
IZSc Theses Abstracts 

BIPEDS. A class of self-routing permutation networks for array 
plocescmg systems 

Learning automata algorithms ior connectionist systems: Local and 
global corivergcnce 

Fmte section convolution ~ntcgrd operators-structure of resolvent 
and solution of first kmd equations 

\Vlitc dwarf pulsators-A study with the whole Earth telescope 

Numerical studies of unsteady boundary layer !low problems 

Nuclear magnetic resonance invesogations of terrain protonic umduclon 

Study and development o i  four commonly uscd temperature 
lndicarors for industrial tempcrdture instrumentation 

An experimental study of thc specbfic heat at the glass transit~on 
during coolmg 

Quantum corrections in a disordered elcctranic system: A law 
tempcraturr study of the pero\,skitz oxide L~NI,+,CO,O, 

Investigat~ons of supermnducting thallium and bismuth cupraces and 
related oxide materials 

Theoretical and expenmental investigations of nuclear Owrhauaer 
effect in nuclear magnetic resonance 

Magic-angle-spinning NMR spc,cctroscopic investigatmns of gels and 
glasses of silicates, phosphates, borates and related systems 

Thcoredcal sNdie3 of novel electronic ef[ecU in mdiwls and radical lons 

Invcstigationsaf catalyst, and oxide superconductors by EXAFS anc 
other techniques 

P. Navaneeihan 

V V. Phansalkar 

B.R. Shankar 

S. Seerha 

V. Rajeswan 

C. Mangamma 

C. Kameshu 

M. Rajeswari 

K.P. Rajeev 

M.N. V~jayashree 

K. Vijaydraghavan 

V V. Krishnan 

S. Prabakar 

K. Piua 

G.U. Kulkarn~ 

Combustion synthesis and properties of fine particle spnrel, perovskite S. Sundar Manoharan 
and K2NiF4 rype oxides 

Inter and mramolccular electron transfer ~n porphynn-acceptor Francis D'Souza 
sysrems 

Theoretical studies of the flow of physiological flu~ds under R.V. Sagayanary 
pathological siluationa 

Analysis of matherna td  models of hlood flow in the card~ovascular K.V. Manjula 
system 

Anaiybis of behawour of cement compositcs-paniculate and S.G. Shash~prdash 
non-partxulate considerations 

Structural and related investigations of gel derlved ZrO, bmed V.S. Nagarajan 
ceramic composites 

Voltage-limitmng nonlinear resmors based on ZnO ceramics wlth N. Raghu 
chemically simplified formulations 

Engineering behaviour of fine-grained soils with chemical additwes K. Vijaya Bhaskar R a p  
and Ihe governing phys~ca-chernmi mechanism 



ion-c,mtcd d?povtian of wide ihin hlms 

D m r m  iuppoii ddta of rnicrxong lacrorr for dcqign o i  fanrings 

An:tl!na of djnamical beliawour nt an axcraft at touchdown 

The eiiecr of oxygen transfer on the tlnctm of formarlon af polyols 
by H. unomuln 

1r.stmnenrarwr for  holographic inierf~.rometry and some appllcationb 

Ran~jlt Chatteqez 

V. Kalyanaraman 

M. Ghnnashyam Knshna 

I). Bhanu Prasad 

S.S.  Koihari 

P. Snniviiia 

S.V. Paid 



J.  Lzdran I n s  Scr., Sept-Oct., 1993, 73, 471-543 
% Indian lnst~tute o i  Science. 

Thesis Abstract (Ph.D.) 

BIPEDS: A class of self-muting permutation networks for array processing systems by 
P. Navaneethan 
Research supervisor: Lawrcnce Jcnkim 
Department: Electrical Engineering 

1. Introduction 

Modem sc~entific and engineering computations arc quite involved, and distrlbutcd computing is bemg 
cons~deied as a possible solution for the spced-up of these computatmns. In this model of computing, 
mult~ple CPIJs are employed, and the given rask is split up into many subtasks and are distrihuted among 
the multiple CPUa. To solve the mam task co-operatwely, the multiplc CPUs habc to cunrnumcatc among 
themselves. lnterconnectlon networks', wh~ch are funct~onally ~imilar to telephone exchanges. fac~htate 
such communicat~on. 

In this work, two important distrihuted computation models, namely, the mgle  instruction and multiple 
data stream' (SIMD), and multiple instruction and multiple data stream' (MIMD) are first explained 
briefly to illustrate the use o l  interconnection networks. Thc current hterature on inteicnnnectmn networks, 
and the main results and conclusions of this work are discussed. 

2. Distributed computation models 

2.1. SIMD Model 

Let us consider the computation of S = ol+aZ+.. .+al2,  m which only the 'addition' opcralion is involved 
Typically, in a sequential computatmn, we shall compute ihc value of S as pcr the follow~ng algorithm. 

S: =O: For i: =1 to 12 do S: = S+a,; 

?b speed up the above process, we shall split it up Into subprocesses, namely, S,. S,, and S3. where S, 
= a,+a2+03+a,; S2 = aOS+a6+u7+ag; S3 =an+ui(l+all+u~l. Each of these processes can be run concur- 
rently on thrce different CPUs, namely, A, B, and C. Once these processes are carried out, we can 
conlpute the value of S.  thlough The plocess S = S,+S2+S, In ordel that this process be initated, say 
by the CPU A, the CPUs B and C have to communicate CPU A as to whether their respectwc processes 
are over. To fanlitate t h ~ s  communication, there should be some communicatmn channel that can be 
shared by these processors. 

2.2. MlMD model 

Consider the computation of S, where S = (ol+a2+o,+a,)' + (as'un*a,*au)'n + Log (ndal,Jollla~~). and 
I" this case, the multiple instructions that are involved are addition, multiplication, div~sion, squaring, 
square-rooting and computing loganthm. 

I.et us assume that we have thrce proccasors, namely, A, B, and C and that they have the pair of 
iacil~ties (adder, quare-rooter), (multiplier, iogarithimic onil), and (divider, aquarer), respect~vely. We 
shall initially allocate the subprocesses S, = (al+a2+a,+o~), Sz = (a,'u6*a7'a,) and Si = (ndaldnl,lu12) 
to the CPUs A, B, and C, rcspecrively. Once these processes are over, the subprocesses S4 = (S,)', 
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(a)  

F~G. 1 (a) An 8x8 BIPED network and (b) RGM of the BIPED of Fig. l(a). 

S, = (&)IC, and Sg = log(S9) are to be carried out by the processors C, A and B, respectively. In order 
that these be carried out, the CPUs A, B, and C, have to communicate C, A, and B, the values of S;, 
S:. and Sj. respectively. n i s  communication pattern represents a permutation on (A,B,C). To facilitate 
this type of communication, permutation networks are used. 

3. LiIemture survey 

Multistage interconnection nctworks (MINs)' make use of (2x2) crossbar switches as primitive building 
blocks The n-stage permutation networks. where N = 2". are the Omega network3, the Multistage Cube', 
the F i ~ p  network'. the Baseline and the Reverse Baseline networks'. These networks are referred to as 
xlauical netuorks6. and realize only a subset of the possible N! permutltlons. Moreover, these networks 
are aim self-routing. otherwise known as destmation-tag controlled. I i  dl dl... d?, denotes the destination 
address in binary. then the swirch in the rth stage makes use of the bit d, to establish the path to the 
destixation; i.e., ~f d, = 0, the path is established through the top output of the switch, else through thu 
bottom outpui, and further destination b~rs are sent along the same path to the ensumg stage. 

W ~ I  and Fen$ haw protcd that the claasxai networks are topologdly equ~valent to one another 
i.?.. by iearranging the sw!tchcs of one network, one can realize the other. Simdarly, two network, 
cre rad to be tunct:onally rquwalen!. ~f by renaming the sources andior the destmatlons of one network, 
it can be made to realne the same act of permutations or the other. Agrawal et a17 have designed 
non-equivalent networks on the basis oi graph models, but they are not guaranteed to be self- 
rouring. 

1. Main results and conclusions 

lo this work. a rnatrir model has been developed ro represent a class of self-routing networks, known as 
Bipeds, whose strucrure resembles that of a two-legged animal. This model is shown to encompass many 
non-equivalent netu,orks, and one such example of an (8 x 8) Biped is shown in Rg. 1, along with its 
reduced graph model' (RGM) which is non-iromorphic to that of the baseline network. 
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A new concept of macro cycle has been introduced on the basis of the cntrles of the matricea It is 
shown that these macro cycles have direct relatlonah~p wiih those of the blpartm loops', and t h ~ r  relation- 
ship can be used to design non-equivalent self-routlng networks with the desrred loop structurci7 by iipprop- 
riately choosing the entrles of the matncea. 

A new class of perniutatlon, known as quonent-pnrr permutatiorz, has been identified. and on the basrs 
of this permutation, equlvalence relationsh~pa among Bipeds hate been studled. It la shown that for evcry 
Biped, there exists an equivalent Biped, known as OE-Blped, whose odd, even rows of the matrms satisfy 
certain conditions. This result is of significance to the reduction in the search time for a suitable function- 
ally "on-equivalent permutation network. 

Bounds on the number of non-equivalence classes of self-routing networks have been derived, and the 
lower bound is shown to be related to integer-partitionmg of Integers. To derwe the upper bound, the 
problem has been spllt up Into denvat~ons of bounds, on the buddy7 and non-buddy class of Bipeds. In 
the former case, the condit~ons for two OE-Blpeds to be non-automorphlc (isomorphic), and m the latter 
case, the conditions for two OE-Bipeds to be automorphlc, have been derived, and have been made use 
of to derive the respective bounds. 

A sufficient condition for Baseline equlvalence is first derived, and a shown to encompass the eufficlent 
eondltlon derived by Bermond er ofh, as a special case. A new c!ass of permutations, known as permuta- 
tions induced on the leaves due to an automorphism on the binary tree (PLUMB), is identified, and then 
on the basis of this permutation, necessary and sufficient conditmns for an OE-Biped to be equivalent to 
the Baseline network have been derived. 

The set of sources of a Biped are partitioned on the basis of destinat~on groups. It 1s shown that two 
paths will be non-blocking if and only lf the p a r  of sources corresponding to a pax of destinations of the 
same group belong to dsjoint source-partitions. This result IS extended lo denve the necessary and suffi- 
cient conditions for a permutatton to be realized by a given Biped. 

Further work relates to the identificatlon of a subclass of OE-Bipeds such that for every OE-Bped there 
exists an equivalent Biped in this subclass. Such an identificatlon will help reducc the search tlme further. 
Moreover, equivalence withm the class of Bipeds w h ~ h  have identical macro cycle structures needs to be 
investigated. 
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1. lntrodoctlon 

Connectionist systems have been studled wth much interest as models for the brain and also as systems 
a h s h  work in a parallel and dlstrihuted manner These systems exhib~t desirable properties such as learn- 
ing capabihty and robustness. 

Learning algorithms for connectionist systems are developed and analysed in this work. Connectionist 
syotcms baaed on the gencralised remiorcement learning model are considered. This model consists of a 
learning system and an environment mteracting with each other. The environment is characterised by a 
set of context vectors and a set of actions. At each instant the environment generates a context vector 
which forms an mput to the learnrig system. Based an its internal state and the context vector from the 
environment. the leariling system outputs an action affecting the environment. This evokes a response 
from the environment indicating the suitab~litr of the action to the particular context vector. The learmng 
system then updates its internal state based on this information using an aigorithm. Algorithms to learn 
the oprimal action for each context vector are considered here. The algorithms are completely decentrahsed 
and there is no information exchange involved between the various units of the system. 

The problem of learning the optbmal actlon is posed as an aptimisation problem with respect to the 
tnternal state of the learning system. Then, using weak convergence techniques', the algorithm under 
mnsderation is approximated by an ordinary differential equation (ODE) or a stochastic differential equ- 
atton (SDE). The ODEISDE and the optimlsation problem are studied together to show that the algonthm 
converges to a solution of the optirnlsation problem. Two types of algorithms are considered here, the 
L~.,' and the REINFORCE3-type algorithms. First, local algorithms, that is, algorithms that converge to 
local solutions of the optirnisat~on problem are considered. 

3. Lord results 

Initially. connectionist systems in which the units are composed of hierarchies of teams of learning au- 
tomata' are analysed. The linear rewar&inaction ( L M )  algorithm is used. This is approximated by an 
ODE using weak convergence techniques. This ODE is shown to have pmpertles which indicate that it 
solves the related optimisation problem locally. As the asymptotic behaviour of the algorithm and the 
ODE are slmilar, the algorithm converges to a local solution of the ophmisat~on problem. Global con- 
vergence is not achievable in xeneial, but lf  the problem is simple enough, globally optmal solutions are 
obtained. 

Next. the REINFORCE algonthrn' is analysed. The ODE approxlmatmg t h ~ s  algonthm 1s shown to 
have unbounded solutions by giving an example This is aiso confirmed through simulalron results of the 
same cramptc. A new algorithm based on constrained opt~rnisation is presented and analysed. It is shown 
that thls algorithm overcomes the problem oi unboundedness and also exhibits local convergence proper- 
ties 

3. Global results 

In man) cases, local properties are not sufficient and g!obal solut~ons are required. One way to obran 
g!obal soiutions 3s to use a gradient iollowing algorithm along with a random perturbation to enable the 
algorithm to get out of local optrma whlch are not globally optimal, such as m simulated annealing and 
the constan: temperature hsdt bath algonthrns. Simulated anneahng and the constant temperature heat 
bath algorithms have been applied to discrete state space optimlsation with the exact functlon values 
known. Here, rhe optimisation is in R6 and only sample values of the function are available at each 
instant. The algorithms used are therefore gradlent following with an add~tive random noise. These ai- 
gorithms are approximated by SDEs. It is known that the Langevin equatlon solves a global optimisation 
problem. Algorithms based on this idea are suggested to solve the optimisation problem globally. 

An algorithm based on the modified REINFORCE algorithm described above is developed. It is shown 
that this algonthm can be approximated by the Langevin equation and thus global properttes are obtained. 
These techniques can aiso be used to obtain global results for leaning automata in connectionist systems. 
It is difficult to apply such techniques directly. So the learning automata are parametrised and algorithms 
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utth glohal convergence propertccs arc developed T h o e  p;iramctrisod Icsming automuta (PLA) c;in be 
~ s c d  In varioui appllcat~ans tor obtamng global solutions. 

1. Three-layer network for pattern recognition 

One of the mo5t popular atructurei for pattern rrcognitmn IS the threc-layer fedforward  nrtwurk"11rs 
network can be formed wlth each unit comprisrng a team of lcarlung mtomala u\ing the I+ algoriih~n 
Thc anaivtml results oi Section 2 hold for th15 structure 'l'he global resulta of Section 3, with each 
icain~ng automaton (using the Lx-I )  replacd by a PLA. also hold 

Simulations were conducted on pattern recognit~on problems usrng these types of fesdforw.rrd networks. 
Both the local (IAn-,) and global (PLA) algorithms wcie used 

When the local aigorithm (LR-1) 1% used, cunvcrgmce 10 the optimal solution is assured only ~f the mtrsl 
coiid~tion.i arc culrcctly choacn This is bt.cauae the o w  of the TAR. ,  paranters miy local convergence. 
Convergence to the global optmum IS obta~ned whcn the h t n l  conditrons arc proper, or whcn rhc piob- 
iem 1s slmplc enough. 

If therc a not much knowledge about the problem. olobal algorithms ucmg the PLA described In Section 
3 can he ustd A pattern recognition problcm IS simulated using PLA, wlth a high bras towsrda a local 
optimum which is not a global optmom. Thc network or PLAs converged to the globiilly o p t m ~ a  azt of 
actmni. With thc samc bias towards a local optimum, the netu,orl, with the L,., convcrgcd to t h ~ .  local 
optimum. 

5. Simulations 

The analytical results described in sectmu 2 and 3 do not give any indicat~on ahout the rate of convergence 
of thc nlgorithms Simulations are performed to show that the ratc of convergence is acceptable One set 
of smulatmns has already been described ~n connection with the three-laycr pattern recogniser. 

Slmulatmns for the REINFORCE algorithm show that the rolutmn~ can bccumc unbounded and the 
new algor~thm docs not have this problem. The PLA can also be used m a common payoff game wrth no 
knowledge of  the existence o l  other players, that 1s. 11 1s totally decentrallsed Simulatmns ahow con- 
vergence to the optmal rolutmn in thts case also. In particular, s~mulat~ons of a two-person, two-action 
gamc show that the PL.A does converge to thc global optimum even with a high bns In favour ot the 
"on-optimal actlons. 

6 .  Conclusions 

The rc~ulrs show that lcarning automata can bc used as basic unlts in connectionist systems. Simulations 
show chat the rates of convergence are acceptable. Depending on the appl~cation on hand etther local or 
global algorithms can be used. 

T o w r d  a rhuorv of rernjorcernml-Leurnzng corinecrioniir lysrrmr, Techntcal 
Report NU-CCS-XX-7. North Eastern Univeralty. Boston. J u l v  19HR 

4. MTISEI., W S rompaieror i~nr~d opproochcr ro pniain rrropirron, 1972, Academc Press. 
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Thesis Abstract (Ph.D.) 

Finite section convolution integral operalorsStructure of resolvent and solution of 
first kind equations by B. R. Shankar 
Research supervisor: R. Vittal Rao 
Department: Mathematics 

Finlte-sectmn integral operators occur m a iwde bancty of physical problems. Such operators have bcen 
entenswely studled in connection with thelr application in radiative transfer1.' and nrulron tranqport 
theory3 Of particular Interest arc such upcratms wlth difference kemcls. When the intelval of mtegratton 
is the full real line. direct Fouricr transform mcthods can be employed to solve nonhomogeneous intcgral 
equations invohng such operators When the interval of integration 1s thc non-negatwe half line, then 
one has the firnous Wiener-Hopf technqur to study such equarionsd,'. However, when the interval of 
mtegratiun is finite. we lhavc. what we call as a finite-section integral operator of thc form 

and the above-mentioned methods are not directly applmble. All the same, extensive results are available 
on rbc specmum of such opcraton-for mstance, one can find such recults m Leonard and Mullikin6 & 
Villa1 Ran7 (this being, by no means. an exhaustwe list, hut giving only a flavour of such results). Fulther, 
rarious methods arc available to study the resalvcnt of such finite-sectmn operators with d~fference kernels. 
Leonard and MollikinH have shown that the resolvent of such an operator is completely determined by its 
;tcrion on the funclwn exp(-xz) .  where I 1s a complex parameter. 

Onc can also obscrve that since the resolvent kernel R i ( x , y )  far such an operator 1s itself the solution 
~nf  the integral cquarion. 

Equatson (4 )  %ems to suggest m n e  kind of supiuaticm uf the x and y vanahles. However, one has to he 
careful. slincc if in (21, we replace thc term I(x--yi, before thc integral on the right side, by any function 
g(.r,?r, then :also. the rolutton of the eqn (3)  sst~sfies (4). at least formally. Equatrons of the type (4) have 
becn considered, for inslance, by Soholev' and Bellman pi 0 1 ' ~  

2. Contributmn of the thesis 

4'c Invempate thc structure 01 the solutions of Fredholm lntagral equations of the first and second kmds 
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with convolution kerneis on finite mtewals and some of its applicatrons. We consider the second kmd 
equation 

where t>O. k ( x )  E L2[-t,t], g(x) 6 L2[O,t], and fix) 6 L2[0,r], f being the unknown function. The above 
equation (5 )  may be written as 

If A is not in the spectrum of the operator K, the resolvent (I-AK).' = R, exist3 as a well-defined, 
bounded linear operator on Ll[O.r]. We show that Ri n determined by ~ t s  action on the constant functlon 
and one more specially chosen function, y(x). In obtainmg the representation for RI,  esaent~al use is made 
of the following theorem. 

Theorem: Let T h e  any bounded linear operator on L2[0.r]. Then 3 a kernel ?(x,y) s.1. 

For every fixed x s [O,fl, y(x,y) F L2 [OJ] as a function of g. 

It is also shown that the representation for Rx takes a simpler form in the case of self-adjoint operators: 
and that m the case of Voltem-type operators, it is determined by its action on the constant function 
done. 

The above results are applied to obtnn a generalisat~on of rhr well-known Chandrasekhar-Ambartsu- 
myan X and Y Eunctions, occumng in radiative transfer,'' for a c b s  of bounded Linear operators on L2 
[O,t]. We also obtain a generalization and representation for the scattering function S(z,w) in terms of X 
and Y functions, analogous to that in radiative transfe?. 

Further, a representation is obtained for the solutions of the bredholm integral equation of the first 
kind with convolution kernel on a finite interval. i.e, integral equation of the form 

Let W' = {geL2[0.f]: g ' ,  gkLIIO,r]). 

Whenever y s  W' it is shown that the solution can he expressed m terms of the solutions for special right 
ndes, namely, g = 11 and g = x. 

The above representation is illustrated with an example of a classical kernel, arising from application&, 
namely, log 1 x-y I . 
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Thesis Abstract (Ph.D.) 

White dwarf pulsators-A study with the whole earth telescope by S .  Scctha 
Research supervisor: T. M. K.  Marar and N. Kumar 
Department: Physics 

1. Introduction 

White dwarfs arc the hot ernheir left behind by low mass sttan at the end of all or most of their nuclear 
burning wages A typical white dwarf conwts of a carbonloxygen degenerate core surrounded hy thin 
layers of heirurn andlor hydropn .  White dwarfs start their evolution at a blazing temperature of ovcr 
200.O(KI K and gradually cool down depending on the cornposlrlon of the core, Its temperature and the 
blanketing pmvidcd by rhe outer layer. 

Durmg the process af cooling, whitc dwarfs lend to  pulsate m non-radlal grawty modes In specific 
temperature ranges on their cvolution.cry tracl'. These narrow temperature ranges are called in\tahllcty 
strips. At  prcacnt. three insfsbiiny strips c-tlst which arc dcfincd as follows: 

a )  DAV instilbilily atrip - 11,OWI K S Ten S 13.000 K 
b) DBV mstability strip - 24,WO K c T,.,! 6 29.000 K 
c) DOV ~nstnbllity srrlp - XO.IHIO K r Teil s 200,000 K 

All wh:te dwarf pulsnrors and rhaxr non-pulranng cousmb crhihlt mnilar propcrtlcs. Thmr masses are 
centrrrd around I1 6 Il,., :and i h q  have s u r f x e  gi;wlty of log 5-8, except for thc hot objects w h ~ h  have 
a log gzi. Thm. the \vhite dwxfs  fwnm .I lhi~nugcnoua class and any ~nference denvcd from the srudy of 
pulrntors can be applied to rhu ot!icr whtte dwaris as well 

White du,arf puisatmx have periods m the range of 100 to 2000 seconds. and pulsation amplitudes 
ranging from 0 Wl to 0.34 m s g n m d o  There pulsations can therefore be observed w t h  existing tcchnques 
and telexope\ 

We undrrtaok a stud? of there pitliat~orls with a view lo determine the followrng important features: 

(I)  to find the llmits of perlods of pulsations crhlblted by these stars, 

(1%) to deterrncnz the location of the driving region for these pulsations; and 

(iil) to estlmnre observatlonnlly rhc total energy I" thebe puisatrons and hcnce to determine the physical 
process iesponvhle for driving them. 

The driving of these puisallons is at present helleved to occur a t  the surface layers. The D A  lnstabll~ty 
la caused either due to pirdal  lonizatlon of hydmgcn or due to convective blocking. Similarly, the DB 
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instabihty 1s either due lo partla1 lonlzation of hellurn or due to convective blocklng2 The DOV stars are 
extremely hot, and hence the dnvmg could be either due to carbunloxygen partml ionization or due to 
nuclear burnlng. 

Our alm was to determ~ne lf we could find answers to the above puules, with the help of observat~onal 
data 

2. Observational methods and analysis 

To determine perlod limits In the pulsations of these stars, rt a necessary to search for periods over a 
large range. For thls purpose we have used long-term data collected uskng the Whole Earth Telescope 
(WET), which is a network of co-ordlndting telescopes distributed at different longnudes over the Earth'. 
We at ISRO Satellite Centre, Banpalore, Indla, are one of the collaborators for this network. We have 
chosen for our analysis, one object from each of the mstablllty strips. For the DA mstability stnp, we 
have used data on G25-38, for the DB strip have observarions on G D  358, and have observed PG 
1159435 as a representative of the DOV stnp. The data on the above objects conslat of photometric 
measurements collected using mdlnly a two-star photometer at varlous sites. We therefore observed the 
program star and a nearby campanson srar s~rnultaneously 

All the data sets from various sltes were reduced and joined together to form one master data set for 
each program star and comparlson star. Typical lengths of master data sets for each star had a duration 
of at least 10 days, though it was not contrnuous dunng the whale range. We have analyzed the data by 
means of discrete Fourier transform, and obtamed the overall power spectrum Irom about 0.0001 Hz all 
the way to 0.05 Hz. We have analyzed channel 1 data on the program star and channel 2 data on the 
spectrum as a measure of the noise in the observations contributed both due to transparency and scintil- 
lation effects. We remove from the channel 1 spectrum this effect of noise in the observations contributed 
both due to transparency and scintillation effects. We remove from the channel 1 spectrum this effect of 
noise and use the resultant spectrum for our analysis. 

We calculate the location of the driving region by using the condit~on that it should co~nc~de  with the 
adiabaticlnon-adiabatic transition zone in the star. This is defined by the relation, 

where Md,,,,., is the mass of the layers in the star that lie above the dnving region, L, the luminosity in 
erg s-I, C,., the specific heat at constant volume in erg g-' K-', P, the period of pulsation in seconds and 
T, the temperdture in K. By using the upper and lower l~mlta of the period P observed for each star 
(P,,,b,, and PI,,,,,), we determme the location of the drlving region m stellar mass units. We then compute 
the energy in the pulsations by addlng the total power in the spectrum. We then intercompare the values 
obtained for each of the stars that we have analyzed to determme the process wh~ch causes the driving 
of the pulsations ~n these whm dwarf% 

3. Results and conclusions 

The results of our analysis can be summarlzed as follows: 

1) We have determined period limlts of the power spectrum cdlcuiated for these stars. 

For 025-38 Pi,,,,, = 57 seconds 
Phllhe, 2 3333 seconds 

For GD 358 P,,, = I 0 4  seconds 
Piilghr, z 3333 seconds 

For PG 1159-035 P,,,, = 357 seconds 
P,,,,,, z 1000 seconds 

Based on the above period limits we obtain the following locations for the driving regions. 
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The above resulis ~ndicate that the d n v q  rcglons are fairly t h ~ n  and lie on the surface, i c., at d~stances 
7 0.9 R- l'herr location favors partla1 lonizatmn of a prrdornmant surface element as the drwing 
rnechamsm. rather than convective blocking in the case of DAV and DBV or nuclcar burning m the casc 
,,f DOV. 

2 )  U'c have calcularcd the tom1 energy in these puisat>ons m d  estimated thr relative values for rhese 
,tars. There calculauons mdlcate that GD 3% has about 1.6 nmes the energ m pulsatmm as compared 
to G?9-38 This also favors [he theow rhat G29-38, hemg a DAV is driven by panmi ionizatmn of 
hydrogen. and GD 358 k i n g  a DBV 1s driven hy helium pamal ionizatron 

PG 1159435 which is a DOV star has ahont 5 7 times the snergy content as that of G29-38, and 3.6 
times rhat of GD 158. The two results are independent and are consutent. They favor a carbonloxygen 
partial innuation as rbe driving mechanism m PG 1159435 and similar ctan. They also rule out the 
posslhility of' nuclear burnmg bung the cause of pulsations in PG 1159435. 

Thz above results are the first available observational estimates on the nature or the driving rcgmna in 
rhite dwarf pulsaiors. 

Thesis Abstract (Ph.D.) 

Numerical studies of unsteady boundary layer flow problems by V. Rajeswari 
Research supervisor: G. Nath 
Department: Mathematics 

Unsteady boundary layer flows are those whose properties depend on time ~f referenced with respect to 
an Eulerian frame. Although the boundary layer theory was firat developed for steady laminar flows, it 
was soon realised that most flow problems encountered m practical applications arc uwtcady and, in 
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fact, thex are no actual flow situatlo~lr natural or artltlclal that do not involve unsreadiness. Eramplcr of 
uns~eudy tlows are tlow through turhomach~nery blades. dynam~c stall of hit~ng surfaces, stall flutter of 
hclcoptec lotor bladca. rotdllng \Pall rn cnglne coniprcasvr blades, ship propellers. accelerated and dcccl- 
emtcd rocket mlisllcs and nozzles, to name a fcw In the last two decadcs, the unstc;idy v~\cous flows 
have been extcns~vcly studled A recent book an unsteady boundazy laycis by Pup1 givea an excellerlt 
understandmg of the theory of unsteady flows. 41bo a very lecent rcvmr art~cle on thc unstcady flows by 
wan$ gives the eract solut~ons of rhc mrtevdy Nawer-Stoke equations 

2. Present study 

The current work prcacnl?, the numerlcdl rtudm of somc unsteady boundary layci flow' problems which 
have not heen studird by any other workw The imt  prohlrm deals with the semi-dmcnsmnal houndary 
layer flow over s continuously stretch~ng rurfdcc In two lalcral dirc~lions l n  a fluld ai rest. The velocity 
of thc stretching suriacc vancs arb~trarlly w~tli rlme. Both the nodal and the saddle pornr rcgmrs o l  flow 
have been conrrdered. Also, the conarant wall tcmperatule (concentration) and constant heat (mass) tlux 
condlt~ons at rho wall have becn cons~deizd In the second problem, tne unsrrady boundary layer flow 
caused when a Iightcr h i d  impmges on A hriiwrr fluid w h ~ h  i z  at r<\t are amxdercd'. Thc vcloclty of 
the spreading surface 1s clrher acceleratmg 01 drcele~ar~ng. Uoth the two-dimenrmnnl and the axisymmcrr~c 
cases have becn cons~dercd The effect o l  magnctlc field has also bacn includcd m thc analyslr In the 
third problem, the study of the unsteady flow ovcr a strcrchlng suriace XI a rotaring tlud 1s conslderedi. 
The results appear In two pans Part A deals with semi-similar rolutmn wherein the veloc~ty of the 
stretching rutace and the angular velocily of the rotating n u d  vanes arbilriinly with time. If has been 
observed from P a t  R that when the velocity of the stretchmg surtace and the nngill,u velocity of thc 
rotating fluid varm mversely as a linear function oi time, a dfs imi lar  solution could be obtamed For 
both the cases, the varrable wall temperature of the stretching surface 1s considered. In the last problem, 
the effect ot large injection on a veltlcal thm cylinder in an unsteady frez stream 1s studied takmg mto 
account the viscous dm~pation. 

3. Method of solution 

The unsteady boundary layer equations ablained for the above-mennoned p~oblen~s  are hlghly nonlincar. 
Thus, by s suitable aimilaiity or sem-simhnty rranslormatmx, the governing boundary layer equations 
for each problem are reduced to either ordinary or partlal differentral cquanons. Numerical compuratlons 
are carrled out through the lmpliclt finne-difference scheme along wxh enher the quasi-lmeurisation or 
the parametric differentiation technique ' 

4. Results and discussion 

The results which are presented in the form of graphs and the cumpansan tables drz analyscd and dlscussed 
~n detarl far each problem. The eficct of various parameters wch as unsteadiness In thz wall velocities, 
stretchmg ratio, suction, magnetic field, rotallon parameter, remperaturs parameter, atc . on  slan fncnon, 
heat and mass rmnsfcr coeffmenls as well as on veloaty, temperatwe and concentration profiles have 
been studted m detail. 

From the results of the first problem. it is obselved that suction is found to be an important parameter 
in obtaining a convergent solution in thc case of saddle pomt regon of flow. The Prandfl number and 
the Schmidt number strongly affect the heat and mass transfer of the drffuring species. reapect~vely. For 
the unsteady flow on the surface of a quiescent fluid, the nmNs show that in the p~esence of appl~sd 
magnetic frcld, velocity overshoot occur5 on the upper fluid and s strongly dependent on time and applied 
magnetlc field. The effect of tntcrface velocity is more pronounced on skln fr~ctlon than on heat transfer. 
The values of skm friction and heat-transfer coetficlents are higher for the two-dimensional case than for 
the axnsymmetrjc case. In the unsteady flow in a rotating fluid, thc rotation paiamctcr, vanable wall 
temperature and velocity d~stributions of the stretching aurlace are all found to have significant effect On 
skin friction and heat-transfer coefficients. Thc magnitude of temperature parameter strongly affects the 
direction of the flaw and thc quantity of the heat transfer between the stretch~ng surtace and the amhient 
mtating fluid. In the case of large injecrlon problem, the dwiding streamlines are 
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shifted away from the boundary due to large rates of injection. Also, for higher values of the curvature 
parameter, the dividing rtreamlmes are shifted away from the boundary. For large values of the Prandtl 
number and the Eckert number there is a temperature overshoot near the wall for moderate rates of 
infection. This implies that due to viscous dissipation, the temperature of the fluid near the wall becomes 
more than that of the wall, which was onginally at a higher temperature and the wall wll get heated 
instead of bemg cooled. 

References 

I POP, I. Unrteody laminor boundary layers, 1983, Bucharest, Romania 
2 WANO. C Y Exact soiuriona oi the unsteady NawerStokes equations, Appi. hlech. Rev.. 

1989, 42, $269-S282. 

3 R ~ ~ E S W A K I .  V A h D h ' a ? ~ .  G .  Unsready boundary layer flow on the surface of a quiescent fluid, Aclu Tech- 
n m ,  CSAV, 1991. 36, 282-291. 

4 RAIESWARI. V ~ h ~ b i < i ? ,  G. Unsteady flow over a stretchmg surface in a rotaling tlmd, In? I Engng 
Sd.. 1992, 30, 747-756 

Thesis Abstract (Ph.D.) 

Nuclear magnetic resonance investigations of certain protonic conductors by G .  Man- 
gamma 
Research supervisor: S.V.Bhat 
Department: Physics 

1. hlroduction 

The discovery of high degree oi ionic mobility in cendin classes of materials like hydrogen uranyl phos- 
phate and anenate, metal hydrides, tungsten bonzes, @-alumina snd intercalation compounds of transition 
metal disulphide has susested a aide variety of applications, panicularly m the field of hlgh-energy 
density batteries. On account af their potential applications, these materials, also known as fast ionic 
conductors (FICS), have become recently a subject of intense investigations. FICs usually contain one, 
occass~onally two, mobilz ionic species which erhlblt translational diffusion, sometunes along with rota- 
tional diffusion. Of the seveml techniques available to study these materials, nuclear magnetic resonance 
(NMR) s the most suited for the study of microscopic properties as it essentially looks at indwidual ions1.'. 
ID NMR, informat~on about the diffusion of the nucleus under study a usually obtamed by observing the 
changes In the line w~dth or second moment and in the relaxation times (spin-lattice relaxation tme,  T, ,  
spin-lattice relaxman time In the rotating frame, TI,, and spin-spin relaxation tibe, T2) as a function of 
temperature when interpreted in terns of the Bloembergen, Purcell and Pound (BPP) model'. 

These measurements yield the motional parameters, E.. the activation energy and i,.. the pre-exponen- 
tial factor. However, a long-standing problem with these measurements has been the large discrepancies 
observed benveen the values of E,, and i, obtained bv the NMR ex~eriments and those obtained bv 
conductivity measurement. Various explanations like distribution of the activation energies and wrrelauon 
times. a breakdown of the absolute rate theory, low-dimens~onalitv effects and non-ex~onentiai nature of 
the correlation tmes, have been put forward over the years to account for these discrepancies! However, 
no cornensus has yet emerged about this problem. We sought to examine the specnic contribution of low 
dimensionaiity to rhe discrepancies by studying the NMR of the same substances prepared in two different 
structures of differing dimensionalities. 

2. &perimentaI 

The compounds investigated are HMW06.1.5 H20 (where M=Ta or Nb and hydrated layered 
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perovakite oxide, HLaiNbTi&.l.S H2O. 'H NMR investigations have been carried out on a homs-built- 
pulsed NMR spectrometer'", whose frequency range is 4-90 MHz and an MSL-300 spectrometer which 
works at a fixed frequency of 300 MHz 

A pulsed-f~eld gradient spin-echo NMR spectrometer was assembled by mterfacing a programmable 
p l s e  generator and a data acquisition system (des~gned and fabricated in our laboratory) with other 
imponed units. A general description of the spectrometer 1s presented. In addmon to th~s ,  details of the 
microprocessor-based programmable pulse generator and data-acquisitmn system are provided. Outl~nes of 
the remalnrng ~mported units like electromagnet, double-balanced mixer, power amplifier, preamplifier. 
receiver and pulsed-field gradient unit are given. Measurement of spin-lattxe relaxat~on time, Ti, spln-spm 
relaxation tlme, T2, and spin-lattice relaxation time in rotatmg frame. T,,, are also described. A bnef 
discussion on the line narrowing by 'magic angle sample spmning' (MASS) tcchmque has also been given. 

3. NMR studies of HMWO~.XHIO (M=Nb, Ta) in 2. and 3-dimcnsianal sh.uctures 

Two different structures (2D and 3D) of HMWOe.xH20 (where M = Ta or Nb) have been prepared and 
studred by different 'H NMR techn~ques (TI, TI, and 4 ) .  For the 2D system, 'H NMR results suggest 
that system goes from a r ~ g ~ d  lattice state 10 a hqu~d-like state after a sudden and sharp transit~on at abour 
190 K. The low-temperature line shape of the signal shows the ewdence for the existence of ngid water 
molecules and protons as separate entitles. Tz and TI ,  results suggest that at temperatures above 200 K 
tranrnional motion of the protons dom~nates. 'H NMR relaxatmn dara indicate a strong 2D character for 
mnic diffusion whxh 1s ass~sted by vacancy jump mechanism. Protons jump over vacannes available along 
0-0. 'H NMR results of defect pyrochlore HMWO,.H?O (M=Ta or Nb) show that low-temperature signal 
a due to the water protons of the HMWOa molecule. 

Since HMWOs.xH20 k a defect pyrochore system vacancies are formed in A-Y-A channels. Protons 
of water molecule and single specles occupy these vacancies randomly in all these directions. Since lonic 
motion is random, the analysis of the relaxdtmn data is done with the help of the BPP model and En and 
r,, are calculated. It was observed that the results of HMWOa.xH20 (2D and 3D) are affected by the 
dimens~onality of ionic diffusion. The low temperature line shapes of the signals and the full width at half 
maximum (FWHM), nature of splitting of outer peaks and as dependence on temperature, transition 
temperature in line width vs temperature curve and its behaviour with respect to temperature, E. and T,, 

vakues, ionic diffusion path (channel structure), and the behaviour of relaxation dara with respect to 
temperature are affected. The three important aspects of these, viz., rigid iattxe state to liquid-like statc 
transition temperature, dependence of splmng of outer peaks and occurrence of T,, minimum show that 
layered HMWOJ.5 H 2 0  are better ionic conductors than cubic HMWOn.H20. 

~a;ticl~ation of both the types of protons of HNbW06.H20 a also supported by MASS results. 

4. NMR studies of hydrated ammonium ferrocyanide 

The relaxation times Tz, Ti and TI, are measured as a £unction of temperature and frequency. A double 
minimum was observed ~n T,  vs 1000/r curve which IS attributed to reorientational motion of the two 
dfferent ammonium groups (at g and b sites). Another important feature is the ~ndication of T v ,  minimum 
around room temperature. However, the fact that TI, minimum seems to occur ac a higher temperaturc 
than that of the T, minimum indicates that the T ,  and TI ,  relaxations have different onglns. We associate 
Ti,  relaxation with translat~onal motion and Ti wrth reorientational motron of the arnmonlum groups7. The 
results arc consistent with those of earlier detailed studies on the compoundb'". 

5. NMR studies of HLa2NhTi2010.1.5 HxO 

HLa2NbTi,0,0.1.5 H,O is a newly synthesized layered oxide. This compound has been prepared by means 
of ion exchange and connsts of three octahedra thick pervosklte slabs of LalNbTi2O,~ interleaved b) 
proton and water molecules. Proton NMR results of this system are very similar to those of layered 
HMWOn.1 5 H20.  Since in this system the vacancies are found in the plane, Ionic motion takes place in 
two dimensions. Temperature dependent-relaxation data show the kind of behaviour expected from the 
structural viewpoint (2D character). It indlcares that vacancy-assisted protonic jump is the mechanism for 
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1~ iiittuslon ln such pcroiskite ux~dr,. MASS results also pruvldc evidcrlcc tor the partiapatmn of two 
rypcs cot ?rolonr from scparaie entmcs in tho compound A hrief dlrcuworr on the exchange of protons, 
based on IMSS rcwlls. hiis aim been pmvlded. 

The drjstcc d:tterence\ obaerwd in the remperaiurc dependcncer of thc 'H NMR Imewidthl In 2- and 3- 
diiwnsional analogues of the same compound bring out the Importmce ot low-d~mansionality aifects I" 

the NMR of h t   ion^ conductors. lioweucr. an ana lps  of the motmnal paramcrcrs of thc 3-dlmens~onal 
sub\tancer points towards addltionsl cont<huIlon\ affecrlng the NMR bchauiour 

Sol id Sc Innirs. 1989. 35, 123-125 

Sabd S: lionas, 1487. 73, 37-270 

Study and development of four com~nonly used temperature indicators for industrial 
temperature instrumentation by C. Rameshu 
Research supervimr: A. P. Shivaprasad 
Department: Electrical Communication Engineering 

Temperature rndmtois have important ralc to play ~n many deds  of electramc instrumentauon in research 
2nd industry, espeoally m the field o i  measurement and control of process parameters. Temperature mnge 
of inrewsr for many areas, ve. .  cryogemc, rnetcorology~ aglculture, environmenlrl engmeering, rned~cill, 
domestic and indusrnal is wide. and may vary from -200 to 3726 85°C'. The accuracy rcquircd may be 
5°C at hi2her temperatures. and 0.1"C or even 0 01°C in some other particular applmtions. Hence, accu- 
rate n:casurcment of temperature is an important aspect of the industrial world today Although a va"ery 
of tumpereiure indicators ior measurement of temperature are avialablc in a wide range of configurations, 
Ihelr wxitwlly, accuracy. repeatability and range of operation art: limited. Therefore, development 
of preciamn temperature indlcamn foj a specific appiicmion requires proper temperature transducer;. 
m h l e  slgnal cond~ioners. high-resolution andog inte~faces and cfficicnt software for linearization. Hrncc 
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the a m  of the study 1s to develop precision temperature md~cators based on commonly available temper- 
ature transducers, vrz , thermistor, platinum, copper and thermocouples to meet the above needs. 

2. Experimental work and results 

The following IS a brief summary of the study and development camed out on the four commonly used 
temperature indicators. 

Thermistors are often preferred to other temperature transducers because of their low cost and hlgh 
senmtivity. However, the resistancetemperature relationshrp of thermistors IS hlghly nonlinear. Hence, 
usmg Hewlett Packard's thermistor equarlon2, two temperature mdvatars were dcveloped. In the first 
mdicator, the temperature-sensing circuit produces a voltage w,hlch s proport~onal to the therm~stor resm 
tance. The delay-based voltage-c~n110lled osnllator converts the tempeiature-dependent voltage to a square 
wave In a log~c-compatible form of frequencies that are accurately proportional to the temperature. A 
4-dlglt counter and d~splay System measures the temperature-dependent frequency and reads the tcmpcra- 
ture dmctly. In the second indicator, the analog-interfac~ng module generates a square-wave signal of 
vanable frequency and its ontlme interval IS measured by countmg of a standard clock frequency in a 
standard 8253 counter. The 8085 microcomputer d~splays the tempcrature in "C after solving the thermistor 
equation. Both the md~cators offer a linear performance over a wide temparature range of 0 to 100°C 
with an accuracy of tO.l0C 

Plutinum-resistance temperature sensors are uften used in ultra-hlgh accuracy applications because of 
their greater stabihty and w ~ d e  temperature range of operation. Keeplng this in mind, a temperature 
indicator using platmum as sensor was developed. In this ind~cator, the temperature-sensing circuit gener- 
ates a voltage which is directly proportional to the platmum resrstance and is free from the lead resistances 
of the platmum probe The temperature-dependent voltage IS ampl~fied in a drift-free dc amplbfier' and is 
converted mto dlgltal uslng a 12-bn integratmg ADC The 8085 microcomputer computes the temperature 
in "C after solvmg the Callendar-Van Dusen equation4. This indicator provides a linear performance over 
a wide dynamic temperature range of -183" to +200°C with an accuracy of better than *0.05"C. 

Thermocouple sensors cost less and can measure temperatures over a wlde range. Wnh this in view, a 
temperature mdicator usmg the thermocouple as the sensor was developed. In t h ~  mdlcator, a low-level 
solid-state relay-based flying-capac~tor multiplexer' In conjunct~on wtth a drift-free dc amplifier is used to 
extract mtliwolt signalsf' of the thermocouple from a high common-mode voltage (0 to f300V peak) The 
amplified signal 1s converted into digital slgnals us~ng a 12-hit intcgratmg ADC. Linearization of the 
thermocouple is performed using a segmented fourth-order polynomial cuwe-fit algorithm in the 8085 
microcomputer. For a K-type thermocouple, this indicator offers a linear performance over a w ~ d e  dynamic 
temperature range of 50 to 1000°C wlth an acccuracy of better than t0.3"C. 

A low-cost pr~nted coppcr-res~stance thermometer for the measurement of air temperature was de- 
veloped. In this thermometer, a printed copper-reastance probe was constructed uslng a general-purpose 
double-mded glass-epoxy copper-clad lamlnate7. The copper layers on both sides of the probe were pro- 
tected. The temperature-sensing circuit generates a voltage which is dnectly proportional to the copper 
resistance and is free from the lead resistances of the probe. The temperature-dependent voltage 1s 
amphfied in a dnft-free dc amphfler and displayed in the digrtal panel meter (DPM). Without lineanration, 
thls system offers a response lmear~ty with a peak error of about f O.YC over a &100"C range. 

A single precxion binary floating-point arithmetic package"or an Intel 8085 microprocessor was de- 
veloped and used for linearizing responses of RTDs (thermistor and platinum) and thermocouples. The 
algonthmsY, flowcharts and opcode listing for commonly used floating-point ar~thmetic routines are de- 
ta~led. Usmg cubic splines and the least-square techniques1" a method for determining the fourth-order 
polynomial coefficients for the given curve (or data) 1s presented with a Basic program suitable to HP-85 
Computer. 

3. Conclusion 

In this study, methods of lineamat~on, dcsign of signal conditioners and analog interfaces have been 
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and impremented succesrfully to measure temperature precisely to glve the required accuracy 
using rransducen, vr: . thermistor. platinum. rhermocouples and copper. In these methods, hlgh degree 
of accuracy and repeatabilxty m the measurement of temperature have been achieved by solving exact 
functton of the transducer in 8085 microcomputer with the help of floating-pomt routines speaally de- 
vrioped for this purpose. Thus. the temperature indicators presented In this work establish their superiority 
over all other indicstors reported in the literature and, therefore, should prove more attractive m applica- 
tions where an accurate and precise measurement of temperature using the commonly available tempera- 
ture transducers is required. 
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Thesis Abstract (Ph.D.) 

An experimental study of the specific heat at Ule glass transition during cooling by M. 
Rajeswari 
Research supervisor: Arup Kumar Raychaudhuri 
Department: Physics 

1. lntmdudion 

Glau trans~tion is manifested in calorimetric studies as an abrupt step-like fall in the specific heat as- 
sociated with the arrest of the configurational degrees of freedom whlch occurs when the rime scale of 
the arrucrural ielaxatlon becomes comparable to the time scale of observation. Hence, the study of specific 
heat is instrumenral in understanding the structural relaxation processes and also in probing the possible 
relation of the calonmctric transition to underlying phase transitions, if any. Earlier studies of the glass 
trannrion employing differential scanning calorimetry (DSC) and adiabatic calorimetry'" have been done 
during the reheating of a quenched glass. The frozen-in enthalpy of the nonequilibnum starting state 
affects the observed specific heat during reheating3 and also complicates the analysis of the data. On the 
other hand, when the specific heat is measured during cooling rhrough the glass transition we can ensure 
a therrnadynamlcally well-defined in~tial state. The specific heat observed in such an experiment would be 
more directly represcmatne of the enthalpy relaxation at the glass transition. The work presented was 
lar&elg motivated by the above idea. The results clearly pomt to a nontrivial dminction between the 
specific heat measuied during cooling and that obtained during the heating of a quenched glass. In this 
*.ark, the behavior of the specific heat at the glass transition has been studied in several organic glass 
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formers as the supercooled liquid freezes into the glassy state starting from an equihbrlum state at a 
temperature well above the glass lransition range. 

2. Experimental technique 

Specific heat was measured employing continuous cooling calorimetry4 whlch is a derivative of thc relaxa- 
tion calorimetryi. This technique was developed during the course of the work The sample is thermally 
linked to a heat reservoir at liquid nitrogen temperature. The specihc heat 1s derived from the cooling 
rate of the sample as it cools through the heat llnk of known heat loss rate. The work presented here 
establishes this technique to be a versatile tool for the quantitative calorimetric study of the glass transman. 

3. Results 

(i) The speafic heat of five organlc glass formers-glycerol, propylene glycol, amyl alcohol, propylene 
carbonate and diethyl phthallate-has been studied in temperature ranges covering the supercooled liquid 
state, the glass transition interval and the glassy state. Specific heat is measured as the supercooled liquid 
cools from a well-annealed quasi-equdibnum state at a temperature T > T, The data in the supercooled 
lquid state and the glassy state are in reasonable agreement with the earlier data obtamed during heating 
in the adiabauc calorimetry and DSC experiments. The glass transition range howevcr shows significant 
differences reflecting the sensitwity of the relaxational part of the specific heat to the experimental kinetics. 

(ii) A phenomenological model of the kinetics of enthalpy relaxation has been developed for the analysis 
of the specific heat data. This model incolporates the non-equilibrium nature of the relaxation time through 
its de~endence on the excess enthalpy of the system. The effect of delaved heat rciease on the observed 
specif;c heat is also considered.  herel levant parameters which d&sc"be-the enthalpy relaxation has been 
obtained in the framework of this model. The analysis suggests an equilibrium confieurational s~ecific heat . -- 
which increases with temperature suggesting a purely kinetic orlgin of the specific heat step at the glass 
transition. Another important observation 1s the departure from the Vogel-Fulcher law as mdlcated by 
the fact that to fit the experimental data, we need to assume in the model, a temperature-dependent 
parameter To in the relation 7 = 70 exp (AI(T-To)). 

(iii) Another aspect studied is the effect of partial crystallisation on the observed speclfic heat at the 
glass transition. These experiments were designed to investigate the effect of partial crystalhsation on the 
structural relaxation of the residual vitreous phase. They have been conducted in two systemsglyceroi 
and propylene carbonate. In the case of glycerol, we find that the width of the glass transition interval 
varies with the degree of partial crystallisat~on. This suggests that the width of the relaxauon spectrum is 
altered which may be associated with the heterogenties In the system due to nucleation of the crystallites. 
Such heterogenities may affect the relaxation process when their scales become comparable to the length 
scales of molecular rearrangements. 

(iv) The dependence of the observed specific heat on the rate of cooling has also been studied. The 
results indicate that slower cooling leads to a lower value of the observed specific heat. Analysis of the 
cooling rate dependence m the framework of the enthalpy relaxation model suggests that the above obser- 
vation cannot be explained solely through the kinetic effects of varying the experimental time scale. The 
observed cooling rate dependence could arise from the dependence of the observed specific heat on the 
configurational state of the system- 

(v) Another study presented in this work 1s the behavior of the specific heat on thermal cycling rhrough 
glass transition. The specific heat observed in the thermal cycling experiments show an anomalous dip 
below the glass-transition temperature. This dip has been observed for all the samples studied. In the 
specific heat it has not been observed in the earlier heating experiments where the initial state before 
cooling is an equilibrium state. The occurrence of the dip is thus exclusive to the thermal cycling experi- 
ments. Detailed experiments on the dependence of this anomaly on thermal history and experimental 
kinetics suggest that this may have its origin in memory effects related to a broad distributzon of relaxation 
times. 



JkS 11% THESES ABSTRACTS 

(i) partla! crystallaatton experiments ment further experimentation. It would be interesting to see whether 
the broadening of the relaxation spectrum is also seen in ac-specific heat measurements on partially crys- 
tallised glasses. The effect of partial crystall~aation on thc relaxation spectn~m may also be investigated in 
orher expr.riments hke drelectnc relaxation and ultrasomc attenuation, It would be interestmg to look into 
the relaxation behavior at the late stages of crystallisation to see if it is related to any size-limited effects. 
For higher crystal fractions the supercooled liquid phase would he confined to small pockets of the crystal- 
line matrix and we may expect size-limited behavior In the relaxatlonal response. 

(ii) The origin of the anomaly in the thermal cycling expeliments is to be understood in the framework 
of a rrgoruus model of the thermal cyclmg process. It would be interesting to see if the anomaly occurs 
in other glass formers (r.,?., inorganic glasses) where glass transition occurs at higher temperatures. 
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Thesis Abstract (Ph.D.) 

Quantum corrections in a disordered electronic system: A low temperature study of 
the perovskite oxide LaNi,-,Co,03 by K. P. Rajeev 
Research supervisor: A. K. Raychaudhuri 
Department: Physics 

The Boltzrnann theory of transport in metals is valid only when the electron wavelength (A) is much less 
than the electron mean free path (I). It is assumcd that the electron follows a classical trajectory m 
berween two collisions. But,when h becomes comparable to I .  as a result of increased daarder, electron 
waves can interfere and this leads to weak or strong localizstion. The advent of scaling theory of localiza- 
tion' marked a watershed in the undersrandmg of this phenomenon. This theory made quantitative prodic- 
tioos for electronic transpat which were tested experimentally in a number of different systems. 

As the electrons tend to localize resulting ~n a decrease In their diffuslv~ty. the screening of the electron- 
electron Coulomb interaction between electrons becomes less effectwe. This leads to quantum corrections 
to the conductivity ot disordered systems which are observable at low temperatures2? m e  interaction 
effects also give corrections to thermodynamic quantities as well as single particle electron density of 
states. The a h v o  effects have been seen in a number of materials, for Instance, heavily doped semiconduc- 
tors are metallic glasses. 

The above discussion puts the present investigation in proper perspective We carried out low tempera- 
ture investigations on a pero5,skite oxide system well inside the merallic regime as well as near the M-I 
transinon. The purpose of this investigat~on is to see the behavior of these types of electronic systems at 
low temperatures and to explore to what extent the present theories are applicable to them. 

Metal-insulator transition in perovskite oxides h a  been studied earlier".'. But only in a few cases have 
the experiments been carried out at low enough temperatures where the quantum corrections can be 
unambiguously seenhs. In particular. to our knowledge, a comprehensive investigation involving 
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conductivity, magnetoconductance and tunnehng conductance have never becn camed out. These oxides 
with a large carrier concentration (10"-10"/cm3) and low dlffusiv~ty (0.014.1 cm'ls) form a rather unique 

of systems where it is expected that the mterac t~~n effects will play a very slgnxficant our 
investigation supporls t h ~ r  view. Investigations on normal conductmg perovsklte oxldes have also a special 
significance m view of the discovery of hlgh-temperature supcrconductwity in thrs class of materials. 

we chose the perovsk~te oxide system LaNil-,CO,O1 for thls study. The compound LaNiOi is a metal 
with properties very similar to the normal state properties of the hlgh T, oxlde YBaiCu,O,. On the other 
hand. LaCoOi is an insulator. The compounds are lsostmcturdl and they make a polycrysrall~ne sohd 
solution for 0 < x < 1. The system 1s metallic for x s O 65 and it shows quantum corrections to various 
quantities starting right from x = 0. Our emphasts was on transport meawrements-electncal conductivity, 
magnetoconductance, and tunneling conductance. The present ~nvestlgation allowed us to reach qute a 

few interesting conclus~ons some of which are presented here. 

2. The metallic oxide LaNiO, 

Even the pure oxide metal LaNiO, has sufficient disorder built Into it, that ~t shows a low-temperature 
maximum in conductivity at - 10K and below this temperature u(T) ;i fl + const. A square root 
singularity, at zero b~as ,  has also been observed in the tunneling conductance at low temperatures. These 
behaviors are attributed to enhanced electron-electron interaction in the system arising from dmorder. 
Surprisingly, one has a thermopower which is negative--indicating electrons as charge car r iewand h e a r  
with temperature, which is the behav~or expected of a good metal. The free electron picture Elves for this 
metal an EF = 0.21 eV which leads to an meif= llm, (assummg one carner per pnmmve cell) where rn, 
is the bare electron mass. It is of interest to note that the effective mass estimated from the linear part 
of specific heat (= lorn,) at low temperatures closely agrees with the one estimated from rhsrmopower. 

3. Electrical conductivity 

The electrical conductivity of LaNi,.,Co,O? has been studied in the temperature range 0.1K < T < 300K 
For all x ,  a t  low temperatures the conductiv~ty (o) rises wtth remperature (T) Below ?K, o follows the 
power law behavior o(T) = o(0) + aT"' with m= 0.3 for samples deep in the metallic regime (.r S 0 4). 
As the M-I transition is approached m begins to Increase and 1s = 1 at the transition' (x = 0.65) and 
thereafter continues to rise much faster. Earlier studies by othersz.' on disordered metals usually found 
that rn = 0.5, and it was attnbuted to enhanced electron-electron mteraction m the presence of disorder. 
The behavior we see can be explained as arising from electron-electron interamon by taking into account 
the diffusion channel contribution (which gives m = 0.5) as well as the Cooper channel contribution. The 
Cooper channel contribution, though predicted, has never been observed in non-superconducting d~sor- 
dered metals. The observation of this term is an important finding of t h ~ s  investigation. We fit rhe conduc- 
tivity in the range 0.1 to 10K to the sum of terms mentioned above and a weak localization term. The 
fit parameters are found to be reasonable. From the weak localization term we conclude that the dommant 
phase-breaking mechanism in these materials is electron-electron scattering. Near the M-I transition, where 
one has stronger localization tendency and interaction, the situation is more difficult. We were unable to 
find any proper explanation for the observations in this regime. We also take note of the fact that for a 
large range of x (0.25 < x < 0.65) the conductivity of the system remains below the Mott minimum 
metallic conductivity. 

The magnetoconductance measurements on the system were done in the magnetic field range 0 < x i 
7T and the temperature range 1.5K < T c 90K. The system is found to have a posxtive magnetoconduc- 
tance for all the fields, temperatures and compositions (0.25 < x < 0.65) studied. In the weakly localized 

TThe M-l transition IS determined by the rule that ~r(T=n)=n at the transnmn Earher studm used the wrons' rule of 
the change of sign of T c ~ - t e ~ ~ e r a t u r ~  coefficient of reststlvity-to determine transmn polnl. 
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metallic regme st E taund that the magnetoconductance increases as the temperature is lowered, and 
below 4K. We eaplam thc posmue magnetoconduc:ance as arising mainly from the destructson 

of local~zatron by the magnetic field. The low-temperature saturation shows that the phase-breakmg 
rate (";I) tends to a lhmiting constant value at low temperatures. Near the M-I transition we also see that 
the magnetorcsstanct I BIT whlch could be a signature of moment formation in the system. 

5. Tunneling canductancc 

The tunnehng conductance measurements were done with various counter electrodes, viz., tungsten, 
n~ohium, silver and lead at temperatures ranging from 0.4 to 4.1K. The main observation is a cusp-like 
(essentially square root) dtp in the tunnel~ng conductance at zero bias It IS found that as x is increased 
the d ~ p  becomes deeper and cvcntuaily on the insulatmg side of a Coulomb gap opens up with the denslty 
of stitiss showmg a parabolic behavior. It IS known that the tunneling conductance reflects the behavior 
of the single panicle densty of states of the sybtem and the theory predicts a behavior similar to that we 
sez in our system. 

To summarize: We ree interaction and weak locaiizatlon effects on the metallic side. For a large range of 
x we have a < a,,, which could mean that we have a continuous transition For the first time, we have 
seen the rfiect of Cooper channel interaction in conductivity. Near the M-I transition the results are too 
complex to be explained with our present-day understanding of disordered electronic systems. 
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Thesis Abstract (Ph.D.) 

Electrical conductivity of the complexes obtained from 1,4-diamino antbraquiuone and 
of the pyrolytie carbon films by M. N. Vijayashree 
Research supervisor: S. V. Subramanyam 
Department: Physics 

1. Introduction 

Anthraquinone dyes have been the most important single class of dyes for a long nme. 1.4-Diaminoanthra- 
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qumone is an anthracene denvatlve with molecular formula C L ~ H I O N ~ O ~ .  This IS a violet crystalline powder 
with a donor NH2 and an acceptor C = O  groups, Introduction of less-reacuve species into the conducting 

which can exh~bit multiple ox~dation states produces a stable, intrinsically conducting complex. 
Conducting coordination oligomers are synthes~sed by oxidismg 1,4-diarninoanthraquinone with different 
metal ions. Different metal complexes obtained are of Fez', Co2+, NI", Cu3', Agi, and Ptd+. Conducting 
complexes obtained are highly stable, insoluble and infusible polycrystalhne powders with a room temper- 
ature conductiv~ty varying from 1x10' to lxIO4 Sicm dependmg on the metal atom present in the system. 

2. Experimental 

Low-temperature conductiv~ty measurements are studied through four-probe (Vanderpauw) method. The 
powders of the conducting complex are pressed into 8-mm diameter pellets at 4kbar pressure, and contacts 
are made with silver paste. A bath-type cryostat made as part of instrumentation section of thx work has 
been used to study conductmg properties in the temperature interval 300-17K. A commercial JANIS 
SUPERVARIEXP hehum cryostat has been used for low-temperature conductiv~ty measurements below 
77K down to 1.4K. 

High-pressure stud~es up to 8GPa have been carried out on the above conducting complexes. A 4mm-tip 
diameter Bridgrnan anvil set-up has been iabr~cated and used for these types o i  measurements. The set-up 
has the fanlity of lockmg the system at desired pressures to study low-temperature conducting properties 
at different pressures. 

3. Discussion 

Low-temperature studies of these complexes reveal that the conductivity mechanism in these complexes is 
of variable range hopping type, where the resist~vity varies as T O "  (InR a T"'). Elecvlcal cnnductivity 
in these complexes a attributed to the overlapping of d-orbitals of the metal atom with p-orbitals of 
aromatic ring. Copper which favors square planar coordmation exhibits relatively hlgh conductivity. The 
amount of copper present m the system also contributes to the conductivity. Complex with 22.2% of 
copper exhibits relatively high conductwity (0.198 Sicm). A donor-acceptor-type conducting complex is 
formed when 1,4-diaminoanthraquinone is oxidised with ceric ammonium nitrate salt. Cerium is completely 
absent in the Zomplex formed. This complex has a conductivity in the range of the coordination complex 
formed with copper, where its percentage is 22.2. This is the first relatively high-conducting complex 
obtained with 1,4-d~ammoanthraquinone without metal. Low-temperature-conducting properties of this 
complex takes deviation from TIN law. The resistivity varies as Ti" .  This type of behavior is attnbuted 
to the Coulomb interaction between electrons of the stacks. 

Another system that has been studied as part of this work is conducting carbon film, obtained through 
pyrolysis of the 3,4,9,10-perylenetetracarboxylic anhydride dye powder'. The film conductivity varies from 
2.25 to 126 Sicm depending on the pyrolysis temperature. The film formed at 700-SOOT has a room 
temperature conductivity of 2.25 Slcm. Resistiv~ty variation is of the form exp (TO"). The film formed 
at temperature 90&1000aC exhlbits very interesting temperature-independent conducting property. This 
film shows no change In resistinry over a w ~ d e  range of temperature, from 600K down to 1.4K. Magnetic 
fields applied up to 7 Tesla at different temperatures do not have any effect on the resistivity of the film. 
The high conductivity of this intrinsically carbon backbone system and its temperature-independent conduc- 
tivity makes this system very interesting. 

As all the monomer units are convened into polymer, the conjugation length becomes very large and 
hence the conductivity is very high. Thus, the gross feature seems to indicate a delocalised charge trans- 
Port, and the scattenng mechanisms do not seem to be affected by temperature. 
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Investigations of superconducting thallium and bismuth cuprales and related oxide 
materials by R. Vijayaraghavan 
Research supervisor: C.N.R. Rao 
Department: Solid Statc and Structural Chctnistry Unit 

1. Introduction 

A numhcr of smple and complex metal oxidcr erhlb~t intcrest~ng i-lectron~c and magnctlc properties he- 
sdcr novel itrncturi feiitores". A few ox~Ics  of the tlansitivn mcial mns show cuperconductiv~ty at very 
low temperatues3. After the dlscovcry of high Tc superconductiv~ry ~n the La-Ba-Cu-0 system in latc 
1986: several tamilles of oxldes exhibiting superconduct:vlty near liquid nltrogen temperature have been 
synrhearxd and charartenzed' The structural fra1ult.h associated with these uxlder are ratlrer tradlt~onal 
in ioi&state chemistry and have been extensively studled".'. We have carricd nut deta~led investigations 
of the thalhurn and b~smuth cupmtes with a view to obtain certain structure-property correlations. A 
vdriery of techniques such as powder x-ra) diffraction, high-resolution XRD. neutron diffract~on, clection 
rnicroxapy. x-ray ahso~ptlon Epeclruacopy, electrical resistivity, magnetic auacrptibliity, thennopower mea- 
wremcnb and non-rcsonant microwave absorption have becn uscd for the chnractcr~zation of the materials. 

2. Experimental 

The superconductln~ cuprates arc generally prepared by the usual ceramic method. But due to the toxmty 
and volatlhty of thelliur i i n ~ k ,  thc usual ceramx method was modified and the synthesis of the thallium 
cuprates was carried out in  clo'ed reaction systems. Thc mixture of the componcnt oxldes made in the 
form of pellets is sealed in a cilver or quartz tube (pellet wrappcd in Pt or Au foil) and then hcdted at 
appropime condltmm 

Powder x-ray diffractions werc recorded with a JEOL JDX-EP diffractometer and the hlgh-resolutmn 
x-ray diffraction data were collected with a STOF, automatic ddfractameter. Neutron diffraction patterns 
were recorded at the 10 MW reactor at Tromhay, Indm Electron microscopy studie, \*ere c;irried out 
using a JEOL JEM CX electron microscope in the top entry canfiguration. Electrical rcsistiwty measure- 
ments were carried out by Four-probe method wlth srlver paste contacts. DC magnetic susceptibdlty studies 
were carried out with a Lewis coil rnagneromztcr (model 305) in tllr temperature range 20-300K. Ther- 
morlectnc power waa measured using u differenrzal technique with a home-burlt apparatus X-ray absorp- 
tlon spcctrv were recorded with a Rigaku spectrometer wlth a I? kW rotating anode x-ray generator 
X-ray Photoelectron studies (XPS) we16 carried out on ESCA 111 Mark 2 apcctmmeter of VG Saentific. 
Non-resonanr microwave absorption was carned on uaing a Vanan E-109 X-band EFR apcctrometer 
operating a t  n frequency of %I1 GHz. 

The hole ioncenrration, ,?A, in the thallium cuprares was emmared by a chem~cal titralmn method based 
on the finding that Br n selecrlvely olldrzed by holes in the Cu02 sheets and not by thallum (Ill). 

3. Results and discussion 

A varieq of thallium cupiatcr of the general formula TICaA2Cu207 (A=Sr,Ba) have been extensively 
srudicd uith a view to obtain certain structure-property correlatmn The 5ysIems discused ~ncludc thalhum- 
deficient cuprnres of the l o n i l a e  Tl.,+hC~Ba2C~i:0, and Tl.hY,.,Ca,BalCu,O,, lcad-doped cupratcs of 
the fomi~la  TI,.,Pb,CaSrrCu20,. rare-earth (La)-subsrltuted cuprates of the formula TlLn,-,CaxSr2Cu20, 
and the n,_,Pb,Y,.,Cd,Sr,Cul0, system. Lastly, thall~urn cupraus containing fluonte-type layers of the 
fonnuia '~lu.Phoi(Ln,.,Ce,)pSr~C~~O~ havc also been exammed. A atudy of the Tl,~hCaRalCu207 and 
Tll.hY,.,CA,Ba2CU,0, systems has shown that superconductmg TI,.CaBa,Cu20, can be prepared without 
the impurity of the corresponding double TI-0 layered cuprate only when some thalhum-deficiency is 
incorporatedo. i'unhemore. thallium-deiiciency seems to act as ;i source of holes A rcliitlon between thc 
transition temperature, T,. and the hole conccntratlon, nh. rlnuiar 10 thc one fourid far other cuplater has 
k e n  shown to exist in the superconducting thall~um cupratci 
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~n the TI-Ca-Sr-Cu-0 system, elther subst~tution of TI by Pb or of Ca by a rare earth (Ln) a essentiai 
for the stabilization of the 1122 phase. The T, attains a maximum at an optimal composition. 

Since it 1s not straightforward to determine n,, in the thalllum cuprates, we have investigated the TI,+,, 
pbVY,.,Ca,Sr~Cu2O, system' whlch 1s sultably desxgned for the study of the dependence of superconductiv- 
i tyon a,,. In the above system, since TI is in the 3+ state and Pb in the 4+ state, substitution of T13+ 
by pb4+ introduces electrons while the substitution of Y?- by Ca" introduces holes. The study has shown 
that the T, depends sensit~vely on both .r and y, showing a maxmum at specific value of x ,  depending 
on the value of y. More interestingly, T, shows a maximum at an optma1 hole concentration as measured 
by the (x-y) value. This value at the highest T, being in the range 0.20-0.25 A study of the 
Tir, jPbo 5(Lnl+,Ce,)2Sr2Cu20, has shown that a fluorlte unlt can be intergrown with perovskite and rock-salt 
type layers In thallium cuprates. In all these thallium cuprates the maximum ~n T, occurs at a certam 
in-plane Cu-0 distance ( rc" .~ ) .  

Investigations of the bismuth cuprates have revealed that the n = 2 member is the most stable phase 
among the blsmuth cuprates represented by the general formula Bl2(Ca, Sr).+,Cu,02,,+, and substitulion 
of BI by Pb in these cuprates has enabled us to obtain the n = 4 member for the first timei0. The T, 
values of the n = 2,3 and 4 members are - 85, - 105 and - IlOK, respectively. The T, increases with 
the number of Cu02 sheets up to n = 3. The study on the Bi,Ca,.,Yb,Sr2Cu20d+b has shown that super- 
conductivity is observed only m the range o<xSO 50 and the T< value reaches a maximum around x = 
0.25. At this cqmposition, the hole concentration, nh is also maximum with a value of - 0.20 

Lastly, the study of La4.,Ba,+,CusOLs+s and LaiLnBaCujO13+, has shown that changes in the oxygen 
stoichiometry or the La:Ba ratio brmg about metal insulator transition in these systems 
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Thesis Abstract (Ph.D.) 

Theoretical and experimental investigations of nuclear Overhauser effect in nuclear 
magnetic resonance by V. V. Krishnan 
Research supervisor: Anil Kumar 
Department: Physics 



1. Intrwluction 

0,,( i/ir r~inill-hlihle / ~ i i i u i e t  ti/ m i g n m  itwmo,ice Ir i h u  very ( h i e  m,inrriion between theory und 

erpr-rmic,ir ,ha! kuws ll!iL, ,omi  JOT (i dim,? !/>a! could ~ U I  be resicd by a su i i~b lc  expcnment or for an 
r. . , l ,er~~t~~t~t dim dw.i iio! adirzr! of ir well dq'med iheoreniol irzte,pr~eiiiiron". What Abragnm sard rhrcc 
ducader ago ~n hl, monograph Pn,inplo of nnircknr mogncnwnJ continues to he true In the field of nuclear 
m:lgnerlc resonance rpectnncopy (NMR) evcn tixlay. Developmcntr in the thcorctmi toola and expermzn- 
r;il techlllrlucr in the part fjfteen ycan haw made NhlR spectroscopy an ~ndispensablc part of modern 
pi~ys~cr'. lrnprovcmenta in rncthodolagy, instrurnenrarmn and data analysla, developed mer these ycars, 
hmc rnadc this branch of spzctroscopy s unique specrroscopy to understand the strucrure and dynam~cs 
of molecules an the liquld stare'. 

The structur:il miarmat~on in NMK 1s obtalncd by Nuclear Overhauser effect, a crocs~relaratron process 
i ' r i r  dtpule-dlpole mreraction amung the nuclear cpini This work mvestigates thc details of the nuclear 
Overhnuser effect (NOE) In homonuclear (portonr) p i n  system\. An investigation of thc m a p  assump- 
tions irr carrelatmg the NOE to internuclear distances. and the experimental urihty ot the NOT ~n molecu- 
lar conformatmn of polgpeptldes has been carrted out 

A general dcrcnption to onc-and two-d~mensional NMR rpcctroscopy 1s presented as an ~ntroduction. 
Uquat~on of motion of the dcnslty operator za dlrcussed ~n deta~l w t h  a special emphoss on the evolution 
of spins under mcoherent process causing relanatlon of the nuclear s p m  by expliclt Redfield formahsm. 
The inrrodurtmrl ;also di\curies the u\e ioi oar?- and two-d~mensmnal NMR spectroscopy In structural con- 
iormation of polypcpt~des 

Since most of the discusrmn m thia work is confined to the study of NOE. a descrpion of cross- 
relaxation proces and NOE In coupled apns la also prrarnted in detall includ~ng two and muIrispin NOE 
cslculations, flpangle effects on a "on-equihbrium state and thc effect of leakagc and motronai processes 
m NOE spectra. A compaiative study of the different methods of calcularmg the NOE rs also presented. 

3. A diffusion equation approach to spin diffusion in biomolecules 

NOE hetwcen \pins crucially depends on the motional process causing relaxation and lnternuclear dlstance 
bctween thc \pma4-'. Thc motional proccss 2s governed by a parameter w,. the product of Larmoul 
trequency of the nucleus (w) and the correlation time (7,) of the random motion. The homonuclear NOE 
among the protons is positive for molecules whzch reorients at a rate faster compared to the Larmuur 
frequency and ncgarive for those which reorlent at a dower rate For I a l g  molecules m c h  ;is hiomolrrules 
like polypeptides and oligonucleotides. the latter situation often prevails and that rcglme of motton is 
cummoniy known as 'biomolecular Ilmit'. Since in t h ~ s  hmit the magncozation of a sp~o can mlgrate to 
long distance within the molecule hy a hopping rnechanlsm (through fl~p-tlop process, B term of the 
dlpalar intcraclion), resembling a diffusion process, it 1s alio known as 'rpin dlffusmn linut'. Hou~~Yc~ ,  the 
process of spin diffusion was not dzscnbed by a diffuiion equation. 

In thia work. ~t la shown that a diffwion equation can indeed Ire formrd from the first pnnc~ples ior a 
linear chain of equidistant spins to dsicribc the magnetlzatlon tiansfcr process m the rpin diffusion l i m ~ ~ ?  
The diffusion equdtlon !s solved for tuo  d~ffeient kmds of NOE erpenments that differ In the nature of 
perturhacion, namely, truncated-dnven and trsnrient NOE erperiments6~' 

3. Approximations revisited 

The cross piak volurncs tn a NOESY eipcnment 15 often related to inverse srxth powcr of the distance 
between the spins However, such dlrcct relatlonsh~p IS the outcome of some ol the approxrmations 
in [he theory of cross-relaxation. The major approh~mations may be classified mto threc groups within the 
regime of reiaxatton of riuclear y n s  In the lxquid state. where the rotatmnsl Browman motion mduces 
the random time dependence on the rpin \,ambles, Those are (i) two-spin or inma1 slope approximation, 
(:i) the assumption that the rotational Brownian motion of the moleculc is isotropic rotational diffuaiun, 
free oi  any mternal motion and hence represented by a single correiatmn time, and (iil) neglecting the 
aiultispin effects leading to cross-correlation among the dipole-d~pole vectors. 
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The ~solated spln palr approxlmatlon can be ilftcd by a lull wlauatiiin matrix analys~r, whde the aitua- 
t,ons, when the second and t h r d  approximations, are not entirely vahd has been studied ~n detail 

The rccond approxlmatlon. cross-relaxntlon between the spins uf a molecule. ~n the prcscncc of an ad& 
tlonai mtcrnal motmn IS invctigsied In detail A model has been developed m which the overnil inutlun 
,s an~sotroplc rcorienratlon and the in te rn~~l  m m o n  modulalcr Ihr ~nlernuclsar dlstancc. Analytical spectral 
dens~ty funct~ons for dipolc-dipole relaxation are obtained when the internal motlon i& a bistshle jump" 
Thew rrsults show that lhc NOE 1s directly pnqxmmxil  to the average of the inverse sixth power of the 
dtstanccs (<Fh>) only when the ovcrall rnotmrl is isotropic and faster compared to the internal mation 
Thesc modcl-based N O E  calcuiatlons have becn urlllzcd to eaplaln the airnultancous observation of positive 
and ncgative NOE in the steady-stale NOE experiments m a tryptophan-cont;dnlng polypept~de. 

3.2 Dipolar cross-correlntron eljecrs in the N o t .  spectru 

The work then addrcs5es the third approxirnatm listed ahovc, namely, the neglcct of dlpoleiltpolc cross- 
correlrliun effects in thc cross-relaxat~on procers. A systematic rludy for a system of thiec scalar coupled 
spins (weakly o r  btrongly coupled) has been undertaken'. It IS tound that m thc wcakly coupled spm 
systems, the crou-cnrrckttion diectb are limited to single quantum transition prohahilltm and when all X 
spin lranrlt~ons a te  perturbed equally. It 1s found that for a resolved spectrum, the crosa-correlation eltcctr 
are significant m the translent NOE experments of weakly as wcll as strongly couplcd spin systems 
Cmsq-corrclatmn m;mifests ltaelf as it rnulllplet effect tn the transient NOE or weakly coupled .;p~ns and 
dliappears either for a rncasuirng pulrc of 90" or when the multiplets arc not resolved. Thcre effects arc 
howver  analytically Lero for stendy-btate NOE experiments of three weakly coupled spins in whlch all 
the transltmns of one of the spins are contmuously ~arura fed  all the limr 

4. Molecular conformation of Leu-Zervamicin 

The NOE cxpenrnents ~n combination wlth other one- and two drmensional NMR experiments have been 
utilized for the detcrmmation of Ihe secondary structure oi a 16-resdue, natural polypcptidp Lm-Zecvarni- 
tin"' Tlworetical and experimental results an the f lpang le  dcpend~nce  of hcteronuclear COSY expenmcnt 
in a strongly coupled ABX spm aystem where A and B are the protons and X 1s carbon-13" are illsii 
dircusscd 

Molecular conformatmn of icucine zervumlcm m iolurmn usmg one- and rwa- 
dmcnr~onal  NMR specrroscoyy, prescstpd at rhe Indo-USSR Symp. on 
Mapnerir Resonance and in ihe book entttled Mognenc ierononcc--Current 
irrnh (Khetrapal, C.L. and Govd G., cdr) 1991, Narosa-Spnngcr. 

I Mngn Reson , 1988, 79, 328-335. 
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Thew Abstract (Ph.D.) 

Magic-angle-spinning NMR spectroscopic investigations of gels and glasses of silicates, 
phosphates, borates and related systems by S .  Prabakar 
Kesearch supervisors: K J. Kao and C. N. R. Kao 
Department: Solid State and Structural Chemistry Unit 

1. Introduction 

Magic-angle-sp~nning NMR has proved to be a powertul tool for the study of tnurganlc aolldr. The lmpact 
m,dc by this tcchnquc on thc studies o l  s~licnles, espec~ally zeolites, is illustrative of thc powcr of tlrc 
technique'.'. The advantage of this technque l ~ c s  in the fact thar even the coordination of atoms having 
similai acaitcring powers like Si and Ai which cannol be studied by scattering expcrimenti can be studicd 
easily. Also. this technique is very useiul when single cryuals of adequate slze mil perfectmn are not 
avadable The most uarful parameter derrved from NMR experiments ia the chemtcd ihlft. It can he 
related to the coordination number providcd the chemical nature of the species 15 known It i i  otten 
possible to obtiiin mformatmn about the nearest and next nearesl ne~ghbours. band lengthh, bond angles. 
stvtc of hgbridizat~on, etc. In thlr work, results of rhe investigations of the local structucs of sevcral scrles 
of vliciae. pho~phste and borate gels and glasses obtalned by employing MASXAI, "SL, "P and "R NMR 
spectroscopy are prcsentcd. The prcient mvestigalions have yielded results which Are very uaeful in undel- 
stsndmg the structure of amorphous matc ids .  

The glaiaes rcponed hcrc werc prepared by meltkng appropriate amounts of thc reipective oxides or 
rerpectne carbonate\ and oxide, The gels were prepared by hydroly5is and polycondensat~on of respectwe 
alkuxldrs or nitratsi and alkoxldes' 

The NMR spectra were recorded with a Bruker MS1.-3(Kl sohd-state high-resolut~on spectrometer operat- 
ing at 59.621 MHz (for %). 78.206 MHL (for "AI), 121.191 MHz (for "P) and 96.293 (lor "B). The 
m.lgnetic field cmploycd is 7.05T A c y l i n d r d  rotor with a rpmning speed of 3 kHz was used I" MAS 
expenmmta. Chemical shfrr were reported with respect to tetramethyl silrne (for '"Si). AI(H20)a ( for  
"Al). 85% H;PO, (for "P) and BR.Et.0 (for "B). Appropriate time delays between p l r c r  were applied 
to prevent saturation of indwidual resonances. 

3. Result5 and discussion 

The gtl-glassclysral transformarion of several senus of gels has been studied as a function of tcrnperature 
and composcion. Changes in the NMR spectra thar occur as the gels are progresacvelv heated have been 
examined to  understand the nature o i  the structural changes occurmy dunng thr ciyrlalliration process. 
In pure SiO? gel, Si present as Q;, @ and Qi ( Q  represents kllcon retrahedrally bonded to oxygcns and 
the subscript refer; ta  the number of bridging axyyens connected to ~ t )  change over to Q, on hemng 
Finally, the gel-glas. crystallizes to  cnstobalite. in the alurnrnos,lmtc gels, the hqdroxyl groups rend to 
be located on the Al sites as the percentage o i  A! increarca. Mullite is the major phaac formed at hlgh 
temperanmi.  S~bcun is prescnt in 0, units in the aluminosilimte $asses; all the Q, typcc evcept a,, arc 
present in alkali alum~nosilicate glasses. "Al NMR is vcly sensmve to  the changes m coordinaiion even 
when the concrnrmtm of alummiurn is very low Purr A120, gel consists o i  octahedral Al ~n xerogel, 
both tetrahedral and ocrahsdral Al at the mtermediatc reinperaturea and only octahedral Al at hlgher 
temperatures. In the alumlnosllicate glasses, A1 is present I" four, five and six cuord>nation whelcas in 
lhr alkali alummuril~catc glasser as well as In Bi and Ph alumlnosilicate glaaaes, only tetrahedral Al is 
present, rhz additmnal oxygen bcing provided by alkali oxidc. PbO or Bi2OSu. 

In the sil~cuphospllate gels, Si Is present in both Q4 and Q, apeaea. There is a change in the coordrnatian 
of Si from four to six ushen the gel crptal l i~es at higher temperatures. Phosphu>ous which is prescnt as 
orthophvsphor~c acid unrts in the xerogels change over to rnrraphosphate-like units as the gel 1s heared to 
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higher temperatures In the aluminosil~cophosphate gels. Sl IS present ~n Q, and Q, speclrs \i,h~le P 1s 
present as metaphuaphatc unlts; A1 is In tetrahedral network poinionr. SIX-coord~nated slllcon IS present 
In lead phosphosllicdte glasses conrainlng large proportions of P?O< Six-coordinarcd silicon atoms are 
surrounded only by [POOW] groups5. 

"P NMR spectra of several inorganic phosphates have been ckamined both in the cryatallme and glassy 
states. The "P resonances Of ortho, pyro and mera phosphates appear in distinct regions when plotted as 
a functwn of (Zcfi/r).q (where Zefi 1s the effective nuclear charge and r ,  the radius of the cation and y, 
the partial charge on P )  Based on the dragram, inorgamc pholphate giasses are shown to consist essenrially 
of metaphosphate unlts"NlM resonances of thc glasses arc generally broader than those of crysralline 
phosphates. 

In the aluminophosphate gels, A1 1s octahedrally coordinated in the xerogel and panlally converted into 
tetrahedrally coordinated Al on heatrng. Phosphorom 1s present as mstaphosphate7. The structure of 
AIPO, 1s shown to consist of [A101,2]- and [PO,]'. 

The sensitlvlty of this technque to even the mmor changes ~n the local structure was demonstrated by 
exumming glaasy and c~s ta l l lne  NhNb(POJ3 by means of "P NMR! 

To explain the processes occurring dunng rhe crystall~zatlon of gels as well as the local structural prefer- 
ences of Al, Si and P, use has been made of the acid-base concerns and the electroneeativitv eaualmrian . .  
pnnc~ple. More importantly. tt has been posslble to rational~ze all the known ail~con chemical shlfrs in 
gels, glasses and crystals of sllicate systems by maklng use of graph-theoretical approach to describe the 
structural units along w~th  group elcctronegativ~tles and ionic potentla1 of the modlcier catlon. A u n w e d  
functbon for "Si chemlcal shifts ~n silicates has been presented? The relation (ppm) = 28.4 (1-exp (-P)) 
- 110.5, besides having predmve value, satlsfactorlly accounts for all the available chemical shlft data on 
sdlcates and shows the right kind of Iimltmg behaviour, w~th approaching Q,, value at large P 

"B MAS NMR spectioscoprc investigations of boric oxide and alkali borate glasses have been carried 
out. The chemical shlft of trigonal boron shows an anomalous behawour around 10 mol% alkah in all rhe 
M20.B201 (M = LI, Na and K) glasses studled. The vanation in the chemical shift of the tngonal boron 
with cornposhon was explained by re-examining the structure of BiO, giass A new structural model for 
B,O, glass has been proposed according to which two thirds of the boron atoms are present in the boroxol 
unlts, while the rest are in loose BO3,? unns"'. The model emphasues the need for the use of topochern~cal 
concepts In understanding the formarlon of tetraburate and dlborate units in the glasses. Furthermore, the 
model is shown to be consistent wth  key observations reported in l~terature. 

The phase transitions associated with the formation of a-AllO, and P-AI20, from y-Al103 have been 
atudied by the combined use of "AI NMR and X-ray diffract~on. Analysis of the kinetic data using the 
Avrami-Eurofeev equation pants to the mportmt role of nucleation in both these trdnsitluns". 
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Thesis Abstract (Ph.D.) 

Theoretical studies of novel electronic effects in radicals and radical ions by K. Pius 
Research supervisor: J. Chandrasekhar 
Department: Organic Chemistry 

1. Introduction 

This work involves a systematic investigat~on of radicals and radical ions using quantum mechanical 
methods. Not m~rch is known about radical ions as compared to the much more comprehensive store of 
data available on other reactive intermediates. The present study attempts to unravel certain unusual 
structural preferences an radical ions as also some novel electronic effects which operate in radicals and 
radical iom. 

Various exper~mentai methods are widely used far the generation and detection of radicals and radical 
ions. The computational approach represents an attractive alternative to obtain detailed information about 
the structure and energetia of these species. The computational methodologies employed in the present 
invest~gation are ab inifio and semi-emp~rical molecular orbital theories. 

2. Results and dismssion 

The structure and energetics of a novel class o f  radical ions called dlstonlc ions have been examlncd in 

detal. Distonic rons are hydrogen-shifted isomers of clasical radical ions, with their formal charge and 
radical centres located on rwo diffirent atoms. The preference for rad~cal ion, to adopt these types of 
structures merits considerable attention tf one recalls that the corresponding neutral molecuiei arc not 
even minlma on the potentral energy surface in most cases. The stabilities of diston~c ions rciativc to 
classical isomeric forms have been modelled by means of idealized reac tms  involv~ng separation of charge 
and rad~cal of smaller fragments. Ab rnirio eneqles at high levels of theory for these reactmna indicate 
the existence of several distanic ions more stablitzed than prev~ously known orgilnlc d ~ ~ t o n i c  ions'. Thcs 
approach has led to the hypothesi\ that the tendency to adopt d~stonic structures should increase with the 
d ik rencc  in electronegatlvmes of the charge and radlcal-bearing atoms of the d~stoncc iwmer For exam- 
ple, silanol radical cation has been shown to iavour the dibtonic strucrure (eStH20Hii) over the classical 
strunure (SiH,OHAoj to a greater extent than methanol radical cation. Calcuklt~ona carried out at ab inino 
and semt-empirsal levela have revealed that the preference for dlston~c structure is, in general. more 
among iilicon-baed radical cattons than then carbon-based analogues' 

Rad~cal anions too have been shown to prefer distonic-type structures'. Thc tendency to assume distomc 
structurer on nddnion or removal o f  an electron har been proved to be quite general. Various phosphorus 
and boron-based radical ions have been shown to favour hydrogen-rearranged structurea. Experimentally 
accessbiz systems uahich are likely to adopt distonic structures have been studied. The mvestigations that 
have been carried out on radical ions have led to the interesting suggestron that some molecules wouid 
undergo hydrogen migration both on removal and additron of an electron. 

The magnitude of the captodative effect in radicai lona has been estimated using semi-empirical and 
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ub inrno molecular orb~tal methods'. Calculations indicate that the effect is much more pronounced In 
~adical catlons and rad~cal anions than In neutral radlcals. The enhanced captodatlve stablllzat~on In riidlcal 
ions can be rational~zed on the basis of qualitat~ve molecular orbital theory. The results have lmplicarlons 
for preferred mass spectral fragmentation pathways. 

The compet~tion between two Important non-addttivity effects operating UI some dtsubstituted radicals, 
namely, the anomenc effect and the one due to extended delocalmtion has been examined and its struc- 
tural and energetic consequences discussed. D~fferent conformations of such radicals whtch cnloy atabilma- 
tmn due to varying extents of these non-additivity effects have been exammed. Many symmerr~cally d w b -  
stituted radicals, including d~hydroxy and dlaminomethyi radicals, have been shown to adopt non-planar 
aqmmetnc structures which are seldom proposed for them The results have wide implications ~n determm- 
inp the course of stcreo-specific radical reactions In carbohydrate substrates. The study exposes the fallacy 
of using these d~subst~tuted rad~cals as reference species for estimating other non-additivity effects. 

An MNDO study of organomctallic complexes of the type LI(R),, wlth R=CIHI, C2H, or C6H0 for n=I 
or 2 has been carried out Several structures proposed for these complexes have been exammed and 
charactcr~zed by carrylng out frequency cillculations The calculated results have been interpreted by we- 
wing the species as complexes between Lli and ligand radical anions. The preferred structures have been 
rat~onalized on the basls of Huckel and Moblus topologres of the l~gand Pi" orbltala 

Curr Sn . 1987. 56. 857-8611 

In, I Muss Spctmmerry Ion Procer~er, 19HY, 87, R15-R18 

I Chrm SOC, Perkin T r n ~  11, 1988. 1291-1295 
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Investigations of catalysts and oxide superconductors by EXAFS and other techniques 
by G .  U. Kulkarni 
Research supervisor: C. N. R. Rao 
Department: Solid State and Structural Chemistry Unit 

1. Introduction 

There is increasing interest in the surface sclence community today to understand the structural, electronic 
and chemical properties of dispersed metal systems which are of importance in many technological proces- 
ses, especially catalysis. Extended X-ray absorption fine structure (EXAFS) is ideally suited for the study 
of supported metal catalysts which cannot be usefully examined by conventional structural techniques'. In 
th~s  work, results of EXAFS and Mossbauer spectroscop~c investigations of a few important catalyst systems 
are reported. The catalysts studied are: monometalllc iron, nlckel and copper catalysts supported on Sic2 
and y-A120,, bimetallic Fe-NdSiO*, Fe-CuISiO,, Cu-Ni/Si02 and Cu-Nily-A1203 catalysts, T-Moly-AliOi 
(T = Fe,Co,Ni and Cu) and MoITIO, hydrodesulphurization (HDS) catalysts. The present lnvestlgations 
have yielded some results of relevance to catalysis. In view of the importance of understanding the elec- 
tronic structure of high T, superconductors2, we have carned out detailed investigations on the nature of 
the metal ions in these systems employing X-ray absorption near edge structure (XANES). 

2. Experimental 

Monometallic catalyst samples (metal loadings up to 20 wt%), bimetallic catalysts (different proportions 
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of the component metals wth a total metal loading of 20 wtO/o)' and HDS catalysts%ere prepared by 
the procedure descrhed in literature X-ray absorpi~on spectra were recorded at room temperature using 
a Rlgaku spectrometer (Johanson geometry) attached to a 12 kW rotating anode x-ray generator (Ru 
-2WB. Rgaku, Japan). ' ' ~ e  Mosshauer spectra were recorded with a home-bull consrant acceleration 
spectrometer using a 25 ~ C I  "Co source in Pd matrix (Amersham Corporation, UK). All the measure- 
ments were carried out in in-siru cond~tions employing an indigenously designed quartz cell 

3. Analysia of data 

The EXAFS data were analysed in the smgle scattering approximation where the EXAFS functlon is 
related to the structural parameters by 

where 

and 4, R, and r, are the number of nearest neighbours of the jth shell, the interatomic distance and the 
Dcbye-Waller retm, respectively. F,(k) and +,(k) are the amplitude and phase funct~ons, respectwely. 
Normalized EXAFS data were extracted from the raw absorpnon spectra after background subtraction 
using: cubic spline fit. The normallzed data were Fourier transformed to r-space and the region of interest 
(14 A) was windowed and backtransformed for further curve-fitting ana,lysis. 

In the case of a multiphasic system the EXAFS function ~ ( k )  is defined as 

where x, n the fract~on of the ith phase and C,,,, The fraction of the jth coordination in the trh phase. 
Comparing eqns 1 and 3, we find that N, and x, are complementary; consequently, we have employed 
fixed N, values (as obtained from model compounds). The unknown scatteren were determined using 
residual spectrum method. obtained as the difference between the calculated and experimental EXAFS 
data. In addition to the above-mentioned analysis, we have employed the logarithmic ratio of the amplitude 
pan of the EXAFS function of the model system and the experimental system for determining the types 
of hack scatterem. 

4. Results and dimwhn 

Our work on mono- and bimetallic catalysts has shown that the reducrbility of the transition metal ions 
to the metallic state on treatment with hydrogen is only partral in monometallic catalysts such as FeiSi02 
or NilSi02: in the bimetallic catalysts such aa Fc-NiiSiOi, however, the reducibility of Fe as well as Ni is 
far greater than that in the corresponding monometall~c catalysts. The reducibihty and catalytic activity of 
the Fe-NiiSiOl, F~-CU/SIO~ and Cu-NiISiO: or A1203 catalysts have been relatsd to the tendency to form 
alloys on the basis of a detailed study of the11 structure and magnetic properties, involving both in-siru 
EXAFS and Mossbauer measurements. The reduced bimetallic catalysts show ewdence for the formation 
of FCC or BCC alloy phases which are superparamagnetlc or ierromagnetlc depending on the composition 
and also the pretreatment conditions. The most active catalyst (Fe:Ni = 25:75) is found to contain super- 
paramagnetic FeNi particles mostly m FCC structure. 

Alumina-supported molybdenum sulphide catalysts show a few orders of enhancement in HDS activity 
when promoters such as nickel and cobalt are added. The promotion effect of iron is marginal whereas 
copper acts as a poison. We have investigated the local structure around the promoter transition metal 
atom as well as Mo in T-MoS~/y-Al~O1 (T = Fe, Co, NI and Cu) catalysts by employing in-siru EXAFS. 
Shon T-S distances are observed in the actme [Ni(Co)-MoS] phases (0.2% less as compared to that in 
bulk sulphides) while Fe and Cu have been found to have Fe(Cu)-S distances just as in the bulk sulphides. 
Effects of pretreatment and compostion on the formation of the active phase are dealt with in detail. In 
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addmon. we have ~nvest~gated the MolTtO, catalyst whlch has been reported recently to be HDS-actlvc. 
Short Mo-S dlatance have been found In thc sulphided MolT10, cataiyat due to th~omolybdate apecnca, 
this species i i  absent m Moly-AI20; catalysts. 

We have studled the chargc States of the different metal Ions In scveral cupratea by e m p l o y q  XANES 
spectroacopy. The study includes Cu. K. TI-L;. Pb-L; and Bi-L, XANES of the varmus cuprates. The 
Cu K-XANES of Y B ~ ~ C U ; O ~ - \  compound has shown that the proportion ot Cu'+ species mereaics wlrh 
s. The TI-LI and BI-L3 XANES measurements on various thaliium and hsmuih cuprates have shown that 
TI'+ and ~ i ' +  are the preponderant species In these compounds Lead IS shown to be in the 2+ atatc In 
lead cuprates while in the I+ 5tate lt exists as a substitute for TP+ in thalllurn cuprates. In addition, the 
oxidation states of BI and Pb In Ba('d1,Pb)0, have been exam~ned by a combined use of XANES and 
core-level X-ray photoelectron spectra. 
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Thesis Abstract (Ph.D.) 

Combustion synthesis and properties of fine particle spinel, perovskite and K2NiF4 
type oxides by S. Sundar Manoharan 
Research supervisor: K.C. Patil 
Department: Inorganic and Physical Chemistry 

1. Introduction 

Oxides form a major class of compounds in the field of ceramics. Dependmg upon the crystal structure, 
oxides are classified as spmels, perovskltes and K,NiF, type. Some technologically important axide mate- 
rials and thew uses are: refractories (MgCr20*, LaCrO,), catalysts (CuCr,O,, LaCoO,, LaZNiO,), sensors 
(ZnCr:O,), pigments(CoCr20r), electrode materials (LaMnO,), heating elements for high-lemperature fur- 
naces (LaCrO,) and high T, superconductors (La, xSc,.2Cu04). 

Preparation of these axide materials by the conventional ceramic method incurs costly penalt~es on 
energy and time since they require hlgh-temperature furnaces and longer processmg tune Alternatively. 
several wet chemlcal methods' have emerged whlcb d u d e  precursor method (involving oxalates, carbo- 
nates, citrates, nitrates and hydrazmc carboxylates), freeze-drying, spray-drying techniques, etc. The em- 
phasis in all these techniques 1s to obtain oxides in a reactive form. 

Self-propagating high-temperature synthes~s (SHS)' involving metal powden and non-mefals has been 
employed far the preparation of exotic. high-temperature cervmlcs such as meral carbides, borides, s~iicides 
which find application as refractories, abraswes, heating elements and in powder metallurgy. It is interest- 
mg to note that the exothermicity of these sohd-state reactions arises from the redox reactions between 
metals and nun-metals which act as fuels and oxidizers, respectively. Extending thn idea it has now been 
possible to prepare oxides of different structural types using redox mixtures containing metal nltrates 
(oxidizers) and hydrazine derivatives such as carbohydrazide, tetraformal triazine, 4-amino-3.5-dimethyl- 
I,Z,+triazolc and urea (fuels). The oxides prepared by this process include MCriOa, LnMO,, LalM04 and 
La, ,Sn, 2 C ~ 0 4 .  
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2. Experimental 

The mstrumental techniques used in the present mvestigation are: powder X-ray dlfiractlon, IR, UV-visible 
and X-ray photoelectron spectroscopy, denslty, particle sne, surface area, transmission electron microscopy 
(TEM) and scanning elecrron mlcroscopy (SEM). The catalytic property of some oxide materials for N20 
decomposition was studied using an all-glass static reactor. 

3. Results and discussion 

3.1. Combustion synthesis and properties of fine-particle sptnel chromztes, MCrzO, [where M=Mg, Ca, Mn, 
Fe, Co, NL, Cu, and ~ n ) '  

The stoichlometric composition of the redox mixtures was calculated based on the total oxidmng and 
reducing valencies of the ondizer and fuel which serves as numerical coefficients for stoichrametric balance 
so that the equivalence ratio 6 is unlty, r.e., olf = 1 0  and the energy released is at maxmum According 
to the concepts employed in propellant chermstry the elements C. H, Sr, Cu, La or any other metal are 
considered as reducing elements wlth corresponding valenc~es 1 4 ,  1 1 ,  1 2 ,  +2 +3, respectively. The 
element oxygen IS considered as oxidizing element with the valency -2. The valency of nitrogen is consi- 
dered to be zero. Accordingly, the oxidizing and reducing valencies of the compounds used in the combus- 
non mmures can be calculated 

Metal chromrtes, MCr204. were prepared by the combustion of corresponding metal nltrate-tetraformal 
tnazine and metal nitrate-urea mixtures at 350°C in a few minutes. The resulting oxides were fine, fluffy 
and volummous in nature. Formation of slngle-phase products was confirmed by XRD. The surface area 
of chromite powders obtained by TFTA process is higher (15-30 m2/g) compared to the chromites prepared 
by urea process (5-25 m'lg). The observed variation in the particulate properties is attnbuted to the 
combustible nature of the decomposition products of T l T A  and urea and also to the amount of gases 
evolved during combust~on. Sintering studies of C a c a o 4  and MgCr20, reveal the effect of powder proces- 
sing method and narrow particle size distribution on the final microstructure. Uniform grains with an 
average size of 5wm and 10% porosity have been achieved for MgCr204 sintered at lower temperatures 
(< ISWC) in air. 

3.2. Cornbunon synrhesrs and properties of fine-pnuacle perowkite oxtdes, LnCrO.3 (wAere Ln=La, Pr, 
Sm, Nd, Gd. Dy nnd Y), La(Sr)MnO,, LoCoOi and LaNiO: 

Rare-earth chromites, LnCrO:,, where Ln=La, Pr, Nd, Sm, Dy. Tb, Gd and Y were prepared by the 
combustion of metal nitratzxarbohydrazide and metal nitrate-TFTA mixtures at 350°C LnCrOx prepared 
by carbohydrazide process has more surface area (20-55 m'lg) compared to TFTA process (8-19 m21g). 
The nature of fuel appears to alter the particulate property. Sintering of LaCrO: at l500"C resulted in 
fine-grained microstructure, thus demonstrating thar uniform part~cle size provldes a measure of stabilrty 
against exaggerated grain growth. La,.,Sr,MnO, (where x = 0.0, 0.2, 0 3, 0.4 and 0.5) was prepared by 
the combustion of corresponding metal nitrate-TFTA mixture at 500'C In a few minutes. Chemical analyses 
of the combustion product reveals that unlform doping of Sr lons in the A-slte could be achieved by the 
combustion process. Combustion of metal nitrate-TFTA and metal nitrate-zarbohydrazide redox mlxtures 
resulted in amorphous powder which on annealmg at 600400°C for 1 h resulted in crystalline smgle-phase 
product. 

3.3. Comhlrstion rynthesrs and properties of K2N1F,-rype oxides, L$MO, (where M=Co, Ni, and CuJ and 
Lo, *sr"icuo: 

Fine-particle KrNiF4-type oxides have been prepared by the combustion of metal nitrate-tetraformal 
trisazineltriazole mixtures at 3501550°C. Fine-particle nature of these ox~des has been studied usmg density, 
panicle size, surface area, SEM and TEM measurements. The strontium-doped La2Cu0,, La, fiSr,,lCuOI 
shows superconductivity at 34K as reported. The temperature dependence of the resistance in different 
magnerrc fields (0 to 5 tesla) has been measured. The high-temperature side of the transition is lmle 
influenced by the magnetlc field, on the other hand, the low-temperature side depends strongly on the 
magnetic field and the transition is extended towards the lower temDerature. 
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K~nctic studles were carned out for tht' N10 dccomposltion on CuCr,04. LaCrOq, LaMnO, nnd La2N,01. 
nlr kmztic data were analyred using standard rate cxpreasiona conerpond~ng to no ~ n h ~ b ~ t i o n  and strong 
,d~bnion  by the product oxygzo. Thc reactlvlty of thebe tlnc partsles, large surface area powders show 
an older of mdgnitude h~gher tor N,O decomposir~on compared to thc oxides prepared hy the ceramic 
methodionalate precursors The lncrraslng rzacLiv~ly or these oxide.; follows the order LaiN,O, z Labln03 
> CuCr:O, > LaCrO,. 
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Thesis Abstract (Ph.D.) 

Inter and intramolecular electron transfer in porphyrin-acceptor systems by Francis 

D'Souza 
Research supervisor: V. Krishnan 
Department: Inorganic and Physical Chcmlstry 

1. Inkoductiun 

Studlea on photoinduced elcctron rransfer (PET) reactions are of particular mterest owmg to thelr Impor- 
tance in understandmg the basic biological phenomena such as photasynthes~s, vismn and others. Thc rates 
of electron transfer (ET) reaction vary between several minutes and sveral femto seconds and this depends 
on many complex variables that dictate the nature of interaction between the electron donor and the 
electron acceptor'. The work presents a few novel studm on donor-acceptor systcms involving porphylin 
as donor and several acceptors, vu,, iron(ll1) coordination compounds, organic disuihdes and phenolphtha- 
kin (both in lactone and quinane forma). The mtramolecular study mvolves covalently lmked donor- 
acceptor systems involving porphyrin as donor and several acceptors, wz., r~on(Ill)  coordulation com- 
pounds, organic disulfides and phenolphthalem (both in lanone and quinone forms). The intramolecular 
study involves covalently linked donor-acceplar aystems wherein the acceptor 1s appended to the porphyrin 
at different orientations and several distal separations. In addltion to this, PET wlthin a porphynn 
superstructure where the thioetherbound silver(1) ~ o n s  form the acceptor entity has been investigated. 

2. Main results and cundusiuns 

Intermolecular complexation of frw-base porphyrin and 11s ~inc(l1) and magnesium(l1) derivat~ves with 
vanous iron (111) coordination compomds have been studied in acetomtnle and nliceilar media anch as 
SDS, Triton X-100 and CTAB. The iron(lI1) coordmatmn compounds possess diflerent geonletries and 
spin atatcs, vir, octahedral ( 6 ~ , ,  ' T ~ J ,  tetrahedral ('E), square pyram~dal and square planar ('B). The 
quenchmg of the singlet em~ssion of the porphyrins has been shown to proceed predominantly through 
electron transfer mechamsm. Thc bitnolecular quenching coefficient was found to bc in the range of 10"- 
10" M-'s-' Evidence for electron transfer ~n thesc systems has been obtained from steady-state photolysis 
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cxpermmxs Tie cnclted statc reductm potent~al of the porphyrin'P"/P' (where P = porphynns) obtained 
from Stern-Volmer quenching valuca agrees well wlth the theoretically estimated values. The rate data 
revcais the abscncc of Marcus-inverted region' 

Studies on mtramolecularly bound porphynn-phenolphthalein systems have y~elded many important re. 
sults The veriation of the distance and orientat~on of the acceptor unit with respect to porphyrin and a 
change m pH (lactone to semrquinone form of the acceptor) has resulted in slgnlficant changes of the 
electronic absorption and cmision. and magnetic resonance spectra'. The rate of mtramaiecular PET 
dctermmed from !he tlme-resolved iluarcsccnce IS found to decrease with an increase ~n the length of the 
covnlent hnkagc and also vary wlth the narure of substiturmn as orrho > para. 

OH- - 

n =  l12 

:2H,  Zn(ll) 

Interesting results have been obtained in inter and intramolecular complcxdt~on studies of porphyrin and 
5,j-dithiobis-2-n1trobenzoic acid. DTNB. It is shown that free-base porphyrin and its zlnc(l1) denvatlve 
mteiact with DTNB wrth an assooation constant (K,,,) of 30 and 36 M-'dm', respectively. The bimolecular 
rate coefficients obtained from rhe trme-resolved emission studies were found to be in the order of 
10%-'s-'. The energetics of the CT state P+'-DTNB- ' obtained from the electrochemical iedoa studlcs 
and the estimated free-energy change (AGtr) for these systems (ca -50 meV for free-base porphyrm 
derivatives and - -270 meV for its zinc(1I) derivanves) reveal that the PET rezlctions arc possible both 
in the free-ba\e and its zincjll) derivatives Steady-state and time-resolved fluorescence studies exhibited 
electron transfer to be the dominant pathway for fluorescence quenching in these systems4 Thc rate of 
ET reaction obtained from the hfe time measurements (lOC1O's-I) for these covalently linked porphyrin- 
DTNB systems varies as zinc(l1) porphyrm > free-base porphyrin. Evidence for PET has been found from 
steady-state phatolysis experimenta which revealed the formation of thioiate amon in the presence of a 
sacrificial donor Computer simularian of the structures has suggested a critical electron transfer distance 
of ca 6.7 .k from the centre of the porphyrin to rhe disulfide group of DTNB. with a face-to-face orien- 
tation of the two interacting chromophores. The praducts of electrochemmi reduction of covalently Imked 
porphylin-DTNB systems are found to be d~fferent from tliosr obaeivcd for thc photochemm.l studies. 

'All cis' tztralis (0-tetrahydrothlophenam~dophenyl) porphmato zinc(1l). ZnPSi cooperat~vely binds two 
Ag- ions with .a dissociation constant of 2.2 X lo-" M - I  dm". Tme-resolved fluorescence studies have 
shown that PET occurs wnhin the superstructure from the singlet excited state of the zmc(l1) porphyrin 
to the bound Agi ion with a rate constant of - 10' s-'. 

It has been observed thar in the case of rmc(ll) and cobalt(I1)-metallared bia porphyrm derivatives the 
chemical or electrochemical reduction of thc diaulfide group results in well-def~ned hyprrporphyrm spectra 
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representative of five coordinate complexes wlth thiolate as axial ligand. The  relative binding of thiolate 
to the metal centre is found to be orientat~on dependent with'respect to the substitution at  the phenyl 
ring of the porphyrins. Solution-averaged structures for the ortho-, meta- and para-linked dimers have 
been proposed based an the optical and magnetic resonance studies. 
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Thesis Abslract (Ph.D.) 

Theoretical stodies of the flow of physiological fluids under pathological situations by 
R .  V. Sagayamary 
Research supervisor: G .  Nath 
Department: Mathematics 

1. Introduction 

It a well known that blood vcssels hlfurcatc at frequent mtcrvals and the diameter of the vessels varm 
with datance' IIence the concept of now in 25 slowly varying cross-sectmn forms the basts of a large class 
of problcma in understand~ng blood flous To consldcr rclevant geometncal and physiological details, thls 
&a of clowly varyrng cross-section has bccn utllized in producmg decirahle msymmetnc constrictnons or 
taper in a tube. Also. developments in m~crocontinuum fluid mechanics are well documented I" the rcvicw 
aticle by Anman et ai' and the relat~ons between many different theones are demonstrated wtth the a ~ d  
of vanoua rables 

Apart from sltnos~s, throinbos>s IS yet another concept oi pathology involvmg greater obsewatmn In 
recent yean. It is the depos~tion of masses formed by blood conrrltucnts whxh results in a clot. The only 
investigation which i\ rclevant to thc present wmk is that of Doffin and  hagn near^' However, thr concept 
of clot formation In the arterial atrnosis leadmg to thrombosis usmg mathematical modelllug has not bcen 
studlcd so far. 

Kcepmg all these aspects in mind, some theoretical investigations are carried out to study the variom 
aspects of blood flow ~n thc cardiovascular system based on the principles of tluid dynamics. 

2. Present sludy 

The investigations presented consider both Ncwtonian as well as non-Newtonian modcis of blood. while 
its moilon 1s taken to be laminar. The basic equations are considered such that they ~nclude the nonlinear 
inernal effects too. The flow throi~gh tuhes of arbitrary cross-seaions 1s considered throughout the work 
so that a large class of problems can be analysed by specifying the particular type of cross-aectmn. Solutmnr 
are obtamrd using long wavelength appronmation. 

The first problem deals wilh the flow of an incomprr\sible couplc \tress f l u d  In a tubr with slowly 
vaying cross-section, where the effects of vessel tapcrlng and arbitrary shape of the atcnosls on the flow 
characteristtcs have been e x p l o r e d ~ ~ l ~ r e c z i o n s  for axnl velocity and shear  tress dmnhutinn on the walls 
are drrwed and a few special situations are cxamincd to study the mfluencc of thc couple s t m s  property 
of the flud an the flow charactenst~cs. 

In the second problem, a stmple mathemancal analysla of the btcady flow of Newtonian fluid ~n stenosed 
arteries with the existence oC a clot in the ~niddlc !r carricd out to study the add~t~onal rffe~ta of the clot 
along with those of the btenosn. A bnrt study a also done on the blood flow through anenal strnosls wlth 
an insened catheter. Tx above analy\l\ IS extended to inclndc the visco-elaitic properllas ot blood. Catheter 
insertion on the peribtatic motIan of visco-elart& fluid through tubes of arbitrary waw shape 1s studled. Axml 
velaciris, wall rhcar atres, and \trciunhes arc drawn and a comparative work has bcen rained out to find 
the cffens of the inscrtmn of thc cathcter, size of the catheter and the vnco-elastic pararnctr:. 

3. Conclusions 

As a stenmls dcvslops in an artery, the nature of thc flow m its vicmty 1s sigmficantly dlrered. The dsgrea 
of the alterarm 1s strongly influenced by the seventy of the atenasis. A comparison of the axa l  velocity 
and wall shear rtress profile, of Ncwtonm and non-Newtonm fluid, is made. It a ohacned that the 
ahear stress vanishes indrcatq the cxlstence of separation zonel. It is evidcnt that rhe existence of negatwe 
vrlocmes ii the characteriaric feature 11f non-Newtonian flutd whde the Newtonmn profile s postrwe at 
ovcry cros-section. 
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Sepaiatmn zones near thc stenosls are not obierved whercas such zone% neal the clot are predomlnanr 
~ l a o .  ~t s obrenwi that h~gher the protuberilncc, the smallcr is the rquircd Re for back flnw to be 
imtiatcd Berldes, the shape of the stenosis alters the flow tu be ~nitiated. Besides. the shape of stcnosrs 
alrcrs the flow apalt irom thc presirnl stenoscr. The streamline pattern exhtbits the existence of rccrculatlng 
zone, resulting in vurtlccs. It is  also found that rhe her t ion  of [he catheter influences the flow charartens- 
t~c\ and the size of the cathctcr has a large rolc in 11. Consdering thc hlood sa visco-elastjr fluid, thc 
maximum difference bctwcen the results of Newronran and vzsco-elastic f h d s  is 11.9%. The changcs ~n 
shear srreas which arc secn to he a senaitwe foctor cleiirly explam that the non-Newtonvm character 1s 

very much relevant in cvaluat~ng the damages caused by thc higher shear strex on the arterial walls. 

A comparatrve study with the earlier works regardmg pcristaltlc motion of fluids taking rhc wave shape 

by 

H + Ax" f o r O < x . c I  
.+) - ( 

H + Al" t o r l < x c L  

cxhiblts clearly the ~nfluence of catheter and ot non-Newtonian Hu~d The streoml~nc pattern results In 

concentric loops near the wall w h ~ h  can be assaclated with the retrograde motion of a part of the total 
urine flow in a directton opposit? la thc rnm urrne flow. 

References 

Thcsis Abstract (Ph.D ) 

Analysis of mathematical models of blood flow in the cardiovascular systern by K.  V. 
Manjula 
Research supervisor: G. Nath 
Department: Mathematics 

1. Introduction 

Rheologicd interest in the cardiovascular system centres on the extent io which the flow characteristrcs of 
blood and the physical propertlea of the walls of the blood vessels lntluencc flow resntance and prcssurc 
Wvr. propagation of the system under bath normal and pathological conditions'. As a consequence, much 
attentlon is being paid to the study of detailed or local flow patterns m the circulatory system by using 
both theoreticirl and experimental means hased on the principles of fluid mrcl~anics. The basic idea in the 
theoretical modela is to asign knuwn characteristics to thc motion of the f lud  (blood) and the vessel walls 
and describc these by the equations of motion, l k e  the Navier-Stokes equations of momentum transfer 
and equation of continuity for the fluid flow and the membrane equations to describe the tube wall 
motion. Rased on the existing literature, it is evident that there are certain important prohlems 
which have either been studied approxima~ely, llkz usmg only linear models or certain effects, like that 
due to the structure of vessel wall, have not been taken into consideratmn. We address some of these 
problems. 
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2. Present study 

The nn;ilya~\ 1nvo1rr.s niiilnl) the entrmcz effccts and thc ~ n r d ~ a c  cxthetcr~ration on the blood flow 

based on thc nonilnear rna1hemitr~c:il modelhng of cardiovascular \yslcm. Thn,ugliout the study, hlood is 

ireitred a\ a hornogeneou\, v ~ i l u s .  mcomprcss~blc Newronlno fluld and thc flow IS cuna~dered to he 
lammar. The w;ds of the blood vessels are assumed to he ngd.  T h ~ s  IS because the study 15 mainly 

to those parts oi the \y\rcmc uirculalmn whcrc Lhe dwnctcr of the blood ve\,cls is large muugh 
to wtisfy the above condirioni. Thc governing bcl of equarlons are Wavier-Stokes cquntlons for the ansym- 
mctric flow of an 1ncornprc\s8hk Newtoman flud 

Based on the abxxvatmn that in vmo mearuiements of flow ch;iractenst~cs sometimes gwe rise to serious 
instrumrntaimir and physdogir:il problrn~~'.  the problem of estlmilting errors involved in prcrsurc readings 
,!sing a cathcrer-tvpc prcaaurc transducer is studlcd Due to frequent occurrence of arterial lcslons lcading 
to atenosis. anillysca of the lhlood flow ~hrough a rtznosed artuy in the preience of a catheter 1s carried 
out using both llncat and nonlinear ~n*thematical modcls, whrrrc thc nonhncar problem 15 studled numer- 
lcally using a fmre~d~ffercncer scheme. The problem I ?  studled both for \tcady and orcdlatory flow condi- 
tions in the developed regon of blood vessela. 

The cardiovascular syrtrm ia clia~iiazmed by 81 liirge nurnhcr of tube hranch~ngs and many rimer. An 
artcry bifurcates bcfore thc flow ~n it 1s fully developed. Hencc. In the present work cmphasls 1s also lad 
on entry flows taking into consderatton the effect5 uf iuch hemodynnmic prapertips as unsteady flow of 
blood and the permeahdlty of vcsiel walls. Wc have invcstlgatcd the blood flow devclopmcnt cffccn in 
large arteries m the hegrnning of the cardlac cycle uilng a nonilnear mathemat~cal model of a tlow impul- 
sively started from rest in a semi-infmtz tube which later develops lnlo a rlrady flow. A closed-fmm 
solutfon to the integral momcntum cqunrlon is obtmed by the mrthod of cheractcristss to determine the 
flow variables Wc have also taken into conuderatiun the pon,slty of the vessel walls separately' while 
studying the entry flow problem because in m~crocirculation thc mcchanlam of watcr and other metabolic 
end products hcrween blood and varlous t~ssues takes place through the wails of the vessels. U s q  the 
boundary-layer approach, an analytical method la dcvclupcd to obtain an exact salutml lor the nonlinear 
equatrons which predrcts the steady flow development and pressure drop In the Inlet of a plpe. 

3. Results and discussion 

Closed-form wlutlons ohtitined usmg a I~neariwd form of the Navier-Stoker cquatmns fur a sready flow 
of blood through a stenosed artenal scctlon ~n the presence of a catheter indicate thst thc error, w h ~ h  
is the magnitude of the dlffercnce ~n lhc values oi the flow variablcr ulth and w,tlrout a catheter, increases 
with the increase ~n the radlus oi the catheter and also with the helghr of the itenoris. Prcssure readings 
are found to he more sensitive to changes m the catheter radius when compared to the atrnnsls helght as 
obselved by Blorno and Petterson'. In the case ol an oscillatory flow %,here once agam closed-form 
soluoonr are oht.cined ustng a lmearised Nawei-Stoke\ equstmns. the rnax~rnum value of the eriors over 
a period of onc cycle is found to bc always greater thm the corresponding value ~n thc steady flow. A 
marhematical model, where nonlmear terms ~n the Nawer-Stokcs i;qaiitlrma arc rctamed for the unsteady 
flow problem, 1s rnelyaeil u$inp a finite-difference 5chcrnc. Appluh~l i ty  of thls method has been checkcd 
by considering an osclllatury flow in a stra~ght tube and comparing the obta~ned rcsulta wllh the exact 
analytical solution. It i\ found thst the results are in good agreement with the analytical solution (cnol 
less than 1%). A comparison of the present results with the numerical results of Lloyd er nl' far thc case 
of unsteady flow in a ctenosed artery withuut a catheter indicate that the diffcrcncc between the results 
is within 5%. It is found that whcn both the inertla1 ;md the viscous rorcca arc taken mto consnderation, 
erron due to catheteriratron are :ibaut one-third of the errors obtilrned by neglectmg the inertla1 torces 
in a stenosed tube. Magnitude of the errors is also lesr when compared to the exsting theoretical results 
and hence agrees better with the experimental results of K a n i  et aP. 

The study of impulsively started laminar flow in the entrance region of a cilcular tube wlth constant 
inkt velocity by usrng mtegral momentum approach shows that thc steady-statc entrance lcngth obtained 
is the same as rhat of Campkll and Slattery7. Tbls means for thc physiological ranges of the flow, the 
flow development length is comparable to the total lengths of many large blood vessels. The shear stress 
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on the wall of the tube is found to atiam lhe \teildy state much hetore the rlmc taken by the velocity 
proflle to r e x h  its steady-state value. 

The andyss  01 ,I rtwdy laminar flow an invisad. incompresshle Newtonran fiuld ~n the entrance 
rcgiun of thc porour pipc indtcilteb that the cntry length 1s ~ens~t ive  lo w;!ll Reynolds number. Entry length 
dccreeaes wlth mcrcase In the wall Reynolds number for injrcllon. whrrcaa lor auctmn II increases with 
increasc ~n the wall Revnolds number. For auctlon, il well-dcfmed entry length n ptcdicted for wall 
Reynolds numhcr less than ten. 
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Theris Abstract (Ph.D.) 

Analysis of behavior of cement composites-Particulate and non-particulate considera- 
tions by S .  G. Shashiprakash 
Research supervisors: T. S. Nagaraj and B.  K .  Raghu Prasad 
Department: Civil Engineering 

Concrete is used as a construction matenal since Roman times, but the knowledge 01 its nature and 
hehavior so far did not receive thelr due share of intmapectton from materials science pomt of view A:. 
the uses of concrete have become more widespread, so have thc l~mitations of this wholly engineering 
approach become more apparent. Only recently, concrcte tcchnolag~sts have focussed their attentton on 
the Internal structure ot concrete. These mvestigat~ons have confirmed that, ironically, on? of thc man's 
oldest and moat wldely accepted palyphwe m;uerials is a h  one of the most vanable and complex. 

With mater~als such as concrete answering all basic questions is not made easy becsusc the constituents 
a1 concrete, quite apart from the concrete itself, ilre intrinically highly variable ~n thern\elves. For most 
purposes, for  reasons of cconomy, they cannot usually be changed wry  much and must be used morc or 
less as they are found in nature. It is necessary and profitable to delve mto the myrrerles and try to 
understand the hehawar of ,concrete. Any attempt to understand, interpret and generalize the behavior of 
concrete both in 11s preset and set states would enhance the potentla1 use of concrete under diverse 
conditions 

It is the aim of thls investigatton, to understand. Interpret and generalize the behavtur of concrete within 
the framework of basic principles of material science. 
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2. Studie; on concrete as a particulate material 

T ~ B  part of the mvestlgatlon deals wlth the analysis of concrete as a partlculdte matenal Based on this 
analysts, an analogy has been brought out between saturated soil and fresh concrete, w~th  respect to 
material constituents and phyaicochemical interactions'. It has been shown that clay m soils and cement 
rn concrete interact with water. The coarse Inert constituents are found to float in the matrix, diluting the 
phyaicochcmtcal parentiai of the active material, r . e ,  clay in soils and cement in concrete. Such a made 
of undentanding has further led to the generalizat~on of flow behavior of cement paste, mortars and 
concrete Thls generalization permits one to quant~fy the reduction in water content to achieve target flow, 
when coarse constituents are mciuded to clay or cement; and also to rake into account the phys~cochemical 
characteristics of cements at engineering level. 

The next part of the investigation deals with the workability of concrete. Here. the behawor of concrcte 
as ~t is studied m various tests is analysed. The analyses of varlous tests auch as slump, flow table, 
compacting factor, Kelly ball, K-slump and Powers' remolding tests ind~cate that they are primarily mea- 
sures of shear resistance. The possibility of havmg a 'Onc-pomt method' of determining normal consiatcncy 
using Vicat's apparatus is suggested here. Cone penetrometer, h~therto used to determme the liqmd limit 
of soils. is made use of for the determinat~on of consntency, keeping m view the vague method of assess- 
ment of consistency using the Vmt's test. Since the mode of determ~nat~on of the property is the same 
in both Vicat's and cone penetrometer methods. the latter has the potential of b e q  a good alternative 
to the former. This needs to be probed in depth before an equivalent cone penetratmn 1s defined for 
normal consistency. It should also be possible to defme equivalent cone penetrations for initial and final 
setting times of cement. Use of the cone penetrometer with modified cones, on mortars and concrete 
lndxates that this test can be a good aiternatlve to Kelly ball test. Wlth a proper design of the cone, it 
should be possible to haw a common equipment for both conslatency of cement paste and workability of 
concrete. 

Further, studies were conducted on superplastuzed concrete. These deal w~th  optimization of superplas- 
ticizer dosage and extension of workability of concrete using admixtures. So&concrete analogy is made 
use of in understanding the physico-chemical mteractions in the cement-water-superplasticizer system 
Based on this, explanations are given for flocculation in cement-water system and hence for assessment 
of opumai dosage of superplasticizers'. A simple method of assessing optimal dosage of superplastlcizers 
is suaested here (Fig. 1). Further, it 1s shown that ~t IS possihle to rejuvenate the work'abhty of concrete 
even after two and a half hours after adding water, by the use of superplasticlzer premixed with 0.5% 
sodium glucanate' 

3. Studies on concrete as a non-particulate material 

This is an attempt to link the mmo and macro behavior through micromechanistic considerations of 
cement and water with the compressive strength-water-cement ratio relationships, enunciated m Abrams' 
law. The reexamination of Abrarns' lau, indicates that, though, the deductions were based on experimental 
observations, the law has a sound theoretical bans. The generalization of Abrams' law done here is made 
use of ~n the proportioning of concrete mixes? 

The next part of the investigation deals wjth the proportloning of concrete mlxes. The various aspects 
studied here include the different factors considered in the mix proportioning and the different methods 
in vogue. Having observed the need for a method of re-proportioning of concrete mixes to achieve target 
worltability and strength, a method is suggested which is designated as 'Generalized approach for mix 
proportioning'. This takes into aemunt the phys~cochemical characteristics of cement and surface charac- 
teristics of aggregates. This method makes use of three generalized plots (Figs 2, 3 and 4), using which 
it is possible to get a wide spectrum of concretes with varied workability and strength ranges, based on 
the data of one trial mix. This method developed on a scientific base has been found suitable for both 
plain and superplasticized concretes (Tables I and 11). It is hoped that this method wdi be applicable to 
flyash concretes also. 
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Number of blows. N 

F o  1 Opl!rniratmn of superpla\!mrrr dosage 

Ra. 4. Relatnnrhip bstarcn normvlixrd aggiegute-eemenr 
r a w  and compacting tactor. 

4. Concluding remarks 

The following specific conclusions were drawn from this investigation: 

Concrete exhibits particulate characteristics in the fresh slate and non-particulate characteristics in the 
hardened state. 

There exists an analogy between saturated soil and fresh concrete. The flow behavior of cement paste, 
mortars and conuete can be generalized. The inert coarse constituents are found to dilute the 



512 IISc THESES ABSTRACTS 

@) ACC Cemenr 
T q e r  compocnng facror=O+% 

0.40' 4.68 0-77 37.68 
0.45 4-20 0.89 35.06 
0-50 441 0.88 29.56 
0.55 5.41 0.87 25.80 
0-64 6.02 0-86 21-53 
0.70 7-26 046 18.46 

bJ Dlamond Cement 
Tnrgrt compomng fnclor=045 

0.40' 4-68 0.81 22.W 
0 30 2.85 0-82 28.85 
0.35 3.58 0.82 28.11 
0 45 5.05 0.83 22.62 

0.50 5-78 0.83 19-13 
0.55 6.51 0.86 15.15 

' Trial m h  

Table Ib 
Cemprrho between nilculated and adud M a y  strength 

Wotcr-cmenr Sirenah (N/mrn2) Percentage dzference 
ratm Colculnted Anuol over calculored smngrh 

a )  ACC Cemrnr 

0 . a  37.68 Reference mm 

0.45 33-52 35.06 +4.28 
0 , s  33.52 29.56 -3.15 
0.55 26.71 2580 -3.41 
0.61) 23.71 21.53 -9.19 
0.70 18.40 18.46 +0-33 

b) Diamond Cement 

0.40 22-00 Reference mix 
0.U) 27.79 2845 + 3.81 
0.35 24.69 28.11 +13.85 
0.45 19.63 22.62 +15.23 
DM 17.82 19.13 + 7.35 
0.55 1569 15.15 - 2.82 

chemical potential of clay or cement. This mode of generalization takes into account the physicochemical 
characteristics of cements at engineering level. 

The analysis of various workability tests indicates that they are primarily measures of shear resistance. 
Normal consistency of cement can be determined by a single point test. Cone penetrometer has the 
potential of being a good alternative to Vieat's test and may also be a workability test. 

Optimal dosage of supelplast~cizer can be determined by simpler tests. Superplasticizers premixed with 
sodium gluconate can rejuvenate the workability of concrete even after two-and-a half hours. 
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Tabel I1 
&.tsilr of the superplarricired mix 

SI Turger values Flu& Aggregate- Results obromed Peicemage 
No. centenr cement 

Strengih 
uarmion 

Compnaing rmo mtio Strcngth Compocirng over mrgef 
N/mm' focror Nlmm' faoor wrnnrth 

wzlh Conpias1 337 

I. 15 0.92 0.87 9.35 15.11 0-89 1.00 
2. 25 0.80 0.70 9.32 23.22 0.85 -7.00 
3 25 0.92 0.70 7.25 21.33 0.92 -2.70 
4. 25 0.97' 0.70 6.42 2.33 0.98 -2.70 
5. 35 0.92 0.57 5-68 32.33 0.87 -7-60 

W~ik Prrscon 

1. 15 0.92 0.87 9.00 17 44 0 89 16.27 
2 25 0.80 0.70 847 2548 0.835 1.92 
3. 25 0.92 0-70 6.90 26.28 0.93 5.12 
4 2.5 0-95' 0-70 6-42 24-67 0.94 -1-32 
5 .  35 0.92 0-57 5.40 32.67 0.93 -6.66 

Note. (i) *mdicates the compaetmg factor obtamed using optimal dosage of superplasticizer in the trial mix. 
(ii) Propart~on of the fme to c a m e  aggregates is kept the same as that of the inal mtx, in ail rhe cases 

The 'Generalized approach for mu proportioning' takes into accounl thc physicochemical characteristics 
of cements and the surface characteristics of coarse aggregates. This method is found suitable for both 
plain and superplasticized concretes. 
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Thesis Abstract (Ph.D.) 

Structural and related investigations of gel-derived Z r O z - b a s e d  ceramic composites by 
V. S. N a g a r a j a n  

Research supervisor: K. J. Rao 
Department: Materials Research Centre 

1. Introduction 

Zirwma, both partially stabilized and fully stabilized and ceramic composites containing fine paniculares 
of ZrOz are known to possess improved fracture toughness (Kc)' .  This is largely attributed to the 
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slress.induced tetragonal -r monoclmic phase tranifunnation' of Zr02. Ceramic processmg by the soCgel 
method%as become mportant in recent years. The work reported aims at the preparation and characterization 

2. Experimental 

Fine ceramic p~wders in the above-mentioned systems were prepared uslng sol-gel method The powders 
were compacted and sinrered at hlgher temperatures in the case of YiOrZr02. Ce02-Zr02 and Zr0,- 
hydmxyapatite systems. Hot isostatx pressing (HIP) was done in case of Ce-TZP samples. Vicker's hard. 
ness (VH), and fracture toughness (KIc) were measured using an indentation method. Bmcompatibrlity of 
these smtered samples was evaluated using an m viiro cell test. The ZrOrSi02, 210~-AI2OrSiO2 and 
ZrOflordiente gels were studied for the thermally induced chemical and structural changes A number 
of characterization techniques such as X-ray diffractometry (XRD), scanning and transformat~on election 
microscopy (SEM and TEM), thermogravimerry (TGA), infrared (IR) spectroscopy, mag~c-angle spinnmg 
NMR spectroscopy (MAS NMR) and computer simulation were used to elucidate a number of structural 
aspects, at various stages. 

3. Results and discussion 

The change m the nature of major phase observed during heat treatment in Ce01-ZrO? gel has been 
found to be related to the presence of a barrm for transformation from metastable to stable regime' which 
1n turn appears to be related to the dlffus~on baniers of ~ e ' +  in Zr02. The sintered or HIPed Y203  and 
Ce0,-stabilized Zr02 exhibit fracture toughness values ranging from 7-12 MPa mu' with fine grain sizes. 
They are biocompatible as evidenced by an in viro cell test Formation of Ce2Zr20, (pyrochlore) in the 
case of 15 mole% Ce02-stabilized z~rcania polycrystal (15 Ce-TZP) has been interpreted as a spinodal 
decomposition using a chemical scheme The high value of Kc observed in HIPed 15 Ce-TZP has been 
rationalized by a new toughening mechanisms leading to the probable decomposition of pyrochlore during 
crack propagation (Fig. 1). 

Formation of tetragonal phase of ZrOi in the bulk ZrOrSi0? (21s) gels is influenced by the lower 
symmetry SIO, and by vanous physicochemxal factors! The crystallizatian studied in siru under electron 
beam heating' m a TEM contirms that the size of ZrO? particles are presence of hydroyxl groups mfluence 
the nature of the cjstallized Zr02  phase. The molecular dynamics simulation results of ZIS system reveal 
an inherent tendency of Zr  atoms towards clustering even at low concentrations. Also the oxygen environ- 
ment of Zr suggests edge sharing of [SiOjo] tetrahedra ar high ZrO, concentl-atmc while nt low concent- 

- 

Crock opening 
belng p r e s s d  down 

Woke region Woke region 
during decomposit ion o t t e r  t r o n s f o r m o t i o n  

@ Manoclinic Z r 0 2  (olrmdy p r e s e n t ) ,  @ T m n s t o r m e d  monoclinic Z r 0 2  I 

@ Ce2 Zr2O7 ( P y r o c h l o r e )  , @ Cubic l te t rogonol  Z r O ? .  0 C e 2 O g  
FIG. 1. SchCrnam repwnrauun ot rhc dPcompw~mn of Cc&O, into Ce203 and ciz-ZrO*, oceurnng In the wake of a 
ma&, rwulting in shear-induced t + m transformaaon toughening in 1SCe.TZPMIP sample. 
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rations they are   re dominantly in Corner-shanng geometry. Features suggrstlng the formation of zircon-type 
structures have been obsewedh. 

Formation of compounds at higher temperatures in the A120;-ZrOrS~0?Y and ZrO>-cordieriteio gel 
systems have been shown to be related to the various acid-base reactlons between the oxides and the 
catalyst acid or base In the sol. A new approach based on molecular clectronegativity differences of 
component oxides has been mdde to rationalize the observed reactions. Partial charges on oxygen in 
various oxides have been calculated using molecular electronegativ~tics and are shown to he consistent with 
weU-known basicities of component oxides and the observed reactions. 

Hydroxyapatite (0HAp)-based composites toughened by gel-denved and commercial ZrOi additions 
have been investigated for prostherlc applicarlons. The composites have been iinrcred and HIPed and 
higher Ks (two to three times higher than pure OHAp) has been achieved. The composms are biocom- 
patible. CaO which forms as a product of decomposition dissolves completely into Zr02 and stabilizes the 
latter in its cubic/tetragonal phase" 

The work is hoped to help in designing toughened Zr02 composites by sol-gel route. The new chem~cal 
approach based on molecular electronegativities presented here 1s expected to help rationalizing the nature 
of high temperature products formed during heat treatment of gels The new mechanism of toughcnmg 
proposed may prove a novel strategy for deslgnmg other ceramic composites. 
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Thesis Abstract (Ph.D.) 

Voltage-limiting nonlinear resistors based on ZnO ceramics with chemically simplified 
formulations by N. Raghu 
Research supervisor: T. R. N. Kutty 
Department: Materials Research Centre 

1. Introduction 

Voltage-Limiting nonlinear resistors, generally known as varistors, based on ZnO ceramics, have found 
extensive applications as surge-protecting devices both in electronic circuits as well as in power systems'. 
Their utility is widely expanding in various fields extending from medrcal, defence to consumer and profes- 
sional electronics. However, the working formulations and critical processing steps of stable varistors are 
Of proprietary nature and are hardly dealt with in open hterature. The reported varistor compos~tions 
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2. Experimental techniques 

High-punry ZnO hrs been plepared trum three dlfterent router iltler purlfpng the Zn solutlan by tracrronal 
precipltatmn. The reruliant ZnO 1s chaiacteri\ed usmg XRD (Phllips PW 1050170176). transmlrsion clectron 
mmoscupe (Phlllpa t M  301), electrochrrnical analyus for  nonsto!chiomctry dctcrm~natlon and by apcctros- 
copic tcchnique~(EPR-Varion 109, Opncal-Shimah UV 210A double beam spectrometer) In preparmg 
the addmve p l u s e ~  such as ~oballateh, manganiitca, chiom~tcs.  nnd cupmlra enough care has been taken 
to rnanmiac the oxygen content Thc addil~rei  are thoroughly m r e d  wlth ZnO and d~scs  o i  10 mm dia 
and 3 mm thich are untered ar 1100-l35O"C for one lo four huurs Ohmcc contacts are ohtancd usmg 
elecrroisss sllver coalmg. The I-V curves are ca~rhxi out urmg a hornc-hull1 msliument The C-V mcdiure- 
ments are made urmg Genrad I658 d i g h d g c .  

3. Remits and discussion 

Since nonlinzar p n p r t y  1, exhibited only by pulycryatall~ne matcnals hlgh-smter density and controlled 
grain size are important w h ~ h  in turn require \ t a r t in~  powdcrs of submicron panicles. Thus. three chcmicill 
r au to  ot preparation are chosen so as to fmd the mfluence of exo- o r  endotherm~c ~cdctiuns as well aa 
the influence of hack react~on hy the evolved gases. un thc nonl~neanty, part~clc slze and the rzdct~viry 
of the resulring ZnO powders. The as decomposed oxalatc-dcnved powder shows low particle size (- 25 
nm), higher strax value and larger nonsto~chmnetr). (S,,, - 25 ppma). Ex-nllrare ZnO shows strong particle 
agglomeration alrhough the size of thc particl~s are - 50 nm. Although the cx-carbonates are strain free 
they exhibit atrang aglomeration and largest particlc size (-70 nm ). Nunatu~chiometry of ex-carbonate 
and nitrate are <3 ppma. Post-preparatiw annealing of the ZnO powdcra at 900°C leada to higher 
nanitoich~omctry 10 el-ca~bonate and nitrate-derived sample\. Annealed sample5 ~ c n c t  iavourably In 
achieving hcgher rimer dcnwy at comparatively lower temperatures of smtsring. For a gwcn additwe, the 
lower temperature of aintcring is found to he advantageous In stabdizing high nonlinearity in the current- 
voltagc charactelisttcs'. 

ZnO varirtarc are ptepa1.ed3 with a smgle-phase addmve, namcly. MCoO--,(M=Ba or Sr). These torm- 
ins phases hare bccn c h a e n  as a model system to understand the rolc playcd by thc clcment of large1 
ionic radll (Ba2- or SFi ~n this ca\e) w h ~ h  serves as the .vanstor-forming' con,tltueut and J transitmn 
metal clement with multivalency a, the 'vanstar-periormmg' constltucnts. The oxygen-deficient orthorham- 
blc BaCo0:-,, where x > 0.15, lcads to ceramics with poor mmnsrructure and low nonlineitrity. Whereas 
the use of oxygen-rich RaCoO,.,, where x i 0.15, having hexagonal perovsklte structure as the addmve, 
gave rise to nonilnear ~ndex  > 20 Faster cooling rate followmg sinrering as well as proper post-sintering 
annealing gave nse to ceramicc with = up to 45 (Rg. I). EPR and optical spectral studies lend mpport 
to rnuitlvalence state of Co, vrr , Co" and Co" in the aintersd ceramics. The prcfcrential presence of 
CO" in the pain b u n d a ~  regions )r indicated by the g r i n  aire dependence of thc EPR spcctral charac- 
trliatlca. The overwhelmmg presence uf Ba2' Ions at the grain boundaries as shown by the electron mic- 
raprobe analysis is explamrd on the basis of limxted solubility of P a 0  m ZnO whrrem the soluhdity 1s 
inversely pruponional to the temperature C03+ is compcnsatcd by V:, and is interred from the appearawe 
af the EPR rigrrals of hole centre with g - 2.010. Thus, the preacnce of excess VZ, at the gram hounddry 
region produces the double Schottky-type potential barrier whose wldth decreases wrth applied voltagc. 
Funlrzrmorc, the presence of hole centres near the grain boundary region squeezes the barrier so that 
ciecrron tunneling takes place at h~gher  voltages leading to nonlinear resistivity 

The above model system containing the single formulating additive phase has been extended to  other 
s~mplitied compositiol~s with the well-chardctcrised additive phases such as BIC~O,.,. Ln,-,M.CoO,-, (Ln 
= Lanthanides, M = Pa o r  Sr), MMnOl-, BaCrO* and YBaiCu,07-,. All these additives lead to 
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Fib 1 Pout-slnrennp liiect of (a) 1100'C for Zh-slnrered 
ZnO+l% B ~ C O O ~ , ~  ceramnc. Taken to 1130°C for 15 mm 
and cooled at (b) ZWCIrnln, (c )  100'C/min, (d) Taken re 
i130'C for 45 mm, and (e) to 12!MDC for 30 mm. Samples 
(d) and ( e )  cooled at 1W'Clmm. 

nonlmear ceramics with high a values in the range of 15 to 35 indicating that they are not just pnmitive 
varistors. The investigations with these additives confirm the conclusions drawn from the ZnO-BaCoOi-, 
system. The importance of higher vaiency state of the transition metal element is also confirmed fram the 
better performance of ZnO + Bi203 + CotOz + MnO, as compared to ZnO + Bi20i + COO + MnO 
having the same concentrations of additwes. These results lead to a mode1"herein the oxygen produced in 
sim by the decomposition of the nonstoichiometric additive is chemisorbed on the ZnO particle surface produc- 
ing the negatively charged surface states. These surface states are compensated by the ion~zed donor states 
towards bulk so rhat the depletion reglon is produced. In turn, the depletion regions gve m e  to the formation 
of potential barriers at the grain boundaries. The preferential presence of the high valent states of the transition 
elements at the grain boundaries is compensated by VZ, and hence the potential barrier is preserved even 
after sintenng and desorption of oxygen takes place hom the surface. The ready formation of nonlinear 
resistors is observed only when ZnO powders annealed above 900°C have been used which contamed 
nonstoichiometnc value of Sz,>10 ppma. This obselvation is accounted for in terms of the higher concentration 
of native donor states, mostly oxygen vacancies, as established by the EPR results. in the grain interiors than 
In the grain boundary regions. Faster cooling rates enhance the donor densiry which, in turn, narrow down 
the width of the depletion region layer and enhance the electron tunneling probability. 

Varistors are also formed by co-sintering ZnO and spinels having negative temperature coefficient (NTC) 
in resistances. The latter phases are chosen because the transition metal constituents can form separate 
spinel phases with NTC properues such as NiMn204, NiMnn+,Ol, CuMmOl, ZnCoMnO*, 
Zn,$oo rMnCrO,. Steady-state I-V characteristics of NTC ceramics exhibit negative differential resistance 
(NDR) above a certain applied voltage. In the NDR region, the voltage decreases with rise in current as 
well as the body temperature of the ceramia. Mixed-phase ceramlcs of ZnO+NTC spinels progressively 
renders the slope of the NDR region positive with ZnO content. Under critical wmpositional and processing 
conditions abnormally high values of 1W-150 can be achieved. The thermal characteristics of these ceramic 
composites show favourable stability because the heat dissipated is always higher than the heat generated 
even ar fairly higher ambient temperature conditions. ?he I-V cha~actenstics of these wed-phase ceramic3 
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are accounted for tn tcrrns of the combined influence of the field as well as the thermal 
effect 

The voltage-limmng propertiesh of ZnO ceramlcs doped only wlth CuO have also been analyzed. Cu In 
the range ot < 1% a incorporated by dlpp~ng porous ZnO pellets In Cu solutions followed by final 
sintering Properly procesred ceiamlcs show a tn the range uf 15-40. TEM studies glve evidence of the 
presence of extensive dislocation networks. The origin of these dislocations is explained on  the bms of 
decreasing solub>i~ty of CuO on coolmg from the sinrering temperatures leading to the exsolusion of the 
lmpurlties The latter gives rise to lattlce strain wh~ch can he partly removed by the formation of the 
dislocation networks. H~gher concentration of the lmpuritles can be expected at the dislocations because 
of the space charge associated with the line defects of ionlc solids. The variation in the photoluminescence 
spectra wrth concentration indicates the presence of both Cut ,  and Cut,Cu; centres at low concentrations, 
wherra, Cub dominates at higher Cu levels. The preferent~al accumulation of C u t ,  at the dislocat~ons 
leads to "on-radiative transitions and quenching of the green lum~nesccnce. The EPR spectra support the 
presence of hole cenrres being stabtlized by Cu" species at the grain boundary reglons. Hlgher a values 
ohhewed in ZnO-doped Cu systems are accounted for In terms of the potential barner prevalhg around 
the d~slocations through which tunneling may occur. Thls IS In addition to rhe potentla1 bamer existing at 
the grvin boundary regions. 

The present studies clearly md~care that high nonlinearity can be obtamed in ZnO ceramics prepared 
from single-forming additive phasus. However, one and the same mechanrsm cannot adequately account 
for the wrde range of a values exhibited by ZnO ceramics. 
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Thesis Abstract (Ph.D.) 

Engineering hehaviour of fine-grained soils with chemical additives and the governing 
physico-chemical mechanics by K. Vijaya Bhaskar Raju 
Research supervisors: P. V. Sivapullaiah and A. Sridharan 
Department: Civil Engineering 

The aim of the present lnvesrigation is to study the influence of chemical addmves on the engineerlng 
behaviour of saturated fine-grained soils wlth high initial water contenr and to understand the physico- 
chemical mechan~sms governing the same. The chemlcal additives used include both which can induce 
reversible and irreversible changes m the soil porefluid system. Among the chemical additives which can 
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induce reversible changes like changes In electrolyte concentration and type of exchangeable ions are 
~hlorides and hydroxides of mono- and dwalent catlons. The irreversible changes produced by chemical 
reactions between soil and chemical additive have been mainly brought through lime' alone or admixtures 
of lime and other inorganic chemicals2. 

2. Theoretical considerations 

The effective stress concept provides satisfactory basis for understanding the behaviour of soils. This effec- 
tive stress concept can be summarized as 

where u' = effective stress, 

u  = applied external pressure, and 

u = pore water pressure. 

It is well established that both attractive (A) and repulsive (R) forces of electrical nature exist between 
clay particles. Sridharan and Rao3 modified the effective mess equation as follows. 

Z = = u n m = a - ~ & - B , - R - A  

where E = effective contact stress 

=u = mineral-to-mineral contact stress 

u = externally applied pressure on unit area 

fi, = effective pore water pressure 

= effective pore air pressure 

a, = fraction of the total inter-particle contact area that is mineral-to-mmeral contact or 
E = u'  + u" 

where u' = conventional effective stress, and 

rr" = effective stress. 

In this investigation, this equation has been used to formulate the mechan~sms controlling the strength 
and volume change behaviour of soils with chemical additives. 

3. Results a d  discussion 

It has been shown that the addition of any chloride brings down the liquid limit and free swell index 
Values and increases the shrinkage and plastic limits for black cotton soil and the changes have been 
explained based on diffuse double layer considerations. For red earth, addition of chloride reduces the 
liquid limit, free swell index and plastic limit and marginal increase in the shnnkage limit, which are more 
due to the effect of fabric changes than due to the effect of diffuse double layer. Add~tion of hydroxides 
also reduces the liquid limit (except magnesium oxide) and increases the plastic limit, shrinkage limit and 
free swell index of black cotton sod. For red earth, liquid limit, plastic limit and free swell index values 
are reduced, whde shrinkage limit is increased on addition of hydroxides. Also, it was noticed that, gen- 
ffally, hydroxides offer enhanced liquid and shrinkage limits than their corresponding chlorides for black 
cotton soil and red earth. This has been attributed to flocculation of clay particles on the addition of 
hydroxides. A method to identify the fabric of soils has been developed based on their liquid and shrinkage 
limits (Fig. 1). 

It has been shown that the volume change behaviour of black cotton soil in the presence of chlorides 
and hydroxides is controlled by different mechanisms. The volume change behaviour of black cotton soil 
in the presence of chlorides is primarily controlled by diffuse double layer forces, whereas the behaviour 
Of black cotton soil In the presence of hydroxides is primarily controlled by the shearing resistance at 
Particle level. Immediately after the addition of lime, the liquid limit of BC soil decreases because of 
depressed double layer but increases with time. The increase with duration of curing time has been 
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attributed to changcs in f ibnc towards more flocculated one. The same trend is observed lor black cotton 
suil with higher percentage of clay. But. for black cotton soil with lowcr percenragc of clay, thc liquid 
limit mueases evcn mltially, and very slightly with time In the case o i  kaolmite, hecause of low cation 
exchange capacity, the hquld limtt increares immediately and also with time. For soils where the diffuse 
double layer effects are less si~nificant, addition of lime increascs the lquid liinit rmmediately due to 
florculation. 

Immediately on addition of 1% lime, the plastic limit of RC soil has maeased and remains unaffected 
with funher additions. This indicates that thc inncase in shearina resistance at particle level controls the 
plastic limit behavlour unlike m the case of lquid limit where the effect of diffuse double layer is predo- 
minant. 

Shnnkage limits of all the BC s o h  maeasc even initially on addltion of lime, since the qhrinkage limit 
is primarily controlled hy fabric changes than by changes m ~louble layer. 

Since the completion of consolidation test takes time, durmg which time the pazmlanic reaction can 
take place. the effect of durstion of pressure increment was vaned from lD. to 48 hows for black cotton 
sorl with 6% lime. It was natrced that the primary consolidation was over evcn with duration of pressure 
Increment of ID. hour. The secondary compression cacihcient decreases significantly with increase in the 
duration of pressure increment. From the consol~dat~on tests an black cotton soil with various percentages 
of lime, it wds obsemed that the magnitude of compresston decreases w ~ t h  Increase ~n limc content. 

From the consolidated undrained shear test, it was shown that while the ceU pressure has profound 
effect on the pore watcr pressure changes, it has margmal effect on the deviator stress for hme-treated 
soils. The failure deviator stress increase< with increase in the percentage of lime, which increases further 
wlth curmg time. The effective strcngth parameten increase with increase in lime content, indicating an 
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,ncrcase In the bond strength between parl~clrs Culing with more than 6% lime, the cohesion values 
incrcasc further and the anglc of shearmg rcsistancc values rcmain unaffected. 

The influence of substitut~on of llmc by other cbern~cdls on the basrc and englneering pruprrtles of black 
cotton sod has been reported2. The chemicals used for substitution are sodrum hydroxide. sodium cl~lo~ide. 
sodium silicate, potasslum hydroxide and magnesium oxlde. 

Substitution of l m e  with other chem~cals which Increases thc pH enhance the scopc for lime stabilization 
of soils m increasing their wength. Magnesium oxide accelerates the lime-sod reactions 

The behaviour of lime-treated soils of the same liquid limit havlng different clay minerals and grain s i x  
d~stribution has been examined. It has been shown that the lime reactivity of the soil can be assessed 
better based on changc:. in the basic propertm on lime treatment rather than its ilquid hmir. 

4. Conclusions 

This work brings out the ctfect of chemical additives on the basic and engineering properties of fine-grained 
sods at hlgh water content which can be explained using diffuse doublc laycr theory and fabric changes 
Dependmg upon the nature of chemical additives the mechanisms controlling the properties get altered. 
Lime significantly Improves the engineering behawour of expansive black cotton soil even at high water 
content. Thc optimum lime contellt is found lo bc 6% vrcwed from basic and volumc change behaviour 
whereas from strength consideration, it is seen that cven 12% a£ lime s~gnificantlr Improves. Effcct of 
lime can be enhanced by judiciously selecting other chemlcill adm~xturcs. 
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Thesis Abstract (M.Sc. (Engng)) 

Electrical swithching-Instrumentation and investigations by Ranajit Chatterjee 
Research supervisors: S. Asokan and A. Kumar 
Department: Instrumentation and Services Unit 

1. Introduction 

Electrical switching is an interesting phenomenon, refcrring to the transition ~n certam materials, from a 
hieh resistance state to a commrativelv low resistance state under an electnc field. The swithchinz can he 
reversible (threshold type) or ~r reven~hle  (memory type). Many amorphous semiconductors which sxhibit 
switching' are found to have applications m the fields of information storage and power control devices'. 

Expenmental investigations on the electrical switching characteristics of materials, like the switching 
voltage, temperature dependence of wdching, etc., are important. for selecting a suitablc matenal for a 
particular application. 

Toe present work deals with the development of a PC-based systcrn for studying I-V charactenstics and 
switchmg in solids. The system built is used for studymg the electrical swrtching in certain chalcogenide 
glasses. 
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3. Instrumentation 

'rhr syitem conr~sta of a programmab16 constant current sourcc cap;~hle of supplying up to 200 m Amp 
current at a comp1i:ince voltage of 1000 V The stahhty of the set currcnt a of the order ot 1 mlcro Amp 
~ h c  rcqulied cumnt setting\ are B C ~ I ~ C V C ~  lhrough an IBM PC XT via parallel 110 ports Ihe system can 
2150 he operated m thc pulse mode whcrc the pulse width can be programmed. with a lower l ~ m ~ t  a1 
rhout a nncro second. 

The s~rnplc 1s held in a ccll, between a flat pl.ttc electrode and a polnt contnct electrode. The set current 
is passed througn the sample and the voltage across the rdmple iq measured using a meter which is 
lntrriaced w t h  the PC using I t F E  433 huh. The >arnplc currcnt 1s dropped across a standard series res~star 
and the witage developed IS measurcd by a similar arrangement 

A icretting currcnt pulse 3f vdnabie magnmde (0-200 m Amp) and width (1 +a to 65 ms) can also he 
appl~cd to the rainpie to brmg it hack to the lnltlal hlgh rrilstance slate in case of memory swltchmg. 

The sct up also mcludm a heating atiangernent wlth a conrrullcr, to study the swltchmg characteristu 
at dltterent tempcraturcs. The controller uses pulse width modulation for cont~olhng sample temperatures 
in the range 300-500 K, with an accuracy better than 1% oi iull scale. The tcrnpcrature scttlng and 
mcaurcmcnt arc also done through the PC, using pardlei port interfaccr The p i o v i s ~ ~ ~  fur high-tcmpcr- 
aturc operation la incorporated lo study the thermal stability of the parameters like switching voltage. 

The system software IS written such that thc crpcrlment is fully automatic Once a sample a t  a given 
th~ckncsr is mounted in the cell and the mode of operation and other parameters of thr cxperlment like 
the maximum current, current increment step. resetting pulse specification (frxed or va~iable), number of 
switching cycle5 with resetting. tcmpeiature 11m1t and tcmperaturc Increment, etc., arc spccificd, thc exper- 
mcnt is carried automatically by the PC m d  the requlmd charactcristici are plotted on the screen. Data 
fdes are also created ~f needed. The user can also alter any parameter during an experiment. 

3. Results and discussion 

Inve\tlgarlonc are undertaken on the switching charactenstics of two chalcogenide glassy systems, 
As,Te,.,-, (2SssshO) and As,Tel,~,, ,Se, (25SxZ60, 10syd25).  

In thc AsZTqru,-, system (25<1=60), all the glasses are found to exh~bit a currcnt-contlolled negative 
resistance w t h  memory. ratlier than sharp sw~tchmg It s found that lhc thiesliold field E, il~crcascs wlth 
the arsenic content linearly and therr ir  a slope change nr a composition x=40 The variation of the 
rhreshoid field E, w ~ t h  compontmn can be explained on the basis of the changes in the local structure of 
AF,T~,w-, glasses with composlrior~. I( 1s alsu observed thal with temperature the threshold field 8, comes 
down linearly. The temperature dependence of E, of the AsZTelrn., glasses Ir conslatent wtth that obscrved 
in othcr chalcogenidz 

A:,Te,,.. ,Se, glarses also exhibit a current-controlled negative resistance wlth memory. For a fixed Se 
content @=LO. 15. 20 and 251, threshold f ~ l d  is found to increase with the arsenic content I. Further. 
the field is also found to increase with increase m Se content. Among the samples studied, only one 
sample (AsioTe~Se~,,) shows a very sharp memory switching without any promment negatwe resistance 
rcglon. 

In both the glass systems, a pulse 01 around 100 mi& amps nragnltude and 10p.s width is found to bring 
the samples back to the d i a l  high-resistance state, after switching After resetting, the switching charac- 
teristics are found to be repcatable. The variation in the threshold field during cycimg is found to he 
around 5%. 

The preyent mvestigations reveal that the ASWTC&~D giasses, becausc of their sharp switching, may be 
interesting from the application point of view. 
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Thesis Abstract (M.Sc. (Enpng))  

Power flow and sensitivity analysis in MTDC-AC system by V. Kalyanaraman 
Research supervisor: K.  R. Padiyar 
Department: Electrical Engineering 

1. Introduction 

HVDC power trdnsmislon ha5 sewral advantap  aver AC transmIs5ion p;irticularly for long-distance 
bulk powcr transm~ssion and asynchronous inlerconnectmn of powei 5yslcms A inajot featcue ir the f a t  
controllabil~ty of power whlch can be used cffect~vel) for Imprownp rile system securtty Mullitcnninal DC 
(MTDC) systems contrihute to better economy and flelrlbllity of system upcratmn thcrcby incrcnang rhc 
scope of application o l  HVDC links 

The planntng of MTDC syPrems requires dera~lcd itudics mvolvmg power flow anaivw in ACIDC cys- 
tenls. The appruach to the solution of power flow prohlsni t n  ACIDC system is broadly divided mto two 
categoms: (I) ~rmultsneous ol unhcd. and (2) requent!al o r  alrerniitmg method<. The latter approach 1s 

w~dely uscd and involvcs the ~tcr:lrivc so iu lm of .4C and DC systems separately and alternately until 
convergence is obtamed. 

Thhere are scverdl lacunae m the dcveiopmcnt ot powcr flow analym in MTDC ryarema as ~cported in 

the htcraturc A mabr weakness e rhc lack of adequate apprcciaron for thz naturc of the difiercnccs 
and sin~ilmliec in the slmcrure ol AC and DC systrrns and rhcir oprretmn. Rrstly, thcrr is no d>srincrion 
between the contlol and scheduled vdnablea. lo ?C hyrlcrns both the cmtrul and scheduled banable\ are 
thc same (PJ. V, (at thc gcncr,ltor terminals). flu1 in DC syctems thcrc arc two cantrol va~.iahles pel 
rermlnnl (transformer tap 'a' and the control angle '8') and there drs used lo schedule aomc orhcr vnnables 
such as Voltage (V,i), currcnl ( I , ) ,  power (P,,).  reactwe power (a,,) or 4 C  bur volragm (V). Secrindly. 
therc is no clear difference hetwccn the control and network cquahonr T h ~ d l y ,  .to ovmcleterm~ned set 
of vartnbles lrkc V,,, I,,, cor 8, <b and o has been used to charmcnsc rhc state of operatmn of the DC 
system'. T h n  can be canfuslng because all thc vannhles are nor mdepcndenr. 'I he chotcc of state vanable\ 
lor the DC network can he l~mitcd to Vt, or some other rdared valahlcs Tlhr olhcr shortcoming\ arc the 
usc of inflexible per unlr ayitem where the base AC and DC voltagcs are related. 4 s  only one hrre DC 
voltage can bc uscd ~n a connected MTDC System ths  m p l m  a tined AC basc voit,lge which LS mconvc- 
nicnt. Further, the hiindhng of conatrain15 or? difterent variahics such a> (,, o, H, V. etc., has not heen 
gwer ~~nisfdctory concideration in the literature a \ahhlz  so far 

With thc rapld Increase af HVDC uril~zatron m the electric ut~lity for either transmission ot hack-ta-back 
qplicatlons. the relative po~tion c,f the DC power to thc total system puwer IS Increaaang. The SCK. 
defined aa the r a m  of the short-circult MVA at the converter bus to thc DC powcr in MW. is continuously 
decrcasmg. The operation of HVDV converter connected to such a weak statlon poser many problems. 
Among them, voltage instability IS the most important one. The problem of maintainmg srable voltage 1s 

related to the problem of mamtaining proper reactwe puwer balance or the adoption o i  suitable converter 
control strategy can help in overcoming the voltage instabdity problems. 

The steady-state analysis of voltage arability can be pcrfuimcd using the concept nf voltage stability 
factor (VSF) which i* defined a h  thc ratio of the ~ncrcmetltal change in AC voltage V to a small change 
in thc shunt susceprance B, at a spectfic power level. Positwe values o i  VSF indicate stabhty wh~le 
negatrve valuer indicate mstabd~ty. Padiyar er aP have genersllzed thls anxlysk by definmg VSF as a matrix 
for rnultitermmal systems. They have considered the existence of mutual VSF which can also influence 
voltape collapsc at a tcrmin;rl other than the voltage settlng leminal (VST). However: a detailed study 
of voltagc stability influenced by converter controls m MTDC system is not yet reported m literature. 

~ a i n t a i n i " ~  of system aeculity is an important aspcct m the modcrn operation of power systcm. Proper 
regard to linc flows must bc gmen particularly follow~ng a contingency If the line flow violates limits, it 
may lead to cascade tnppmg and consequently to system black our. The earlier approach was to adlust 
the generation whtch was onglnally operating at a value where the generation cost was rninlmum Because 
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thc adlusiment the operating casts become hlgher Wlth the lntroductmn of MTDC svstems, advantage 
=an be taken of thc fast cont~ollablliiy of power in DC-systems, whlch can adjust the AC line flow,. 
 near AC power flow has been wdrly used tor contingency dnalyslr be~ausz of linearity. speed of solution 
and thc use o! iuperposxtmn tor multlple contingenc~es. 7Jsr of t h ~  method for rzlirvrng network overloads 
by HVDC control needs to be studied. 

The objectives of this work were: 
(i) To study the tormulst!on and solutlon of power flow m MTDC-AC systems under both steady state 

and dynamic conditions to overcomc somc limitations described earher. 
(ii) To investigate the problcms of vollagc mtabhty  through scns~tiv~ty analysis 

(iu) To cxamine allev~atwn of AC line overloads through HVDC cont~ol uwlg Ilncsr programming 
technique. 

2. Cantrihutian of the thesis 

I )  A new and gene~al approach for perfornung powr-flow analys~s for MTDC-AC aystems is dcscnbed 
wmch takes into account several conctiamtc and control strategies. It is shown that under stcildy-state 
condit~ans when two control varrvbles (H,a) per terminal are ava~lahle. the solut~on of the MTDC-AC 
powcr flow is obtamed by solving the DC network first uslng one set of spec~fications (Pi or I,, and V,,) 
and bubsequently solving thc AC nctwork first using also the second sct of specifications (0, Q,, cos 6 or 
V ,  Using the sensitivity ~nformation based on two DC m d  two AC nciwork solutwnb, it 1s possible to 
eliminate the constraint violatmns by revising from the second set of speclflcatlons and also the Vd at VST, 
if necessary. 

Only under dynamx conditions when transfoimer tap 1s not available for fast control, the DC and AC 
netwrk equations are mupled and have to bc solved simultaneously for better convergence characterism 

2) A srnrlrivity matrix Ir formed whlch relateq the control and other \miiihlrs to specifications. Using this 
matnx. VSF matrlx 1s obtained w h ~ h  can be used to predm voltage mrtahiiity. Scns~tiv~ty rnatrcx can be 
used for reschcdulmg specified variables 10 elim~nare the consirallit violations. Ilowever. scns~tiwty mstrix 
la u e d  to form matux of voltage itsb~lity ?actors (VSF) which can he used to nudy volbgc collapre 
problems at thc converter b u m  in an MTDC system Voltage stabdity analysis I F  illustrated hy t s k q  up 
the case study of a four-term~nal MTDC system. Different converter control rtrategles are ~nvest~gatcd 
w~th regard to improving the voltage stah~lity. 

31 A simple technique uiiny, linear pxogrilmrning IS proposed for rescheduling power flaws in HVDC hnea 
to reniovc overloads in AC lines following a contmgency. 
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Thesis Abstract (Ph.D.) 

Ion assisted deposition of oxide thin films by M. Ghanashyam Krishna 
Research supervisors: S. Mohan and K. Narasimha Rao 
Department: Instrumentation and Services Unit 

1. Introduction 

Novel deposition rechn~qws and new materials are two very important aspects m the development of 
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optical thcn ttlm d e v u \ .  Hence, they have rcccl\ed a lot of attcntlon lghr th~ough the development ot 
the mcncc and tcchnolg o i  thm films Although diclectnc ov~dcs constitute only a very small percentage 
ot the materials used for opllcal dcv~ces, thry hwc provcd to be much superior to numeraur other matc- 
,,als hy virtw of thc~r  h d n c s s .  durah~irty. refracl~ve ~ndex, low emnction coeffic~ent. etc. Thcy have the 
ildd~t~onal advantage that wllh i proper relectmn of depuution proccw and process parameter\ the aboje- 
lnzntmned propcrtles can bc ta~lorcd to suit apcclfic appl~catiooa. A number of p h y r ~ a l  vdpour dspos~ticn~ 
techniques havc becn used to deposlt oxldc thtn t~lms. But better control over thc propcrticr has bccn 
aohleved only by the use of ion-srsirted deposition processes. Thla a a consequence of the s~mple manner 
in which ion wurcc parameters cdrl bc a,ntn,lled to ohrain the desired properties'-' 

The objectwe of the present work la to study the venanon In properrles of tmnium and rlrconlum 
dioxide thm films deposit~d by ion-assmtcd deposition and mactive election hcnm evnpw,mon in neutral 
urtygcn dtmaapherc. 

2. Erperimcnlal procedure 

The ftlmr were prenarcd in an "11 diffusron pumped chamber which could give pressures of thc order af 
l(l torr The tllms wzrc coated on fused shca substrates. The source to dlsrancc wa? 28 cm. Zrconia 
h l ~ m  w r ~ e  coatcd using 7 r 0 2  as the starting material and titaniil lilmc using Ti0 as the starting material. 
Substrates wcre heated during depositmn iwng ii radlant hcater Oxygen Ions were produced wing two 
diffcrcnt sources: (1) a He~tmann-type cold cathode dischargc source (HIS), and (2) a broad bcnm high- 
energy Kauiman-typc Ion source (KIS). The major dlttercncea between the two sources are: (I)  The 
energy and current density of ions can he indepcndenrly controlled in the KIS whereas 11 is not posciblc 
in the HIS, and (2) The eneqy of ions in the HIS is less than 100 cV but current dcnsltles up to 2 
mAlcm2 can bc obtained Thc KIS can produce ions of energy up to 1500 eV and lower current densities. 
The films were chrractenred far the iollowmg properties: refractive index, eatmction coefficient, packing 
density. uplicai inhomogmelty, optical hand gap, structure and stolchmmetry 

Zirconla and t m m s  thm f h s  were deposmd at current densities up to 1 mA/cm2 uslog the HIS and 
~n the cnergy range 0 to 700 eV and m m n t  densArs up to 220 pAlcrn' using the KIS. The starting 
material was evaporated from an clcctron buarn source. The uppcr values lor cnerey and sulranr density 
werc set by the detcriorarmn in optical properties. 

3. Results and conclusions 

The major results of the work have been aumman~cd m Tables I and I1 

It was observed m thc case of zirconla thrn films that the refract~vc Index mcreased wlth mcrease In 
energy and current density and saturated beyond certain critical values. The extmction coeffic!ent w h ~ h  
was mitially low mcreased drast~cally beyond the crit~cal wlues. The ncut~iil oxygen and HIS-depoaitzd 
films showed much lower indlces and extinction coefficient than the KIS films. They also euh~b~ted optical 
hornogenelty. The KIS films however showed a transmon from negative ta pomive mhomogene~ty both 
with increasing energy as well as current density It was seen that even the inhamogenelty exhibited 
critically it in itc behaviour with the films at only one energy or current density resulting In homogencoua 
behamour. Optical band gap calculatmns have shown that it is strongly cnergy dependent. It was observcd 
that the values approached that of the bulk up to 500eV beyond which a decrease in gap values was 
observed. 

All ac deposited films as wcre X-ray amorphous and anneahng to 500" resulted in crystallimty. Two 
significant observations were made dunng this study: (1) The films showed crystallme inhornogene~ty ( i .c  . 
presence of more tlran one crystalline phasc) at any post-deposition annealing temperarule > 50O0C, and 
(2) the cubic phase farmed at low annealmg temperatures (500°C) in the neutral oxygen deposited as well 
as the KIS films. For the iint tlme mfrared reflectance measurements were used to characterize phase 
composilions of the films. The refractive mdex decreased with an increase in annealing temperature 
whereas the extinction coefIicient increased. The yacking denslty also ahowed a decrease with lncrcasing 
annealing temperature. 
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Table I 
Results on zirconin thin films 

As dra. Anneol As dep. Anneal A .  den Anneal 

Ref index L D L D H' VL 

Exiincr~on L I L I H2 SI 
eoeffiemt 
Structure Am M+C Am M+T Am Most films 

(5OOoC) ~t 811 show M 
M+T annealing Some illins 
(7501C) 1empermxe~ show cublc 
M struct~re  
(85rpC) 

L. Low, D: Decrease, H: HI*, VL: Very httie change, SI: Shght Increase, i. Increase. Am: Amorphous, 
M: Monodinrc. T: Tetrapnal, C: Cuble. 
'Saturares beyond crmcal value. i~ncreases beyond erctieai value 

Table 11 
RewlU on dtulia thio films 

Neutral HIS KIS 

As dep As dep Heated As dep Anneol 

Ref. mdex L L H H' VL 
Extmctton L L L L' VL 
coefiiaent 
Structure Am Am Am Am Alif~lmr 

show anatase 
sfrllCLUre . . -. 

L: Low. H: Hlgh. VL: Very Imle change, Am: Amorphous. 
'Decreases hegond cnrlcal value. 'Increaser beyond cntteai value. 

Titania film. deposited in neutral oxygen atmosphere showed much lower indrces than the corresponding 
bulk material and very high absorption. It was found that the films deposited using the HIS had lower 
absorption than the neutral oxygen-deposited films. The index variation was, however, insignificant. It was 
observed that to a limited extent both in reiractive index as well as the extinction coefficienr a critical 
value of current existed beyond which there was a deterioration in optical properties. Films deposited on 
to heated substrates with simultaneous ion bombardment showed much better properties. At 200'C the 
films had a refractive index which was closer to that of the bulk, but the extinction coefficient was not 
affected significantly. All titania films were homogeneous mdependent of deposition conditions. It was 
observed that the effect of increasing the substrate temperature was much more pronounced than that of 
increasing the discharge current at a f l e d  temperature. The KIS titania films had much higher indices 
than the HIS films. This was true for filrr.. deposited at ambient as well as hlgh temperatures. It was, 
however, found that the degradation in fllm properties occurred at much lower bombardment levels than 
ior drconia films. Even in rhe case of titania films the existence of a critical value for energy and current 
density has been demonstrated. The films were X-ray amorphous. Post-deposinon annealing revealed that 
the films were anatase in nature. 

A limited number of films were subjected to laser-induced damage threshold measurements using 
photoacoustic spestrometry. It was found that although the KIS films had a higher damage threshold 
the absolute values were stdl low. Since only a few samples were tested no definite trend could be 
established. 
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Finally, the expenmental observations were fitted into a few currently used modeis for ion-assated 
deposition. I1 was found that mast of the observations fitted Into a model which predicts the momentum 
transfer mechanism as being the dominant one in ion-asslrted dcpos~ttan processes 
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Thesis Abstract (Ph.D.) 

Decision support data of interacting factors for design of footings by D.  Bhanu Prasad 
Research supervisor: B.V. Ranganatham 
Department: Civil Engineering 

1. Introduction 

The problem of foundation analysis is dwided into two broad groups: engineering and economic, whereas 
the design solution integrates bath the aspects. The engineermg problems resolve into questions of safety 
and suitability. The first question in evolving a suitable foundatton design concerns the loads the supenuuc- 
ture wll impose on the foundation and the second concerns the permissible tolerances of movements 
governing the type and use of the structure and these are considered fully specified for the purpose of 
this study. The third step concerns the analysls of the sod types and conditions and the next 1s to link up 
the two sets of facts, above and below ground, to choose the type of foundation that will match the 
demands of the structure w~th the conditions of the site. The imal step is primarily an economic one. 
Among possible designs only one will gwe the designed safety and sunability at the least possible cast and 
that design will, therefore. be economically correct. 

Isolated and combmed footlngs of reinforced concrete ate widely adopted foundatmns owing to the ease 
and economy of construction and maintenance and yet thelr rational des~gn integratmg engineermg and 
economic aspects involves many an mteractmg factor. The key steps in the des~gn are the dererminat~on 
of design-bearing pressure and the structural design. The investigation is in two stage% (steps); the first is 
to assess the design-bearing pressure in terms of many significant parameters of the subwrface and 
superstructure and the second 1s the economic evaiuatron of ratlonai alternate structural design. 

2. Design-bearing pressure 

Between the two criteria for the determination of dengn-bearing pressure (q,), namely. bearing capacity 
and settlement, the latter governs the d e s i i  in majority of situations as bearing-capacity failure is also 
preceded by unacceptable level of settlement. An ldeaiised normally consolidated deposlt is chosen for the 
analytical study an design-bearing pressure. Realising that the design-bearing pressure (qJ is complexly 
affected by many facton, the scope of the present study is limited to the following unambiguous and 

.quantifiable facton relevant to settlement criterion: compress~bility index (C,), load on the footing (w). 
depth'of steady water table (D,), depth of foundation (D,), permissible level of settlement (So) and 
interference from adjoinmg column loads. 



528 IISc THESES ABSTRACTS 

W ,  tons 

comprcssmn mdex (b) effecrive column lnad and [c) perma- 

ccz  

Fla. 2 Vanarconr of thcknea  of 1ers.compreas~ble layer 
ulth camoresrmn index. 
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Thc comprcaslon mdex versos void ratio rclaiion' IS used to a rnw at the 0,-sin( "old rat10 (e,,) and 
resultlnz i,i-.utu *ffccr~w \tress @,,) The rtreas increase (1P)  undemmth the centre ot toorlng due to 
appllrd i i n ~ t c m ~  contact preaaure 15 computed using B o o r m e q  expreision. Startmg wth  a ten;atlve phn 
dmension the con\ohdarion settlement is computed for the gwen value\ of cumprcsslon mdcr and elfectlvr 
load on the footmg, the procedure Ir iterated till the computcd aettlcmcnt complm with thc )rd~nuaa~bie 
value \peatled by the code .ind the rssult~ng un~iorm prcaauie becomes thc dcslgn-beannp pressure approp- 
rmrz to thc aswmeil dcrigri Input,. An approximate ialnrm lor desgn-beanng presaure deduced from 
thcoret~cal consldc~anons' 1s 

Figurcs la< ale typlcd results veniying the valldlty oi the abuvr relation over a useful range ut paramet- 
ers 

Therc 1s almost dmct  increasc ot design-bcanng pressure with incieaae ~n depth to s tmc water table 
o w q  to incrsax In cflcct~ve stre\a from capllary bucuon Thr in'redae (8 ,  destgn-bcaririp pres\iirc a much 
more pronounced as the boll ~n the capillary zone 1s conaldered lcsa compressible. The results ot dealgn- 
bearing pressure with respect to less compressible soil above water tablc are used to arme at the thtckness 
of iaycr of improved ground of reduced comprerslbdity lo ensure a svated level of design-beanng prcsrure 
(Fig. 2). From thcse results, an empirical expression is suggested for the thlckncss (Ti,) oi top layer of 
lera comprcssibil~ty (C,,) tor the itdted level of :illowable bearmg pressurc (fin). 

T ,  = c0.51 + 0.002 (q,-lo)] [m - l j l0"  55+u5 l'c''Si ' 

When the prcdictcd lj, is less than about 5 m, the e m r  m predmion lies within i 10% 

3. Structural design and economic evaluation 

Thc structural actlon mclud~ng failure mechanism of the conventional umtarm thick footing still eludes the 
comprehension of the designer precisely defined distribution of contact pressure at the bottom. Because 
of the danger of punching distress the current practice ia to design thickness of footing for punching shear 
and to arrivc at remforcenient Tram flexural conndcrationa Shear failure should he avoided because, 
besldes difticultler in pred~cting shear strcngth. it has little ductlilt)' and post-peak strcngth. This compelling 
cansiderat~on has motivated the exammarlon of alternate structural forms of footings that will ensure 
flexural failure by elmmiltlng punch~ng shear Callure Two basic (alrzmate) forms studied are beam slab 
footmga (uniaxial, axial and diagonal beam slab square footings) and tapered fooongs, the iorms of w h ~ h  
are such as to prevent fallurc ~n shear'. Thc uniaxial beam slab faonng brings in real s~mpl~frcatlon of the 
structural actmn of footmg in that slab and beams are to flex in mutually orthogonal d~rections and 
reinforcement is provided ro resist bending only in one direction. With unidirectional flexing of slab, its 
dcsign is refined by suitablc tapering and curtadment of reinforcement. The main reinforcement in beam 
is also rationally curtailed. Uniaxial beam slab footmg mcorporaong such improvements in design details 
is studied (Flg. 3). The footing systems are designed in confornuty wlth code provisions. Computer-aided 
structural design and economic eraluatlon of footing systems have been made choomg deaign-beanng 
pressure (q,,) and column load ( w )  as independent inputs. A smple and accurate cnough for dcaign, 
relation between concrcta quantity (QJ and des~gn lnputs (w and q,,) 1s deduced from xdeahsed theoretical 
considerations, 

Typical result? of variat~on of mst with respea to W and q, are shown in Figs 4a and b. The study has 
demonstrated the supenar economic performance of uniawal beam slab footmg with refined deslgn detnling 
that too \nth improved safety margin. Uniaxial heam slab foohng wirh refined design detaih when adopred 
for other forms of footings like rectangular isolated and ombincd footing a shown to be superior. It is 
srgnifiwnt that the ratio of self weight of footing to the mlumn !a& nut a constant but vanes 3s U"'lq,. 
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Reinforcement (plan) 

FIG. l a  Variation of cort wrrh effccrwe load, a d  (b) allowable prrh,.\urr 
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'I he study has senerated In rrallsric terms wide and useful riatabsac ~nvolwng the ldc~~ritlcd ~nr~.l-~crinp 
tacrors which cuuld ailivcl) hclp foobng dsslgn d e c m m  rauondl. 
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Them Abstract (M.Sc.(Engng)) 

Analysis of dynamioal behaviour of an aircraft at touchdown by S .  S. Korbari 
Rcsearch supervisors: M. R. Ananthasayanam and K. Kajaiah 
Department: Aerospace Engineering 

'The landing ot an airplane commences from the appraach condition with the pilot apeiarmg the controla 
for a smooth touchdownfolluwed by Jeceleratm to rest or uim off Ihe runway. Stat~mcai intormation 
baaed on night records is ava~lablc concernmg thc approach rnd rouchduwn conditions as well as the 
acceleranon cxpericnced by the airplanes soon after. To connect such emp~ucal starisric.il relat~ons and be 
useful for airworthmess and design rtud~es it is best to model the pilot mput and thc Vanding gear and 
subscquznrly analyse the response of the airplanet-'. This work deals with the effect ui  the l a n d q  gear 
on an airplane's response after touchdown. 

2. Contribution of the thesis 

The general equarions of motlon relevant to the arcraft togethcr mth the landmg gear are derlvcd and 
later simplified ro analyse the longitudinal dynam~cal behawour. Subsequeotly, by considering a senes of 
increasing degrecs of freedom modelr based on a seriea and parallel cornbitvat~on of spring, ma\a, rnomerri 
01 incnia and dampcr aysrcma and with a method to account for aerodynamic llft as %,ell prawdcd thc 
numerical 2nd thc modellmg validation. A 'landmg umdaw' bascd on the force and moment equhbrium 
conditions bmm the operatLon of an aircraft in the approach s p e d  vs glide path angle plane due to 
aerodynamic, thmst, the landing gear strut compression rate and airplan? altitude at touchdown, etc. (Wg. 
1). Thla helps to understand thc difficulties in specifying the touchdown conditions wnhout knowing the 
pdot mput. A possible way of ovcrcommg such a problem IS d~scussed. The response ot the axplane 1s 
shown in Fig. 2 for the reference landing condition. Later, the effect of various parameters oe the dynam- 
ical response of Lhe a~rplane and the landing gear as also the g loads at the ccuter ot gravity and at the 
pilot's location is studied. The dominant parameters as shown in Table I were found to be the vertical 
velociry, as is to be expected, regarding which a large amount of flight data are available and unexpectedly 
the pmh attitude of the airplane about which there are meagre flight data and the damping coefficient.; 
of rbc landing gear oleos. The l y e  and tile oleo stiffilrcses as also the ailcraft speed have a modest effect 
and the aerodynamic character~rrics of the airplane have only a weak influence on the y loads felt at the 
center of gravity and at the pilot's location 

It is suggested that the study of the problcrn by modelling the pilot mput using the present~dag digital 
flight data rewrders and alro the analysis for a flexible aircraft would be highly wonhwhile. 
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Table I 
G load wcighmge of differen1 paramstem 

Influence on the omh G iovd o i  

Landing Warn oleo sr~fheu 1 U 

grai Vase oleo sr~finess 0 1 
pnrrincrrrr M w  ryre rr~ltncsn i U 

Nore iyre suiincsa 0 2 
Msln airo damnme 1 . L 

Nois oleo damping n 3 

Aerodynarnx Srah~liry margm 0 0 
chriaclensun Control cffeclwenew 0 U 

Patch damping 0 0 

wheic 0 uidlcatcs no or very weak mfluence, 1. w e a l  mflucnce; 2, strong ~nfluence; and 
3, very rrrong mfluence. 

References 
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Thesis Abstract (Pt1.D.) 

Experimental investigations of hypersonic flow over a bnlbous heatshield at Mach 
number 6 by P. Srinivasa 
Research supervisors: N. M. Reddy and V. Adimurthy (VSSC) 
Department: Aerospace Engineering 

Satellite launch veh~cier that are used for launching hrgc sarellilo usually h a w  bulbous hcatshiald conf~g- 
oratvm, During lhc almosphcric flighl at wch vehdes, these heatshields pratccr t h s r  payload from the 
arcodyiianric rnv~rnnmcnt In thc hypcrsonc p a t  uf the flight regime, the ci~viruun~riit ii. r\prcially revcre 
with acrodynamic hcaring bccumlng significant I D  addxion to the acrodynamrc loads. To desxgn such a 
hearshdd. mciud~ng 11s thermal protection rvstem, the deslgner nccdr dara on heaung rnrei, presauxc 
dmrlhurcon\, toire.; ;ind rnomcnrs, ctc Fur such ~nformanon. 11 is csaentml to h;we a tull understandlng 
o l  ilic lhyperwrr~c flow over such ionliprarions. Due 10 launch conwamti, il is po\rihlc thni thr vehicle 
may have appiecmblc anpies ol mcideocc also For *armus design d& and undcntandmg o i  rhr hype~rrmc 
flow characrcrlsticr at anglcs ot attack, both analytical and cxprnmcntal mcthods a n  p~cicntiy uicd. To 
use an efiectlvc computmondl method. large hgh-sped compuung iacil~rler are required. H u e ,  primarily 
expsrimrntd mcthods ale used to study Mach 6 flow w c r  a hulbuu\  heat\hleld conf~guration\ m a ihuck 
wnncl and MI a convennonal bypersomc tunnel 

2. Measurements of aerodynamic heating 

Acrodynam~c heating of fllqht vehicles la a mqor concsrn at hypersonic specds To meaaure heating cares 
In a wmd tunnel, 11 1s essent~al to nmulare thc fhght total temperature In addirmn to Mach numbcr and 
Reynolds number, so that real gas effects are also xmulated Vdal' used platinum rhm flim pauses ~n a 
shock trmnel tor hent-lranafer rneasurerncnts A hydlogcn-dnvco shock tunnel wltli a run time of ahout 1 
mill~rccond 1s uscd in thls study and heating rates o x r  LI bulbous contigurauon model at n = 0 to 17" are 
mcasured at freestream candmons of M, = 5.75. Kc, = 2.5 X 10' and To = 1830K. Thcse conditmns are 
typical ot satellite launch vehicle trajectories To ensure grometricnl accuracy of thc model. Macor~thm 
lilm hcat-transfer gauges are devdoped u ~ n g  a 5mlple technque A ncw analogue cncuil which include\ 
conctam current w u i c r ,  amplifiel stage and T-sectlon andloguc network is dcvelopcd to measure hear- 
rmnsfer ratcc drecrly irom the thin-film gauge slgnals. This clrcult has high-trequcncy rcsponse and therc- 
fore can be used m shock tunnels where run times are ot the order ot a few milliseconds. Macor-tbln illm 
gauges ale prepared m a smplc but different bay  than clrcwhcie and rhrrrforc crtcrislv< cdl~bidrion tcsta 
are made to obtain lhcu constants like the backmg material properrlcs and tcmpcraturc coefficient ot 
resistance. For accurate data acqumtion and processmg, dlgnal translent recorders and a computer are 
used. 

3. Meas~rrments of pressure distribution, forces and flow visualization 

For measurements of surface pressure di~rribution, forces and moments and flow vbuali~at~on %"dies, it 
1s sullicient to simulate the flight Mach number and Rcynolds number in the wind tunnel. Therefore, a 
conventional blawdown type of hypersonic wind tunnel wllh a run time of about 20 scconds 1, used tor 
these studies on the same bulbous heatshield configuration. 'These studies are made at a Mach number of 
6 and Reynolds number based on nose radlus of 10" Pressure distnbution measurements are made over 
the cylinder-boat tail-cylinder rcgiuu A a = 0" and 5". At 5" angle of ihtdck, pmssurc distributions arc 
obtained on nine planc5 m the range $ = 0 to 180'. These meaaurcmenrs are made using a scanivalvc, 
scanrvalve digital interface unit and a computer Force measurements are made in the same hypersonic 
tunnel using a srram gauge balance. These te\l, are done uamg the continuous pllch method with real 
lime data acquisition wing a compute, Normal force, pilchlng momcnr and axial force are measured at 
angles of attack 0 to 8". To obrilin good-quahty oil flow plctures of thc boat tail region of the model, 
conventional technique used rn rupersonlc tunnels is mod~fied and plctures are obtamed at a = 0 and 5" 
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Rc 2 Pressure coeff~ctent d~srnbutmn at a = 5' and + = 1 0 0'. 
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FIG. I. Compamon of expermenial hear-transfer rates 
wth predictions (o = 0"). 
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4. Computations 

l I ' i ' ' l  

ila. 

To compare rhe experimental results to a limited extent, camputatmu are made usmg two CFD codes. 
An Eule? code is used to obtain inviscid pressure distribution and forces and moments at a = 5". The 
inviscid shock shape obtained from this code is used as the input shock shape to a viscous shock layer 
code3. The viscous shock layer code is used to compute heat-transfer rates over the attached flow regions 
ar a = 0 and 10". 

1 - 

At zero degree incidence, the measured stagnation point heat-transfer rate agrees very weU with the 
theow of Fay and Riddell'. Over the 20" blunt cone and cylinder region of the configuration, viscous 
shock layer r&s agree well with measured heating rates ( ~ i g .  1). Oil flaw picture and pressure measure- 
ments show lonaitudinal flow se~aration over the 15%oat tail with attachment on the downstream cylinder. 
The Euler codepredictions of aurface pressures over the attached flow regions of the first cylinder is in 
good agreement wlth experimental data (Fig. 2). Prediction of normal force and centre of pressure by the 
Euler code is in good agreement with measurements, mainly due to the reason that at a = 5', the major 
conwibutions are from the attached flow over cone and first cylinder. About 15% difference in axial force 
coefficient is observed due to skin fnction and flow separation in the experiment. 

5. Analyysir of hypersonic flow characteristics over hulbons heatshield based on experimental results 

The experimental data obtained in this investigation are analyzed and examined in totality to evolve 
detailed flowfield characteristin at u = 0 (Fig. 3) and 5" (Fig. 4). Observed drop and subsequent increrase 
of heating rates over the first cylinder is attributed to reflected compression wave interaction with the 
laminar boundary layer. These reflected compression waves exist as a result of the interaction of Prandtl- 
Meyer expansion waves with the bow shock. Flow separation and reattachment zones over the configura- 
tion at a = 0 and 5" (typical of smaU angles of attack) are identified. At u = V, the flow separation over 
the boat tail is purely longitudinal. However, at a = 5", the separated flow region over the boat tail and 
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- SHOCK WAVE COMPRESSION WAVE 

---- BOUNDARY LAYER SEPARATION LINE 

-- EXPANSION WAVE - REATTACHMENT LINE 

DETAIL A T  A 

DETAIL AT 8 
FIG. 3. Postulated florvfleld charaeteristlcs at Mr = 6 and u = 0" 
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----- BOUNDARY LAYER - COMPRESSION WAVE 

-- EXPANSION WAVE - PRIMARY IEPARATION LINE 

FIG. 4. Postulated flawfield charactenma at M. = 6 and a = 5'. 



!ISc THFSES ARSTKRC'TS 517 

the second cyhnder 1s duc to lonp~tudinal and croia-flow separation Thc flowficld ch .mctu l~tc ,  ewivcd 
in this work arc of importance to numerical cornpurallons in selecting approprme numenc;il schemes and 
cornputatlon-grid patterns. 

6 .  Conclusions 

Substantial data on hyperson~c flow over a tjplcal bulhous heatshlcld configuafion i re  pcricratcd wlng 
cxperirnental methods m a shock tunnel and a hypersonic tunnel. Overall dowf\eld demls w c r  a bulbous 
healshield configuratlan at angles of attack are presented in thlr work 
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Thesis Abstract (M.Sc.(Engng)) 

The effect of oxygen transfer on the kinetics of formation of polyols by H .  Ailomala 
bv S. V. Patil 
Research supervisors: N. V. S. Sastri and S. J. Jadhav 
Department: Chemical Enginecring 

1. Introduction 

Yroduction of glycerol and relatcd polyols by the femcnrat~on route, parliculaily from the renewable raw 
materials, is assuming incrcasmg importance in view of the escalat~ug petruleurn crude pricea and shortage 
of fats and oils. Fermentation of sugars by osmophilic ycasts for the productmn af thcsc chemicals holds 
high promise. 

This work involves the study of the role of molecular oxygen on the kmet~cs of glycerol and arahitol 
formation in the fermentation of sugar by dn osmophilic yeast Ilamazulu u~omalo. 

2. Shake flask studies 

The screening of ormophllxc yeasts and opfimizalian of nutrlent and cnvironmcntai pdramcters uerc carricd 
out in shake flaks. After screenmg 16 strains of osmophilic yeasts, H onomaln was selected for further 
studics on thc basis of high yield of the ploduct, glycerol. H. anomala produced mainly glvciral and 
arsh~tol m the ratlo 4:l .  The nutrient and environmental factors were optlmlzcd In rhe shake flark run\. 
Optimum yields of palyol (based on fhc per cent sugar consumed) wcrc ohta~ned with a starting sugar 
concentration of 30%. oxygen consumption of 45 mMllih and an  alkalme pH of 8.0 

Polyol production was influenced by the d~ssolved oxygen (DO) concentration ~n the medlum as well as 
by the rates of oxygen consumption. High sugar concentrations ~n the rnedwm drastically dccicaicd DO 
concentration and created quickly anaerobic conditions w h ~ h  afiected sugar utdization md cell growth 
With limited rates of oxygen supply, polyol yield remained ~tationary while the cell ycld increased with 
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sugar comumptron. M~ghly aerohlc condition\ lead In increased cell mass yield and low polvol ylcld The 
anical role o i  oxygen supply on the ylelds of pulyol wa\ c%t;ihli\hed I" shake flask enpc?mr.olr 

3. Measurement of oxygen transfer rates (OTR) 

The oxygen transfer rates werr quantrficd in a Chema- 'crmentcr Oxygen transfer rates m the fcmrenter 
were determined by (i) the sulphite oxidation mettud, and (ii) the dynam~c method of grassing out. Ir 
was rhown that the OTR obtained by the sulphfte oxidation method werc not a p p l ~ ~ b l r  to slow-gowmg 
microorganisms like osmophilic yeasts. Thc dynamic method developed hy Taguchl and ~umphrcy '  has 
the advantage of measunnfi the volurnetnc mass transfer coefficient ( f i n )  m actual fermcntat~on. It is also 
very slmpie as it involves the use o l  a fsst-response DO probe.  measurements werc madt- of translent DO 
concrntrations in a resplnng culture after slopping the alr supply. This rcsults in a linear decline in the 
DO concentration as shown in Erg. 1. The slope of the hne between 'air off' and ' a r  on' points *olds 
OTR of the orsdnism. A maximum OTR of 6.2 mM/l/h was obtained in the experiments. 

4. Oxygen transfer eITwis 

In fernenter studies. the effects of process parameters an cell growth 2nd polyol production are best 
illustmed by typical tlmr course concentration profiles of suhstraks and products as shown in Rgs. 2 and 
3. In these figures, measured values of pulyol concentratmn (P), cell mass (X), rcsidoal sugar conccntratlon 
is).  per cent satwatton (pU2) and pH of thc medium are plotred against tme  The trme c o u m  profile 
of cell mass indxates three dattnct phases: the first one shows rapid cell growth itnder oxygen lmitatlon 
with littie polyo1 formation. The rate of oxy~eo consumption is high, but cofrstant and the rapid growth 
phase is terminated a i m  about 18 hours. The second phirsc is marked by a sharp increae in the value 
of DO and a linear Increase of polyol concentratrun with tme, reaching A rnaiirnum value at thc point 
of total sugar utilization. Polyol yield m this phase increases wi~h lnctease m thc DO value. The third 
stage of the process begins at the point of total sugar consumption when rapid cell growth commences 
again. probably due to switchover of metabolism of the organism utilizing glycerol as substrate in place 
of sugar. 
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I 'i 
25 >o 

1 7 )  -. : 
Frc 3 Eficcf of sugar cancentrailon (30%) 

F m  1 Cornpanson of expsnmenral and predicted specific 
producr formarlon rare 

From the expenmental rbldence it is clear that the growth process duiing the product format.on was 
not lhmited by the OTR as the DO concenrrations cones?onded to 40 10 70% of oqgen saturatmn values. 
The mirial rapid cell erowrh phase, uhen ver) Imle of polyois is produced. could be cons1der2bly shortened 
by enhancing OTR or by increasing the O2 pa~tiai pressure. At rhe end of grouth phase rhe aeratmn rare 
could be cons~derably reduced dunng poiyol producr~on Thus. 11 1s profitable ro conducr fermentation in 
two stapes as far as aeration is concerned. 

One cunous polnt that was observed ~n this study concerned inverse reiatmnjhlp berween the specific 
growth rate of the cells and the substrare concentration. This 1s due lo drastic deciese in rhe soluS>llty of 
rhe second substrate, oxygen. as the sugar concentration increased. 

Increased product )ields were obtained under a1kai:ne condirionr. It was obsened that a pH of 8 11 

optimum for producr yield. The orher optmum conditions established for maximum palyol pioductlon arc: 
aeration rate, 0.54 VVM; agitatmn rate, 600 rpm; initial sugar concenrration, 30%. The maxtmum yield 
of polyol based on sugar utilizatmn is 51%. In this mixture. glycerol and arabitol were found ro be in the 
ratio of 4.1. The oprimum productivity of polyol farmarion is 1.1 @Uh on ferrnenrer scale experiments. 

5.  Kinetic model 

A kinetic model has been proposed to rake mto account the effect of concentrations of sugar, oxyoen and 
celi mass on the rate of product formation, This can be used for design purposes The speciliz rate of 
product formation 1s ghen by 
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where S is the concentration of the sugar and CL, the concentration of DO The kinetic coefficients +, 
K,  and K, are evaluated from Lmeweaver-Burk plots made from the expermental rate data. The observed 
rates of specific growth are compared with the prcd~cted values from eqn (1) in Fig. 4. The agreement 
between the cvperiment and the model has been found to be quite good except in the initial phase of 
product tormnt~on whlch corresponded with the termmatlon of the fast cell growth phase. 
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Thesis Abstract (M.Sc.(Engny)) 

Instrumentation for holographic interferometry and some applications by M. R. Sajan. 
Research supervisors: B. S. Ramprasad and E. S. R. Gopal 
Department: Instrumentation and Services Unit 

1. Introduction 

Holographic techniques have become important for nondestructive testing in research and industry1. The 
method is simple. easy to implement and is often cost-effective. Major objectwes of the research work 
were to develop a holographic recording set-up and to perform holographic interferometry experiments 
for the measurement of corrosion rate of materials, whlch la  an important engineering There 
exist several methods for its measurement. The feasibility of holographic interferometry method for the 
measurement of corrosion rate of mater~als is investigated in detail. Advantages of the method over the 
conventional measurement techniques are also d~scussed. 

2. Experimental techniques 

A vibration-free table is constructed for performing holographic experments using a thick rubberised coir 
foam as \rbratian  sola at or. Optical and mechanical components are fabricated in the laboratory with good 
precision. 4 lensless Fourier transform geometry is used for recording holograms. The stability of the 
set-up is evaluated by using a long-legged Michelson interferometer and also by recordmg a few double- 
exposure holographic interferograms. 

The set-up is used for the measurement of corrosion rate of aluminium in sodium hydroxide solution. 
A glass cell wth  a drainage valve 1s fixed in the set-up far dissolvmg sample plates. The sample plate is 
screwed on to the mount attached to the glass cell. First exposure is given after filling the cell with water. 
The water is drained off from the cell and the specimen plate is allowed to dissolve in sodium hydroxide 
solution of known concentration for a fixed time interval. After dissolution, the plate is deaned and the 
cell is filled with water. Now the second exposure is given. While reconstructing the hologram, the virtual 
image of the sample plate can be seen overlald with a fringe pattern. This fringe pattern IS a measure of 
thickness loss of the plate due to dissolution If N is the number of fringes, the thickness loss t can be 
found out from the relationship 

f =  
NX 

2 cos 0/2*cos S 

where A is the illuminating wavelength (632.8 nm), 8,  the angle between the ~lluminating and viewing 
directions, and 6 .  the angle between the displacement vector and the bisector of the angle. In these 
experiments. the displacement of the object is along the beeaor, which meana S = 0. 0 ib chosen as 46'. The 

N 
equation reduces t o t =  - 

2 cos BR' 
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FIG. 2 Curroslon rate of alummiurn in U.SN NaOH. 
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FIG. 1. Interference frmges from double-exposure holog- 
rams representing thickness loss of an sluminlum plate dir- 
solved in 0 5N NaOH for different dissolutmn tmes, a) 5, 
b) 15, c)  25, and d) 35 mmutes. 

In the darkroom it is very difficult to conduct the dissolution part of the experiment without disturbing 
the components in the recording set-up. To avoid this difficulty, a kinematic plate hold& is fabricated 
for fixing the sample plate. The mount can be taken outade, the dissolution of the sample can be done 
outside the dark room and the mount can be relocared exactly in the original positlor, ensuring a zero 
fringe condition Also the components in the set-up are not d~sturbed accidentally in darkness. 

3. Results and discussion 

Some of the interferograms obtained for the dissolution of aluminnun plate in sodium hydroxide solution 
are shown in Fig. 1. The thickness loss is also found out by the weight loss method. The results obtaioeq 
kom the weight loss method and the holographic interferometry method are plotted in Fig. 2. The resuits 
are in good agreement. 

Experiments were also carried out for the measurement of the dissolution rate of AI-Ni alloy in sodium 
hydroxide and glass m hydrofluoric acid. 

The major limitation of the present method is the loss of contrast of the interference fnnges for high- 
dissolution times or for higher concentration of the solvent. Thm is due to the change in the surface 
micro-structure of the plate due to dissolnt~on~. A simple speckle-shape analysis is performed to study the 
changes in the sulfate microstrucrure of the specnnen plate due to dissolution. Several speckle patterns 
from the same sample plate surface are recorded after dissolving the sample plate for different dsolution 
times. The kinematic plateholder is used to replace the specimen plate in the original position after dissol- 
ution. Visual examination of the speckle patterns is sufficient to indicate any change in the shape of rhe 
speckles. 

In the case of aluminium dmolved in sodium hydroxide, the size and shape of the speckles change 
gradually with increase in dissolution time as shown in Fig. 3 This would lead to the loss of contrast of 
the holographic interference fringes for higher dissolution times. 
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. . 
FIG. 3. Speckle patlem photographs of an aluminium 
plate dtssoked in 0 2SN NaOH for different dissoiu- 
tion timer. s) Initral speckle pattern, b) 10, c)  20, and 
d) M minuter Visual examination reveals many 
changer in the rirucfvres of the speclrles in photograph 
(d) compared to (a). 

When brass is allowed to dissolve in 2% nitric acid, even after just 5 minutes of dmolution time, the 
shape of the speckles changes drastically. This points out the rapid wavefront decorrelation introduced by 
the dissolution of brass in nitric acid. Hence, it is difficult in practice to get hologaphic interference 
fringes in the case of brass dissolved in nitric acid. 

For glass dissolved in hydrofluoric ac~d, the speckle pattem does not show any sign~ficant change even 
after large dissolution times. 

The holographic interferometry method has the following advantages. 

(a) The method is simple and gives the direct measurement of thickness loss. 

(b) Localised corrosion effects can be studied which are not possible by conventional methods. 

(c) In-situ measurements are possible in case of large components fixed to a system. 

(d) Using real-time holographic interferometry, it is possible to monitor corrosion rate contmuously. 

Usually, the interference fringe pattern is photographed and analysed manually. For automatic analysis 
of fringes a miaoprocessor-wntrolled fringe scanning system is developed. The displacements or deforma- 
tions causing the formation of the fringe patterns can be visnalised in 3D with the help of a computer. 
The performance of the set-up is evaluated by analys~ng a few interferograms from a Fizeau interferometer 
for testing flatness of optical flats. 

Mpitations exist for the measurement of wrrosion rate by holographic interferometry method due to 
the Ibss of wntrast of the interference fringes for higher dissolution times. Also, large amount of thickness 
loss causes large number of interference fringes. It is very difficult to analyse such a closely packed fringe 
pattem. In spite of these hmitations, the tecnnique offers further investigation possibilities in the acceler- 
ated wrrosion studies of materials. The speckle shape analysis can be used to characterize materials and 
solvents suitable for study using holographic interferometry. 
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