done and the developed model was validated with the 

experimental results. The FE model also revealed the strain evolution pattern at different parts of the blanks 

during drawing which confirmed the uniform flow of sheet metals in the MCTD and justified the 

improvements achieved in the LDR.  

 

Keywords: Tailor friction stir welded blanks, Optimization, Limiting drawing ratio, Modified conical tractrix 

die, Finite element modeling. 
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Flow of granular materials is ubiquitous in nature and in diverse industrial processes. Dense granular 

flow occurs when closely packed granular aggregate flows rapidly under the influence of gravity or by applied 

shear force. In this dissertation, the physics of dense granular flow has been investigated in three typical flow 

configurations namely (a) Discharge from a rectangular silo through an eccentric opening (b) Gravity 

drainage from closed top rectangular channels and (c) Drop and jump in granular flow with a free surface.  

In problem (a) the phenomenon has been studied both experimentally and theoretically. A significant 

slip has been observed at the silo wall adjacent to the eccentric opening. The discharge rate is noted to be 
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higher through an eccentric as compared to a concentric orifice. The evolution of flow field and development 

of different flow regimes have been discussed in details and a model has been developed by extending the 

kinetic model for eccentric discharge. The model predictions are close to the experimental results.  

Although flow of granular material through open rectangular channels has been studied extensively, 

gravity driven granular flow through closed rectangular channels has not received adequate attention. The 

details of drainage hydrodynamics, avalanche speed, formation of different zones and thickness of granular 

layers in the sliding and in the runaway zones have been studied through experimentation. The interesting 

phenomenon of bubbling (void formation) has also been investigated in sufficient details. The depth averaged 

analysis of granular layer has been conducted to predict the variation of thickness of the sliding layer. Good 

agreement has been observed between theory and experiment.  

Granular drop and jump has been initiated by an abrupt increase of floor friction beyond a particular 

channel length. Experiments have been performed with the rough floor extending over a limited length of the 

channel as well as the roughness extending for the entire remaining length. Stationary and steady planar 

jumps could be created by this method. Granular drops are also observed over a limited range of operation. 

Based on elaborate experiments, regime maps for jumps and associated phenomena have been constructed. 
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The present work provides a systematic and comprehensive analytical and computational study for 

understanding the flow through co-rotating discs, and, for predicting and optimizing the performance of a 

Tesla turbine. The analytical model can predict torque, power output and efficiency, and compares well with 

experimental results. A work equivalence principle has been enunciated, which establishes the equality 

between the magnitudes of work transfer determined rigorously from two different approaches—one based 

on the shear stress acting on the disc surfaces and the other based on the change in angular momentum of the 

fluid. The results of CFD simulations (in presence of shroud wall and discrete multiple nozzles at the rotor’s 

periphery) show that an axisymmetric inflow condition is desirable in order to obtain a high value of 

efficiency. Several subtle flow physics and fluid dynamic behaviours have been elucidated for axisymmetric 

inflow conditions. As an example, it is shown that a Tesla turbine may generate net torque and power even 

when the tangential fluid speed at the disc periphery is less than the local tangential speed of the disc. The 

subtle role of the Coriolis acceleration in establishing such flow conditions, which involve flow reversal and 

complex pathlines, has been explained. The dual role of fluid friction and the variations in the four 

fundamental components (Δp̂ io inertia , Δp̂ io,centrifugal , Δp̂ io Coriolis and Δp̂ io viscous) of the overall 

radial pressure difference Δp̂io  are critically explained. It has been demonstrated that Δp̂io viscous, depends 

predominately on dynamic similarity number Ds; Δp̂ io, centrifugal depends predominately on tangential 

speed ratio at inlet γ; and, Δp̂io inertia, and Δp̂ io Coriolis depend on both Ds and γ. It is shown that the 

magnitude of Δp̂ io  decreases monotonically as γ increases, and the centrifugal force is dominant at low Δp̂  

io exhibits a minima when Ds is varied, viscous effects dominating at low Ds while Coriolis force and inertia 

dominating at large Ds . The thesis presents a performance optimization study which is carried out in terms 

of carefully formulated non-dimensional numbers – five input parameters: radius ratio  ȓo , aspect ratio bˆ, 

tangential speed ratio at inlet γ , flow angle at inlet γ , dynamic similarity number Ds and three output 

parameters: power coefficient Ŵ, pressure difference coefficient Δp̂ io , efficiency γ . It is found that Ds , γ 

and α have major influence on the efficiency, and, ȓo and bˆ play minor role. A systematic design 

methodology is established for the optimum selection of input parameters for a Tesla turbine that would 
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satisfy practical constraints and deliver high value of power and efficiency. It is shown that a further 

substantial increase in power output is possible with an appropriate use of nanofluids. 

 

DEVELOPMENT AND MACHINING PERFORMANCE OF TITANIUM 

NITRIDE-TUNGSTEN DISULPHIDE COMPOSITE COATING USING PULSED 

DIRECT CURRENT CLOSED FIELD UNBALANCED MAGNETRON 

SPUTTERING 
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Supervisor: Prof. Ajay Kumar Chattopadhyay 
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Accession No.: NB15723 

 

Coated cutting tools constitute the lion’s share of tools used for material removal processes as they 

offer immense benefit to the machining industry by providing higher tool life, higher productivity as well as 

assuring better product quality. An ideal coating for cutting tool should possess good adhesion to the 

substrate, have sufficiently high hot hardness, anti-friction property and should be chemically inert to the 

work material under prevailing machining environment. WS2 coating is known to provide ultra low friction 

and it excels its widely investigated predecessor MoS2 in terms of providing effective lubrication at higher 

temperatures. However, like MoS2, it also suffers from drawbacks like losing lubricating ability under humid 

atmospheres, low hardness and poor abrasive wear resistance. TiN, on the other hand is a widely known hard 

coating, which has been serving the machining industry for decades. However, it lacks self-lubricating 

property. The present research work aims at combining the beneficial properties of TiN and WS2 i.e. hardness 

and anti-friction respectively, in a single coating to be used for machining. Coatings with different 

architectures were synthesized using pulsed DC closed field unbalanced magnetron sputtering route. They 

were evaluated and compared in terms of their composition, structural, mechanical and tribological 

properties. It emerged that a dual layer coating consisting of top TiN-WSx composite layer with TiN under 

layer possessed superior adhesion, sufficiently high hardness and exhibited low friction coefficient and wear 

rate against WC ball counterpart under dry sliding conditions. Further investigation revealed that WSx content 

of the order of 15 wt.% in TiN-WSx composite provided best wear resistance property. Substrate bias applied 

during deposition, also strongly influenced the properties of such composite and the best performing coating 

was the one deposited under –50 V bias. Such dual layer coating also established its supremacy when 

evaluated through dry turning of medium carbon steel. Lesser cutting forces, particularly at low cutting 

velocities, were registered for TiN-WSx/TiN bilayer coating in comparison to uncoated as well as TiN coated 

tool. The same coating also outperformed TiN in terms of wear resistance by attaining significantly higher 

tool life.  

 

Keywords: WS2; TiN; Pulsed DC magnetron sputtering; Structure; Adhesion, Hardness; Tribological 

properties; Dry turning 
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Several hundreds of wheel gauge widening failures have been reported in tread braked, ICF coaches 

in Indian Railways in recent times. Excessive wheel gauge increase or decrease need to be taken seriously as 

they have several adverse effects. Flanges of gauge widened wheel sets can hit the nose of crossing, cause 

undue strain on the track fastenings, cause more wear on wheel tread as well as on rail, and tend to run at 

flange slope increasing derailment possibility. Gauge condemned wheel sets can hit the tongue rail, damage 

the rail, and increase possibility of derailment at curves. While the problem appeared to be linked to heating 

of wheels during braking it was unclear as to what causes excessive wheel gauge widening only in some 

wheel sets of trains. This dissertation work aims to shed light on the root cause of the problem and suggest 

measures to avoid these failures. The following are the main contributions of this thesis: (i) Design, 

fabrication, and operationalization of a combined tension-torsion creep set up and creep characterization of 

class B wheel steel using the same, (ii) Determination of wheel running temperatures as a function of brake 

block type, brake load and train speed from instrumented, field trials, (iii) Development of a finite element 

model – which considers heat generation during braking, heat loss to rail, brake blocks, and ambient air, and 

residual stresses generated during wheel manufacturing - for predicting coach wheel temperatures and wheel 

gauge evolution, (iv) Characterization of non-uniformity in tread braking of coaching stock leading to 

excessive heating of some of the coach wheels in a train using field trial data. Rim temperatures of all wheels 

on a train are measured at one time instance in these field trials, and (v) Identification of root cause of the 

problem using finite element modeling by studying the effect of wheel profile, brake load, braking history, 

non-uniformity in braking, and periodic wheel reprofiling on wheel gauge evolution of coach wheel sets. 

 

Keywords: wheel gauge widening, continuous wheel running temperatures, field trials, initial wheel residual 

stresses, finite element modeling. 
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The static load sharing mainly deals with the amount of load being shared by tooth pairs along the 

line of action. Involute toothed internal-external standard gear sets are modeled for load sharing by the teeth 

pairs in mesh along the line of contact. An analytical solution is proposed. The solution is based on the 

assumptions that (a) considering rigid body in rotation, angular rotation of a gear with respect to the other 

gear, due to deformation along the line of contact is equal and (b) the sum of the normal loads in all tooth 

pairs in contacts, which equals to the total transmitted load, is considered constant. All possible deformations 

such as, tooth bending deflection, tooth compressive (contact) deformation, tooth foundation deflection and 

tooth shearing deflection are considered in analyses. Detailed tooth geometries are incorporated in modeling. 

Ultimately, the map of load sharing by tooth pairs in contacts, at different angular position, over a cycle of 

similar contact pattern, is established. Finally, considering thin rimmed gears, the effects of the rim thickness 

on load sharing, which is the aim of the present investigation are analyzed and the results are presented in 

terms of backup ratios. Furthermore, while considering thin rim gear, a special type of gear namely strain 

wave gearing/Harmonic drive is considered for the analysis, which is having thin rim, flexible external 

involute gear. Harmonic Drive (HD) gear which is basically an internal and non-circular external gear pair 

having only two teeth difference, encountered improper teeth mating and as a consequence teeth interference 

occur. These are inherent and obvious. During the load distribution analysis of HD gear, the teeth interference 

and its amount have been considered. Using the method of developed analytical solution, the load distribution 

in Harmonic drive is estimated. 
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Stresses in flex spline/gear (FG) cup in harmonic drives (HDs) with involute toothed gear pair and 

conventional strain wave generating (SWG) cam are analyzed using FEM in ANSYS ® environment and 

experiments. The aim of this investigation is establishing the evidence of secondary contacts and probable 

load shared by those contacts experimentally over the FEA. Aiming at the performance improvement of 

gearing in HDs, with involute toothed gear pair, the investigations are carried out through following analyses 

in steps. (a) initial stresses in flex-gear cup due to cam insertion only. (b) stresses in flex-gear cup at no load 

in fully assembled harmonic drive components i.e., flex-gear, ring gear and SWG cam. (c) stresses in flex- 

ear cup at full load passing through the two pitch points, i.e. the intersection points of ring gear pitch circle, 

flex-gear pitch curve, and major axis on both sides, finally, (d) stresses in flex-gear cup at full load distributed 

over all possible primary and secondary contacts, in proportion to their contact intensities. Recorded strains 

of the FG cup, with cam rotation, is compared with the results obtained by FEA with proper modeling of 

loading. Furthermore, the effect of analytically obtained load sharing with multiple teeth engagement on the 

stress on flex spline curve is also shown by Ansys and verified experimentally. 
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With emerging technological advances, the industrial highlight and extensive research on Ni-Ti thin 

film SMA have now shifted from the bulk domain to the micro- and nano-scales, with novel applications 

such as micropositioners, microvalves and microactuators. Sputter deposited Ni-Ti thin film found to be of 

great interest as powerful actuators in Nano-electro-mechanicalsystem (NEMS), since these SMA thin films 

possess a large force and displacement compared to the electrostatic, electromagnetic and piezoelectric 

actuators. In the present investigation, singlebi-layer and double-bi-layer of Ni/Ti thin film were synthesized 

and characterized. Nanoscale layers in the order of Ni as the bottom layer and Ti as the top layer were 

deposited on Si(100) substrate. Ni and Ti depositions were carried out using DC and RF power respectively, 

in magnetron sputtering chamber. Four different types of bi-layers (each bi-layer containing bottom Ni layer 

and top Ti layer) were formed by varying the deposition time of each layer (i.e. 15 min, 20 min, 25 min and 

30 min). These amorphous as-deposited thin film were heat treated for one hour at four different annealing 

temperature; 300 ºC, 400 ºC, 500 ºC and 600 ºC to achieve the diffusion in between the layers of thin film. 

This observation provides an opportunity to control the diffusition by adjusting the annealing conditions. 

Microstructures were analysed using FESEM and HRTEM. Analyses of phase formations were performed 

using GIXRD. It is found that, with the increase in annealing temperature from 300 ºC to 600 ºC, the extent 

of solid state diffusion increases between the layers. The surface finish is better at higher annealing 

temperature. Phase analysis shows the formation of intermetallic compounds with little amount of silicide 

phases. It also shows that the interdiffusion of the four layer-constituents results either in amorphization or 

in crystallization across the cross-section of the double bi-layer, after annealing. The reaction between Ni/Ti 

layers and substrate layer results in a compositional difference and suppresses heterogeneous nucleation at 

these interfaces. The crystal growth rate shows film thickness dependence. Uniform microstructure and shape 

memory properties were locally introduced in the films by annealing. AFM and profilometry were used for 

observation and analysis of surface profile. Nanoindentation and nanoscratch measurements were carried out 

to know about the mechanical properties of the thin film. LAMMPS molecular dynamics simulator was used 

to investigate both metallic transformation and amorphization by diffusion in Ni/Ti multilayer. The VMD 

plot indicates the preferential angular diffusion at the interface. It reveals the increase in diffusion with the 

amount of vacancies. By concentration profile it was observed that the concentration of Ni is more than that 
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of Ti which is due to the higher mobility of Ni. As a whole the simulation results are well matched with the 

experimental output. 
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A comparative study has been carried out on the development of ultrafine grained ferrite-carbide 

and ferrite-martensite dual phase (DP) structures in a low carbon microalloyed steel processed using two 

different thermomechanical processing routes, (i) inter-critical deformation and (ii) warm deformation and 

inter-critical annealing. The samples were deformed using Gleeble3500® simulator, maintaining a constant 

total strain (ε = 1) and strain rate (έ = 1/s). Ultrafine grained DP structures could be formed by careful 

selection of deformation temperature (Tdef) for inter-critical deformation and annealing temperature (Tanneal) 

for warm deformation and annealing treatment. The ferrite-martensite microstructures developed in this study 

have ferrite grain sizes in the range of 1.5 to 4.0 μm, the sizes and fractions of fine martensitic islands ranged 

from 1.5 to 3.0 μm and 15 to 45 percent, respectively. Dynamic strain induced austenite to ferrite 

transformation followed by continuous (dynamic) recrystallization of the deformed ferrite grains dictated the 

grain refinement during inter-critical deformation, while, continuous (static) recrystallization by pronounced 

recovery dictated the grain refinement during warm deformation and inter-critical annealing. The fraction of 

high angle boundaries (with >15 degree misorientation) increased with the increase in Tdef or Tanneal, 

depending on the processing schedule. The effect of different starting microstructures, i.e. ferrite-pearlite 

(F+P) and ferrite-martensite (F+M) with varying martensitic morphologies namely blocky martensite (F+Mb) 

and fibrous martensite (F+Mf) and heating rates (1 - 200 °C/s) on the formation of ultrafine DP steels after 

cold rolling and inter-critical annealing have been investigated. Grain refinement after annealing of cold 

rolled samples depends on the rate of recovery, recrystallization, transformation, and grain growth. Strong 

recrystallization-transformation interaction and suppression of ferrite grain growth by uniform distribution 

of fine austenite islands, formed around the carbide particles, offered finest ferrite grain size and best 

combination of strength and ductility in F+Mf sample compared to other samples. Mixed ferrite grain 

structures, comprised of fine and coarse grain regions and showing ‘bimodal’ grain size distribution along 

with carbide and martensite phases have also been produced by rapid inter-critical annealing of warm rolled 

(or cold rolled) samples. The tensile response of the ferrite-carbide and ferrite-martensite steels with unimodal 

(fine or coarse) and bimodal distribution of ferrite grains have been compared. Ultrafine grained dual phase 

structure offered the best combination of tensile strength and ductility among all the samples. Finally the 

effect of microalloying elements i.e. niobium and vanadium with varying carbon and nitrogen contents on 

different thermomechanical processing (continuous or natural cooling and coiling study) have been 

investigated. Multiple light deformation passes in continuous cooling schedule, along with low C (~0.03 wt. 

%) chemistry, have been found to be superior over single pass, heavy deformation schedule in terms of 

precipitate size and hardness in Nb-microalloyed steels. High C, low N chemistry with an intermediate 

cooling rate (~1.4 °C/s) and low C, high N chemistry with an intermediate coiling temperature (~600-650 

°C) are found to be superior in terms of precipitation and tensile properties in V-microalloyed steels. 

 

STRUCTURE-PROPERTY RELATIONSHIP IN VANADIUM, NIOBIUM AND 

TITANIUM MODIFIED 9% CHROMIUM HEAT RESISTANT STEEL 
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9Cr steels are extensively used as heat resistant applications because of the balanced mechanical 

properties and forming ability like casting, forging, rolling, and welding performance. A large importance 

has been given to the composition design by alloying addition, characterization of microstructure and 

performance of 9Cr steels in service condition. It is possible to improve the performance of 9Cr steels by 

selection of proper composition, processing parameters and heat treatment schedule that control the lath and 

pocket size, density, morphology and distribution of different precipitates like MC, and M23C6.  

The present work has been carried out aiming to understand the effect of individual alloying 

elements like vanadium, niobium and titanium in microstructure and property of 9Cr steels. Three different 

9Cr steels with fine distribution of nano-sized precipitates have been designed and produced with tailor made 

microstructures for high temperature applications. Three different alloying elements namely vanadium, 

niobium and titanium have been incorporated in the steel. The cast steel has been homogenized at 1200˚C 

and subsequently forged to a reduction of around 40% thickness. The forged material has been further 

tempered at 500-800˚C for various interval of time. A detailed characterization of the microstructure has been 

carried out for cast, forged, rolled and subsequent heat treated steel using Dilatomtery, Optical Microscopy, 

SEM, XRD. The precipitation behavior of carbide particle has been studied for vanadium, niobium and 

titanium modified steel. The precipitates have been characterized by SEM, TEM and EDS analysis. The 

mechanical and high temperature properties like bulk hardness, room and high temperature tensile properties, 

creep and cyclic oxidation behavior have been studied.  

Initial cast and forged microstructure consists of martensite with varying amount of retained 

austenite. MC and M23C6
 
type precipitates are formed during tempering. Nano-sized MC type precipitates 

consist of vanadium, niobium or titanium depending on the steel composition. M23C6 type precipitates are 

mainly chromium rich carbides and are found in all verities of steel. The density, size distribution and 

morphology of the precipitates change with change in heat treatment temperature and time. 

The microstructures are correlated with mechanical properties like hardness, tensile test. Hardness 

decreases at higher tempering temperature and time due to tempering of martensite. A change of the room 

temperature tensile properties is observed with change in tempering temperature. Maximum tensile strength 

and ductility are observed at 700-750˚C temperature range for all the modified steels. High temperature 

tensile test results show a reduction in yield, ultimate tensile strength and an improvement in ductility. Tensile 

properties are best for niobium containing steel at 500 and 600°C temperature.  

The creep behavior of the modified steels is also carried out at 600˚C with different load of 60, 90, 

and 120 MPa. The nature of the creep curve changes with load. The best creep properties are observed for 

niobium modified steel at 120 MPa. The coarsening of precipitates is observed during long term creep at 60 

MPa load.  

The cyclic oxidation test results indicate that the oxidation behavior is parabolic in nature at 600-

700°C. The oxide scale consists of FeO, Fe2O3 and (Fe,Cr)3O4. Titanium modified steel exhibits best 

oxidation resistance due to low carbon content and presence of titanium.  

 

Keywords: 9Cr steel, microstructure, tempering, precipitate, hardness, tensile property, creep, cyclic 

oxidation 
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In the present investigation, surface engineering of AISI 316L stainless steel has been carried out by 

laser and plasma based surface modification treatments to improve surface dependent engineering properties 

like wear resistance, corrosion resistance and bio-activity with an objective of its application as bioimplant. 

The surface treatment processes carried out were divided into three parts (a) laser surface melting and laser 

surface nitriding, (b) laser surface cladding of Ti-6Al-4V on AISI 316L stainless steel and (c) sputtering of 

Ti-6Al-4V on the surface of AISI 316L stainless steel and its nitriding by plasma nitriding and nitrogen ion 

implantation. Laser surface melting of AISI 316L stainless steel was carried out using a 5 kW continuous 

wave (CW) fiber optics delivery Nd:YAG laser with a beam diameter of 4 mm in argon and nitrogen 

atmosphere. Microstructure of the surface melted layer consists of grain refined austenite when melted in Ar 

shroud and precipitates of iron nitrides (Fe4N) and chromium nitrides (Cr2N) dispersed in austenite matrix 

when melted in N2 shroud. The microhardness of the surface increases from 240 VHN for as-received AISI 

316L stainless steel to 375 VHN (when melted in Ar atmosphere) and 475 VHN (when melted in N2 

atmosphere). There was a significant improvement in wear resistance, corrosion resistance and bioactivity 

due to laser surface melting. In an another attempt, laser surface cladding was carried out on the AISI 316L 

stainless steel substrate by simultaneous feeding of Ti-6Al-4V powder using a 5 kW continuous wave (CW) 

fiber optics delivery Nd:YAG laser. Microstructure of the clad layer consists of acicular α' phase and the 

interface consists of equiaxed grains of α phase and white precipitates of FeTi intermetallics at the grain 

boundaries. The microhardness of the clad zone and the interface increases to 320 VHN and 684 VHN, 

respectively. There was also a significant improvement in wear resistance, corrosion resistance and bio-

activity due to laser surface cladding. Finally, sputtering of Ti6Al4V was applied on AISI 316L stainless 

steel and it was subjected to plasma nitriding and nitrogen ion implantation. Microstructure of sputtered 

surface consists of very fine particles of α in the form of clusters and formation of titanium nitrides dispersed 

in the matrix of α and β after nitriding and nitrogen implantation. Nano hardness and young’s modulus were 

improved in modified surface. A significant improvement in macro hardness (614 to 2350 VHN) and wear 

resistance were observed after sputtering as well as nitriding and nitrogen ion implantation. Corrosion 

resistance (in Hank’s solution), wettability and bioactivity were also improved after surface modification. A 

comparison of all treatments was stated with the effectiveness in application of them on real time component. 

 

Keywords: AISI 316L stainless steel, laser, melting, cladding, sputtering, wear, corrosion, bioactivity 
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Rare-earth nickelate compounds have been a field of extensive research for many years due to some 

fascinating phenomena exhibited by them, such as ferroelectricity, layered structure superconductivity, and 

the metal to insulator transition. Lanthanum nickelate (LaNiO3) is the only exception in the nickelate series 

which remains a paramagnetic and strongly correlated metal at all temperatures, and never undergoes a metal 

to insulator transition. LaNiO3 finds applications in various opto-electronic, magneto-electronic, memory 

devices, and as catalyst in batteries and fuel cells, owing to its metallic nature. Appropriate application of 

LaNiO3 in these various fields demands a precise control over its physical properties. Along with 

experimental studies, a detailed theoretical description of the physical properties of this compound and the 

changes they undergo in different conditions needs to be addressed thoroughly. Density functional theory 

(DFT) + Hubbard U method with suitable functional has been employed to understand how strain, oxygen 

vacancy and substitution of Ni by other transition metal atoms can modulate the physical properties of 
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LaNiO3. Different optical properties like dielectric function, optical conductivity, refractive and extinction 

coefficients, reflectance and adsorption spectra, and transport properties namely temperature variation of 

resistivity, Seebeck and Hall coefficients are calculated to study the changes the compound undergoes as a 

function of external parameters. The metallic nature of unstrained LaNiO3 is evident from the density of states 

and band structure calculation, and also from the Drude peak in the optical conductivity spectra and the Fermi 

liquid behaviour of low temperature resistivity. While application of biaxial strains of different magnitudes 

on the system has shown an increase in the conductivity of LaNiO3, a change in the oxygen content within 

the material triggers a metal to insulator transition. A metal to insulator transition is also seen when certain 

amount of Ni atoms in the compound is substituted by Fe atoms. A material exhibiting metal to insulator 

transition can find significant role in Mottronics, switching and memory devices. The reasons behind the 

increase in conductivity upon application of strain and the oxygen content dependent metal to insulator 

transition are explained on the basis of changes in the electronic structure of the compound within the scope 

of DFT. Apart from the above mentioned studies, the catalytic activity of LaNiO3 is also investigated for its 

potential applications in fuel cells and batteries. Catalytic properties of this compound are studied by 

comparing the surface energies and adsorption energies for various reaction intermediates on different 

LaNiO3 surfaces.  

 

Keywords: Density functional theory; Strain; Oxygen vacancy; Catalytic activity 
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This thesis is a record of the work done to evaluate and characterize the creep behavior of welded 

P91B steel. Creep tests extending up to 15000 hours at 600–650 °C were carried out on two sets of standard 

test specimens one having a welded region within its gage length and the other without any weld. All the 

samples were drawn from the same pair of welded plates to eliminate the effects of minor variations in 

composition and thermo-mechanical processing parameters on its properties. The composition of this steel is 

nearly the same as that of 9Cr1MoVNb (P91) steel barring a very small (100 ppm) addition of boron (B). The 

reason for this minor alloy addition has been reported to have suppressed the occurrence of Type IV Cracking 

found in welded high temperature components made of P91 steel. The main objective of this study was to 

assess if the presence boron in this steel is indeed beneficial in overcoming this problem. 

Stress rupture data of this steel (P91B) in the absence of any welding (base metal) were compared 

with those of P91 steel included in NIMS (National Institute for Material Science) database. A Larson–Miller 

plot where the stresses at which creep tests are conducted are plotted against a combined time–temperature 

parameter was used for comparison. This revealed very little difference in their strengths if the stress were 

greater than 100 MPa. However below this, P91B appears to have higher rupture strengths. The difference 

between the two keeps increasing with increasing time-temperature parameter. Since most of the high 

temperature components operate at a stress significantly lower than 100 MPa performance of P91B is 

expected to be better than that of P91. 

The test data were used to estimate 100,000 hour rupture strength of this steel both in the presence 

and absence of a weld zone. The specimens having weld zones within their gage lengths (cross-weld samples) 

invariably had lower long term rupture strengths than those having no weld zone. The ratio of the two rupture 

strengths gives an estimate of weld strength factor. Estimated weld strength factors (WSF) of this steel were 

found to be higher than those reported for P91 steel. 

Stress versus temperature compensated creep rate plots have been used to compare the effect of the 

presence of weld zone on minimum creep rates. The trend suggests the existence of two distinct regimes. 

Above 100 MPa the effect of welding appears to be negligible. Creep rates of samples with and without 
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welding in this regime are adequately described by the same power law expression. However, different sets 

of power laws are needed to describe the creep behaviors of the two sets of specimens below 100 MPa. 

The study also showed that the effect of welding on loss of rupture ductility is much more prominent 

than its effect on the reduction in rupture strength. In the presence of weld zone the extent of local deformation 

or necking in ruptured samples was not as prominent as in those of the base metal. Creep damage tolerance 

factors (λ) were estimated from the creep strain versus time plots. This also showed that the magnitude of λ 

is significantly reduced in the presence of welding. Examination of microstructure and measurement of 

density revealed that this difference is primarily due to the formation of cavities in the heat affected zones of 

welded specimens. Particular emphasis has been given on the effect of creep exposure on the loss of its 

rupture ductility. While most of the tests on base metal (samples having no weld zone) ran until rupture a few 

tests were interrupted after a measurable amount of elongation due to creep was recorded. Diameters of these 

specimens were found to have increased in spite of the measurable increase in length due to creep. This 

unusual effect has been attributed to oxide scale growth. 

The comparison of microstructures of specimens before and after creep tests revealed reduction of 

dislocation density, coarsening of sub-grains as well as precipitates. The initial decrease in creep rate has 

been attributed to decreasing dislocation density. Once it reaches a minimum it starts increasing as a result 

of coarsening of sub-grains and precipitates. This along with the presence of precipitate free soft ferrite that 

adversely affects rupture ductility was primarily responsible for creep failure at IC-HAZ (Inter critical heat 

affected zone) region of welded specimens. 

EBSD (Electron backscatter diffraction) results showed that the number fraction of the HAG (High 

angle grain) boundaries is higher than the LAB (Low angle boundary) and CSL (Coincidence site lattice) 

boundaries. Cavities were found to have formed at HAG boundaries. Analysis of CSL boundary fraction does 

suggest that creep resistance of this steel can be improved by increasing the concentration of low energy Σ3 

boundaries.  

Assuming that the welded specimen is made of two distinct regimes, i.e. weld zone (affected by 

welding) and base metal (unaffected by welding), a method for estimating the material parameters describing 

creep behavior of the weld zone has been proposed. These were used for finite element analysis (FEA) of 

stress – strain distribution across the welded specimens. The results revealed preferential accumulation of 

creep strain (damage) at the boundary between the weld zone and base metal. This happens to the region 

where formation micro-cracks as a result of coalescence of grain boundary creep cavities were detected. 

On the whole the present study suggests that the presence of boron in P91 steel does not completely 

eliminate the problem of Type IV cracking. It only improves its rupture strengths and makes the steel more 

resistant to such failures. 

 

Keywords: P91B steel; Creep test; Creep curve; Rupture strength; Weld strength factor (WSF); Rupture 

ductility; Creep damage tolerance; Minimum creep-rate; Hardness: Microstructure; Oxidation; Finite element 

analysis (FEA) 
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Silica foams with varying porosity content and distributions have been prepared through steam-

heating and freeze-casting routes using slurries containing ovalbumin as organic binder, as well as sucrose 

and colloidal silica as additives. The pore structure and size distribution in the foam structure is controlled 

through optimization of the process parameters for achieving the desirable properties. On the basis of 

rheological studies, the slurry with optimum combination of viscosity, flowability, and foam-stability in wet-

condition for both steam-heated (SH) and freeze-cast (FC) foams has been found to contain 38 vol.% solid 
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(SiO2 + 5 wt.% Al2O3) loading, 30 vol. % ovalbumin, and 15 wt.% sucrose. In the steam-heating process, the 

wet foams cast into aluminum mold were exposed for 15 minutes to steam, and then dried in an oven at 100 
oC for 1 h. Unlike the drying schedule required in conventional processes for foam preparation, the duration 

of drying for SH foams is drastically reduced, and formation of crack-free green bodies is observed, because 

non-uniform shrinkage is inhibited. During steam-heating, the cell-walls are not only restrained from 

shrinking by intra-cellular steam pressure, but are also simultaneously strengthened by coagulation of protein 

present in ovalbumin (binder). Sucrose addition aides in both uniform wetting of the cell-walls and moisture 

retention during steam-heating. In the freeze-casting route, the silica slurries with the aforementioned 

optimized composition were first subjected to direct foaming by tumbling, followed by casting in vaseline-

coated aluminum molds and freezing using liquid nitrogen. The frozen samples were dried at low temperature 

(-5°C to -10°C) for 24 h in vacuum (10-2 Torr) to facilitate sublimation of ice crystals without melting, leaving 

behind a rigid porous structure. The FC foam was kept at 100 °C for an hour in an oven to remove the residual 

liquid wetting the pore-walls, and crack-free green bodies were obtained. The amount of final porosity in the 

FC foams is related to both air-entrapment during tumbling (foaming) and aqueous content of the slurry. The 

green bodies of both SH and FC foams were heated at the rate of 1°C /minute to 1150 °C, and sintered at this 

temperature for 1 h.  

Densities have been estimated on the basis of both Archimedes principle and dimensional 

measurements, whereas absence of cracks in the sintered foams has been confirmed by both X-ray 

radiography and X-Ray micro-Computed Tomography (CT). Quantitative analyses of microstructures 

recorded using scanning electron microscopy have shown the presence of near-spherical shaped pores with 

size distributions peaking at ≈250–300 μm and 50-

pores in both types of foams appear interconnected through finer pores of ≈15-25 μm size along their walls. 

The pore distribution and interconnected or closed nature of porosity in silica foam as examined with the help 

of X-Ray micro-CT is found to be in close agreement with the results of microstructural studies. Comparison 

of pore sizes of SH and FC foams has shown the pore size obtained in the latter foam to be much finer and 

more uniform. For increase in porosity content of the sintered SH foam from 55 to 90 vol.%, the static 

Young’s modulus decreases from 544 MPa to 14.4 MPa, whereas compressive strength falls from 8.6 MPa 

to 0.3 MPa. On the other hand, static Young’s modulus and compressive strengths are found to be in the 

ranges of 25.4-683 MPa and 0.3-12.7 MPa, respectively for the sintered FC foams having ≈ 60-88 vol.% 

porosity content. The compressive strength depends on pore sizes, pore distribution, strut thickness, and the 

meso-porosity present inside the cell walls of the porous structure. It is also possible to predict both static 

Young’s modulus and compressive strength using power-law relations suitable for cellular solids.  
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In critical applications of power plants, the processing to which materials were subjected and the 

evolving microstructures of hot gas path components play a pivotal role in controlling the deformation 

behaviour and life. Understanding the microstructural issues on life is, therefore, a pre-requisite for 

optimizing the heattreatment conditions. Haynes 282 is a modified version of an advanced ultra super critical 

alloy. The microstructure of Haynes 282 comprises a γ-γ’ microstructure and is required to meet the qualities 

of a candidate material for turbine rotor parts. In this regard Haynes 282 has been investigated to develop an 

understanding of cyclic deformation behavior i.e for low cycle fatigue, creep-fatigue interaction in context to 
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the microstructural evolution. To achieve sufficient understanding of the microstructural evolution, a series 

of cooling rate experiments have been done in order to study the evolution of precipitate size, internal stress 

and coherency strain by diffraction methods, and spectroscopic methods like EELS which has also been 

employed. Two microstructural extremes have been generated by slow and fast cooling and these 

microstructures were subjected to monotonic deformation like tensile, creep and HTLCF. An increase in 

stage II hardening for coarser precipitates; negative creep and high anisotropy for air cooled finer precipitates 

have been observed. A novel ultrasound-based probing methodology was also an outcome of this study which 

accurately measures the crack density. Creep-fatigue interaction is the main damaging mechanism for power 

plants and the influence of waveform has been studied. Variable strain rate low cycle fatigue tests i.e. 

applications of different strain rates in different portions of a cycle (VSRLCF), non-peak dwell and non-peak 

dwell accompanied by peak dwell (NP and P-NP both with hold time of 1000 seconds) and standard peak 

dwell for 1000 seconds are imparted and it has been seen that the non-peak holds are less damaging. The life 

and damage have also been evaluated in this regard. A new way of performing simultaneous creep-fatigue 

tests, by applying stress controlled hold superimposed in a strain controlled waveform has been attempted 

and analyzed. Lastly, a lifing methodology to rank the microstructures in accordance with its creep fatigue 

interaction has been formulated based on relative accumulation rate of creep and fatigue strain. 

 

Keywords: Ni-based superalloy, Lattice misfit, negative creep, low cycle fatigue, ultrasonic wave, 

microcracks, creep fatigue interaction, rate of strain accumulation 
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Eutectic Sn-Cu lead free solder was synthesized by pulse electrodeposition from tri-ammonium 

citrate bath. Current density was varied from 0.1 to 0.5 A/cm2 to evaluate its effect on the characteristics of 

the deposit. Optimization for the eutectic bath was carried out with different concentration of CuCl22H22O 

keeping SnCl22H2O concentration and other parameters (current density, ton and toff time) the same. 

Characterization techniques like SEM, XRD, DSC, and AAS were used to confirm whether the deposit was 

indeed eutectic. The coating deposited at 0.2 A/cm2 from bath having higher amount of CuCl22H2O is found 

to be lamellar eutectic consisting of Sn and Cu6Sn5. The EDS results show the traces of Cu6Sn5 in the 

electrodeposits. This microstructure is more or less same as that of conventional cast structure of eutectic Sn-

Cu solder. However, in pulse electrodeposition the morphology resembles a pseudo lamellar structure. This 

is a result of an illusion giving the appearance of a lamellar structure which in reality is the top view of the 

under potential deposits of Cu6Sn5 on the steps of Sn. The roughness studies show that with increasing current 

density the roughness of the surface increases. The induced roughness is a result of the shape and size of the 

crystals that form. Growth behavior of the deposits was studied through 3D crystal shapes. The shapes of the 

crystals were reconstructed using SHAPE V7.3 software. It is found that with increasing current density the 

growth direction shifted from <001> to <110>. 

Y2O3 was synthesized using sol-gel assisted combustion synthesis route. The size lies in the range 

of ~30 nm. It is a new method of sol-gel combustion process where there is no need of primary heating to 

500 °C. Sn-Cu-Y2O3 nanocomposite lead free solder was deposited form the optimized eutectic bath with 

additional constituents as CTAB and Y2O3. Different concentrations of CTAB (0.02, 1, 4, 6 l, and 8 g/l) and 

Y2O3 (1, 5, and 10 g/l) were used for electrodeposition of Sn-Cu-Y2O3 nanocomposite solder. The best deposit 

having homogeneous or uniform dispersion of Y2O3 in Sn-Cu matrix is obtained from the bath containing 

1g/l CTAB and 1g/l Y2O3. 
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Creep behavior of the deposited film (deposited from the bath with higher concentration of 

CuCl2.2H2O) was evaluated by nanoindentation technique. Tests were carried out at 500 μN load for a dwell 

time of 900 sec. Modified Garofalo Equation of creep was used to describe the depth versus time curve. Creep 

resistance of thin film deposited at lower (0.2 A/cm2) current density is found to be less. Incorporation of 

Y2O3 in the deposit helps in decreasing the creep rate from 3.64E-04 to 7.03E-05 sec-1. Y2O3 particles act as 

obstacles in the path of dislocation motion and inhibit grain boundary sliding. 

Eutectic Sn-0.7 wt% Cu was also synthesized by conventional melting and casting route. Different 

concentrations of Y2O3 were used for the synthesis of nanocomposite solder. Casting followed by repeated 

forging was used for the synthesis of nanocomposite solder. This helps the solid state mixing of Y2O3 in Sn-

Cu eutectic. The optimum number of forging steps was determined. Impression creep tests were carried out 

at different combinations of loads (28, 55, and 83 MPa) and temperatures (298, 343, and 373 K). 

Nanocomposite solder shows higher creep resistance as compared to the monolithic solder. Creep rate shows 

a decreasing trend with the addition of higher amounts of Y2O3 in the solder. Nanoindentation creep test also 

reveals the same trend. 

Nanoindentation creep tests at room temperature suggest that pulse electrodeposited solder has 

higher creep resistance in comparison to that made by conventional melting and casting route. This may be 

due to any one or a combination of the following three reasons: (i) the difference in their microstructures, (ii) 

the difference in the texture or the orientation of Sn, and (iii) the difference in the ways Cu6Sn5 forms and 

get distributed in the matrix during processing or synthesis. 

 

Keywords: Lead free solder; nanocomposite; nanoindentation creep; accumulative forging; impression 

creep. 
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Indian hematite iron ore is associated with goethite, kaolinite and gibbsite mineral phases, which 

contribute to high loss on ignition (LOI) due to presence of water molecule in its matrix. The presence of 

high LOI in final concentrate deteriorates quality of pellets. Due to the presence of chemically bound water 

in the matrix of hydrated minerals, high-pressure steam is released at high temperature during induration of 

pelletization process resulting in formation of multiple cracks in pellets thereby reducing strength and quality 

of pellets. This necessitates the removal of LOI from fine iron ore feed for pelletization and a thorough 

investigation into the kinetics of LOI removal. A comprehensive literature review reveals that although 

fundamental studies have been done to understand the mechanism of LOI removal, no direct and 

comprehensive study have been made to understand the kinetics of LOI removal from goethetic hematite iron 

ore in fluidized bed reactor. Therefore the present dissertation aims at the study of kinetics of thermal 

decomposition of hydrated minerals associated in natural hematite iron ores in fixed and fluidized bed 

systems using isothermal methods of kinetic analysis.  

Experiments in fixed bed demonstrated that mass of the fixed bed influences the LOI removal much 

more than the initial LOI in the sample. While majority of LOI (more than 80%) could be removed only in 5 

minutes in the temperature range 900 to 1100°C in low mass system (max. 15 gm); around 75 minutes are 

required for the same in the high mass system (max. 1 kg). It was further observed that in static bed 100% 

removal of LOI is not possible beyond a certain critical bed depth (16 mm) irrespective of residence time and 

temperature. Kinetic analysis also indicated that the decomposition of hydrated mineral in hematite in fixed 

bed mostly follows the chemical reaction kinetics and at higher temperature nucleation and growth kinetics 
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also starts influencing the decomposition. The estimated activation energy values in all the experimental 

situations are found to be 60-70 kJ/mol.  

Experiments in high temperature batch fluidized bed reactor (FBR) demonstrated that the LOI 

content could be reduced by more than 90% in FBR within one minute of residence time at the temperature 

of 1100°C. Three kinetic models namely chemical reaction kinetics, diffusion and nucleation/growth kinetics 

are found to best fit to the experimental data at different temperature regimes for iron ore samples having 

different LOI. In case of low LOI sample, two separate kinetics are found to follow in the two different 

temperature regimes. Up to 700°C, chemical kinetics dominates, which is followed by nucleation and growth 

which become active at high temperature. In case of high LOI (more than 6%), diffusion kinetics dominates 

till 400°C, then chemical kinetics dominates in the range of 400-650°C and finally nucleation and growth 

kinetics also become active beyond 650°C.  

 

Keywords: LOI removal, Thermal decomposition, Fluidized bed, Kinetic analysis, Hydrated iron ore 
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The present work aims at detailed investigation of (a) NiCrBSi (68.4Ni-17Cr-3.9B-4.9Si-5.8Fe) 

coating on AISI 304 stainless steel (C: 0.08%, Cr: 18%, Fe: 66%, Mn: 2%, Ni: 8%, P: 0.04%, S: 0.03%, Si: 

1%) for improving hot corrosion resistance of AISI 304 stainless steel and (b) La2O3-YSZ composite thermal 

barrier coating for improving high temperature oxidation resistance of INCONEL 718 (Ni-18.8Fe-14Cr-

7.3Nb-1.7Mo-1.3Ti-0.7Al) by thermal spray deposition technique. Thermal spray deposition of nickel based 

hard faced alloy (68.4Ni-17Cr-3.9B-4.9Si-5.8Fe) has been carried out on sand blasted AISI 304 stainless 

steel by flame spraying and high velocity oxy-fuel (HVOF) spraying techniques for hot corrosion resistance 

application. A detailed microstructural investigation of flame sprayed layer shows the formation of γ-Ni and 

refined Ni3B precipitates. HVOF spraying leads to development of microstructure consisting of dispersion of 

Ni3B and Cr2B in partially amorphous γ-Ni matrix. Attempts were also made to melt the near surface region 

of HVOF spray deposited surface and understanding its effect of microstructure and properties. A detailed 

study of wear behavior shows that combined HVOF spraying and laser surface melting offer a maximum 

improvement in wear and corrosion resistance properties. The hot corrosion behavior of thermal spray 

deposited AISI 304 stainless steel with NiCrBSi has been studied in a 70%Na2SO4+30%NaCl molten salt 

media in the temperature ranges between 700 ºC to 900 ºC by cyclic test with total number of 18 cycles of 

heating and subsequent air cooling. Detailed studies of the properties of coating developed by flame spraying 

and HVOF spraying show that HVOF spraying of NiCrBSi develops a denser coating with a lower defect 

density, and better adherence than flame spraying. The appropriate reaction and mechanism of degradation 

of as-received and NiCrBSi coated AISI 304 stainless steel is evaluated in a salt mixture of 70 wt.% Na2SO4 

and 30 wt.% NaCl.  

In another effort, an innovative initiative on the development of composited TBC consisting of a 

mixture of La2O3 and YSZ (with a maximum of 50 mole % La2O3) has been applied on CoNiCrAlY bond 

coated INCONEL718 substrate. The bond coating was deposited by high velocity oxy-fuel spraying 

technique prior to plasma spraying of ceramic top coating. The performance of the coating has been evaluated 

in terms of high temperature oxidation resistance (under both isothermal and cyclic condition) at temperatures 

ranging from 900 ºC -1000 ºC. There is a marginal improvement in isothermal oxidation resistance and a 

significant improvement in cyclic oxidation resistance with addition of La2O3 in the La2O3-YSZ composite 

TBC. The mechanism of failure of the top coating has been evaluated by a detailed analysis of the oxidized 
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surface after cyclic oxidation, The enhanced cyclic oxidation resistance and reduced failure rate of the La2O3-

YSZ composite TBC coatings as compared to conventional YSZ coating is attributed to (a) reduced growth 

kinetics of TGO between bond coat and top coat, (b) increased sintering resistance of top ceramic coating 

due to La2O3 addition in conventional YSZ, (c) reduced in-plane tensile residual stress on the top coat surface 

and (d) reduced thermal expansion mismatch between TGO (Al2O3) layer and ceramic top coat. 

 

SYNTHESIS OF ALUMINIUM BASED BULK METALLIC GLASSES VIA 

MECHANICAL ALLOYING AND SPARK PLASMA SINTERING 
 

Ram Sajeevan Maurya 
Supervisor: Prof. Tapas Laha 

Department of Metallurgical and Materials Engineering 

Accession No.: NB15781 

 

The present work was focused on synthesis of aluminium based multicomponent glassy alloys (viz. 

Al86Ni8Y6, Al86Ni6Y6Co2, Al86Ni6Y4.5Co2La1.5) via mechanical alloying and consecutive spark plasma 

sintering (SPS). These aluminium rich powders yielded fully amorphous structure after 140 h, 170 h and 200 

h of milling, respectively, as confirmed by broad hump in XRD patterns, featureless TEM images and 

corresponding fully diffused SAD patterns. Requirement of longer milling time was attributed to the ductile 

nature and high stacking fault energy of Al, which prolonged the cold welding and work hardening 

phenomena. DSC thermograms indicated that with increase in milling time transformation peaks shifted to 

lower temperatures and number of transformation stages increased, which is attributed to the increase in 

defect concentration and strain energy. Amorphous powders were consolidated via a novel sintering 

technique, spark plasma sintering (SPS) at varying sintering temperatures (250-500oC) and pressures (100-

400 MPa). In the case of various temperature sintered samples, alloys sintered up to 350oC exhibited retention 

of at least 70% amorphous phase as confirmed by XRD, TEM and DSC method of amorphous phase fraction 

estimation; whereas samples sintered at 450ºC or 500oC exhibited higher amounts of nanocrystalline FCC-

Al along with various nano-sized intermetallic precipitate (viz. Al3Ni2, Al2Y, Al13Co4, Al11La3, Al4Ni3, 

Al0.9Ni1.1, Al3Y, Al4.85Co5.15 etc.) formation resulting from abnormal crystallization at the expense of the 

parent amorphous phase. It was found that with the increase in the number of components, the tendency of 

devitrification increased, which is attributed to higher probability of atom coupling during sintering based on 

Stokes-Einstein equation as confirmed by XRD patterns of 500oC sintered Al86Ni8Y6, Al86Ni6Y6Co2 and 

Al86Ni6Y4.5Co2La1.5 alloys. The former two ternary and quaternary alloys retained XRD hump overlaying 

crystalline FCC-Al peak, whereas the five-component alloy showed a huge number of XRD peaks without 

appreciable hump. Increase in SPS pressure resulted in better retention of amorphous phase, with the 

formation of various intermetallic phases by short range ordering in Al86Ni8Y6 bulk alloy. Micro-and nano-

indentation hardness increased with the increase in sintering temperature and pressure attributed to various 

reasons, such as (i) better inter-particle bonding, (ii) high relative density and (iii) uniformly distributed in 

situ nanocrystals in the amorphous matrix. Coefficient of friction decreased with increase in sintering 

temperature due to decrease in surface roughness resulting from lower porosity and better inter-particle 

bonding.  

Keywords: Mechanical alloying, Spark plasma sintering, Amorphous alloys, Phase evolution, HRTEM, 

Mechanical property 
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Titanium and its alloys are widely used as bio-implant due to their high strength to weight ratio, low young’s 

modulus (relatively close to the human bone) and good corrosion resistance in physiological environment. In 

addition, Ti and its alloy have strong affinity towards oxygen and therefore, they form a thin (usually in the 

3-10 nm range), passive and protective titanium oxide layer on the surface. However, the stoichiometrically 

defective nature of surface oxide leads to the poor stability of native oxide in the physiological environment. 

In addition, titanium and its alloys possess a poor wear resistance property which causes accumulation of 

worn debris in the joint region. Wear and bioactivity are surface dependent properties which may be improved 

by tailoring the surface microstructure and/or composition of the surface. In the present investigation, 

extensive studies have been undertaken to tailor the surface properties of Ti-6Al-4V for bio-implant 

application by (a) engineering surface topography by laser surface texturing, (b) developing TiO2 coating and 

hydroxyapatite (HA) based composite coating with incorporation of TiO2 and ZrO2 by plasma spraying and 

studying the effect of post spray heat treatment on the characteristics and properties of the surface, and (c) 

developing thick oxide based bioactive coating mainly of TiO2 on Ti-6Al-4V substrate by electro-chemical 

(plasma electrolytic oxidation) route. 

Laser surface texturing of Ti-6Al-4V has been carried out by ArF excimer laser at a wavelength of 

193 nm with a pulse length of 5 ns in air. Followed by surface texturing, a detailed investigation has been 

undertaken to understand the effect of texture morphology and the associated surface characteristics on the 

wear, corrosion and bio-activity of the surface. Laser surface texturing develops uniform, defect free and 

periodic surface patterns with dimples and linear geometries. Microstructure shows the refinement of grain 

along with presence of α, β, rutile, anatase and few Ti2O3 phases. There is a significant improvement in nano-

hardness (4 GPa for linear textured surface and 6 GPa for dimple textured surface as compared to 2 GPa for 

as-received Ti-6Al-4V substrate), and young’s modulus (139 GPa for linear textured surface and 148 GPa 

for dimple textured surface as compared to 117 GPa for as-received Ti-6Al-4V substrate), in the textured 

surface. There is marginal improvement in wear resistance of laser textured surface as compared to as-

received substrate. The total surface energy is decreased due to linear texturing (29.6 mN/m) and increased 

due to dimple texturing (67.6 mN/m) as compared to sand blasted (47 mN/m) and as-received Ti–6Al–4V 

(37 mN/m) substrate. The polar component of the surface energy is significantly higher in sand blasted 

surface (31.9 mN/m) as compared to linear textured surface (27 mN/m), dimple textured (9.9 mN/m) surface 

and as-received Ti-6Al-4V (11.3 mN/m) substrate. In contrast, the dispersive component of the surface 

energy is significant higher in dimple textured surface (58 mN/m) as compared to linear textured surface 

(1.98 mN/m), sand blasted (15.2 mN/m) and as-received Ti-6Al-4V (26.4 mN/m) substrate. There is a 

significant improvement in bioactivity in terms of calcium phosphate deposition (33% in linear textured, 27% 

in dimple textured as compared to 23% of sand blasted and 20% in as-received Ti-6Al-4V substrate) after 7 

days of immersion in Hank’s solution. A comparable cell viability of laser textured surface is observed as 

that of as-received Ti-6Al-4V. A detailed cell attachment study shows that cell adherence is preferred along 

ridges and corners and is less in the dimple textured surface as compared to as-received one. In linear textured 

surface, cells are preferentially adhered along the direction of texturing. 

Plasma spraying of TiO2 and HA based composite (HA+50 wt. %TiO2 and HA+10 wt.% ZrO2) 

coatings have been carried out on Ti-6Al-4V substrate at an applied voltage of 42 V, and arc current of 900 

Amps. Followed by spraying, heat treatment has been carried out at 550oC (for 2 hrs.) for TiO2 coating, at 

650oC (for 2 hrs.) for HA +50 wt.% TiO2 coating, and at 750 oC (for 2 hrs.) for HA+10 wt.% ZrO2 coating. 

Plasma spray deposited surface shows the presence of porosity and un-melted particles on the surface, the 

area fraction of which decreases after heat treatment. X-ray diffraction analysis shows the phase 

transformation from anatase (in precursor powder) to rutile (in as-sprayed coating and the same after heat 

treatment) in the TiO2 coated surface. HA based composite coating shows decomposition of HA and 

formation of CaTiO3 phase in HA + 50 wt.% TiO2 composite coating and presence of CaZrO3 phase in the 

HA+10 wt.% ZrO2 composite coating. There is an improvement in hardness after heat treatment as compared 

to as-sprayed coating (from 4.6 GPa to 4.8 GPa in TiO2 coating, 2.15 GPa to 2.2 GPa in HA+50 wt.% TiO2 

coating and 1.1 GPa to 2.3 GPa in HA + 10 wt.% ZrO2 coating). A significant improvement in wear resistance 
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and corrosion resistance is observed in the coating after heat treatment as compared to as sprayed coating. 

Bioactivity in terms of calcium phosphate deposition is higher in all coatings (in both assprayed state and the 

same after heat treatment) as compared to as-received Ti-6Al-4V and as sprayed coating offers a superior 

behavior as compared to the same after heat treatment. 

Finally, plasma electrolytic oxidation (PEO) has been applied to develop oxide coating on Ti-6Al-

4V substrate at an applied voltage of 430 V (under constant voltage mode) with a current limitation of 1 A 

(in the ramp-up to final voltage) for 10 minutes duration. There is formation of a porous (35% porosity) oxide 

coating with 150 μm thicknesses and consisting of anatase, rutile, calcium phosphate and SiO2 phases on the 

surface of Ti-6AlXX 4V substrate. A significant improvement in hardness (from 2 ± 0.4 GPa for as-received 

Ti-6Al-4V to 8 ± 0.5 GPa for PEO treated surface), wear resistance in terms of decrease in wear depth (from 

100 μm for as-received Ti-6Al-4V to 23 μm for PEO treated surface) and corrosion resistance in terms of 

decrease in corrosion rate (from 1.23×10-1 mm/year for as received to 5.76×10-3 mm/year for PEO treated 

surface) of PEO treated surface is observed. There is also an improvement in wettability of PEO treated 

sample in terms of decrease in contact angle (from 60o for as-received Ti-6Al-4V to 45o in PEO treated 

surface). The bioactivity of the PEO treated surface has been improved as compared to as-received Ti-6Al-

4V substrate. 

This thesis is divided into five chapters. Chapter 1 contains the brief introduction of the present 

work. Chapter 2 provides the critical literature review of the reported work. Chapter 3 describes the 

experimental techniques used for (a) surface modification and coating, (b) the tools and techniques applied 

for characterization, and the techniques used for evaluation of (c) mechanical properties, (d) corrosion 

resistance, (e) bioactivity behavior in Hank’s Solution, and (f) wettability. Chapter 4 illustrates the results 

and discussions pertaining to as-received and surface tailored Ti-6Al-4V alloy. Finally, Chapter 5 shows the 

comparative studies on the results obtained in the present study, major conclusions drawn and its future scope 

of application. 

 

Keywords: Ti-6Al-4V, Laser surface texturing, Plasma Spraying, Plasma electrolytic oxidation (PEO), 

Nano-indentation, Wear, Corrosion, Bioactivity, Wettability, Surface Energy. 
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In the estimation of recoverable reserves of an ore deposit, non-linear kriging techniques are used 

to calculate the panel-wise ore and metal tonnage by estimating the conditional probability of block grades. 

In real life mining scenario, it is necessary to consider a change of support model along with non-linear 

kriging to estimate functions of the variables with larger support than that of the samples. However, under 

the assumption of strict stationarity, the grade distributions and important recovery functions are estimated 

by non-linear techniques using the data within a supposedly spatial homogeneous domain. Underlying 

random function model is required to be stationary in order to carry out the inference on ore grade distribution 

and relevant statistics. But, in reality, stationary model often falls short in evaluating complex geological 

structure. It is obvious that the standard stationary models neglect the apparent changes in the local mean and 

variances and hence produce unreliable results. Moreover, important geological feature such as spatial 

continuity of the deposit does not get replicated by the conventional stationary model. A better approach to 

non-linear techniques is required which can handle complicated non-stationarity issues. As a possible 

alternative in the reserve estimation scenario, local multivariate distributions are assumed to be strictly 

stationary in the neighbourhood of the panels. The local cumulative distribution function and related statistics 
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with respect to the panels are evaluated by weighting the samples with appropriate distance kernel function. 

The developed non-stationary non-linear model exploits these local statistics containing local information in 

the estimation process. Though the practice is computationally more complex than the standard stationary 

model, the developed model outperforms the conventional one in terms of reserve estimation. This study 

deals with the theoretical design of the non-stationary model for two important non-linear kriging techniques, 

disjunctive kriging and multigaussian kriging, allowing change of support model and their application in the 

mineral reserve estimation scenario. A thorough investigation through simulation experiments is carried out 

to critically judge the performance of the developed model. The performance of the developed models is also 

investigated on a real life dataset from an Indian copper mine as a case study. 

 

Keywords: Reserve estimation; Disjunctive kriging; Multigaussian kriging; Hermite polynomial; Non-

stationary; Kernel. 
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The concept of increased methane recovery with simultaneous CO2 sequestration in unconventional 

reservoirs like gas shales has been studied in the past few years. A clear understanding of storage mechanism, 

flow properties and geo-chemical characteristics of the shale gas reservoirs is necessary for predicting the 

gas reserve and evaluating reservoir potential.  

The objectives of this research were to investigate the adsorption behavior of methane and CO2 on 

shales, characterize the composition and pore structure of shales and also to investigate its impact on methane 

adsorption capacity and finally to investigate and model the adsorption kinetic properties by the experimental 

adsorption rate data.  

In the first phase, adsorption isotherm experiments have been conducted using methane and CO2 on 

some Indian shales and the adsorption behavior was studied. Furthermore, the applicability of different 

adsorption isotherm models, like Langmuir, D-A, D-R and BET equations have been tested for methane and 

CO2 adsorption data on shales. In the second phase, composition of shales have been investigated by 

estimating the organic and mineral matter present in shales and its effect on methane adsorption capacity has 

been analyzed. The pore structure of the different shales have been investigated by performing geo-chemical 

analyses, like low pressure CO2 and N2 adsorption analysis and mercury intrusion. In the last phase, the 

experimental adsorption rate data have been measured and was tested with unipore model.  

From the analyses, it has been observed that the methane and carbon dioxide adsorption isotherms 

for some of the shales are following the Type I curve. For KG, PB 2, PB 3, and PB 5 shale samples saturation 

adsorbed values were not achieved and rather the adsorbed values kept on increasing with increase in 

pressure. The methane adsorption data for the shales are best described by D-A equation. For carbon dioxide 

adsorption, D-R equation is giving best fit. The shale composition results suggest that clay minerals are 

significantly contributing to methane adsorption capacity rather than TOC content for the studied shales. The 

porosity of the Indian shales has been found to be dominated by mesopores. The unipore diffusion model is 

giving good fit to the methane and CO2 experimental adsorption rate data for the studied shales.  

 

Keywords: Adsorption; Shales; Methane; CO2; Pore-Characterization; India 
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Tropical cyclone is a natural hazard that poses a great threat and danger to the coastal regions, and 

thereby an accurate forecast of the resulting storm surge and associated inundation is a necessity to safeguard 

the coastal community and infrastructure. Sophisticated numerical models and predictions systems are 

available for tropical cyclones and storm surges. In the existing operational prediction systems, some of the 

important aspects are neglected. One such effect is the role of wave-current interaction and its role in 

modifying the storm surge amplitude. Wave-current interaction during extreme events like cyclones could 

result in extreme wave induced setup that in turn could modify the resultant water levels and currents. Hence 

a prediction system that considers the mutual interaction mechanism between waves and currents is a 

necessity in operational centres. The present study attempts to develop a modelling system which takes into 

account the mutual interaction mechanism between waves and currents using a coupled modelling approach. 

This is accomplished using a coupled wave and hydrodynamic model viz; the state of art ADCIRC and 

SWAN models implemented for the coastal states in the East coast of India. A detailed analysis of the storm 

surge and associated inundation for selected severe cyclonic events along each of the coastal states in the 

East coast of India is carried out. Initially, a methodology was developed to model the storm surge and 

associated inundation, and implemented for the Tamil Nadu coast associated with the Thane cyclone, and the 

West Bengal coast for Aila cyclone. The model performed exceptionally well for coastlines with complex 

geomorphology, comprising of numerous tidal creeks, and river inlets in the head Bay region. Further the 

study attempts to include riverine systems into the storm surge model and examined the role of river discharge 

as well as wind stress on storm surge penetration in to the river system for the Aila cyclone. The effect of 

wave-current interaction and its role in modifying the storm surge amplitude was analysed using the coupled 

ADCIRC-SWAN modelling system for the Phailin cyclone that affected the Odisha state. The coupled model 

performed fairly well in capturing the effect of wave induced setup. The water level elevations at Ganjam 

and Paradeep indicate a contribution of 23% and 36% from the wave induced setup. Also the effect of storm 

surge in the Andhra Pradesh coast associated with the Hudhud cyclone was investigated using the coupled 

modelling system. The study signifies that the coupled modelling system performed exceptionally well in 

realistically capturing the storm surge effects. Overall, the study recommends that the operational 

implementation of the coupled modelling system will significantly enhance the skill level of storm surge 

predictions for the Indian Ocean region.  

 

Keywords: Storm surge, Coastal inundation, Wave-current interaction, River-tide-surge interaction, Coupled 

ADCIRC-SWAN model. 
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The thesis provides a comprehensive overview on the wind-wave climate over the Indian Ocean 

region for the past two decades utilizing satellite altimeter data and wave model products. It also proposes a 

new method to extract perturbations in specific climate variables due to external factors. The study examines 
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the trend in different wave parameters such as maximum significant wave height (MSWH), mean wave 

direction and period (MWD, MWP); swell mean wave direction and period, and peak wave period (PWP). 

To understand the inter-dependency between these parameters the study also investigated the spatiotemporal 

correlation between these parameters using directional statistics methods used for the first time in climate 

analysis. The Bay of Bengal and Arabian Sea located in the North Indian Ocean showed an increased MWSH 

activity as well changes in wave directional behavior in the past two decades. The highest MSWH variability 

occurred over the South Indian Ocean (SIO) region, a potential region of swell generation. The study also 

examines the swells generated from SIO basin and its influence over the North Indian Ocean region. The 

trend analysis for the Bay of Bengal region clearly deciphers the role and importance of swells in the overall 

wave field. These are evident in the circular correlation maps generated between MWD and swell MWD with 

the highest positive correlation observed over the Bay of Bengal. Based on MWD and PWP analysis, the 

effect of local wind direction and extreme waves from Southern Ocean impacts the Arabian Sea region. The 

EOF (Empirical Orthogonal Function) analysis on MSWH for the Southern Ocean clearly indicates a dipole 

pattern in EOF2 (EOF second mode) with a unique oscillatory pattern having both intra-seasonal and inter-

seasonal variations. The study also investigated the degree of polarity and inclinations in the dipole pattern 

using radon transform an integral transform method whose inverse finds application in varied fields such as 

image reconstruction and line detection. It is a mapping technique from Cartesian rectangular coordinates to 

a polar coordinate system. Further, the study examined the application of low rank and sparse decomposition 

method on two climate variables such as SST and wind speed. The analysis of sparse components show a 

decadal reversal pattern in maximum wind speed over the North Indian Ocean region and also analyzed the 

effect of strong 1997 El Nino on the SST variability over the Indian Ocean region. 

 

CLASSICAL SOLUTIONS IN INTEGRABLE DEFORMATIONS OF ANTI-DE SITTER 

STRING BACKGROUNDS 
 

Aritra Banerjee 
Supervisor: Dr. Kamal Lochan Panigrahi 

Department of Physics 

Accession No.: NB15648 

 

The AdS/C F T correspondence has played a major part in the development of twenty-first century 

theoretical physics. The striking correspondence between a weakly coupled quantum theory of strings in 

certain space-time dimensions and a strongly coupled quantum field theory in one  less dimension has been 

applied to many areas of fundamental physics. Solving the theory in both sides of the duality remains 

one of the most challenging problems of modern theoretical physics. According to the AdS/C F T 

“dictionary”, the spectrum of the string side comprises of the energies of the states, each of which must be 

equal to the scaling dimensions of the operators in the dual gauge theory which lives on the boundary of AdS. 

The full spectral problem of the theory can be solved astonishingly by its inherent property of integrability,  

in the sense that integrability techniques provide the full set of algebraic equations that determine the spectrum. 

Integrability methods are however severely limited in the regime of long, strongly coupled operators, which are 

dual to particular symmetric configurations of strings with large conserved charges. Thus, finding out such 

large charge string solutions from the integrable sigma-models associated to AdS-like string backgrounds 

have played an important role in the study of AdS/C F T correspondence.   Recent  studies motivate the 

question of whether such computations can be carried over to more physical (less symmetric) cases. In this 

thesis we consider two  such known examples of integrable string sigma-models, from which we study 

various kinds of string solutions. 

The first example we consider is string theory on AdS3 × S3 × T 4  with  mixed Ramond-

Ramond (R-R) and Neveu-Schwarz-Neveu-Schwarz (NS-NS) three-form fluxes, which interpolates between the 

integrable pure R-R and the pure NS-NS theory that can be represented by a SL(2, R) Wess-Zumino-Witten 

(WZW)  model. We construct the mixed flux generalisation of a number of well known AdS3 × S3 string 



2016-17 Abstracts of Ph.D. Theses 
 

174 Indian Institute of Technology Kharagpur 

 

solutions including the Circular pulsating strings, Spiky strings and (m, n) strings. We then move on to study 

classical strings in (AdS5 × S5)κ , a recently proposed one parameter integrable deformation of AdS5 × S5.  

Bosonic spinning strings in this background are described by a deformed sigma model with a modified 

coupling constant.  We  study several classical string configurations including giant  magnons, circular 

pulsating strings and spiky strings. We describe various qualitative and quantitative features of the 

backgrounds themselves in conjuction with the string solutions. 

 

Keywords:  Classical strings, Integrable sigma models, AdS/C F T correspondence, Dispersion 

relations. 

 

RAYLEIGH-BENARD MAGNETOCONVECTION IN LOW-PRANDTL-

NUMBER FLUIDS 
 

Arnab Basak 
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This dissertation presents an elaborate study of Rayleigh-B´enard magnetoconvection. Direct 

numerical simulations (DNS) are carried out to investigate the effects of both vertical and horizontal magnetic 

fields on thermal convection with stress-free boundaries in an electrically conducting fluid. The magnetic 

Prandtl number Pm is taken zero in the simulations for the case of terrestrial fluids. Fluid patterns and 

unfolding of bifurcations are studied as the Rayleigh number Ra is increased above the critical Rayleigh 

number Rac for different values of the Prandtl number Pr and the Chandrasekhar number Q. 

The vertical magnetic field strongly inhibits the onsets of both primary and secondary instabilities. 

The Nusselt number Nu scales with ϵ = Ra/Rac - 1 as ϵ0.91, while the kinetic energy K and the convective 

entropy Φ scale as ϵ and ϵ0:9, respectively near the primary instability. Nu also scales with Ra/Q as (Ra/Q)ξ 

where 0.39 ≤ ξ ≤ 0.57 for (Ra/Q) > 25. Various convective patterns such as stationary straight and oblique 

rolls and time-dependent cross-rolls are observed for simulation boxes of horizontal aspect ratio η = Ly/Lx = 

1 and 2. The horizontal magnetic field does not affect the threshold of primary instability but it delays the 

onset of secondary instability. We have chosen different values of the perturbation wave number k and in the 

Ra�k plane for η = 1. The onset is always straight rolls parallel to the magnetic field, while the secondary 

instability appears as stationary sausage-like rolls for higher values of Q (Q > 30) for a uniform horizontal 

magnetic field. For lower Q and k = kc, wavy rolls appear at the secondary instability. 

A small vertical magnetic field (Q ≤ 5) allows homoclinic merging and breaking of limit cycles for 

low values of Pr (≤ 0.025). A periodic bursting of patterns is also observed at the secondary instability. A 

weak horizontal magnetic field does not allow any homoclinic bifurcation as it acts as a symmetry-breaking 

parameter. Low-dimensional models constructed capture essential features of the results obtained in DNS 

qualitatively. 

A low-dimensional model is also constructed for rigid horizontal boundaries with a uniform vertical 

magnetic field. Straight rolls are observed at the primary instability while periodic or quasiperiodic standing 

waves are observed at the secondary instability. Timedependent traveling waves appear at the tertiary 

instabilities. The global quantities show similar scaling behavior with ϵ as observed in numerical simulations 

with rigid boundaries. 

A simple dynamo model is also constructed for stress-free boundaries. The value of the threshold of 

the dynamo onset decreases with increase in Pm. The magnetic field is generated in the form of chaotic bursts 

or in a periodic/quasiperiodic manner depending on the values of Pr and Pm. 

 

Keywords: Rayleigh-B_enard magnetoconvection, direct numerical simulations, heat ux, kinetic energy, 

entropy, homoclinic bifurcation, convective dynamo. 
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PHONON DYNAMICS OF FUNCTIONAL OXIDES 
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Supervisor: Prof. Anushree Roy 
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Oxide materials exhibit amazing characteristics and find a variety of applications. From the physics 

point of view, the recent resurgence of interest in these systems arises due to various expected or observed 

phenomena, which originate from the possible interplay between charge, spin and lattice degrees of freedom 

in them, at a microscopic level. In this thesis, we investigate a few oxide materials with the specific aim of 

unraveling their phonon dynamics. 

We begin with studies on interaction of spin and lattice degrees of freedom in a few magnetic 

compounds, which could be revealed through their phonon dynamics. We probe how the doping induced 

magnetic phase evolves between two parent compounds, cluster spin glass ScFeO3 and ferrimagnetic 

GaFeO3. We also demonstrate that Sc3+ substitution modulates the spin-phonon coupling in the parent 

compound. We extend the study of spin-phonon coupling in a spin frustrated rare-earth compound, GdInO3, 

having short-range correlated magnetic phase. Although the system lacks long-range magnetic ordering, the 

negative thermal expansion over a limited range of temperature makes this system very unique to study the 

complex interplay between spin and lattice degrees of freedom. We present the role of triangular Gdlattice in 

this coupling. 

Apart from GdInO3, which shows a special magnetic and structural characteristics, REInO3 

(RE=rare-earth), in general is an emergent multiferroic system. We have estimated the spontaneous 

polarization from the structural distortion in the unit cell and shown that the spontaneous polarization in these 

compounds is quite higher than the same in other well studied multiferroic compounds (like manganites) and 

can be modulated by varying RE ions. 

The sensitivity of Raman measurements as a local probe is exploited to determine the phase 

dynamics in La2Zr2O7 fluorite-pyrochlore compound, calcined at different temperatures over 750–1450◦C. 

Raman measurements with different excitation wavelengths demonstrate difference in local ordering in the 

near-surface region and in the bulk and confirm the role of intrinsic oxygen disorder in controlling its phase 

dynamics. Temperature dependent Raman measurements indicate a local fluctuation in Zr(O1)6 octahedra 

due to the coupled rotation of (La)4O2 tetrahedra in order to reduce the free energy of the system in the 

pyrochlore phase. We have also exploited Raman measurements to study the effect of local ordering in charge 

transport mechanism to study the comprehensive comparison on the electrical properties between Al-, Ga- 

and In-doped ZnO thin films. We have demonstrated the interplay of the donor concentration and the crystal 

structure that determines the improved electrical characteristics of these films. 

In brief, this thesis elucidates a local phenomenological correlation between spin, phonons and 

lattice disorder in oxides, at a microscopic scale. 

 

Keywords: Raman spectroscopy, phonon, oxide, spin-phonon coupling, disorder. 
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Hollow nanomaterials are an important class of nanostructures, having characteristics of low mass 

density, large surface areas, high porosity, fast ion and mass transport and good strain accommodation. These 

properties make hollow nanostructures highly important for application such as electrode materials for energy 

devices, catalysis, photocatalysis, sensing, drug delivery etc. Cooper and cerium based metal oxides and their 

doped nanostructures are widely investigated nanomaterials for the above mentioned applications. The work 

presented in the thesis deals with the synthesis of hollow nanostructures of CuO, CeO2, Cu1-xCexO and Ce1-

xCuxO2 (0≤x≤0.2). Hollow nanostructures of CuO can be formed at low temperatures and ambient pressure 

by applying the soft templating effect provided by the confinement of droplets in miniemulsion systems. 

Hollow nanostructures of CeO2 can also be synthesized in inverse miniemulsions at room temperature. The 

synthesized hollow nanostructures show enhanced gas sensing, catalytic, magnetic and optical properties as 

compared to their solid counterparts. The results obtained from various synthesis procedures and applications 

are summarized in 6 chapters. Few of the major outcomes of the work are:  

(1) Metal-ion surfactant interaction plays an important role in stabilization of hollow nanostructures of 

CuO, where growth can be explained by a mechanism involving both diffusional and reaction 

control.  

(2) Evolution in the morphologies from hollow to solid type nanostructures is observed for CeO2 

nanostructures with increasing precursor and Cu2+ dopant concentrations.  

(3) Large increase in the catalytic activity of CuO hollow nanostructures for p-nitrophenol reduction is 

attributed to the increased surface area possibly causing a change in order of the reaction.  

(4) Tunable selectivity in the gas sensing response is observed in CuO hollow nanostructures with Ce3+ 

doping.  

 

Two appendices are also given in the thesis, which clearly shows that the synthesis protocol can be 

extended to many more multifunctional oxides such as BaTiO3 and YCrO3.  

 

Keywords: Hollow, nanostructures, metal oxides, magnetism, gas sensing, catalysis. 

 

ELECTRICAL SPIN INJECTION INTO Si FROM MAGNETIC METALS AND 

METAL OXIDES USING SiO2 AND MgO TUNNEL BARRIER FOR 

SPINTRONICS 
 

Jaganandha P. 
Supervisor: Prof. Tapan Kumar Nath 

Department of Physics 
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The electrical spin injection into silicon from magnetic metals and metal oxides using SiO2 and 

MgO tunnel barrier have been studied in details. The structural (HRXRD, XPS etc.), surface morphology 

(AFM) and interfacial properties (HRTEM) have been investigated for our heterojunctions. The electronic- 

and magneto-transport (resistivity, magnetoresistance, current-voltage and capacitance-voltage etc.) and 

magnetic properties of heterojunctions have been studied in the temperature range of 10-300 K. We have 

used magnetic metals such as TiN (Ni) and Co2CrAl as well as oxide magnetic thin films such as Fe3O4, Co 

doped Fe3O4 (CFO), Co and Zn doped Fe3O4 and Ni doped Fe3O4 (NFO) as a spin injector. The magnetic 

field dependent junction magnetoresistance (JMR) properties have been studied in detail in our 

heterojunctions using SiO2 and MgO tunnel barrier. The value of JMR in our heterojunctions using SiO2 

tunnel barrier has been observed to be reasonably high at low temperature and not significant at higher 

temperatures. On the other hand, the reasonably high value of JMR using MgO tunnel barrier have been 

observed even at room temperature. The origin of JMR in our heterojunction has been well explained using 

standard spin injection theory. The room temperature spin injection and accumulated spin signal in silicon 

has been successfully detected using three terminal Hanle contacts. The large Hanle signal has been observed 
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using CFO/MgO, NFO/MgO and Co2CrAl/MgO tunnel contacts. Pure spin accumulation in p-Si resulted 

from spin injection from CFO/MgO, NFO/MgO and Co2CrAl/MgO tunnel contacts is confirmed by a 

controlled experiment incorporating a non magnetic heterojunction Ag/MgO/p-Si. The effect of Hanle signal 

and spin accumulation in silicon with variation of tunnel barrier thickness have also been studied in details. 

The temperature dependent spin life time (τ), spin diffusion length (LSD) and tunnelling spin polarization 

(P) have been calculated in our heterojunction. Our results here clearly exhibits that not only the metal 

magnetic materials but also the oxide magnetic materials are equally attractive, promising, and capable of 

establishing a good platform for efficient spin injection and detection for the development of room 

temperature oxide based spintronic devices. 

 

Keywords: Semiconductor Spintronics, Spin injection, Junction magnetoresistance, Junction 

magnetocapacitance, Spin diffusion length, Spin accumulation, Spin life time, Half-metallic ferromagnets 
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Plasmonic nanostructures support charge density oscillations of free electrons to manipulate light at 

the nanoscale through strong light-matter interaction at their plasma frequency. These nanostructures offer 

new opportunities to improve and engineer the performance of nanoscale photonic devices. In this 

dissertation, we have studied the optical and electrical properties of plasmonic Au-ZnO and Au-silk protein 

nanocomposites to understand the light-matter interactions for efficient photonic devices.  

The optical properties of Au nanoparticles of varying sizes for their potential use to switch the 

electrical conductivity of silk protein biopolymer have been studied. A stable electrical conductivity 

switching behavior with a high on/off ratio of more than six orders of magnitude has been observed in Au-

silk protein resistive memory devices. Au nanoparticles play the key role in switching the conductivity of 

insulating silk protein. Fundamental negative photoconductive response triggered by Au nanoparticles has 

been realized in Au-silk protein nanocomposites due to the photo-oxidation/reduction of amino acids in the 

silk polymer chain followed by charge trapping in the Au nanoparticles under UV illumination. These 

photoactive Au-silk nanocomposites have been used as active biopolymer substrates to build ZnO nanorod 

array photodetectors to realize flexible bio-photonic devices. These devices exhibited much lower dark 

current and a higher photo-to-dark current ratio of ~105 as compared to the control devices without Au 

nanoparticles. Sharp pulses in the transient photocurrent have been observed in devices prepared on glass and 

Au-silk protein substrates due to the light induced pyroelectric effect of ZnO, enabling the demonstration of 

self-powered photodetectors at zero bias.  

The fabrication of multifunctional Au-ZnO plasmonic nanostructures for enhanced UV 

photodetection and wavelength tunable light induced gas sensors at room temperature has been studied. A 

systematic study on the plasmonic Au-ZnO gas sensor as a function of incident wavelength has been carried 

out. The selectivity is found to be higher for NO gas over CO and some other volatile organic compounds 

(VOCs), with a minimum detection limit of 0.1 ppb for Au-ZnO sensor at 335 nm. The plasmon charge decay 

dynamics in Au-ZnO multilayer thin films have been studied by femtosecond transient absorption 

spectroscopy. The inter-band and intra-band excited electrons in Au with different pump energies have been 

probed to understand the charge transfer dynamics between Au and ZnO.  

 

Keywords: Plasmonic, ZnO, Au nanoparticles, nanostructures, silk protein, photoconductivity, 

photodetector, gas sensors 
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EXCHANGE OF ANGULAR MOMENTUM BETWEEN PARAXIAL OPTICAL 

VORTEX BEAM AND ATOMS OR MOLECULES: MECHANISM AND 

APPLICATIONS 
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Supervisor: Dr. Sonjoy Majumder 

Department of Physics 

Accession No.: NB15638 

 

Exchange of orbital angular momentum (OAM) between Laguerre-Gaussian beam of light and 

center-of-mass motion of an atom or molecule is well known. In this thesis, we show that orbital angular 

momentum of light can also be transferred to the internal electronic or rotational motion of an atom or a 

molecule provided the internal and center-ofmass motions become coupled by light-atom or light-molecule 

interaction. However, this transfer does not happen directly to the internal motion, but via center-of-mass 

motion. If atoms or molecules are cooled down to recoil limit then an exchange of angular momentum 

between the quantized center-of-mass motion and the internal motion is possible during interaction of cold 

atoms or molecules with Laguerre-Gaussian beam. The orientation of the exchanged angular momentum is 

determined by the sign of the winding number of Laguerre-Gaussian beam. In interaction with atom, the field 

OAM can be transferred to the internal electronic motion only in electric quadrupole or higher order 

transitions. But in interaction with molecules, the field OAM influences the internal rotational, vibrational 

and electronic motion even in electric dipole transition making it important for many applications. We give 

numerical calculation of electric dipole and quadrupole Rabi-frequencies in interaction of an optical vortex 

beam with atomic Bose-Einstein condensate. The transfer of orbital angular momentum from an optical 

vortex to an atomic Bose-Einstein condensate changes the vorticity of the condensate. The spatial mismatch 

between initial and final center-of-mass wavefunctions of the condensate influences significantly the electric 

dipole transition between corresponding states. We show that the transition rate depends on the handedness 

of the optical orbital angular momentum leading to optical manipulation of matter-wave vortices and circular 

dichroism-like effect. Based on this effect, we propose a method to detect the presence and sign of matter-

wave vortex of atomic superfluids. Only a portion of the condensate is used in the proposed detection method 

leaving the rest in its initial state. 

 

Keywords: Optical vortex beam; Optical orbital angular momentum; Laguerre-Gaussian beam, exchange of 

orbital angular momentum; LG beam and atom; LG beam and molecule; Bose-Einstein condensate; Two-

photon Raman transition; Detection of vorticity; Matter-wave vortex. 
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Graphene, a two dimensional allotrope of carbon, composed of sp2-bonded honeycomb carbon 

lattice, has been studied extensively since its discovery in 2004. The report of several unique properties like 

high Young's modulus (1.1 TPa), high thermal conductivity (3x103 W/m. K) at room temperature, very high 

carrier mobility (μ ~ 200,000 cm2·V−1·s−1), high optical transmittance (~97.7%), and high specific surface 

area (2630 m2/g) make it an ideal candidate for applications in transparent conducting electrodes, flexible 

transparent displays, spintronics, sensors and energy storage devices. In spite of many intriguing properties, 
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graphene has limited applications in opto-electronic devices, since pristine graphene exhibits zero band gap 

and absorbs ~2.3 % of incident radiation over the broad electromagnetic spectrum which is remarkably high 

for an atomically thin material, but is very small in absolute terms. In this dissertation, several methodologies 

have been explored to enhance the performance of graphene based photonic devices. We have demonstrated 

continuously tunable optical properties of graphene oxide by simply varying the IR irradiation time and power 

density. The role of different oxygenated functional groups to modulate the optical properties of reduced 

graphene oxide (rGO) has been investigated in details. We have realized the formation of novel graphene 

oxide (GO) based p-n heterojunction on n-Si substrates. The device exhibits a broad band spectral response 

of peak responsivity 0.21 A/W, with very high current on-off ratio, making it attractive for integration into 

CMOS compatible devices. In order to achieve enhanced light matter interaction in graphene based system, 

we have integrated conventional plasmonic structures based on noble metals. Novel opto-chemical doping 

effect in Ag nanoparticles decorated monolayer CVD graphene using Raman spectroscopy has been 

investigated. The fabrication and characteristics of graphene-Ag0 hybrid plasmonic nanostructures based 

photodetector exhibiting moderately high responsivity (~28 mA/W) and spectral selectivity (~510 nm) in the 

visible wavelength. We also report the novel thermal quenching of carbon Nano dots (CNDs), synthesized 

by a simple solvothermal method. The emission energy and intensity of the CND samples can be tuned by 

thermal annealing at varying temperatures in an ambient atmosphere, attributed to the varying fractions of 

the core sp2 moiety and the surrounding surface chemical groups. The performance of some of the devices 

presented in the dissertation is comparable or even superior to that of commercially available silicon-based 

photodetectors. The results of the study indicate a pathway of using 2D/3D heterostructures for future CMOS 

compatible photonic devices.  

 

Keywords: Graphene, Graphene Oxide, Tunable emission, Plasmonics, Opto-chemical doping, Thermal 

quenching, Photodetector. 
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The invention of laser in 1960 and advent of low-loss optical fiber in 1970’s revolutionized the 

fledging field of light-wave communication and photonic sensing technology. Continued research and 

technological advancement resulted in inception of many novel photonic systems and devices. Meanwhile, 

optical fibers went through several R&D phases beginning with a simple step-index one to today’s 

microstructure photonic crystal fibers. Though step-index simple core-cladding fibers stood long in realizing 

telecommunication, multimode fibers took part only in local network due to the presence of large number of 

modes causing intermodal dispersion and random mode coupling amongst the supported modes, thereby 

making the system unusually complex with many-mode guiding. Recently, few-mode fiber (FMF) has drawn 

considerable research attention wherein excitation of only few guided modes opens interesting applications 

of inter-modal interference devices, mode converters, dispersion compensators, mode coupler and many more 

owing to an additional aspect of spatial distribution of modes. With this motivation, in this research, the 

propagation and polarization properties of light in such FMF are revisited with a view to exploring the 

unique features of FMF to realize fiber devices. 

The thesis begins with a detailed electromagnetic analysis of field propagation inside few-mode 

fibers aiming at precisely understanding the characteristic mode properties, namely, co-existence of scalar 

and vector modes, structural dependence on cut-off properties, power-content, shape of mode-field and their 
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longitudinal/transverse constituents. Nurturing the vector fields of associated lower-order vector sub-modes 

in the few-mode fiber, the idea of controlled generation of spatial vector beams is illustrated. By appropriate 

superposition of selectively excited first-order sub-modes (TE01, TM01, HE21) who are doughnut-shaped 

azimuthally symmetric beams (D-ASBs) and inherently degenerate in a weekly guiding system, controlled 

generation of a linearly polarized first-order azimuthally asymmetric beam (F-AAB) and its switchable 

behavior with input state-of-polarization are theoretically envisaged and experimentally demonstrated. 

Interesting evolution of beams, namely, decentralized elliptical Gaussian beam by controlling the 

contribution of the fundamental mode (HE11/LP01) in F-AAB, a unique and unconventional two-grain T-

polarized beam having mutually orthogonal state of polarization by smoothly varying azimuth of the input 

beam, are designed and demonstrated. 

The thesis next describes the intermodal interference characteristics in circular-core FMF segment 

followed by devising all-fiber circuits to measure the transverse-stress and twist induced linear birefringence 

and circular birefringence. FMF inserted in a Sagnac loop hosts two competent phenomena namely, Sagnac 

interference and intermodal interference of first two circularly symmetric modes (LP01 and LP02) thereby 

yielding parameters for tunability of measurement in terms of both sensitivity and dynamic range. 

Finally, an uncommon approach of increasing the numerical aperture of the fiber and control of 

evanescent fields by modifying the cladding effective index of the SMF is investigated. Interestingly, the 

propagation of a few circularly symmetric-mode(s) and the approach of selective excitation of higher-order 

modes in an in-house fabricated FMF towards devising an extremely sensitive evanescent field based high 

relative humidity sensor is demonstrated. All the experimentally obtained outcomes have been analyzed on 

the avenue of theoretical considerations using the devised hybrid theoretical ray-and-wave optic model that 

uniquely interprets the variety of experimental results. 

 

Keywords: Few-mode fiber, Beam generation, Sagnac interferometer, Intermodal interference, Linear and 

circular birefringence, Evanescent field based sensing. 
 

VISIBILITY-BASED POWER SPECTRUM ESTIMATION FOR LOW-

FREQUENCY RADIO INTERFEROMETRIC OBSERVATIONS 
 

Samir Choudhuri 
Supervisors: Prof. Somnath Bharadwaj and Dr. Sk. Saiyad Ali (Jadavpur University) 

Department of Physics 

Accession No.: NB15826 

 

Precise measurement of the power spectrum of the diffuse background sky signal using low 

frequency radio interferometers is an important topic of current research. The problem is particularly 

challenging due to the presence of foregrounds and system noise. In this thesis we present a visibility based 

estimator namely, the Tapered Gridded Estimator (TGE) to estimate the power spectrum of the diffuse sky 

signal. The TGE has three novel features. First, the estimator uses gridded visibilities to estimate the power 

spectrum which is computationally much faster than individually correlating the visibilities. Second, a 

positive noise bias is removed by subtracting the auto-correlation of the visibilities which is responsible for 

the noise bias. Third, the estimator allows us to taper the field of view so as to suppress the contribution from 

the sources in the outer regions and the sidelobes of the telescope’s primary beam. 

We first consider the two dimensional (2D) TGE to estimate the angular power spectrum Cℓ. We 

validate the estimator and its statistical error using realistic simulations of Giant Meterwave Radio Telescope 

(GMRT) 150MHz observations, which includes diffuse synchrotron emission and system noise. We further 

developed the simulation by including the discrete point sources. We use different “CLEANing” strategies 

to investigate the accuracy of point source subtraction from the central region of the primary beam, and to 

identify the best “CLEANing” strategy. It is difficult to correctly model and subtract the point sources from 

the periphery and the sidelobes of the primary beam. We see that the TGE successfully suppresses 
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contributions from these unsubtracted sources and correctly recovers the Cℓ of the Galactic synchrotron 

emission. 

Finally we have extended the TGE to estimate the three dimensional (3D) power spectrum P(k) of 

the cosmological 21-cm signal. Analytic formulas are presented for predicting the variance of the binned 

power spectrum. The estimator and its variance predictions are validated using simulations of 150MHz 

GMRT observations. 

We have used the 2D TGE to estimate Cℓ using visibility data for two of the fields observed by TIFR 

GMRT Sky Survey (TGSS). We find that the sky signal, after subtracting the point sources, is dominated by 

the diffuse Galactic synchrotron radiation across the angular multipole range 200 ≤ ℓ ≤ 500. We present a 

power law fit, Cℓ  = A×(
 
1000 )β,  to the measured Cℓ over this ℓ range. We find that the values of β are in the 

range of 2 to 3. In future, we plan to extend our analysis for the whole sky using TGSS survey and to find 

out the variation of both A and β as a function of Galactic coordinate. 

 

Keywords: methods: statistical, data analysis, techniques: interferometric, cosmology: diffuse radiation 
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In this dissertation, search for double β decay in 112Sn and 124Sn has been carried out by using ultra-

lowbackgroundHigh Purity Germanium(HPGe) detector,GeBer, of volume 244 cm3 in the Gran Sasso 

National Laboratory (LNGS) of the INFN (Italy). A tin (Sn) sample of 13.3 g has been examined for 2367.5 

h. The radioactive contamination presents in the sample has been estimated. The data have also been 

considered to calculate the present sensitivity. The half-life limits for transitions from 112Sn to the excited 

states of 112Cd are calculated in the order of 1017 − 1018 years at 90 % Confidence Level (C. L.) for β+EC 

(electron capture) and ECEC processes. For the ECEC decay of 112Sn to the ground state of its daughter 

nucleus, we obtained a half-life limit of 1.27×1018 years at 90 % C. L.. For β− β− transition from 124Sn to the 

excited states of 124Te has been calculated to be 1018 years at 90% C. L. The limit for β− β− decay from 
124Sn to the 2+

5 excited state of 124Te at 2182.4 keV has been studied for the first time and the half-life limit 

has been found to be T1/2 ≥ 1.36× 1018 years at 90 % C. L. The enhancement of the sensitivity for a proposed 

experiment with larger mass, to reach theoretically estimated values of half-lives, has been simulated. 

A complete decomposition of the background in the experimental environment has been performed 

by Monte Carlo simulations and spectral fitting. The background data have been accumulated using GeBer 

detector for 6109 h. Identification of characteristic γ-rays of individual background components along with 

their locations has been performed. 

We have also simulated four HPGe detector system, GeMulti. The full-energy-peak (FEP) efficiency 

of the individual detectors of GeMulti has been simulated. The sensitivity of the future experiment using 

GeMulti has been discussed. 

 

STUDIES ON SINGLE- AND TWO-PARTICLE RESPONSES OF SOME 
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The single- and two-particle dynamics of correlated electronic systems, in correlated models and 

materials, have been addressed. The long- standing problem of feasibility of metamagnetism is addressed 

using a model Hamiltonian. Although there are several reports of metamagnetism in real systems, its cause 

is shrouded in competing effects, viz. structural, spin exchange and Coulomb correlation. We work with 

Hubbard (t-U), t-U-J and t-t`-U-J models in the presence of external Zeeman field and implement the semi-

analytical, rigid band, cluster slave-rotor (SR) mean-field theory. We show that the proximity to a Mott 

transition allows realization of metamagnetism in a regime of parameters and a magnetic fields well within 

the experimental limits. Further, the role of thermal fluctuations and band fillings on metamagnetism are 

studied using self-energy-based exact, continuous time quantum Monte Carlo (CT-QMC) in conjunction with 

dynamical mean-field theory (DMFT). A metamagnetic quantum critical end point for single band Hubbard 

model is established. For the problem of criticalities of a strange metal, the normal phase responses of an 

extended periodic Anderson model are studied. We analyze the single- and two-particle responses and 

quantitatively parameterize the critical responses of such a metallic phase. Thermal scaling-collapse of two-

particle quantities, optics and NMR are studied and the nature of pairing glue is phenomenologically argued. 

Our work on real materials concerns the very well-known correlated system Sr2RuO4 and its doped variant 

Ca2-xSrxRuO4. Normal phase single- and two- particle dynamical responses, dimensional crossovers and 

quantum criticality in this material are addressed from a realistic Hamiltonian using ab-initio + CT-QMC + 

multi-orbital DMFT technique. We use maximum entropy method for analytical continuation of Matsubara 

data and solve the Bethe-Salpeter equation to estimate local and non-local fluctuations of relevant degrees of 

freedom. 

 

SYSTEM LEVEL PERFORMANCE EVALUATION OF BROADBAND 

WIRELESS ACCESS NETWORKS 
 

Prabhu C 
Supervisor: Dr. Suvra Sekhar Das 

G.S.Sanyal School of Telecommunications 

Accession No.: NB15573 

 

Cellular networks are undergoing a rapid growth in terms of both number of subscriptions and per 

user data rate requirements. It has been estimated that by 2020, there would be 10 billion mobile devices 

thereby resulting an 11 fold increase in capacity compared with what they are experiencing today. The 

principal challenge for service providers is to cater to this ever increasing traffic demand within the limited 

radio spectrum available. Therefore, one of the main objectives of cellular system design is to improve Area 

Spectral Efficiency (ASE). To connect the growing number of mobile devices, the number of Base Stations 

(BSs) worldwide has doubled from 2007 to 2012. The number of BSs has reached more than 4 million as of 

today. This large number of BSs has tremendously increased energy consumption which is expected to 

increase further in coming years. The energy consumption significantly increases operational expenditure 

(OPEX) and impact the environment negatively due to increased CO2 emissions. Therefore, energy efficient 

network design has also become the need of the hour for cellular network service providers. Therefore, the 

focus of this thesis work is to investigate ASE and Area Energy Efficiency (AEE) performance of cellular 

systems. 

Heterogeneous Network (HetNet) deployment consists of low-power BSs (also termed as small 

cells) along with macro/micro BSs is being considered as a promising approach to meet future traffic demand 

requirements. The different types of small cells are pico cells, femto cells, and relays. Particularly, the 

deployment of femtocells is expected to solve indoor coverage problem and enhance the capacity of cellular 

systems several folds. However, uncontrolled interference generated by unplanned femtocell deployment 

would limit the achievable capacity gain particularly in single frequency systems. Accordingly, in the first 

part of this thesis work, the outage performance of co-channel deployed macrocell-femtocell network under 
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fractional network load conditions is investigated considering uniformly distributed femtocells. Next, the 

minimum and the maximum transmit power settings for femto BSs that satisfy outage requirements of 

macrocell and femtocell users under different macro load conditions are obtained. It is seen that the outage 

performance in the co-channel deployment highly depends on the load condition of the macrocell network. 

Further, it is found that, in a multi-cell scenario the macrocell users located at the edge of the cell are 

significantly affected by the femtocell transmissions during medium and peak macro load conditions. It is 

also shown in this work that the outage performance can be improved by controlling femtocell load (activity 

status of subchannels) along with transmit power. 

In the second part of the work on small cells, the ASE of co-channel deployed macrocell-femtocell 

networks is obtained from the Signal to Interference-plus-Noise Ratio (SINR) distributions. The effect of 

femtocell radio parameters, such as transmit power, load, and femtocell density, as well as macrocell transmit 

power on the ASE is investigated under different macrocell network load conditions. It is seen that the 

macrocell load has a significant impact on the ASE performance. The highest ASE gain is achieved during 

low load conditions in macrocells, and the maximum number of femtocells is supported during medium load 

conditions. Further, an inverse relationship has been observed between the macrocell load and the femtocell 

load. It is also seen that the ASE performance is sensitive to the macrocell power. It is found that in co-

channel femtocell deployment, the ASE gain can be improved significantly by using appropriate femtocell 

radio parameters in a centralized manner without degrading macrocell network performance. Further, 

achievable offloading gain is also investigated in terms of number of supportable users for varying femtocell 

density. It is seen that the offloading gain can be achieved with large number of femtocells by increasing 

macro BS transmit power. 

Co-channel interference analysis is essential for better planning and performance evaluation of 

cellular systems. For example, energy efficient network management requires accurate interference modeling 

especially under low traffic conditions. The SINR is an important metric of link quality in cellular systems. 

It is affected by the radio resource occupancy in neighbouring cells due to varying co-channel interference 

pattern. The radio resource occupancy in the neighbouring cells is dependent upon the offered traffic load in 

those cells. In practice, non-uniform BS locations and Radio Access Network (RAN) parameter 

configurations and inhomogeneous traffic load lead to non-uniform interference scenarios across the network. 

Therefore, better estimate of system performance metrics such as coverage and capacity is required to exploit 

full potential of the radio resources. A cell load model that relates the offered traffic load to the radio resource 

utilization (subcarrier occupancy) is developed in this thesis. The model incorporates the characteristics of 

streaming and elastic traffic, and the propagation characteristics such as path loss, shadowing, and small scale 

fading. With this model, better estimate of system capacity can be achieved which would help to exploit full 

potential of the radio resources during radio network planning and management. 

As energy efficiency is an important factor for cellular network design, the last part of the thesis 

deals with the network level energy saving. Though the BSs are deployed considering peak traffic demand 

and future traffic growth, most of the time the BSs are largely underutilized due to spatial and temporal traffic 

variations. Therefore, putting under-utilized BSs to sleep mode during non-peak traffic conditions is being 

considered as a promising approach for potential energy savings, thereby increasing AEE. In this thesis, the 

possibility of energy saving through BS sleep mode is investigated using multi-objective optimization. The 

inter-relationships between different system objectives are studied and guidelines are proposed to find the 

appropriate BS and RAN parameter configuration that provides the best achievable trade-offs. The multiple 

objectives considered are coverage maximization, ASE maximization, overlap minimization, and energy 

minimization. Genetic Algorithm based evolutionary approach is used to obtain the optimal solution (i.e.set 

of active BSs and RAN parameters) with fast convergence rate and minimal computational complexity. It is 

shown that by selecting the solutions based on different objectives, at 20%, 50%, and 80% network traffic 

load, it is possible to achieve energy saving between 60% to 85%, 30% to 60%, and 10% to 40%, respectively. 

The focus of this thesis work has been on the performance evaluation of system-level metrics such 

as ASE and AEE due to femtocell deployment and BS sleep mode. It is concluded that by appropriately 

controlling femtocell radio parameters according to network load condition, the maximum ASE gain due to 

femtocell deployment can be achieved. It is also concluded that by using the proposed multi-objective 
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optimization framework for BS sleep mode, maximum energy saving can be achieved while maintaining 

good trade-offs between other system design objectives such as coverage and overlap. In practice, dynamic 

network management for varying traffic conditions is essential for ensuring better utilization of the network 

resources. Therefore, the system level analysis presented in this thesis would be helpful in designing 

algorithms and improving system-level performance of current and future wireless broadband access 

networks under dynamic environments. 

 

Keywords: Cellular networks, Radio access network, Small cells, Femtocell, Base station, Sleep mode, 

Fractional load, Streaming traffic, Elastic traffic, Orthogonal Frequency Division Multiple Access, Blocking 

probability, Co-channel interference, Signal to Interference-plus-Noise Ratio, Interference management, 

Area spectral efficiency, Area energy efficiency. 
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This research work is mainly based on the development of polymer membranes having chemically 

attached surface functional sites as suitable sensor materials for the sensing of different basic taste substances, 

short chain aliphatic alcohols and drinking water brands. As the sensitivity of a sensor largely depends on the 

magnitude of interaction between the sensor material surface and the sensing objects in both liquid and vapor 

phases, we developed a series of polymer membranes with varying surface functional sites in order to sense 

the above maintained analytes in different magnitudes. Functional groups present in the polymer membranes, 

surface morphologies and thermal stabilities of them were characterized by UV-vis., FT-IR, XRD, SEM, 

TEM, TG and DSC analyses. All the membranes have sufficient mechanical strength to be used for the 

preparation of polymer membrane electrode based sensor device. Sensing device was fabricated by using 

these functional polymer membranes as membrane electrodes and a Ag/AgCl reference electrode in liquid 

phase sensing of different analytes. Two probe technique of resistivity measurement of the developed 

functional conducting polymer membranes was followed for vapor phase sensing of aliphatic alcohols. As 

expected, polymer membranes showed discriminatory nature of response patterns towards each analyte under 

study at varying range of concentrations. Repeatability of response patterns of a particular polymer membrane 

is also identical up to four consecutive cycles of sensing measurements.  Polymer membranes showed very 

low detection threshold concentration values for different sensing analytes. Principal component analysis 

(PCA) of sensing response data of the polymer membranes showed good discrimination and clustering for 

different analytes. A prototype liquid phase sensing device (E-tongue) was also developed which had a 

specially designed sensor array based on functional polymer membrane electrodes and the device was 

equipped to acquire the signals generated by such sensor array and to convert the data suitably, for digital 

processing. This E-tongue device is user friendly, easy to operate and can easily be maintained. The 

developed polymer membranes have excellent mechanical stability for fabrication of membrane electrodes 

and shelf life which are essential for an ideal sensor device. The methodologies of sensing used in this 

invention are objective, real time, inexpensive and practically deployable for various food and agricultural 

applications. 

 

Keywords: Functional polymer membranes; Membrane characterization; Sensing devices; Response 

potential; Resistivity; Response patterns; Repeatability; PCA. 
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BASED BIOACTIVE, BIORESORBABLE, NANOFIBROUS SCAFFOLD FOR 

BONE TISSUE REGENERATION 
 

Promita Bhattacharjee 
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This work used silk fibroin from the Indian tropical tasar silkworm, Antheraea mylitta, to develop 

potential biomaterials for bone tissue engineering. This fibroin is mechanically robust. Its built-in integrin 

binding peptide RGD (Arg-Gly-Asp) sequences enhance cellular interaction and proliferation, making it 

osteoconductive and osteoinductive. The fibroin was blended either with poly-vinyl alcohol (PVA) or poly(e-

caprolactone) (PCL) synthetic polymer to electrospin nanofibrous extracellular matrix(ECM). 

Characterization and comparative in vitro studies between 2% silk fibroin (SF)-PVA and 2% SF-PCL blended 

matrices showed that 2% SF-PCL matrices served as better ECM and it was chosen for subsequent studies. 

Surface modification, one of the most promising methods to enhance the cell adhesion and 

proliferation on hydrophobic surface, was adapted to investigate which incorporation method, blending or 

grafting, of SF into PCL nanofibrous matrix was better for bone tissue regeneration. Surface of PCL 

nanofibrous matrices was modified by aminolysis to graft 2% SF and hence comparative in vitro and in vivo 

studies were carried out between 2% SF blended and grafted matrices. Results implied 2% SF grafted PCL 

nanofibrous matrix was superior as ECM for bone tissue regeneration. Hence, this matrix was chosen as ECM 

for mineralization and bio-active molecule incorporation. 

The SF grafted PCL nanofibrous matrix was mineralized by (a) electrodeposition of nHAp (b) 

alternatively soaking in calcium and phosphate solution and (c) incorporation of nHAp into polymer solution 

before electrospinning. Bone morphogenic protein-2 (rhBMP-2) and transforming growth factor-beta (TGF-

β), independently and in combination, were coupled with the mineralized scaffolds using carbodiimide 

coupling reaction at physiological concentrations. TGF-β and rhBMP-2 have distinct roles during natural 

regeneration of bone. Their combined delivery led to significant improvement of osteogenic growth for all 

mineralized scaffolds. Dual growth factor loaded scaffold from each mineralization process, were compared 

to determine the optimal mineralization method. Appraisal of in vitro osteogenic differentiation of human 

mesenchymal stem cells, scaffolds’ immune response based on cytokine levels in co-culture of human 

macrophages and osteoblast like cells, and the scaffolds’ in vivo bone regeneration ability was conducted. 

The scaffolds were implanted in rabbit distal femur bone defects for 3 months. Efficacy of the scaffolds in 

repairing critical sized femur defects in vivo was determined based on immuno-compatibility, radiography, 

micro computed tomography, histology, and mechanical push-out. Fibroin grafted PCL nanofibrous 

scaffolds, mineralized using electrodeposition, was most advantageous in all aspects: in vitro 

osteoconductivity and osseointegration and in vivo bone regeneration.  

Our work shows that dual growth factor incorporated, silk fibroin grafted, PCL nanofibrous scaffold 

mineralized by electrodeposition, was most advantageous for bone tissue reconstruction. 

 

Keywords: Bone tissue engineering, non-mulberry silk fibroin, mineralization, nanofibrous scaffolds, 

growth factors. 
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The research in fuel cells is one of the most growing fields in the area of alternative energy sources 

to mitigate several issues related to energy and environment. A proton exchange membrane (PEM) is 

considered as a unique ion-selective transport channel that serves to transfer protons from anode to cathode 

as well as providing a barrier for fuel gas, oxidant and electrons in high performance proton exchange 

membrane fuel cells (PEMFCs). Nafion® or Flemion® is well known commercially available PEM materials 

due to their good physical and chemical stability together with high proton conductivity. However, these 

polymers are not only expensive but suffer from few limitations such as low operational temperature (fuel 

cell temperature < 80 ºC), high methanol and gas permeability. In addition, these polymers show poor proton 

conductivity at high temperature and low humidity. Such drawbacks have stimulated us to find aromatic 

sulfonated polymers as alternative PEM materials having high proton conductivities, low permeability to fuel 

and oxidants, high thermal, mechanical and chemical stability.  

Thus, the principal goal of our present research was to introduce the flexible groups like ether, 

sulfone etc. as well as fluorinated groups such as –CF3 or other fluorinated monomer like Quadribisfluoro 

(QBF) into SPAE polymer backbones by an efficient approach for the improvement of structural architecture 

and desired properties for PEMs such as enhancement of mechanical strength, thermal and chemical stability 

(mainly oxidative stability), proton conductivity with reduction of fuel crossover. The C-F bond in the 

structure of the polymer imparts high thermal stability, good oxidative and hydrolytic stability, high tensile 

strength, and more significantly, distinct phase separated morphology which is essential for better water 

management and ion transport pathway with high proton conductivity. In addition, the bulky –CF3 groups 

disrupt the inter-chain packing density and due to this reason the fractional free volume (FFV) of the polymers 

become enhanced which in turn increases the solubility and processability of the SPAEs. It was also planned 

to control the properties of the polymer by varying the functionality, polarity and the bulkiness of the 

preferred monomer units. Additionally, modern scientific and methodological works based on side-chain 

grafting, nano-technique and so on becomes more attractive protocol to develop the SPAES copolymers as a 

proton exchange membrane for their successful exploitation in fuel cells.  

 

Keywords: Fluorinated cardo poly(arylene ether sulfone)s, Thermal and mechanical stability, Oxidative 

stability, Water Uptake, Proton conductivity with phase separated morphology. 

 

DEVELOPMENT AND APPLICATION OF TRANSITION METAL OXIDE 
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Fuel cells (FCs) emerge as a promising class of energy conversion system in recent times. The power 

generation in FC mainly controlled by its electrode performance. Thus, the electrode material plays a key 

role in energy conversion in FC. Most commonly, Platinum is used as the cathode catalyst for different FCs 

as well as anode catalysts for alcohol FC. But, high cost, scarcity, and stability associated with Pt prompt the 

scientific community to develop inexpensive electrocatalyst. In the present thesis metal oxides nanostructures 

and their composites with nanocarbon/conducting polymers have been synthesized and tested as oxygen 

reduction reaction catalyst for microbial FC (MFC) and hydrazine electro-oxidation catalyst for direct 

hydrazine FC. Moreover, developed biocompatible metal oxide was used for anode modification in MFC. 
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The metal oxides were hydrothermally synthesized, and their electrocatalytic activities explored. Significant 

improvement of electrocatalytic performance was achieved with the composite catalyst as compared to their 

pristine individual components. In particular, MnO2 nanotubes (MnO2-NTs) coupled with different 

conducting supports such as Vulcan XC, MWCNTs, and graphene (GR) composites were studied as ORR 

catalyst for air cathode in single chambered MFC. The electrochemical investigation and sMFC results 

corroborate the superiority of MnO2-NTs/GR composite over the other two composites. Moreover, similar 

ORR catalytic activity and sMFC performance were tested for MnCo2O4 nanorods/polypyrrole composite 

and MnFe2O4 nanoparticles/polyaniline (MnFe2O4NPs/PANI) composites. The sMFC performance achieved 

with composite catalysts was comparable to the state-of-the-art Pt/C cathode catalyst. The promising 

electrocatalytic activity of metal oxides and their composites attributed to the excellent electrochemical 

behavior of the metal oxides. In the present work MnFe2O4NPs/PANI composite was used to modify the 

anode surface of sMFC. A notable improvement of anode performance was noticed with the modified anode 

which attributed to the faster extracellular electron transfer kinetics on the modified bioanode. The 

electrocatalytic hydrazine oxidation was studied with MnFe2O4NPs/N-doped GR composite. N-doping on 

the GR was found to be a vital factor for improvement of electrocatalytic behavior of the composite.  

 

Keywords: Fuel cell, metal oxide, catalysis, oxygen reduction reaction, nanostructure. 
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Porous ceramics have several industrial applications including catalyst support, water, gas filtration 

and bio-implantation. However, most of the porous ceramics are fabricated using toxic chemicals and 

submicron size ceramic particles. Here, an environmental friendly gel casting method is employed for 

fabrication of MgAl2O4 ceramic foams. The nanocrystalline MgAl2O4 powders were prepared by a modified 

auto combustion technique and used as a starting powder in the foam fabrication. The crystalinity of MgAl2O4 

powders was achieved by calcinations of as-prepared powder obtained after combustion. Structural, 

microstructural and textural analysis showed that the calcined (900 °C) powder found to be nanocrystalline 

and phase pure. The aqueous suspensions were prepared using nanocrystalline MgAl2O4 particles and egg 

white as a gelling and foaming agent. The rheological properties of ceramic suspensions were investigated 

using parallel plate viscometer. The studies indicate that the viscosity of egg albumin-based ceramic 

suspension exhibits a typical shear thinning behavior and significantly influenced by particle loading. 

Furthermore, the high viscosity of ceramic suspensions was tailored by incorporation of sucrose molecules. 

The egg white-based ceramic suspensions were ball milled to obtain wet foams. The wet foams were dried 

in an air oven and subsequently sintered at high temperature (1600 °C). The sintered ceramic foams were 

found to be cellular in nature and porous as confirmed by scanning electron microscopy and mercury 

porosimetry studies, respectively. MgAl2O4 nanoparticles loading plays a significant role in controlling 

microstructural properties i.e. cell size, pore size distribution, the amount of porosity, and pore morphology 

in the final sintered bodies. The flexural strength and hardness of the obtained ceramic foams have been 

investigated. It was found that initial solid loading significantly influenced the mechanical properties of the 

sintered foams. The obtained porous ceramic body is found to be an efficient catalyst support material for 

gas sensing application. 

 

Keywords: MgAl2O4, Ceramic foam, Gel casting, Mechanical properties 

 



2016-17 Abstracts of Ph.D. Theses 
 

188 Indian Institute of Technology Kharagpur 

 

 FUNCTIONALIZED POLYMER MEMBRANE, GRAPHENE AND POLYMER 

NANOCOMPOSITE BASED SENSORS FOR TEA QUALITY EVALUATION 
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Tea is one of the widely consumed beverages all over the world due its delicious taste, herbal and 

medicinal importance, etc. Quality of tea is varied from garden to garden depending on geographical origin 

and processing techniques. Mainly three types of tea such as unfermented green tea, fully fermented black 

tea and semi fermented oolong tea are available to consume among which black tea covers maximum share 

of the world tea market. Tea is one of the largest foreign exchange earner agricultural products of India. Taste, 

colour and aroma are the main three parameters that attribute the quality of black tea. Quality evaluation of 

tea is traditionally accomplished by the inspection judgment of sensory analyst or a tea taster. Applying their 

professional acumen and experience, tea tasters evaluate the quality of tea by means of its sensory appearance, 

viz., taste, colour, aroma, etc. and provide the score on an arbitrary scale of 1-10 for individual tea sample. 

The market price is decided on the basis of this scoring. However this method is purely subjective and suffers 

from inconsistency and irreproducibility due to various factors like individual variability, habituation at 

prolonged exposure, human health hazard, etc.  

Taste, colour and aroma arise due to presence of varieties of chemical compounds in tea samples. 

Variation in concentration of these chemicals leads to the variation in taste, colour and aroma in tea samples. 

Thus quantification of these chemicals by means of instrumental techniques like HPLC, GCMS, FT-NIR, 

MALDI-TOF MS, NMR, Raman spectroscopy, etc., has been considered important for tea quality evaluation 

instead of inspection-judgment of sensory analyst. However, these methods are expensive, involve large 

operational or maintenance cost and require skilled manpower. As a consequence these techniques cannot be 

applied for day-to-day usage and appear unattractive for routine works in tea industries. Due to these 

shortcomings of existing techniques, a low cost, fast, simple, reliable and efficient technique for tea quality 

evaluation is urgently required.  

Sensation of taste and smell/aroma arises due to the chemical interaction of the tastants and odorants 

with the corresponding receptor cells in our gustatory and olfactory system respectively. To, mimic these 

sensations, development of artificial sensors based on some physico-chemical interactions has been taken 

into account for quality gradation among tea varieties.  

Instead of lipid-polymer composites and other materials so far reported for quality evaluation of tea, 

functionalized polymer membranes based potentiometric electronic tongue (E-T) or taste sensor has been 

introduced. This E-T showed linear correlation with the taster’s score (for taste & colour both) and have 

excellent ability to discriminate the tea varieties. Ease of fabrication, tailoring selectivity, possibility of 

miniaturization, long term stability and reproducibility etc. can also be possible with such polymer 

membranes. A prototype sensor device using this membrane electrode has also been fabricated in this work, 

which was potentially able to provide stable and consistent results. A plasmonic material (silver nanoparticle) 

was also introduced to interact with the water soluble tea chemicals for tea quality evaluation through its 

photo physical change and outcome was correlated with the testers score.  

A non destructive technique based on the color differences through image analysis after addition of 

lemon juice with the tea solution to distinguish the black tea varieties was demonstrated in this study, which 

showed highly promising results.  

Aroma, an important quality attribute of tea is enormously reported to be optimized by metal oxide 

sensors. But high operating temperature and extreme moisture sensitivity are the major problems of these 

sensors. Taking all the discrepancies into account, graphene based room temperature sensors for tea quality 

evaluation, which is expected to be better alternative and easiest approach, was also explored here for the 
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first time. The Facile and cost effective synthetic processes of these sensors materials and fabrication 

procedures of sensing devices made of these sensors are also discussed in this work.  

As whole we have proposed four user-friendly ways (viz., membrane based artificial sensor, 

plasmonic based optical tongue, image analysis based e-vision and graphene material based e-nose) for tea 

quality evaluation. Very facile ways have also been developed for material preparation.  

 

Keywords: Taste sensor, aroma sensor, image analysis, functionalized polymer membrane, graphene 
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The role of public transportation as a demand management instrument is well recognized by the 

governing authorities, transport professionals, and researchers in emerging countries such as India in order 

to minimize road congestion, pollution, and economic downturn. Although the bus is the predominant mode 

of public transportation in the majority of the Indian cities due to its ‘flexibility’ in spatial coverage and 

‘lower capital cost’, in the recent years the metro rail has also emerged as an effective mean to serve the 

‘commuters’ need of mobility’. Metro system is now operational in several Indian megacities. Although 

transfer facilities play an important role in the context of a metro system for providing the ‘last mile 

connectivity’, there are glaring deficiencies associated with the transfer facilities at metro stations in the 

Indian context. Also, most of these transfer facilities are qualitative in nature, and not given due importance 

with a common perception that the fare is the most important concern to urban commuters. In general, the 

Governments are hesitant to increase the fare and also not in a position to enhance the financial assistance 

for various improvements. With this background, the present work aimed to develop an approach for the 

improvement planning of transfer facilities in and around metro stations. The work has been demonstrated 

with reference to the metro stations and the commuters of Kolkata city.  

As a part of this work, an investigation was carried out to judge the importance of transfer facilities 

from the perspective of the metro commuters in the study area. A five-point Likert-type ordinal scale rating 

survey instrument was designed and data were collected from the metro commuters in Kolkata. The data were 

analyzed using three established statistical methods namely TOPSIS, RIDIT and GRA. The findings from 

three methods are found consistent and indicate that the perceived importance of the commuters towards 

qualitative attributes such as visual communication, pedestrian environment, pedestrian pathway are higher 

than the metro fare which is contrary to the common perception about the fare. The effects of socioeconomic 

and trip characteristics of the metro commuters on their perceived importance of transfer facilities were also 

investigated using several non-parametric tests.  

The Willingness-to-pay (WTP) of metro commuters for improvement of various transfer facilities 

was also investigated. For this purpose, a stated choice survey instrument was designed and responses were 

collected from metro commuters in Kolkata city. The stated choice responses were analyzed by developing 

several econometric models namely Multinomial Logit (MNL) and Random Parameter Logit (RPL). The 

effects of commuters’ socioeconomic and trip characteristics on WTP values were also investigated while 

developing RPL models. The derived WTP values are found statistically significant and substantial as 

compared to the present metro fare. Using the WTP values a generalized cost (GC) equation was developed 

in order to calculate the perceived benefit to metro commuters due to the improvement of transfer facilities 

in and around metro stations.  

Finally, various alternative scenarios were developed and evaluated for improvement of transfer 

facilities inside and outside metro stations in the study area. For improvement of facilities inside metro 
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stations, fare increment was considered as a possibility as these facilities are used exclusively by metro 

commuters. The required fare increments for various scenarios were calculated, and the rationality of the fare 

increment was judged by relating fare increment to (i) benefits likely to be transferred to commuters, (ii) 

present fare, and (iii) average daily income of the commuters. The transfer facilities outside metro stations 

are also used by other commuters, and therefore, improvement of such facilities was investigated through 

funding assistance from the Government without any increment of fare to metro commuters. As the 

Government resource is limited, different metro stations were prioritized as per the need of improvement. 

For prioritization of metro stations, Fuzzy Analytic Hierarchy Process (FAHP) was used to calculate relative 

weights of factors describing pedestrian facilities outside metro stations and a Fuzzy Scoring system was 

adopted to assess the present condition. The rationality of funding assistance from the Government was 

judged on the basis of social cost-benefit analysis. For this purpose, station specific alternative improvement 

scenarios were formulated, and associated lifecycle costs were calculated. The benefit resulting from 

improvement of pedestrian facilities was calculated using the GC equation, and a lifecycle cost benefit 

analysis was carried out to report the findings in terms of Economic Internal Rate of Return (EIRR).  

Overall, the present work demonstrates a comprehensive approach for improvement planning of 

transfer facilities in and around metro stations giving due considerations to commuters’ perceived importance 

towards transfer facilities, benefits to commuters, the cost for improvement, fare increment to commuters, 

and funding assistance from the Government. Although the findings of the present study are case specific, 

the approach demonstrated in the work could also be applied for the improvement of transportation facilities 

in other contexts. 

 

KNOWLEDGE MANAGEMENT FOR IMPROVING MATERNAL HEALTH IN 

RURAL INDIA 
 

Amrita 
Supervisor: Prof. Ram Babu Roy 
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Accession No.: NB15809 

 

Maternal health is a vital indicator of a nation’s health. There were 303,000 global maternal deaths 

in 2015, and India accounted for 45,000 (15 percent) deaths most of which were preventable. This study aims 

to identify the factors influencing the decisions, knowledge network and the ontology of the maternity care 

in rural scenario.  

The study is based on primary data collected from two districts namely, Hugli and Paschim 

Medinipur in West Bengal, India. The effects of socio-demographic status of women on the knowledge level, 

attitude, practice (KAP), intention, health status (HS), health seeking behavior (HSB), and maternity care 

service utilization (SU) have been examined. The findings on the effect of socio-demographic-status on, 

KAP, HS and intention show significant differences in both the districts. The important factors for improving 

health literacy of the women are: recognizing the early symptoms of pregnancy, knowledge of risks of 

hemorrhage, risks related to fever and infection, problems due to criticality of abdominal pains, and 

importance of taking medicines. Managing knowledge and redesigning maternity care services aligned with 

the attitude, intention and the health seeking behavior of rural women might lead to increased service 

utilization.  

Knowledge networks for seeking pregnancy related knowledge while taking various critical 

decisions during the pregnancy episode was constructed. The networks show heterogeneous pattern and low 

level of interactionfor seeking knowledge on different issues related to pregnancy. A large number of 

husbands were not involved in various critical decisions during pregnancy. The analysis of the existing 

knowledge level, knowledge sources and service utilization by the women was used to redesign the existing 

ontology of maternity care.  
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The service utilization (SU) of maternity care services has been analyzed by dividing the entire 

episode into important tasks. A framework for effective knowledge sharing for improving the maternal health 

through increased service utilization is recommended. A service blueprint for the same has been proposed.  

 

Keywords: Indian healthcare, public health, maternity care, maternal mortality, knowledge management 

system, network, service utilization 

 

EPITAXIAL GROWTH OPTIMIZATION OF III-ARSENIDE AND III-NITRIDE 

ON SILICON: INFLUENCE OF BUFFER ON MODFET FOR LOW COST 
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Supervisor: Prof.Tarun K.Bhattacharyya 
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On-wafer integration of III-V compound semiconductor based heterostructure devices with Si logic 

circuits is a novel approach for reliable, robust, low cost and high performance electronic or optoelectronic 

device applications. The motivation behind the present research is to integrate III-Arsenide and III-Nitride 

based power amplifier on Si. The III-V based modulation doped power devices need high values of sheet 

concentration (2DEG), mobility and current carrying capability along with good semiinsulating bu_er on Si 

substrate. It requires superior crystalline quality which solely depends on the strategies of epitaxial crystal 

growth. Therefore, the main focuses of the research is to (i) develop and optimize the epitaxial growth 

strategies of meta-morphic buffer by molecular beam epitaxy (MBE) and (ii) explore the influence of buffer’s 

crystalline quality on heterostructure device characteristics. 

Aiming for the low power application the transport and DC characteristics of pseudomorphic 

AlGaAs/InGaAs MODFET have been examined based on the influences of growth temperature ramp during 

heterointerface and channel thickness variation. The research begins with GaAs as foundation material for 

epitaxial growth and thereby, the focus advanced to fabricate the high quality GaAs template on Si(100) 

substrate. A novel four-stage epitaxial growth strategy for GaAs buffer on Si(100) has been developed by 

MBE. The research proceeds with fcc GaAs lattice from the beginning of the growth. Current research 

addresses many previously inconclusive initial growth morphologies and investigates its in-depth correlation 

with the growth conditions. The epitaxial growth introduces AlAs/GaAs strain layer superlattice sandwiched 

in metamorphic buffer, which had fourth order of satellite peaks in HRXRD, first time to the best of our 

knowledge, describing the presence of excellent crystalline quality. The optimization of growth strategy leads 

to the crack free, anti-phase domain free, smooth, un-tilted and almost relaxed high quality GaAs buffer on 

Si(100) substrate which is suitable for on-wafer integration. 

In epitaxial growth of III-Nitride, a customized epitaxial growth strategy of Al-GaN/GaN MODFET 

on Si(111) has been developed for power amplifier applications. Optimization of growth strategy has been 

performed in order to investigate the in uence of di_erent MBE growth conditions of metamorphic buffer on 

the structural and electrical properties. A detail experimental observation has been reported on the correlation 

of 2DEG transport properties and DC characteristics with growth temperature variation in AlN intermediate 

layer and thick GaN buffer layer. Large-area (2 μm) power AlGaN/GaN HEMTs with identical device 

dimensions have been grown on silicon and sapphire substrates for comparative assessment of buffer growth 

factors on DC characteristics of the devices. The research deduces numerical procedures to determine the 

degree of stability of the devices in different applied voltage regime which defines its suitable application 

area for power performance. Thermal properties and its associated scattering found to be one of the main 

reasons for instability of the devices. 

The experimental findings have motivated to optimize a 2D analytical I � V model by tuning 

mobility model and introducing novel thermal model. It spotlighted the dissimilar DC characteristics of 
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identical HEMTs grown on sapphire and Si samples. The experiment reveals higher saturation point of 

HEMT on Si sample than sapphire, from which the cumulative effect of high parasitic resistance and change 

in channel electric field of HEMT on Si are observed. Presence of higher trap density owing to the epitaxial 

growth conditions and/or thermal expansion mismatch between GaN and Si are identified to be the main 

reasons of the effect, which have been incorporated in the model. Thus it is realized that identical device 

structure but epitaxially grown on different substrate have higher possibilities of unequal electrical 

characteristics owing to the metamorphic buffer growth. 

The epitaxial growths in this research have been done by using in-house custom designed four 

chamber Cluster-Tool MBE and Compact-12 MBE. Similar trends in MBE growth strategies for III-Arsenide 

and III-Nitride on Si substrate have been found especially to achieve crack free, smooth and almost relaxed 

epilayer for the power amplifier applications. 

 

Keywords: III-V Compound Semiconductor, Molecular Beam Epitaxy, Epitaxial Growth, MODFET, 

InGaAs/AlGaAs HEMT, GaAs on Si(100), GaN on Si, Al-GaN/GaN HEMT, Thermal Modelling, Mobility 

Model, Power Amplifier 
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Substantial research exists on Quality Management (QM) practices in large organizations’ in 

manufacturing sector while exiguously addressing the service sector, particularly in Indian context; 

specifically focusing on IT enabled service Small and Medium Enterprises (SMEs). QM is considered as a 

strategic tool to improve organizational performance and is characterized by principles, practices and 

techniques. In this study QM practices are referred to as critical success factors that can help organisation 

attain business and performance excellence. Thus, proper implementation of QM practices in service SMEs 

is extremely vital in achieving higher organizational performance/productivity level with optimal investment 

in infrastructure, resource acquisition in constrained environment and provides directions to enterprises in 

decision making with right strategy mix along with intensification of organizational culture to become more 

entrepreneurial. Therefore, present study attempts to address QM issues in Indian IT enabled service SMEs 

through in-depth exploratory study, identifying critical QM practices influencing firm Performance; their 

present level of adoption and prioritization; linkages among QM practices; and to examine the effect of QM 

practices along with identified contextual factors such as IT, Entrepreneurial Culture (EC) on Performance. 

The study is based on primary data and mixed method approach with appropriate statistical techniques to 

analyse the proposed conceptual models. Present study identifies and ranks critical QM practices; reveals 

new QM practices and develops new improvement approach. QM practices that SMEs give importance are 

Customer focus and Management leadership while Strategic planning, HRM and Process management needs 

to be focused. A fuzzy based framework is also developed by prioritizing the identified QM practices based 

on experts’ opinion, which broadly agrees with some deviation in the ranking. QM practices are 

interconnected and influence firm performance directly or indirectly. The impact of contextual factors, IT 

and EC has no direct significant influence on performance while demonstrating low to moderate mediation 

effect of QM and IT on Performance and EC. Major contribution of this study is addition in literature by 

recording new findings. Another contribution is in terms of model building towards designing “linkage 

model”. Present study also fills an important gap by integrating contextual factors in QM-Performance 

relationship. Overall, the study provides direction for SMEs on how to align QM practices for enhancing 
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performance and ‘isochronous’ improvement may be targeted for quality improvement while sustaining 

scarcity of resources. 

 

Keywords: Quality management; Indian service SMEs; IT; Entrepreneurial culture; Performance; 

Spasmodic and Isochronous improvement 
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Uncertainty is the only certainty in the start-up journey. The founder entrepreneurs in start-up 

perceive this environmental uncertainty depending on his/her experience, expertise and exposure. Perception 

of uncertainty helps a firm to get oriented in appropriate direction to take strategic actions. These actions are 

entrepreneurial in nature and are referred as an entrepreneurial orientation of a firm, impacting the 

performance of the start-ups. The alignment of perceived environmental uncertainty, firm orientation, and 

the firm performance needs to be relooked and empirically verified with real life data in emerging context. 

Existing studies involves uncertainty scales based on the classical definition of environment but are 

developed on the basis of data available for bigger firms in developed countries.  

These issues are addressed in this research for Indian start-ups through a quantitative approach. This 

research takes a unique position in exploring and confirming the uncertainty factors perceived by the start-

up’s, the entrepreneurial orientation dimensions of the start-ups and the start-up firm performance dimensions 

using exploratory factor analysis and confirmatory factor analysis using SPSS 22 and Amos 22. Utilizing 

survey data drawn from 308 founder entrepreneurs from all parts of the country, this study proposes and tests 

different models of the relationship among these three constructs.  

The results suggest that two new dimensions of entrepreneurial orientation viz. disruptive innovation 

orientation and sustaining innovation orientation are relevant for start-ups. These two dimensions are formed 

from the combination of the existing dimensions of entrepreneurial orientation in the literature. Two different 

types of firm performance: financial and creative is also obtained as a result of the analysis. The creative 

performance dimension is an addition to the existing literature dealing with firm performance. The internal 

environmental uncertainty perceived by them is represented with new dimensions of uncertainty called social-

self-identity.  

Entrepreneurship and firm literature are enhanced with the findings of this research. This research 

extends its discussion for incubation system by (i) analyzing and adding required value in present traditional 

incubation systems available at higher educational institutions. 

 

Keywords: Start-ups, perceived uncertainty, entrepreneurial orientation, firm performance, disruptive 

innovation orientation, creative performance. 
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The thesis responds to the dissonance between the increase of commercial outer space activities and 

the absence of any legal framework in India. While holding a great promise, international space law remains 

a stable principle that launching country is liable for any damage caused by outer space activities. The 

quantity of risk increases more when outer space is used not only by the sovereign states but also by non 

governmental entities for commercial benefit. Both the municipal and international law accepted that money 

damages should compensate the harm. Therefore, allocation of the liability must be shared by the actual 

wrong doer. State practices are developed for the allocation of liability with non governmental entities. The 

argument attacks the substance and structure of space policy in India, undermining claims as to its 

effectiveness and even sustainability.  

In responding to these challenges, this thesis uses analytical and comparative method with the 

dynamic processes as interview (structured and unstructured) to address central question of basis and 

fundamental framework of space law in India. The objective of the thesis is to develop a plausible normative 

framework in India relating to commercial outer space activities. This normative framework provides a 

platform for exiting international legal norm and practices, as well as the basis of alternative understanding 

of international space law and the potential response to those problems which are coherent and consistent 

with the use of outer space commercially by any country.  

The thesis offers three inter related conclusions. First it identifies the international legal norms as 

the basis for the development of national legal framework in India. Secondly, it demonstrates those state 

practices developed by space advance nations who adopted national space legislation for the promotion and 

control of commercial outer space activities, provides a useful legal framework background for adoption of 

domestic legal framework in India. Thirdly, it develops a normative framework for the commercial outer 

space activities in India.  

 

Keywords: Liability, Commercial Outer Space Activities, Legal Framework, Launching state, National 

Space Legislation 
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Propulsion systems meant for Remote Sensing and Communication applications in satellites have 

built in them propulsion feed systems for reaction control, attitude control, orbit raising and station keeping 

purposes. These propulsion systems have propellant feed lines carrying propellants from tankages to 

thrusters. OTIG (Orbital Tungsten Inert Gas) welding is widely employed for the welding of the feed lines 

made up of 6mm and 10mm diameter stainless steel tubes of 0.7mm thickness. These weld joints need to be 

leak proof and strong and any defect in them will lead to propellant leakage resulting in the failure of the 

whole mission which means wastage of lot of efforts and millions of dollars. Such failures seriously offset 

the programmatic goals and the national need. To ensure perfect weld joints, systematic process optimization 

and rigorous testing and qualification are essential. This research work is focused on improvement of the 

OTIG welding process.  

Questions of interest are, the need for development of propulsion system with zero defect using well 

defined welding process, appropriate testing methods for weld joints and analyzing test results for finding 

best methods for implementation. Detailed literature survey has been carried out on the OTIG welding 

process to study similar techniques which are adapted to suit satellite feed line welding purpose. The objective 

of the thesis is studying the current OTIG welding process, data collection and analysis of the defects 

observed and to suggest and validate methodologies to improve the present status. Data collection based on 
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18 satellites feed line welding defects and failure analysis were carried out using FMECA, RCA, FTA, Pareto 

charts etc. The results have brought out important process parameters such as Current, RPM, Gap between 

electrode and tube affecting the weld joints. The effect of the process parameters such as Current, RPM, Gap 

between electrode and tube and their interaction effect are quantitatively obtained by performing design of 

experiments (DOE) and analysis of variance (ANOVA). The optimized values achieved by the study are 

current 18.35 Amps, electrode rotation 10 rpm and gap between electrode and job 0.8 mm. The weld specimen 

quality was verified in accordance with the quality specifications for space applications and found 

satisfactory. The experimental findings are thus validated.  

Further stress-strength interference (SSI) technique is applied to compute the weld joint reliability 

considering the strength and porosity of the weld joints. Improvement of reliability of the weld joints due to 

the suggested process parameter settings is also computed to validate the findings.  

The investigations carried out yielded fruitful results which are not only useful for development of 

reliable satellite propulsion feed system but also can be applied for many similar applications.  

 

Keywords: Propulsion, Optimization, OTIG, FMECA, RCA, FTA, DOE, SSI, feed line or plumb line 

welding. 
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This research work proposes reliability models for the rotor systems which are subjected to the faults 

under dynamic conditions. 

The first model is a theoretical model which utilizes the mathematical fault model to compute the 

additional dynamic stress due to the fault. This additional stress due to fault is incorporated in the proposed 

reliability model to compute the reliability of the system, for the different fault parameters. 

The second model is based on the experimental methodology. In this model, the additional dynamic 

stress due to fault is computed from the measured system (machine) signature. The residual generation 

technique which compares the faultless and faulty machine signatures to construe the additional stress is 

utilized in this model. This deduced additional stress from the system signature due to fault is incorporated 

in the proposed reliability model to compute the reliability of the system. This model is demonstrated in the 

research work by measuring the vibration signature of the system. 

In both the models to compute the reliability, a stress-strength interference approach together with 

a simulation-based methodology is used for analysis and modeling for this complex relationship. In this 

research work, both models are utilized to construct the specific reliability models for the most commonly 

occurring rotor system faults viz. mass imbalance and misalignment. Numerical illustrations are included to 

validate the models. 

The theoretical and experimental models can be used for the systems having inherent faults to 

establish the safe operating parameters such as rotating speeds and the allowable fault levels. Especially, the 

theoretical model can be utilized during the designing and proto-type development of the industrial rotor 

systems, while the experimental model can be used during the actual functioning of the system for safe and 

reliable operations. 

The proposed models can be extended to the other rotor system faults also. These models can be 

utilized in any real-life systems such as aviation engines, ship propellers, electricity generating wind turbines 

etc. 
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Advances in parallel and distributed computing have made interconnection networks a potential 

networking alternative to meet growing demands of high-performance computing applications like computer 

communication networks, aerospace, industrial automation, artificial intelligence, and genetic engineering. 

These applications require parallel computing facility with multiple processors and memories. Obviously, 

connecting every processor to all memory modules through direct links is not an efficient solution therefore 

these are connected through multistage switching technologies.  

As crossbars of large sizes are cost prohibitive, multi-stage interconnection networks (MIN) of lesser 

cost have been developed that can provide similar functioning at lesser cost. Multistage Interconnection 

Network (MINs) plays a vital role in providing fast and effective communication between high-capacity 

modules. As the technology is improving, modern systems are becoming large and complex, day-by-day. To 

accomplish excellent parallel processing, development of more proficient and cost-effective MINs is 

required. MINs development has been an area of great interest to researchers in the field of computers and 

communication industry.  

Multistage Interconnection Network (MIN) is an interconnection system consisting of multiple 

interlinked switching elements layers arranged in a predefined topology. It allows processor and memory 

modules to communicate with each other and has been adopted in many fields, mainly in computer 

networking, telephone network and multiprocessor environment.  

Initially this thesis presents an extensive survey on existing MIN topological aspects based on 

unexplored taxonomy of MIN performance metrics. Pitfalls and shortcomings are noted.  

Keeping in view the shortcomings and the growth of the technological frontiers, there is always a 

need for the developing reliable, fault tolerant and cost- effective multistage interconnection networks 

(MINs), which are the critical metrics of any multi-processing system. New MIN designs have been proposed. 

Their performance is found promising and superior when compared with some of the existing MINs designs.  

This thesis proposes new fault tolerant MIN layouts with highly adaptive reliable multipath dynamic routing 

behavior. These designs can withstand switch failures and provide more redundant paths dynamically to 

tackle failures, achieving higher fault tolerance and reliability. Proposed MINs provide higher terminal 

reliability and outperform other MINs; hence these make a good choice for practical interconnection 

networks.  

Complexity of the networks is increasing day by day, which makes these networks prone to more 

failures. The performance of MINs depends upon the ability of a specified set of nodes being communicable. 

Therefore reliability computation becomes a necessity for analyzing these networks. Reliability of a MIN is 

defined as the probability that a MIN will be able to provide the required interconnection for a specified 

period of time under a given set of operating conditions. This is currently an interesting research area and its 

impact on ensuring cost effective and reliable communication has attracted researchers to work on reliability 

design of such networks.  

Reliability values are computed in two steps. Initially redundant and disjoint paths for various MIN 

topologies are traced using existing simple and efficient path-set enumeration method. A path is a set of 

components (nodes and links) whose functioning ensures functioning network. Then reliability values are 

computed from these path sets by multiple-variable-inversion sum-of-disjoint product (MVI-SDP) approach. 

Thus MIN traditional reliability parameters (Two/ broadcast /all terminal reliability) are evaluated in efficient 

and compact manner.  
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With increasing number of input and output nodes in supercomputer environment, reliability 

evaluation of multi-cast nodes is found mandatory. In other words, a network has to transmit a signal or 

commodity between different pairs of nodes of a network simultaneously. Communication between multiple-

sources multiple-destinations is needed to understand network behavior in practical sense where multiple 

nodes are communicating with each other. This analysis offers several advantages like increased 

performance, improved reliability and decreased costs through better resource sharing and identification of 

weak links in that design . Therefore, traditional reliability evaluation is extended to include a new reliability 

measure, multi- source multi-terminal reliability (MSMT) for MINs.  

In short, present work is an attempt in the direction of developing designs of high faults tolerant and 

reliable MINs. It is hoped that this work serves as a useful tool for MINs reliability evaluation besides 

providing direction for future research in designing more reliable and fault tolerant MINs.  

 

Keywords: Parallel Computing; Multistage Interconnection Network (MINs); Fault-tolerance; Reliability; 

Multicasting; Dynamic Routing 
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Fluorinated polymers find tremendous research interest due to their several important properties like 

excellent water and oil repellency, resistance to acid, base, organic solvents, UV-light and flammability. 

Fluorinated polymers in the form of aqueous dispersion or emulsion can be used as specialty paints & coatings 

having excellent surface properties. In this context, this thesis describes the preparation of fluorinated homo 

and copolymers in emulsion via reversible addition-fragmentation chain transfer (RAFT) process. In this 

case, a number of fluorinated alkyl-acrylate monomers like 2,2,2-trifluoroethyl methacrylate (TFEMA), 

2,2,3,3,3-pentafluoropropyl acrylate (PFPA), 2,2,3,3,4,4,4-heptafluorobutyl acrylate (HFBA) were used. 

RAFT polymerization of HFBA was carried out in miniemulsion and the obtained PHFBA was used as 

macro-RAFT agent to polymerize butyl acrylate (BA) producing the fluorinated block copolymer, PHFBA-

b-PBA. The block copolymer showed core-shell morphology and improved hydrophobicity compared to 

PHFBA. Fluoropolymer/Clay nanocomposite (FCN) based on PHFBA was prepared by RAFT miniemulsion 

polymerization using poly (ethylene glycol) methyl ether methacrylate (PEGMEMA) and 2-(acryloyloxy) 

ethyl trimethylammonium chloride (AETAC) as functional comonomers. In this case, nanoclay was armored 

in presence of AETAC, but it was encapsulated in presence of PEGMEMA. The FCN having armored 

morphology showed much higher water contact angle (WCA) than the same with encapsulated nanoclay. The 

FCNs based on PFPA and HFBA were prepared via RAFT mediated Pickering miniemulsion polymerization 

using nanoclay like Laponite and sodium montmorillonite (NaMMT) as emulsion stabilizer. Here, the 

polymer-clay interaction was achieved via electrostatic attraction. TEM and SEM analyses showed the 

formation of nanoclay-armored fluoropolymer particles. Polymerization-induced self-assembly (PISA) 

process was adopted to polymerize TFEMA in a surfactant-free emulsion. In this case, functional macro-

RAFT agent based on 4-vinyl pyridine (4VP) was prepared and modified by quaternization to make it water-

soluble. The successful synthesis and modification of the macro-RAFT agent was confirmed by 
1

H NMR and 

GPC analyses. The water-soluble macro-RAFT agent took part in the PISA process in presence of TFEMA. 

Thus, a surfactant-free emulsion of PTFEMA was produced with very high yield. The particle size of 

PTFEMA latex was obtained by DLS, AFM and TEM analyses. PTFEMA-silica composite latex was 
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prepared by grafting nanosilica onto the functionalized PTFEMA particles. The fluoropolymer film showed 

superhydrophobicity with WCA of 151.5°. 

 

Keywords: RAFT polymerization, Fluorinated polymer, Emulsion polymerization, Core-shell morphology, 

Fluoropolymer/Clay nanocomposite, armored morphology, encapsulated morphology, nanosilica, 

Superhydrophobicity. 
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Most of the elastomeric components are subjected to dynamic deformations during their service life. 

Thus, it is important to investigate how electrical and dynamic mechanical properties change when such 

composites are subjected to different modes of cyclic deformation-relaxation process. Also there are other 

factors such as temperature and pressure which have profound influence on the overall conductivity of rubber 

composites. In the present work, conductive composites were prepared using three common elastomers like 

SBR (Styrene butadiene rubber), CR (Polychloroprene rubber) and PDMS (Silicone rubber) filled with four 

different types of carbon black namely N770, N330, N220 and XC-72 at varying concentration. Effects of 

different cyclic deformations such as tensile, compressive and bend flexing on electrical conductivity have 

been investigated with an aim to understand practical implications in case of various pressure sensitive 

applications of conducting elastomeric composites. The electrical conductivity was measured against varying 

concentration of different carbon blacks to assess the percolation threshold of different composites. Due to 

spatial arrangement of conductive filler particles at certain critical concentration, their interparticle gap 

becomes less than 10 Å, which electrons can hop. Thus some conductive networks are formed leading to 

abrupt increase in conductivity of polymer composites. This critical concentration is known as Percolation 

Threshold. The increase in conductivity well below and above percolation is relatively less compared to that 

around percolation. Variation of electrical conductivity and dynamic mechanical modulus due to flexing are 

found to be similar i.e. both characteristics show drop (SBR and CR composites) and rise (PDMS composites) 

in magnitude with increase in number of flex cycles. So, it may be concluded that carbon black aggregates 

forming filler networks attached to polymer chain are responsible for change in electrical conductivity and 

dynamic modulus during fatigue. When conducting composites are subjected to change in temperature, 

conductivity of system changes. This is mainly due to destruction of existing networks as well formation of 

some new conducting networks. The net change depends on the degree of formation or destruction of 

networks. It is interesting to see that conductivity does not follow the same path during heating-cooling cycle 

thereby causing electrical hysteresis. Further, suitability of these conductive composites for EMI shielding 

applications has also been investigated and it is found that composites can be efficiently used for EMI 

shielding purpose. 

 

Keywords: Elastomeric composites; Carbon black; Conductive networks; Flex cycle; Negative coefficient 

of temperature (NCT). 
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Biomaterials impregnated into medical devices have a great impact on health care system in the 

twenty first century. Biomaterials are able to resolve several emerging issues in hospital acquired infections 

and surgical problems after implantation. Infections caused by multi-drug resistant pathogens are difficult to 

control where they have developed the resistance capacity due to biofilm formation. Moreover, catheter 

associated infections are found to be a great threat because pathogens are easily colonized over their surface 

and disseminated in the hospital acquired infections. To control the medical device associated infections, 

there is an urgent need to develop biocompatible coating materials for medical devices in order to inhibit the 

colonization and biofilm formation by the pathogens. A potent strategy aimed to address such healthcare and 

medical device associated common problem, is to make use of cardanol, tannic acid, tea tannins and lignin 

as structurally diverse plant phenolics for the development of new materials with lower toxicity and improved 

activity. They fulfill a variety of multipurpose biological activities such as antioxidant, anti-inflammatory, 

antimicrobial, chemical defense and so on.  

Different types of phenolic derivatives and copolymers have been synthesized from selected 

precursor molecules. Self-assembled strategies are used throughout the study to expand the material diversity 

from nano to micro structure and hydrogel for efficient drug delivery, coating onto medical devices, 

antimicrobial, bacterial biofilm inhibition and wound healing activity. The self-assembled structures of 

different azo-amphiphiles have been developed from cardanol, showed enhanced antifungal activity and 

reduced toxicity. Further cardanol moiety incorporated polystyrene copolymer is coated over respiratory 

catheter. Self-assembled of N-glycidyl histidine complexes with tannic acid also coated on urinary catheter 

which significantly reduces the chance of catheter associated nosocomial infections. Moreover, self-

assembled microcapsules from tea polyohenols revealed their potentiality in drug delivery and wound healing 

activity. A hydrophilic polyoxazoline graft lignin copolymer hydrogel is efficient for antimicrobial drug 

delivery and anti-biofilm activity. Hydrogel showed remarkable anti-inflammatory activity after the reduction 

of iNOS production and down regulates the IL-1β gene expression level in LPS induced macrophage cells. 

Thus, lignin derived polyoxazoline copolymer may open a scope for new generation ointment formulation in 

near future.  

 

Keywords: Renewable phenols; Amphiphiles; Graft Copolymers; Self-assembly; Hydrogel; Drug delivery; 

catheter coating; wound healing 
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Novel blends based on ethylene vinyl acetate copolymer and thermoplastic polyurethane 

(EVA/TPU) at different ratios were prepared via melt blending technique. 80/20 EVA/TPU blend showed 

the optimum tensile strength and elongation at break which may be due to finer dispersion of TPU particles 
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in continuous EVA matrix and with further addition of TPU, tensile properties gradually reduce. All the 

blends exhibit single Tg in between the Tg of neat polymers and with addition of TPU, Tg of the blends 

gradually shift towards the Tg of TPU indicating that there is technological compatibility to some extent and 

oil resistance gradually increase with increasing TPU content. Thermoplastic vulcanizate (TPV) based on 

EVA/TPU blends has been prepared at various blend ratios via dynamic vulcanization at 180 °C using di-(2-

tert-butyl peroxy isopropyl) benzene (DTBPIB) peroxide as the cross-linking agent. This dynamically 

vulcanized blends (with 1 phr peroxide) show improved mechanical, thermal, oil resistance properties along 

with very good recyclability but electrical resistance reduces at higher TPU content (volume resistivity lie in 

the range of 1013 ohm cm). The EVA/TPU blends were also irradiated by using a 2.5 MeV electron beam 

accelerating energy over a dose range from 25 to 200 kGy for technological application. Modification of the 

blends via irradiation causes remarkable improvement in tensile properties, electrical resistance, thermal 

stability as well as oil resistance and optimum performance was obtained at 100 KGy radiation dose. Melt 

rheological characteristics of both EB crosslinked and peroxide cured blends were analyzed and creep 

deformation reduces with increasing radiation dose and peroxide content. Addition of 1 phr co-agent (triallyl 

cyanurate) with 1 phr peroxide further improves the modulus and the creep response of the system. EVA/TPU 

blend at various blend ratios have been also modified via reactive processing with 4, 4′-methylene diphenyl 

diisocyanate (MDI). Such modification with even small amount of MDI (1 phr) showed significant 

improvement in tensile strength, modulus and oil resistance property and the improvement was found to be 

more significant for EVA/TPU 50/50 and 30/70 blends. All the MDI modified samples show higher complex 

viscosity over the entire frequency range and higher storage modulus which indirectly reflects the grafting 

and network structure formation that eventually make the blend stiffer and reduce the chain mobility. 

Ethylene vinyl acetate/thermoplastic polyurethane/layered double hydroxide (EVA/TPU/LDH) 

nanocomposite have been prepared with varying LDH content via melt mixing technique. The 

nanocomposites show significant improvement in tensile strength and modulus and E70L3 containing 3 wt% 

LDH showed the optimum improvement in tensile properties with an increase of Tensile strength by 68.8% 

as compared to the unfilled blend which can be ascribed to the partial exfoliation of LDH layers as seen from 

TEM analysis. LDH positively affects the flame retardence characteristics with a steady increase in limiting 

oxygen index (LOI) value due to the formation of water vapor and metal oxide char residue that hinder the 

burning process by reducing the oxygen supply to the bulk phase.  

 

Keywords: Ethylene vinyl acetate, thermoplastic polyurethane, electron beam radiation, dynamic 

vulcanization, oil resistance 
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Taguchi methodology has been used to optimize the processing parameters for the EOC: PDMS 

blends. It was found that the rotor speed and the blending temperature of the mixer play significant roles in 

controlling the strength properties of the blends. While, the time of mixing has less effect on the ultimate 

properties of the 70:30 EOC: PDMS blends as compared to the other parameters. The optimum processing 

conditions such as temperature, rotor speed and blending time in the mixer were found to be 140 °C, 80 rpm, 

and 8 minutes respectively. Further, three structurally different peroxides, namely dicumyl peroxide (DCP), 

tert-butyl cumyl peroxide (TBCP) and Di (tert-butylperoxyisopropyl) benzene (DTBPIB) were taken for the 

preparation of TPVs. It is found from curing study that, among the three peroxides, DCP is the best peroxide 

for the EOC: PDMS blend system to get higher technical properties. Co-crosslinking of EOC and PDMS 
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without reduction in the overall crystallinity is favorable to the overall increment in the mechanical properties. 

As the amount of EOC increases eg. for 90:10 EOC: PDMS TPVs, more EOC gets crosslinked which causes 

a reduction in the crystallinity as well as overall mechanical properties. Reprocessing of all the DCP cured 

TPVs are carried out and the property retention is found to be excellent even after two times reprocessing. 

After the optimization of the peroxide type and amount, this optimized peroxide at the optimized amount was 

used for the preparation of TPVs of various EOCs with PDMS rubber. From the ODR study, it is found that 

for the same amount of peroxide, PDMS rubber gets crosslinked more than that for the other EOCs. Also, it 

is found that, as the octene content increases from 16 weight % to 38 weight %, the crosslinking efficiency 

of the peroxide to crosslink the EOC decreases. Further, the effect of electron beam irradiation on the blends 

over a composition range varying from 70:30 to 90:10 were studied on exposure to radiation doses from 25 

to 150 kGy. The gel content steadily increases for the neat EOC, neat PDMS and their blends under increased 

irradiation dose. It is found that electron beam irradiated blends cause tremendous improvement in the 

physico-mechanical properties of EOC: PDMS blends. This has been supported by the phase morphology of 

the blends before and after irradiation using scanning electron microscopy (SEM) and atomic force 

microscopy (AFM). Thermal studies show that, through the blending of EOC with PDMS rubber and 

subsequent radiation crosslinking, the maximum degradation temperature of the EOC was increased from 

488.6 °C to 512.8 °C, i.e. 5% increase as compared to neat EOC. Whereas, the effect of radiation crosslinking 

is more prominent in the EOC: PDMS blend system where the co-monomer content is high as compared to 

the EOC with low co-monomer content. The better radiation crosslinkability of high co-monomer contained 

EOCs were supported with the help of gel content study and rheology analysis. Finally, the effects of different 

crosslinking methods on the crosslinkability of the EOCs and various EOC: PDMS blends were tested. All 

the crosslinked blends exhibit lower dielectric constant, lower dielectric loss, and higher electrical resistivity 

as compared to the virgin blends, which makes it suitable insulating material for high voltage cable 

applications.  

 

Keywords: Silicone rubber, Ethylene octene copolymer, Thermoplastic vulcanizate, Peroxide, Radiation 

crosslinking. 
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The present thesis deals with the development of high-performance brake block composite for 

railways. Brake block composition consists of different ingredients; each one has its unique properties 

towards the overall performance of the brake block composite in service. Different brake block compound 

formulations were prepared, and these compounds were tested to check their suitability as brake material 

through measurement of some unique set of properties required for brake block. The effect of individual 

ingredient e.g. aramid pulp, lapinus fiber, synthetic graphite powder, calcined petroleum coke (CPC) and 

aluminum chips as well as the judicial combination of these ingredients on the properties of the developed 

composite has been investigated. Further studies on the thermal degradation kinetics of the optimized 

composition have been carried out. The investigation presents systematic analyses of the results of friction 

and wear test and their correlation with the mechanical and thermal properties of the developed brake block 

composite. The morphological characterization of the worn surfaces of the composites provides some 

relationship among the friction and wear behavior with the other properties, and this can be used to predict 

the underlying wear mechanism. The aramid pulp was found to have more effect in controlling the friction 
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coefficient of the composites compare to lapinus fiber. The underlying mechanism of wear also changes with 

the type of fibrous component used. The adhesive wear mode was found to be dominant when aramid pulp 

was used as the reinforcement in the composites whereas the abrasive wear was the principle mechanism of 

wear for lapinus fiber based composites. The graphite inclusion improves both the frictional stability and the 

wear resistance of the brake composites. The thermal stability of these composites increases with increasing 

amount of graphite in the formulation. The presence of graphite also reduces the fiber-matrix debonding 

during the friction test. On the other hand, the friction coefficient was found to be better stabilized with less 

tendencies of fluctuation, at higher CPC loading. But, with the increase in CPC loading frictional noise 

increases. The thermal conductivity of the composites increases significantly with the addition of CPC which 

could also be due to the improvement of the interfacial bond formation. The morphological analysis of the 

CPC containing composites showed less tendency of fiber-matrix debonding. However, the mechanical 

properties like hardness, flexural strength, and compressive strength reduced with the gradual increment in 

aluminum chips (metallic filler) concentration in the formulation. The resistance to thermal degradation as 

well as the thermal conductivity of the aluminum chips loaded composites improved due to the addition of 

aluminum chips. The thermal conductivity of the composites increases fivefold from 0.423 to 1.979 W/m-K 

with the addition aluminum chips. The morphological analysis of the abraded surfaces of the composites 

revealed a decrease in the tendency of surface damage and wear debris formation with the increase in metal 

content in the formulation. The friction coefficient of the aluminum chips containing composites changes 

almost linearly with sliding time. The addition of aluminum chips improves the wear resistance of the 

composites. The optimized composite exhibited an average friction coefficient of 0.52 and thermal 

conductivity of 1.3 W/m-K. The present study provides some guidelines for the improvement of brake block 

composite with respect to the different properties through individual variation of composition. Depending 

upon performance requirement of brake block optimized composition to achieve overall best properties can 

be made. 
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Chlorinated polyethylene (CPE) with 36% chlorine content is a specialty elastomer with unique 

range of properties like excellent chemical, weathering, oil and ignition resistance. Furthermore, its major 

area of applications is electrical cable insulation, jacketing, automotive under-the-hood, geomembrane, and 

chemical flooring. However, the major drawback with CPE is evolution of toxic and corrosive hydrochloric 

acid gas once it catches fire. This many a time becomes a matter of concern for its use in closed apartment or 

buildings. Blending of non-halogenated polymer having similar characteristics with CPE could be an 

effective technique to dwindle away the limitation of CPE. Ethylene methacrylate copolymer (EMA) has 

turned out as a potential candidate to effectively serve this purpose. EMA exhibit several characteristics that 

are close to CPE. In order to understand the degree of compatibility the CPE/EMA blends possess, detail 

thermal study was carried out over its entire composition range. Mechanical property, thermal degradation 

stability, oil, and flame resistance, and electrical properties were measured. The CPE/EMA (60/40) blend 

system was found to be optimum in terms of mechanical and thermal properties. Also, nanocomposites of 

optimized CPE/EMA (60/40) blends were prepared using layered silicates, halloysite nanotubes (HNTs), and 

sepiolite needles. All the inorganic nanofillers were covalently modified with poly(ε-caprolactone) (PCL) by 

in-situ ring opening polymerization of ε-caprolactone and commonly used organosilane modifier (3-

aminopropyl)triethoxysilane (APTES). The morphology of unmodified and modified nanofillers and their 
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respective nanocomposites were checked through HRTEM, FESEM, AFM and XRD analysis. Better states 

of filler dispersion in covalently modified nanofiller based nanocomposites were responsible for the improved 

mechanical and thermal properties. Also, the oil resistance, flame resistance and volume resistivity of these 

nanocomposites were measured. Besides, the optimized CPE/EMA (60/40) blend was co-crosslinked with 

dicumyl peroxide (DCP) in order to enhance the technological compatibility of the blend system and thereby 

improve the overall mechanical properties. The vulcanizate with 1.5 wt% of DCP was the optimum peroxide 

concentration with 78% increment in ultimate tensile strength. The complete work represents a thorough 

understanding on the structure-property relationship of CPE/EMA blend, its nanocomposites and 

vulcanizates.  

 

Keywords: Chlorinated polyethylene, covalent modification, polymer-filler interaction, morphology, 

mechanical property. 
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The thesis deals with the development of conductive composites to be used for Electromagnetic 

Interference (EMI) shielding application. These conducting composites are based on Polyvinylidene Fluoride 

(PVDF) filled with different kinds of carbon filler like Short Carbon Fiber (SCF), Multiwalled Carbon 

Nanotube (MWCNT), particulate Carbon blacks (N472), (N550) and (N774). All composites were prepared 

by solution mixing followed by molding. DC conductivity as well as AC conductivity and dielectric 

properties were measured over the frequency range 10 – 106 Hz whereas electromagnetic interference 

shielding effectiveness (EMI SE) of these composites were measured in X-band frequency region (8.2 – 12.4 

GHz). The effect of temperature on DC conductivity has also been investigated. Both Negative Temperature 

Coefficient (NTC) and Positive Temperature Coefficient (PTC) with respect conductivity were observed 

depending upon type and concentration of filler used. The applicability of different theoretical models to 

predict the composition dependent conductivity of different composites were also checked. Theoretical 

conductivity calculated from some of these models are found to be in good agreement with experimental 

values for different composites. The effect of aspect ratio (length/diameter) for SCF on AC and DC 

conductivity values of PVDF/SCF composites were investigated in detail. The formation of the conductive 

networks through aggregation of SCF particles in matrix polymer was found to depend on the aspect ratio of 

SCF which in turn affect both AC and DC conductivities. The distribution of different types of fillers in 

PVDF matrix has been checked from morphological studies (FESEM and TEM). Semi-transparent 

conductive composites with good EMI SE could be developed from PVDF/MWCNT and PVDF/SCF 

composites.  

 

Keywords: Electrical conductivity, Dielectric properties, EMI shielding, Mechanical properties, Polymer 

composite, Aspect ratio, Percolation threshold, Filler loading. 
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The performance of underwater acoustic sensor systems for detection of targets is influenced by the 

effectiveness of vibration damping interfaces, on which these sensors are mounted. Conventionally, 

elastomeric materials with vibration damping capability are used as the interface, to damp structural 

vibrations emanating from the onboard machinery. In this thesis, the preparation and characterization of an 

advanced nanocomposite for use in these systems is elaborated. The research work established that the 

incorporation of multiwalled carbon nanotubes (MWNT) into a matrix of carboxylated nitrile rubber (XNBR) 

led to increase in different mechanical properties as well as vibration damping capability. The incorporation 

of 0.050 volume fraction (vf) of MWNT was found to enhance tensile strength by 430%, modulus by 230% 

and tear strength by 260%. Electron microscopy analyses showed a uniform distribution of MWNT in the 

matrix. Decrease in length of nanotubes and agglomerate formation were observed at higher loading of filler. 

The differential scanning calorimetry, X-Ray diffraction, infrared spectroscopy, equilibrium solvent swelling 

and dynamic mechanical analyses revealed the presence of thermally labile ionic cluster formation in the 

material. A significant enhancement in hysteresis damping was observed, the magnitude of which depend on 

the type and amount of strain applied. The tensile hysteresis damping reached a maximum of 37% for 0.050vf 

of MWNT, at a medium strain of 25% and then decreased at higher strain. The compressive hysteretic 

damping increased upto 38% at 0.035 vf MWNT for 25% strain, and leveled off on further loading of MWNT. 

In the frequency domain, the position of damping peak shiftedto high-frequency region with an increase in 

MWNT concentration, which would be advantageous and helpful to tune the operational frequency range of 

underwater acoustic sensors. The enhanced damping in these nanocomposites was explained based on the 

deformation of ionic multiplets and clusters, breakage of MWNT aggregates and slippage of nanotubes at 

interfaces. A model for the change in the microstructure of the nanocomposites due to the application of heat 

and mechanical stress was proposed. The addition of MWNT was found to decrease the acoustic absorption 

of nanocomposites by 6 dB at 0.025 vf of MWNT and leveled off after that. The high vibration damping 

combined with low acoustic absorption make the nanocomposites a likely choice in underwater acoustic 

sensor systems for damping structural vibrations, without losing any incoming acoustic energy. 

 

Keywords: MWNT, Nanocomposites, Vibration damping, Acoustic sensors, Ionic crosslinks. 
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Natural rubber (NR) is a versatile material having vast applications in day to day life starting from 

baby feeding nipples, footwear, clothing, gaskets & seals, pipes, conveyors and transmission belts, shock 

absorbers and isolators, tyres and much more. With the growth of population in the world and rise in 

industrialization on one hand and increasing per capita consumption of rubber throughout the universe on the 

other hand, the need of natural rubber has been much higher than its supply. The development of petroleum-

based synthetic rubber has eased out the situation to some extent but could not restrict the price fluctuation 

and meet the specific requirements. The tropical requirement of NR trees has limited its area for plantation 

throughout the world. Under the circumstances, the search for a natural rubber source which can also be 

grown in climates other than tropical regimes will be of a potential alternative of the NR. It is answered by 

none other than Guayule natural rubber (GNR). It is also known as Mexican rubber, primarily grown in the 

arid region of Mexico and Arizona, USA. 
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In the present work, GNR is extensively analyzed in different forms and compared with NR in 

respective conditions. The different physical and chemical properties of GNR have been determined and 

found comparable with that of NR. GNR chemically modified with phosphorylated cardanol prepolymer by 

grafting (PCP-g-GNR) has been proved to be a multifunctional additive. The PCP-g-GNR used as an additive 

not only improves the rolling resistance and wet-skid resistance properties but also reduces the requirements 

of the processing oil. The use of the PCP-g-GNR can lead us to achieve the green tyre and cost effectiveness 

with ease of processing. Moreover, the abrasion resistance of NR and GNR based formulations improves 

significantly with the addition of PCP-g-GNR. The property variations of GNR with the different fillers such 

as carbon black (HAF), nano silica, precipitated silica and nano fly ash has been discussed in detail. This 

thesis also reports an easy and interesting devulcanization process followed by comparing the 

physicochemical properties of GNR and NR revulcanizates at similar conditions. Therefore, GNR presents 

itself as an alternate to NR which can be modified, blended and devulcanized for its easy and early adoption 

by the rubber industry. 

 

Keywords: Guayule natural rubber, phosphorylated cardanol prepolymer grafted GNR, multifunctional 

additive, devulcanization, revulcanizate, alternate natural rubber source. 

 

ORNAMENTING SPU SCAFFOLDS WITH HIERARCHICALLY 

ARCHITECTURE HYDROXYAPATITE NANORODS FOR GUIDED BONE 

REGENERATION 
 

Selvakumar M. 
Supervisors: Dr. Santanu Chattopadhyay and Prof. Golok B Nando 

Rubber Technology Centre 

Accession No.: NB15568 

 

The aim of the thesis is genesis and fabrication of novel antimicrobial segmented polyurethane 

scaffold (SPU) for guided bone regeneration (GBR). The work describes the preparation, characterization, 

fabrication, application, and future prospective of antimicrobial SPU based nanofibrous scaffold for the 

potential GBR applications. The contribution and future prospects of the present thesis is also presented at 

the end. SPU scaffolds are fabricated from various biocompatible, biodegradable polyols composed of 

segments such as Poly carbonate diol (PCD), poly (ε-caprolactone) (PCL), poly (ethylene carbonate) (PEC), 

poly(dimethyl siloxane) (PDMS) and Chrysin (ChR). The two tailor-made polyols of random block 

copolymers such as PCL-b-PDMS and PCL-PEC-b-PDMS are synthesized by enzymatic ring opening 

polymerization. Subsequently, it was taken for the SPU synthesis via polycondensation reaction. The 

structure elucidation of the synthesized various polymers are confirmed by 1H, 13C NMR, analysis and GPC. 

In order to import the antimicrobial characteristics of the scaffold along with the osteoconductivity, we have 

synthesized various structurally architecture hydroxyapatite (HA) nanorods and it were ornamented onto the 

various synthesized SPUs via in-situ polymerization technique. The scaffolds were fabricated using 

electrospinning technique from these synthesized SPU polymers and it’s ornamented SPUs. The bulk 

morphology and crystal structure of the various HA nanorods are studied by HRTEM and WXRD, 

respectively. Surface morphology and wettability of the scaffolds are investigated by FESEM and contact 

angle meter, respectively. Sparingly, various HA nanorods ornamented SPU scaffolds exhibit tremendous 

improvement in the mechanical properties with excellent antimicrobial activity against various human 

pathogens. After confirmation of high osteoconductivity from biomineralization, improved biodegradation 

and excellent biocompatibility against osteoblast cells (in-vitro), the various SPU and its ornamented 

scaffolds were implanted in rabbits by subcutaneous and intraosseous (tibial) sites for the in-vivo studies. 

Various histological sections reveal the signatures of early cartilage formation, endochondral ossification, 

and rapid bone healing at around ~4 weeks of the critical defects filled with ornamented scaffold compared 

to SPU scaffold. It implies that osteogenic potential and ability to provide an adequate biomimetic 
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microenvironment for mineralization for GBR of the scaffolds. Organ toxicity studies further confirm that no 

tissue architecture abnormalities observed in hepatic, cardiac and renal tissue sections. These significant 

finding manifests the feasibility of fabricating a mechanically adequate nanofibrous SPU scaffolds by a 

biomimetic strategy and the advantages of various HA nanorod ornamentation in promoting osteoblast 

phenotype progression with microbial protection for GBR applications. 

 

Keywords: Nanohydroxyapatite; Segmented Polyurethane; Polyols; Polycarbonate Diol (PCD), 

Polycaprolactone (PCL); Polyethylene Carbonate (PEC); Polydimethyl Siloxane (PDMS); Electrospun 

Scaffold; Guided Bone Regeneration; Histology. 
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Oral sub-mucous fibrosis (OSF) is a potentially malignant disorder (OPMD), significantly 

transforms into oral squamous cell carcinoma. However, diagnostic ambiguity prevails in assessing malignant 

potentiality of such pathosis. Considering pathobiological multidimensionality of such OPMD, correlated 

studies involving histopathology, molecular pathology, mechanobiology and in vitro carcinogenic assaults 

on oral primary fibroblast are thought to be contributory. Semi-quantitative immunohistochemical (IHC) 

analysis executed for E-cadherin, VEGF and CD105 expressions to comprehend differential involvement of 

oral epithelial layers in dysplasia. Towards overcoming subjective bias in IHC studies, a computer-aided 

quantitative framework was proposed for effective grading of molecular markers. In understanding field 

cancerization of OSF, distributional relationship amongst c-Myc, p53 and HIF-1α was explored using cellular 

neighborhood analysis. Sub-epithelial ultrastructural and nanomechanical signatures of the pathosis were 

analyzed by atomic force microscopy (AFM). Impact of arecoline, TGF-β and mechanical interventions on 

normal oral fibroblasts was also examined. Semiquantitative IHC analysis demonstrated positive correlation 

between deregulation of cell-cell adhesion molecule (E-cadherin) and increase of neo-angiogenic elements 

like VEGF, CD105 in dysplastic OSF. Computer-aided IHC analysis elucidated c-Myc and HIF-1α as strong 

screening markers and VEGF for risk-stratification. VEGFRII and CD105 were considered for dysplastic 

progression prognosis. Neighborhood analysis on p53, c-Myc and HIF-1α expressions indicated alteration in 

cellular competitiveness, potentially linked to malignant potentiality progression. AFM study revealed 

significant increase in Young’s modulus and adhesion force in OSF connective tissue and decrease of the 

same in malignancy. The presence of ECM producing α-SMA positive myofibroblasts noted in OSF. Primary 

oral fibroblasts, under chemical and mechanical interventions showed transdifferentiation to myofibroblast, 

corroborative to related IHC findings. This study thus elucidated graded molecular pathology signatures and 

mechanobiological attributes for augmenting integrated assessment of malignant potentiality progression in 

OSF which was also substantially supported by in vitro cellular findings towards correlated understanding of 

such OPMD pathogenesis. 

 

Keywords: Oral submucous fibrosis, molecular pathology, quantitative immunohistochemistry, cellular 

neighborhood analysis, Atomic force microscopy, Arecoline and TGF-β1. 
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Introduction: Carbon nanodots (CNDs) or carbon quantum dots are a novel group of material with 

exceptional physico-chemical properties. Being carbonaceous in nature, these groups of 0-D carbon 

structures with exceptional photoluminescence and non-photo bleach-ability are safer for biological imaging 

applications with respect to its semiconductor and metallic counterparts. Instead of traditional arc discharge 

or laser ablation based methods of CNT and other graphite based precursors, here, a simple biomass based 

microwave irradiation induced route was explored.  

Hypothesis: CNDs were observed to take part in different chemical reduction reaction and possess 

unbleachable fluorescent property. This allowed author to postulate a research problem based on CNDs to be 

a future smart theranostics probe. This concept was extended further to multimodal imaging and tissue 

engineering applications.  

Materials and Method: CNDs and CND doped nanostructures were successfully synthesized via simple 

microwave assisted or hydrothermal route. They were characterized using different spectroscopic tools such 

as UV-Vis, FTIR, fluorescence, XPS and Raman along with different imaging analysis like TEM, SEM, 

AFM, and DLS etc. The synthesized nanostructures were evaluated for cytocompatibility and 

hemocompatibility. These nanomaterials were explored for ROS scavenging and various bioimaging 

applications as well. Further, CND and CND derived nanostructures were incorporated into scaffolds for 

exploring tissue regeneration and wound healing applications.  

Results and Discussion: The CNDs were observed to be capable of in situ free radical scavenging along 

with in vitro, in vivo bio-imaging and live cell-tracking. Silver nanoparticles are effective in surface enhanced 

Raman Scattering (SERS) imaging and demonstrated significant antimicrobial efficacy. Silver nanoparticles 

are also known to generate oxidative stress. In the present study, a multimodal imaging probe was established 

via silver nanoclusters doping into CNDs with fluorescence/SERS activity without hampering the 

antimicrobial efficacy and retaining low ROS generation ability. Similarly, copper nanoparticles are known 

for their antimicrobial property, applicability in SERS imaging and enhancement in angiogenesis.  

However, copper nanoparticles are often limited in health care application due to ROS generation related 

toxicity. This problem was mitigated in the current study by CND doped copper nanowires through in situ 

scavenging of ROS from cellular microenvironment. Manganese oxide nanoparticles are utilized as novel 

biocompatible alternatives to Gadolinium (Gd) based T1 contrast agents in MRI. Recent study suggests 

generation of ROS induced toxicity in neurological system due to MnO2 nanoparticles. In the current study, 

CND doped MnO2 nanoparticles were prepared as a multimodal imaging probe (Fluorescence/MRI) with 

ROS scavenging properties.  

CNDs were substituted in a PCL-gelatin nanofibrous scaffold and were explored for in situ tissue imaging 

during healing progression. Super paramagnetic iron oxide nanoparticles (SPION) are observed to be 

effective for T2 weighted magnetic resonance imaging. SPIONs were synthesized with doping of CNDs to 

make dual mode imaging probe (Fluorescence/MRI). Further, the composite nanoparticles were mixed with 

gelatin for printing 3D lattice structures to magnetically actuate scaffolds towards mechano-transduction of 

seeded MSCs. Calcium phosphate nanorods (CaP) are known for osteogenic differentiation potential of 

MSCs. Notably, doping of CNDs into CaP was not only effective to impart fluorescence in the CaP particles, 

but also enabled the fate of MSCs towards chondrogenesis via oxygen depletion and activation of HIF-α 

pathway.  
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Conclusion: CNDs are useful as a smart nanolight to not only illuminate cellular microenvironment but also 

to save cells from phototoxicity in a long term study. Moreover, its ROS scavenging property could be 

transferred into other nanoparticles via doping to enhance its biocompatibility.  

 

Keywords: Carbon nanodots, Reactive Oxygen Species, Cell tracking, Multimodal Imaging, Tissue 

engineering 
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Genital tuberculosis (GTB) in women is one of the common causes of infertility in emerging 

countries. The important problem in diagnosing and treating GTB is that it often exists in a dormant form 

without any clinical symptoms. There is a general consensus that GTB not only causes tubal obstruction and 

dysfunction, but also affects implantation due to ovarian and endometrial involvement. Behavior of the 

endometrium during the window of implantation in asymptomatic infertile women having dormant GTB is 

not well understood. The possible molecular association between dormant GTB and endometrial receptivity 

is, therefore, explored.  

Reduced levels of endometrial receptivity markers including αvβ3 integrin, MECA79, E-cadherin, 

mucin-1 and pinopodes suggest impairment in the receptive status of the endometrium in dormant GTB 

women. Also, alterations in endometrial thickness, blood flow parameters and VEGF indicate poor 

angiogenesis during implantation window. Low expression of leukemia inhibitory factor (LIF), LIF receptor 

and phosphorylated signal transducer and activator of transcription 3 (STAT3) in endometrium of women 

with dormant GTB indicates compromised LIF-STAT3 signaling pathway which could possibly be 

responsible for repeated implantation failure.  

Metabolomic studies indicate a clear metabolic differentiation in the metabolic profile of 

endometrium and serum between women with dormant GTB and controls. The significantly altered 

endometrial tissue and serum metabolites could be largely related to energy metabolism and amino acid 

biosynthesis. This underlines the metabolic influence of tubercle infection, even in its dormant form. 

Expression of several serum metabolites followed a similar pattern as that observed in the endometrium of 

dormant GTB women. The potential of these metabolites as putative diagnostic markers of dormant GTB 

seems promising.  

Since decidualization of stromal cells supports embryo attachment and invasion into the endometrium, the 

present study also investigates the expression of endometrial receptivity markers, LIF-STAT3 signaling 

pathway and metabolic profile in in vitro decidualized human endometrial stromal cells treated with 65 kDa 

mycobacterial heat shock protein. Compromised endometrial stromal cells decidualization due to reduced 

LIF mediated STAT3 signaling and altered metabolism suggests poor implantation potential. Summarizing 

all these findings, a possible molecular mechanism of implantation failure in women with dormant GTB is 

hypothesized.  

 

Keywords: dormant genital tuberculosis, implantation, endometrial receptivity, decidualization, 

metabonomics 
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THERAPEUTIC POTENTIAL AND PRE-CLINICAL RISK ASSESSMENT OF 

BACTERIAL LIPOPEPTIDE ‘ITURIN A’ IN BREAST CANCER 
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In spite of the discovery of a number of therapeutic molecules, therapy of breast cancer remains a 

major challenge to the world scientific community. The chemotherapeutic options are limited due to their 

unwanted adverse effects and chemoresistance in cancer cells. These phenomena drive the need of persistent 

searching of new effective and safe cancer therapeutic molecules. In our study, a lipopeptide molecule named 

‘Iturin A’ has been thoroughly investigated for its anticancer property and safety profile. Lipopeptides are 

class of amphiphilic microbial metabolites. They are previously reported to possess many biological activities 

including antimicrobial, antiviral and antifungal potential. A number of lipopeptide molecules are already 

clinically used. 

Akt or PKB is a serine and threonine-specific kinase protein that participates in malignant 

transformation, cancer cell proliferation, apoptosis inhibition and chemoresistance. In our  investigation, 

Iturin A was isolated from marine bacterium Bacillus Megaterium. The anticancer and apoptotic potentials 

of Iturin A were observed in breast cancer in vitro and in vivo models through inhibiting Akt mediated GSK3β 

and FoxO3a signaling pathway. Further, Iturin A showed prominent anti-angiogenic and anti-invasive 

potentials in breast cancer model. Detailed mechanistic investigation showed that Iturin A inhibits VEGF, 

MMP-2 and MMP-9 through suppressing MD-2/TLR4 pathway. In our next study, we generated resistant 

breast cancer cells by continuous exposing docetaxel to the cancer cells. The molecular basis of docetaxel 

resistance was also investigated in details in our study. Iturin A was found to have potential ability to 

resensitize resistant breast cancer through hampering Akt pathway. Safety profile of new drug candidate is 

the major concern of drug development. In this regard, toxicity (28 days sub-chronic study) and 

biodistribution profiling of Iturin A was performed in rodent model. The findings of toxicity showed some 

organ specific adverse effects in liver and spleen. However, this toxicity was found to reverse after 

discontinuation of Iturin A treatment. In conclusion, the overall study presented Iturin A as potential anti-

cancer agent having very minimum adverse effects. 

 

Keywords: Breast cancer, Apoptosis, Angiogenesis, Chemoresistance, Akt, MAPK, MD-2/TLR4, VEGF, 

MMPs, Iturin A, Docetaxel, GSK3β, FoxO3a and Sub-chronic toxicity. 
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Endometriosis, a common benign gynecological disease, is characterized by proliferation of 

functional endometrial glands and stroma outside the uterine cavity. The clinical symptoms often appear late 

during the disease process thus making early diagnosis challenging. Currently, laparoscopy, a surgical 

procedure, followed by biopsy is used for definitive diagnosis of endometriosis. The need for non-

invasive/minimally invasive marker (s) is thus well recognized.  

The first part of this study involves investigation of alterations in the serum proteome of 

endometriosis patients compared to healthy controls. Discovery and validation phase results indicate that 
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haptoglobin, Ig kappa chain C region, alpha-1β-glycoprotein hold promise as effective serum protein markers 

for the diagnosis of endometriosis. Further, while alpha-1β-glycoprotein showed similar expression profile, 

haptoglobin showed an inverse relationship in endometrial tissue indicating their involvement in disease 

progression.  

The second part of the study involves investigation of serum metabolome alterations in 

endometriosis patients. A large panel of metabolite and lipid markers including proline, phosphatidylcholine, 

phenylalanine, 2-hydroxybutyrate, lysine and several branched chain amino acids showed significant 

diagnostic potential. We also report metabolic perturbations in eutopic endometrial tissue associated with 

different stages of endometriosis. The dysregulated metabolites were found to be mostly associated with 

oxidative stress and angiogenesis, major hallmarks of the disease.  

The third part of the study involves a mass spectrometry-based lipidomics approach to investigate 

the alterations in serum lipid profiles of mice induced with endometriosis. Several dysregulated lipids such 

as phosphatidylcholines, sphingomyelins, phosphatidylethanolamines and triglycerides were found to be 

altered in serum of mice induced with endometriosis. Also, alteration in the phosphatidylethanolamine N-

methyltransferase (PEMT) pathway is suggestive of changes in the phosphatidylcholine/ 

phosphatidylethanolamine ratio in serum of endometriosis mice. This finding provides a new insight to the 

etiology of endometriosis.  

Finally, the study shows that the sensitivity and specificity of the panel of markers when used 

together increased significantly to ~ 90% for early stage diagnosis compared to that of the markers, when 

used individually. The differentially regulated proteins and metabolites found in this study provide an 

important step towards developing effective bioassays for diagnosing endometriosis.  

 

Keywords: Endometriosis, minimally invasive diagnosis, proteomics, metabolomics 
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The electroencephalogram (EEG) signal is a time series depictive signal which contains the useful 

knowledge about the state of the brain. The pre-processing, feature extraction, selection and classification 

play an imperative role in computer aided analysis for the detection and localization of brain disorder. 

Epilepsy is a chronic neurological disorder, which affects about 70 million (1%) people worldwide. In this 

dissertation, we have presented the algorithms and techniques for artifacts identification, detection and 

denoising, as well as the detection of epilepsy with localization.  

The most frequent non-cerebral signals, ocular artifacts (OA), often generated by the eye blinks 

and/or eye movements of the subject are detected along the scalp while recording EEG. These artifacts make 

EEG analysis difficult and hence an automatic method is essentially devised to eliminate OA from EEG 

without losing cerebral activities. The overall process of removing ocular artifacts includes identification, 

precise detection with extent of OA, and their denoising.  

This thesis work begins with the ocular artifact identification by ANN and multiple ocular artifactual 

zones detection using novel, computationally fast Time-Amplitude Algorithm. The process of OA removal 

from detected artifactual zones is implemented by decomposition of each EEG channel through DWT and 

SWT with different basis functions and thresholding by the modified OTSU. The results of OA removal are 

analyzed by the performance metrics.  

Further, this research work provides the multiple features - statistical, spectral, and spatial, extracted 

from multichannel epileptic and non-epileptic EEG. The four features, viz., Fuzzy Entropy, Wavelet Energy, 
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Wavelet Variance and Phase Space Reconstruction-Euclidean distance, have been observed to be the most 

effective and robust features using feature selection strategy. The selected features analysis of each channel 

that leads to lobe wise detection of epileptic EEG with localization has been performed for each subject.  

The classification has been done using SVM classifier. The performances of SVM classifier with 

four different kernels have been compared. The best SVM-kernel pair is figured out by their ROC analysis. 

On comparing ROC performance curve for classification through four different kernels, the SVM-polynomial 

kernel has the highest sensitivity, specificity, and classification accuracy, which have been observed as 

99.37%, 98.57%, and 98.97% respectively.  

The channel wise feature evaluation led to affected lobe detection for each of the 850 channels of 

50 subjects. Eventually, epilepsy detection and localization by most affected channel and the region 

identification through the proposed methodology is cross-validated by expert Neuro-physician. The proposed 

non-invasive techniques will be helpful for implementing in real time hardware EEG recording system for 

ocular artifact detection and removal. The automatic detection of seizure/epilepsy and pre-surgical 

evaluations through localization can also be implemented effectively.  

 

Keywords: Electroencephalogram, Ocular artifacts, Epilepsy, ANN, MSE, MAE, MSC, Correlation 

Coefficient, Robust Features, Student T-Test, SVM, Multi-kernels, ROC. 
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Skin graft is an essential treatment module for patients with major skin loss to recover from acute 

or chronic wounds. When affected area is exceeding 80% of the body surface, unavailability of healthy skin 

limits autografting; further, repeated harvesting may create scarring, pain and delayed healing of donor site. 

Additionally, use of allografts is also limited as they often undergo immunogenic rejection. Development of 

an alternative readily available bioengineered skin analog stimulating wound bed for faster and improved 

healing would be beneficial. Mimicking three-dimensional organization of the skin, the present work aims to 

develop a bilayer skin substitute comprising a porous 3D nanofibrous layer with ECM resemblance 

underneath a dense nanofibrous membrane which would limit cellular infiltration and benefit 

compartmentalization.  

A simple and differential methodology of polycaprolactone (PCL) -chitosan emulsion preparation 

resulted in development of bilayered scaffold with overlying nanofibrous membrane of PCL-chitosan on 

underlying cotton-like fluffy 3D nanofibrous PCL-chitosan layer coated with collagen. The electrospun 

membrane had fiber diameter ~ 274 nm and pore size ~ 1.16 μm while fluffy 3D layer had fiber diameter ~ 

1.62 μm and pore size ~ 20.59 μm. The 3D layer was further coated with collagen I isolated from mrigal fish 

scale to improve bio functionality. Surface coating with collagen I resulted in bundling of fibers together, 

thereby increasing their average diameter to 2.80 μm and decreasing pore size to ~ 15.34 μm. Distinct pore 

size variation created a bilayered structure resembling dermal extracellular matrix.  

The architecture and composition of the scaffold promoted efficient cellular activity where high 

interconnected porosity with ECM resembling collagen I coating assisted in cellular adhesion, infiltration 

and proliferation from initial days of fibroblast seeding while keratinocytes grew as monolayer on the dense 

nanofibrous membrane. Anatomy of the scaffold arising due to variation in pore size is promising in 

compartmentalization and preventing initial cellular transmigration. The scaffold supported extracellular 

matrix protein expression and stratified epithelialization in vitro developing human skin equivalent model. 

Effective integration and attachment of scaffold with margins of a third degree wound created in a rat model 
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and accelerated healing in comparison to control proved its utility as skin regenerating scaffold. Simple 

technique with inexpensive raw materials endorsed the scaffold as a promising off-the-shelf cost-effective 

matrix for skin tissue engineering.  

 

Keywords: Bilayered porous 3D scaffold, Emulsion electrospinning, Skin tissue engineering, Burn wound 

healing 
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Oral cancer often precedes by precursor lesions (pre-cancers) having differential malignant 

potentiality. Histopathological evaluation is the major diagnostic gold standard for malignant potentiality 

assessment but it suffers from subjectivity, ambiguity and fails to predict oral lesion susceptibility too. These 

diagnostic limitations may be dealt with logical corroboration and meaningful analysis of multimodal oral 

pathology information. Present study evaluated oral pre-cancers (viz. leukoplakia, oral sub-mucous fibrosis) 

and cancer using attributes from clinico-epidemiology, exfoliative cytology, IR spectroscopy, optical biopsy, 

immuno-histochemistry and histopathology. In accomplishing classification tasks, appropriate analytical 

measures including supervised machine learning classifiers are implemented. In oral pre-cancer and cancer 

susceptibility assessment including classification, clinico-epidemiological attributes were statistically 

analyzed and fuzzy ‘If-Then’ rule-base as well as machine learning approaches was executed. The oral liquid 

based exfoliative cytology microphotographs are scrutinized for diagnostic segregation of these pathosis 

through analyzing photometric and morphometric features. In the context of label-free marker identification 

for oral pre-cancer and cancer Fourier Transform Infrared (FTIR) spectroscopy was employed on biopsy 

sections and glycogen, collagen and keratin expression associated changes were elucidated. The 

preprocessing, multivariate analysis and specific feature subset selection of FTIR spectra were effective for 

optimal diagnostic differentiation of oral lesions. Further the optical coherence tomographic attributes 

(photometric) became effective to delineate oral pre-cancers/cancer and the findings were corroborative with 

the observation from FTIR, histochemistry and immuno-histochemistry (viz. cytokeratin 10 and collagen I). 

Considering importance of comparative functional stratification of oral lesions and pathological 

discrimination, gene and microRNA sub-set selection was accomplished. The substantiation of multi-layered 

and multimodal information obtained in this study indeed augmented the understanding of precise 

characteristic signatures for oral pre-malignancy and malignancy in correlation to the existing diagnostic 

approaches and essentially demonstrated utility of computer assisted analysis for pathobiological variables 

in robust oral lesion classification.  

 

Keywords: Oral pre-cancer, Multimodal attributes, Epidemiology, FT-IR Spectroscopy, Optical Coherence 

Tomography, Computational Analysis. 
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According to Global cancer facts and figures, 2015, cervical cancer was fourth most commonly 

diagnosed cancer in women in 2012 and India accounted for 25% (67,500) of cervical cancer deaths. PGE-2 

is significantly up-regulated in cervical cancer and via prostanoid receptor EP4 stimulates proliferation, 

angiogenesis and motility while inhibiting apoptosis and immune surveillance. We demonstrated 

combination of GW627368X, a highly selective competitive EP4 antagonist with gold nanorod mediated 

photothermal therapy for effective treatment of cervical cancer. To begin with, our preclinical study on mouse 

sarcoma model ensured anti-tumor potential and safety profile of GW627368X deeming it suitable for further 

study. In cervical cancer, GW627368X inhibited proliferation and induced apoptosis by disrupting 

EP4/EGFR cross-talk. GW627368X reduced PKA phosphorylation, in turn, decreased CREB activation, 

enhanced Bax activity and reduced GSK3β phosphorylation. GW627368X lowered EGFR phosphorylation 

in turn reducing Akt, MAPK and GSK3β, β-catenin activity. Decreased CREB and β-catenin transcriptional 

activity restricts aberrant transcription of key genes like EP4, COX-2, VEGF and c-myc. Reduced EGFR 

enhanced 15-hydroxyprostaglandin dehydrogenase expression, thus, increasing PGE-2 degradation. Further, 

we designed a unique, gold nanorod embedded block copolymer micelle loaded with GW627368X to achieve 

targeted drug delivery and photothermal therapy simultaneously. The diblock copolymer formed self- 

assembled micelle around gold nanorods which was loaded with GW627368X. Due to folic acid targeting 

moiety, drug loaded nanoparticles aggregate in and around cancer cells. High glutathione concentration 

degrades the micelle and releases the drug to induce apoptosis. When incident with cwNIR lasers of 808nm 

wavelength, gold nanorods induce photothermal effect leading to rapid rise in temperature and hyperthermic 

cell death. In response to photothermal treatment, the cells undergo a regulated, patterned cell death via 

necroptosis. Combination of GW627368X nanoformulation followed by photothermal treatment greatly 

enhanced therapeutic efficacy. Lastly, we employed the combination of photothermal therapy and targeted 

delivery of GW627368X to counter cisplatin resistance in cervical cancer. Necroptosis induced by 

phototehrmal therapy could be utilized as an alternate pathway to ablate cisplatin resistant cervical cancer 

cells which are intrinsically resisrant to apoptosis. Additionally, combining PTT with targeted delivery of 

GW627368X greatly enhanced therapeutic response.  

 

Keywords: Cervical cancer, GW627368X, Photothermal therapy, Apoptosis, Necroptosis 
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Stroke causes walking and grasping difficulties. As per WHO, globally 16 million new strokes case 

are reported every year, out of which 1.64 million cases occurs in India alone. These numbers reflecting the 

disease burden points toward challenges of making post-stroke rehabilitation accessible to every affected 

individual. Recent evidence related to stroke rehabilitation therapies shows that task-specific repetitive 

exercise remodels the brain via synaptogenesis. The most commonly used stroke rehabilitation methods are 

physiotherapy, constraint-induced motor therapy, use of robotic devices, functional electrical stimulation 

(FES), and transcranial magnetic stimulation. Work described in this thesis investigates the use of FES in 

stroke rehabilitation. 

FES therapy is a rehabilitation method facilitating regain of lost functional movements. FES device 

applies an electrical impulse to nerves-muscles to assist limb movements. A literature review reveals two 
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major needs: development of efficacious FES devices and clinical studies on effectiveness of FES. A new 

FES device architecture is needed, designed to produce near ideal stimulation waveform for more efficacious 

FES therapy. Also, there are challenges to reduce the muscle fatigue produced by prolonged duration of 

electrical stimulation. Researchers are also exploring the use of physiological signals such as sEMG and EEG 

as command signals to FES devices to make them suitable for personalized therapy. So far clinical trials of 

FES have concentrated on studying the orthotic effect of FES and does not attempts to explain the underlying 

mechanisms for FES caused functional improvements. Hence, this thesis studies the therapeutic effect of FES 

by analyzing motor changes and changes in motor cortex of the brain.  

This thesis has four research objectives. First, to design an ultra-low power, portable, FES device 

that could produce charge balanced biphasic stimulation waveform. Second, to find out methods of 

controlling stimulus strength using electrophysiological signals from patients such as sEMG and scalp EEG. 

Third, objective was to evaluate the therapeutic effect of FES in stroke patients having ‘foot drop’. Fourth, 

to evaluate the therapeutic effect of FES in stroke patients having ‘hand grasping' difficulties. To achieve 

these objectives a new FES devices (InStim) was developed and its efficacy was tested on stroke patients in 

a clinical setting. Also, the effect of FES on gait, motor condition, and motor cortex was investigated by 

studying the post-FES changes in 48 stroke subjects by analyzing their gait, sEMGs and EEG signals. 

The experimental results shows that FES device generating biphasic charge-balanced pulses could 

be realized using an architecture that constituted DC-DC booster and Op-Amp based driver stage in design. 

The developed FES device (InStim) is effective in producing appropriate dorsiflexion and produces less 

muscle fatigue. Further, the sEMG and EEG based model for estimation of stimulus strength is also presented. 

The clinical trial evaluating effect of FES on foot drop and hand grasp reveals that FES not only produced an 

orthotic effect but also has a therapeutic effect. These findings were elucidated after evaluating the post-FES 

improvements in gait, muscle force, sEMG and EEG signals of the patients. To conclude, FES not only 

improves the functional abilities of stroke patients but also improves gait, muscle force, motor recovery and 

produce cortical changes in the motor cortex area of the brain. 

 

Keywords: Functional electrical stimulation (FES); Stroke rehabilitation; Gait; sEMG; EEG. 
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A Wireless Body Area Network (WBAN) consists of resource-constrained, lightweight,  

miniaturized, and wearable sensor devices such as ECG sensor, pulse oximeter, body temperature sensor, 

SpO2 sensor, and accelerometer, which are responsible for measuring intended physiological parameters. 

The measured data are transmitted via wireless channel to a local coordinating unit for aggregation. After 

initial processing, the aggregated data are sent to external medical servers for medical analysis, with the help 

of Wi-Fi or cellular networks, in general. In this thesis, we address different issues of wireless communication 

arising between the sensor devices and the coordinating unit.  

QoS provisioning, along with various effective measures to improve the QoS of a WBAN, is the 

primary goal of this thesis. In this regard, the fundamental approach that is proposed in the contributing 

Chapters, is priority-based QoS provisioning in WBANs. We prioritize the associated sensor devices based 

on WBAN-specific attributes, among which health severity plays a significant role. The quantification of 

health-severity is an elementary research challenge, as the WBANs primarily deal with health monitoring of 

the end-users. Moreover, the consideration of other network-specific attributes that influence the QoS of a 

network and utility formulation are other important aspects in this light. Subsequently, more specific 
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treatment on the medium access mechanism is identified as a key challenge in order to achieve improved 

QoS.  

In this thesis, we envision a fuzzy inference-based approach to quantify health severity 

corresponding to each sensor device. We exploit this attribute throughout the works discussed in this thesis, 

and analyze its influence on QoS. We also use the concept of utility formation and envision the problem of 

resource sharing among the sensor devices as a cooperative bargaining game. The corresponding results 

explain the mutual benefits achieved by the cooperation among the sensor devices. Moreover, rigorous 

analysis of the MAC protocol of IEEE 802.15.4 standard is performed to maximize data transmission 

reliability, which is an essential QoS attribute. The necessity of achieving trade-off between performance 

metrics, in order to maintain QoS in the presence of contradictory demands, is also discussed in detail.  

 

Keywords: Wireless Body Area Network, QoS Provisioning, Data-rate Tuning, Payload Tuning, Ubiquitous 

Health Monitoring, e-Health, m-Health. 
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Recently, the IEEE 802.15.6 Task Group introduced a new set of physical layer and medium access 

control sublayer protocols for wireless communication involving wireless body area networks (WBANs). 

The IEEE 802.15.6 standard is designed specifically to support short-range (within 10 m), ultra-low power 

wireless communications with very high data rate (up to 10 Mbps) within or in the vicinity of human body. 

The fundamental changes proposed through the standard are introduction of eight user priorities (UPs) based 

on the traffic designation, and the corresponding sets of minimum and maximum values for the contention 

window. However, one of the most important changes introduced through the standard is the work-flow of 

the IEEE 802.15.6 CSMA/CA MAC protocol, where a transmitting node may lock its backoff counter under 

certain conditions and unlock the same upon the resumption of favorable conditions, which is unlike any 

previously known CSMA/CA protocol. This backoff counter locking mechanism ensures higher reliability 

in data transmission for nodes operating in higher user priority (UP), and prevents the nodes from transmitting 

data frames without checking the channel conditions and superframe status, which in turn, significantly 

decreases the probability of frame collision. However, on the other hand, in the process of ensuring higher 

reliability in data transmission, a node may suffer from starvation, i.e., it may have to wait for a prolonged 

duration of time, while the other nodes in the network might be transmitting. This leads to undesirable delay 

in data transmission, and under saturated traffic conditions, may even lead to transmission of old data packets 

or packet loss in the process of prolonged starvation. Specifically, for nodes attempting to transmit frames of 

lower UP, a higher value of backoff counter is chosen with higher probability, which leads to locking of the 

backoff counter of a longer period, thereby incurring additional delay during the process.  

The thesis investigates the impact of the backoff counter locking mechanism on the transmission 

latency in the IEEE 802.15.6 CSMA/CA protocol and proposes a solution to the problem. As a first step 

towards this contribution, a discrete-time Markov chain (DTMC) is designed, which models the different 

states of a node operating in the standard. Based on the DTMC constructed, the delay introduced during frame 

transmission is probabilistically quantified in the following step, and UP-wise analysis of the effects of the 

different factors is presented. Upon analysis, the thesis proposes the Fair and Latency-aware backOff cOunter 

Decrement (FLOOD) algorithm, which optimizes the delay incurred during frame transmission. Results 

confirm that the proposed modified CSMA/CA algorithm substantially improves the mean frame 
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transmission latency under saturated traffic conditions compared to that for the original IEEE 802.15.6 

CSMA/CA regime.  

The thesis also aims at proposing a context-aware frame transmission algorithm, which ensures 

prioritized transmission of data frames, based on certain crucial properties of the transmitting WBAN and the 

criticality of the data being transmitted. The proposed Priority-based Allocation of Time-Slots (PATS) 

algorithm runs as an application routine and is executed on top of the FLOOD algorithm, which operates in 

the underlining MAC sublayer. The PATS algorithm is based on the constant model hawk-dove game, which 

is a variant of evolutionary game. Together, these two routines — FLOOD and PATS — lead to transmission 

of data frames with minimum delay incurred while ensuring prioritized transmission for critical WBANs.  

 

Keywords: Wireless body area networks (WBANs), IEEE 802.15.6, discrete-time Markov modeling, delay 

optimization. 
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Diabetes, being the most common disease worldwide, affects the vision acuity that leads to a 

condition called Diabetic Retinopathy (DR) where the retinal blood vessels are majorly damaged. Once it is 

left untreated, the permeability of the retinal capillaries increases, thereby causing Diabetic Macular Edema 

(DME). DME is a leading cause of central vision loss in person with diabetes. The Early Treatment Diabetic 

Retinopathy Study (ETDRS) defined DME as retinal thickening at or within one disc diameter of the centre 

of the macula or definite hard exudates in this region. Routine screening of DR is always recommended for 

diagnosis on the onset of DME so that the treatment can be started at the earliest to prevent DME. Due to 

various factors like scarcity of expert ophthalmologists, ambiguity in decision making, intra-observer 

variation, and time consumption, the clinical investigation of DME gets either delayed and/or less accurate. 

In view of this, this work motivates for routine retinal screening of DR patients to prevent central vision loss 

as a consequence. 

In this dissertation, we introduced segmentation algorithm for identifying macular region and 

subsequently quantified the macular area using geometrical and textural features. The image analysis and 

machine learning algorithms were developed for detecting DME using Fundus Fluorescein Angiogram (FFA) 

images. Finally the morphological patterns of Spectral Domain-Optical Coherence Tomography (SD-OCT) 

and FFA images were validated to identify some interesting patterns. To the best of our knowledge, such 

attempt has been made for the first time using conformal mapping. In order to achieve the goal, at first the 

macular area from FFA image was segmented using snakuscule algorithm without optic disc localization. 

The proposed segmentation methodology achieved an accuracy of 96\% as compared to the ground truths 

generated by two different experts. It was observed to perform better than the standard Otsu\textquotesingle 

s and Chan-Vese algorithms. Next, a computational method was devised for the ophthalmologists for better 

visualization of the retinal pathologies within the macular area. To achieve this, we enhanced the macular 

region using super-resolution via sparse representation. The proposed method provided a better magnification 

of the macular area in comparison with other interpolation techniques like bilinear and bicubic. Thereafter, 

an attempt was made to quantify the macular region [area of the Foveal Avascular Zone (FAZ)] using 

geometric and textural measures. These features were statistically evaluated to find the most significant ones 

in discriminating the DME and healthy groups. Finally, machine learning techniques viz., Naive Bayes, 

Classification and Regression Trees (CART) and Random Forests (RF) were trained and tested based on the 

statistically significant feature set. It was observed that CART and RF algorithms performed better with an 
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accuracy of 93.93\% and 96.67\% respectively for a six-fold cross-validation. The average ROC for RF 

technique was found to be greater (i.e., 98.6\%) than CART (i.e., 85.7\%). The Out-of-bag error for RF was 

evaluated as 0.0303. This thesis is a first-step towards automating the process of DME detection in FFA 

images. We believe that that this system will help the ophthalmologists to study the progression of the disease 

in multiple patients over a time period. 

 

Keywords: Diabetic Retinopathy, Fundus Fluorescein Angiogram, Diabetic Macular Edema 
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Microbial fuel cell (MFC) is a novel bioelectrochemical technology in which chemical energy stored 

in organic matter present in the wastewater is converted to direct electricity by employing bacteria as a 

biocatalyst through redox reactions. Performance of MFC is governed by several anodic and cathodic 

parameters. Considering anodic limitations, bioaugmentation of Shewanella sp. with mixed anaerobic sludge 

inoculum in equal fraction showed better performance of MFC than with pure culture of Shewanella sp. 

Goethite, recovered from mining mud, kinetically accelerated the rate of electron transfer between bacteria 

and anode and proved to be a novel anode catalyst for enhancing the energy recovery (17.1 W/m3) and organic 

matter removal in MFC. Utilization of Mn/Zr-Pd-C based composite cathode catalysts improved the 

adsorption sites available for oxygen reduction and resulted in increase in cathodic redox reactions and 

improved the power output (8 mW/m2) as compared non-catalyzed cathode (1.4 mW/m2). Also, application 

of optimum dose of sodium hypochlorite (3 g/L) as cathodic electron acceptor as well as disinfectant offered 

the effective organic matter removal and disinfection along with bioelectricity generation.  

Cow’s urine can serve as a sustainable yellow gold to harvest the bioelectricity using low cost 

clayware MFC. Electrochemical analyses revealed that biocatalytic activities in the anodic chamber improved 

when MFC was fed with optimum concentration of urine (3 kg.COD/m3) and the power output (5.23 W/m3) 

was seven-fold higher compared to MFC treating raw urine. Considering the pollutant removal, effective 

ammonium removal and improved power output (7.87 mW/m2) was achieved in MFC operated at COD: 

NH4
+ ratio of 10 in the wastewater. The activities of anammox bacteria for anaerobic ammonium oxidation 

were useful for treating wastewater with high ammonia concentration. Similarly, bio-electrochemical 

analyses revealed that COD/SO4
2- ratio of 0.67 in wastewater is optimum for promoting the microbial kinetics 

of sulphur reducing bacteria in MFC treating sulphur-rich wastewater. Additionally, wastewater received at 

septic tank was utilized as a potential substrate in 100 L capacity bioelectric toilet MFC (BET-MFC) for 

bioelectricity production. BET-MFC is the first attempt towards scalable application of MFC for treatment 

of human waste using stacked arrangement of multiple electrode assemblies over 20 months of operation. 

The designed BET-MFC was capable to treat the human waste effectively (organic matter removal of 92%) 

and produced the maximum current of 184 mA (Coulombic efficiency of 5.8%). The amplified power output 

from BET-MFC was capable to charge the mobile phone battery and to operate the sensors and other 

electronic appliances using developed power management system. Scalable BET-MFC can be suitable for 

field applications and onsite treatment of human waste in the rural part. Thus, present research mainly focused 

on effective organic matter removal, disinfection treatment, other pollutant removal and enhancing the power 

output from MFC with development of bioelectric toilet.  
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Liquidity is defined as the ability to quickly buy or sell large volumes of an asset with minimal price 

impact. Liquidity is the lifeblood of stock markets. It has given rise to important theoretical and empirical 

research because of its wide implications for traders, regulators, stock exchanges and the firms. However, 

there is no general consensus over its measurement, determinants; and its role in asset pricing.  

India is one of the largest emerging markets that implements order driven trading systems. The Study 

is limited to Midcap stocks which are highly attractive for investment, and having potential for becoming 

Large-Cap. Using intraday data of Midcap stocks, the Study examine the intraday liquidity patterns, its 

intraday determinants and concept of commonality in Indian context. The Study also examines the pricing of 

liquidity risks in the Indian market, using data from, 2012-2015.  

Intraday patterns, on the spread based measures exhibits U-shaped, squared-returns exhibits inverted 

L-shaped and volume based measures are found increasing trends, just before trading close, afterwards they 

falls sharply. Trading parameters, macro-economic and international variables are found to be determinants 

of intraday liquidity. Market-wide and Industry-wide commonality are found to be significant and more 

pervasive than observed in other markets. The Study find strong evidence, that the co-variance between (i) 

market illiquidity and stock illiquidity, (ii) market illiquidity and stock returns, (iii) market returns and stock 

illiquidity, (iv) stock returns and stock illiquidity; are priced in expected stock returns.  

The results of the Study can be used by traders in devising strategies, exchanges in designing trading 

platforms, fund managers in engineering financial instruments and firms in formulating corporate policies.  

 

Keywords: Liquidity, NSE, Indian Stock Market, Liquidity Patterns, Liquidity Determinants, Commonality, 

LCAPM, Asset pricing 
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Manufacturers often procure raw materials from overseas sources and, therefore, are subjected to 

risks of price uncertainty due to exchange rate volatility. In this thesis a multi-period, two-stage supply chain 

has been considered that consisting of a manufacturer procuring an input raw material from two suppliers 

located in two different countries other than the home country. Although the offered price during the planning 

horizon remains same, due to fluctuations in the exchange rate, the manufacturer faces the problem of 

deciding the source, timing and the quantity of procurement. To mitigate the risks of such fluctuations in 

price, the manufacturer, at the beginning of the planning horizon, decides whether to purchase now or 

postpone the decision to a later period. A subsequent decision that the manufacturer has to make is to decide 

the purchase quantity from each source whenever it decides to purchase. For this base situation, this thesis 



Abstracts of Ph.D. Theses 2016-17 

 

Central Library 219 
 

analyses an optimal order-up to-level procurement policy considering a multi-period inventory model. The 

model evaluates various operational hedging strategies such as postponement with switching, pure 

postponement, pure switching for single sourcing and dual sourcing cases. To identify a suitable exchange 

rate forecasting model, real time exchange rate data has been collected and tested through statistical 

comparison of various time series models. It was observed that the postponement with switching strategy is 

advantageous compared to sole sourcing. Further, operational hedging strategies when integrated with 

GARCH model gives better results compared to other time series models. Additionally, it has also been 

observed through experimentation that operational hedging strategies when combined with financial options 

gives lower procurement costs under risks of price uncertainty. 

 

Keywords: Operational Hedging, Exchange rate volatility modelling, multi-period inventory models, (st, St) 

policy. 
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In the present era of globalization, outsourcing is one of the prominent business strategies in view 

of its proven competence in achieving competitive advantage. With the growing popularity of outsourcing in 

manufacturing and service sectors, mining industries as well have started capitalizing the possibilities of 

outsourcing. Outsourcing has now become a strategic tool for mining industries in establishing corporate 

capability through its effective and efficient ways of value improvement. Considering the potential benefits 

of outsourcing in terms of meeting customer requirements through reduced time and cost, the Indian coal 

mining industry is gaining impetus to outsource some of the operational activities to cater to the growing 

energy demand for coal. Associated with many success stories of such a strategic approach, there are also 

evidences of several difficulties encountered by the organization along with certain inherent risks linked with 

such a business practice. So, to achieve the firm’s business objectives, it is prudent to consider outsourcing 

as part of its corporate decisions. Such decisions essentially consider all possible attributes of strategy 

planning for performance improvement. The present study provides a structured approach to analyze the 

appropriateness of outsourcing in line with the organizational strategy for performance improvement for the 

coal mining organization in India. 

The present study focuses on developing an outsourcing decision framework to assist the Indian coal 

mining organization to decide on outsourcing of operational activities. The proposed outsourcing decision 

framework integrates concepts of value chain analysis and core competency perspective that provides a 

strategic dimension towards decision-making over the conventional motive of short-term cost reduction. 

Value chain analysis contributes to better outsourcing decision making in terms of identifying activities and 

sub-activities within the value chain whereas the approach based on core competency concept enables in the 

categorization of activities into core and non-core (that are critical to the organizational success). Eventually, 

the study aims to identify the drivers and their relative importance for the evaluation of organizational 

performance on account of an outsourcing decision. An integrated BSC-FAHP (balanced scorecard-fuzzy 

analytic hierarchy process) approach is deployed to identify and determine the relative importance of the 

drivers to evaluate the organizational performance as a consequence of an outsourcing decision. The approach 

overcomes the limitation associated with the vagueness, ambiguity, and multiplicity of meaning linked with 

the linguistic description of the criteria and sub-criteria influencing outsourcing decisions. Furthermore, in 

view of the fuzzy (imprecise) nature of information, sensitivity analysis has been carried out taking into 

account the level of uncertainty and confidence of decision makers for prioritizing the BSC perspectives and 

their corresponding attributes. 
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Considering the benefits and risks, short-term as well as long-term concerns associated with the 

strategic decision of outsourcing, the present study proposes a framework for selection of the best outsourcing 

strategy (insourcing, outsourcing, and strategic alliance) by integrated BSC-ANP (balanced scorecard-

analytic network process) approach for the operational activities of the Indian coal mining organization. Here 

BSC is applied to understand the impact of outsourcing decision on business performance through its strategic 

and financial dimensions. Whereas ANP, a multi-criteria decision-making tool, takes into consideration the 

interaction effects of the BSC indicators within and between the four BSC perspectives, assign weights, and 

prioritizes them to obtain the final rankings. Furthermore, the robustness of the proposed BSC-ANP decision 

framework was examined through sensitivity analysis where the importance weights of the criteria were 

varied under each scenario to observe their effect on the outsourcing alternatives. 

Finally, the study identifies the critical success factors for developing and maintaining a sustainable 

outsourcing relationship between the service provider and the client firm taking into account the risks and 

also the likely negative consequences arising out of such relationship in the context of the coal mining 

organization in India. The study determines the antecedents of service provider’s opportunism and its effect 

on a sustainable relationship between the client organization and the service provider with service provider’s 

organization culture acting as a moderator. While the Indian coal mining organization is dependent on third 

party service providers for coal reserve identification and exploration of new mine projects, utilizing the 

proposed research model may facilitate in developing and improving outsourcing relationship with the service 

provider. 
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The relationship between venture capital investments, innovation, and economic growth has 

received considerable attention in the finance literature. While the research specifies that there are 

associations between these variables, the majority of the research on venture capital investment focuses on 

the impact of venture capital investment on firm performance. This study focuses on the causal nexus between 

venture capital investments, innovation, and economic growth across the 19 European Economic Area (EEA) 

countries, namely Austria, Belgium, the Czech Republic, Denmark, Finland, France, Germany, Greece, 

Hungary, Ireland, Italy, the Netherlands, Norway, Poland, Portugal, Romania, Spain, Sweden, and the United 

Kingdom over the period 1989-2014. Specifically, the study first deploys dynamic panel data modelling to 

examine the determinants of both venture capital investments and innovation activities in these selected 

countries. The Granger causality test is subsequently applied for studying the causal nexus between venture 

capital investments, innovation, and economic growth. The empirical analysis finds that there exist inter-

regional disparities in the availability of venture capital investments, innovation and economic growth in 

these EEA countries. The Granger causality test shows that both venture capital investments and innovation 

have substantial impact on economic growth. It also shows that both venture capital investments and 

innovation Granger cause each other. It is, therefore, necessary to have sufficient availability of both venture 

capital investments and innovation and their integration in these EEA countries for achieving higher 

economic growth in the European zone. The insufficiency of both venture capital investments and innovation 

brings in different policy implications in these European countries.  
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In a modern society and in a fast developing country like India the importance of electricity in the 

growth and development is immense. Power sector incorporates multiple functions carried out by skilled 

personnel. Electricity Act, 2003 was enacted as part of the major power sector reforms to improve the power 

sector scenario in the country. After the power sector reforms in India, the sector has been divided into three 

distinct yet interrelated sectors, i.e. power generation, power transmission, and power distribution. 

Considering the lack of research in Indian power sector regarding the antecedents of employee engagement, 

this study is expected to aid the practitioners and academicians in this regard. The proposed model hypotheses 

that three trusts namely, co-worker trust, supervisor trust and organizational trust mediate the relationship 

between organizational culture and employee engagement. In the conceptual model intrinsic motivation is 

assumed to moderate the impact of three trusts on employee engagement. In the present study, OCAI scale is 

used to assess the prevailing organizational culture. The advantage with this scale is that it envisages the 

presence of multiple cultures in the organization. These are measured through six dimensions. Based on the 

findings the cultures are identified as clan, hierarchy, adhocracy and market types. The five dimensions of 

trust, i.e. integrity, competence, consistency, loyalty and openness (Schindler and Thomas, 1993) were used 

to create three trust scales to measure co-worker trust, supervisor trust, and organizational trust. UWES scale 

has been used to measure the employee engagement among the executives. The data was collected from 812 

executives from the three power companies. The antecedents of employee engagement were assessed using 

structural equation modeling. The outcome validated the postulated hypotheses. Furthermore, organizational 

culture is identified along with identification of dominant culture in Indian power companies. Future 

directions for study as well as limitations of the present study have also been described. The present study 

will be helpful for academicians to identify the antecedents of employee engagement and practitioners in 

power sector who wish to improve employee engagement in their organization.  

 

Keywords: Co-worker Trust, Employee Engagement, Intrinsic Motivation, Organizational culture, 

Organizational Trust, Supervisor Trust 
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