
Thesis Abstract (Ph.D.) 

The advances made in dle field of  X-ray crystallography and the establishment of the symbi- 
otic relationship between structures and chemical reactivity have paved tl1e pathway for the 
understanding of xrzction n~echanis~ns in the crystalline state. Of special significance is the 
2 + 2 photodimerization reaction where the distance between the nearest reactive double bonds 
i s  less than 4.2 A. The additional features are that the double bonds must be nearly parallel and 
that the stereochemistry of the dimer can be reduced from the contact geometry on the mutual 
orientation of the reactant molecules. Such reactions are termed topochemically controlled and 
the main aim of this work is to investigate the part played by fluorine atom in guiding reactant 
molecules in the crystalline lattice. It is also intended to bring forth the importance of weak and 
cooperative inteructiol~s involving organic fluorine. 

erization reactions: A rief review 

The strategies by which the desired molecular packing is achieved in bin~alecular photo- ,/: 
dimerization reactions and the general principles outlining the semantics in crystal engineering 
are provided with special enlphasis on steering capabilities of halogens, methylenedioxy-, 

Solid /i - 
uoro derivatives 
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methoxy- and acetoxy-induced reactions at defect sites, mixed crystal f~>mlation, conlplex for- 
mation with Lewis acids and in host-guest complexes. '. ' 

The changes brought about in the packing modes in the crystal lattices by fluorine substitution 
as cornpared to those of the p m n t  4-sty~ylcoumarin and substituted (other* than fluol-ine) 4- 
styrylcoumarins are analyzed.4  o ow ever, [2 + 21 photodi~nerizution been observed specifi- 
cally across the styrenic double bond. The stereochemistry of the photodiiner SJJH-HH @- 

packing ~node) has been established by single crystal X-my studies with two exmples. This is 
in contrast to the formation of anti-HT, a-packing mode) in the crystals of the 4- 
styrylcoumarin.3 The role of intermolecular short contacts C-H- . .F-C. C-H.. -0 and F.. .F is 
discussed. 

The crystal and molecular structures of that fluoro-substituted 4-styry lcoumnsins which yield 
anti-HT dimers upon irradiation are described in the crystalline state. A ratiounlc for the lower 
dimer conversion in 4-styryl-6-fluorocot'i1nain in terms of involveme~il of' only rnolccule 
photodimerization upon irradiation i s  suggested. The photo inertness of 4-styry1-7- 
fluorocoumarin is understood based on geometrical parameters 0, .  0:. Elj uld d which clililntifv 

h J 

the extent of overlap of the orbitals of the reactive centers. The C=O.. .n iphenyl) contacts 
responsible for the observed anti-HT photodimess in 4-(3-fluorostyryl jcoumarin and 4-styryl- 
6-fluo~-ocoumarin are also discussed. 

hotobehaviaur of 7- ylcournarila in t 
crystalline state6 

The photobehaviour and crystal packing for 7-fluoro-4-rnethylcc.~1~17t1~~si zr ;l*ld (,- fluol-o-4- 

methylcournarin 2 are presented. The anticipated dimes based on stuclics-' suggests sy -HH.  

oli 
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Solid - 
hv 

Solid - 
hv 

,3-butadienes in the crystal- 

Double [2 + 21 photodilnerization of fluoro-substituted ( IE, 3E) 1,4-diphenyl- 1,3-butadienes is 
studied to investigate the effective dimerization across both the double bonds. Fluom substitu- 
tion reorganizes the tnolecules favouring photoreaction. Based on the single-clystal X-ray 
studies of the monomers. the observed crystal packing I .  corresponds to a-packing mode. The 
lower dinner conversion, -25%, in all the cases is rationalized. Based on the molecular organi- 
zation, it i s  observed that in the centrosymmetric molecular alignment in the reactants, 
C-H. . .F-C and F.. . F contacts seem to provide additional supportive interactions. 

arins using coumarin as an a 

The polymorphic of parent 4-styryl coutnarin3\and 4-(3-fluorostysyl) coumarin obtained with 
the addition of cournarin (2.5% by molar ratio) during c~ystallization has been studied via X- 
ray diffraction. Thc structures, crystal packing and the photobehaviour have been examined. 
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The sirnulation of the phw-seprtrating system gave us an opportunity to compare our result 
with the already available exact solution by ~ n s n ~ a r . '  It also enabled us to address the contro- 
versy present in the literature regarding the existence of spinodal point in the thermodynamic 

limit. For the phase-separating system with a positive value of w'! defined by, 

where E!$ is the bond energy between X and Y species in the ith neighbour shell of each 

other. The free energy vs composition (G 1)s c) curves for finite sizes are U shaped at high tem- 
peratures and W shaped at low temperatures, indicating complete solid solubility at high tem- 
peratures and twa-phase coexistence at low temperatures. We studied the behaviour of G vs c 
curves at low temperatures for various system sizes ranging from L = 10 to 20. We find that the 
difference between the minimum free energy values at the two-phase coexistence compositions 
and that at cornposition c = 0.5 decreases as the lattice size increases. This indicates strongly 
that at infinire size, the system, devoid of finite size effects, will have a G vs c curve with two- 
phase region represented by the common tangent to the single phase region. This leads to the 
conclusion that the spi~~odal  point does not have a thermodynamic validity, supporting the re- 

(1) sults o f  previous work done in this area. For W,, = 1 and a lattice size of  L = 20, our best es- 
timates 

ture of 

0.0656, 

for the co~npositions of the two coexisting phases are 0.0475 and 0.9525 at a tempera- 
A* 11 1 = 2.1 and their free energy is -2.05015. In cornparison, the exact solution yields 
AM 

0.9344, and -2.0688, respectively. Similarly, the critical point (the highest temperature 
fid of two-phase coexistence) for L = 20 i s  estimated to occur at - = 2.2890 while the exact 
w.2 

solution yields 2.2692. 
I 

The second lnodel alloy system in characterized by ordering energies w:! =-1 and 

= 1/ 2 for the first two neighbour shells; these values stabilize two terminals solid solu- 

tions and an ordered phase at the stoichiometric composition of c = 0.5 at low temperatures. 
The phase diagraln for this system exhibits a tricritical point, at- which a second-order transition 
(order to disorder) line meets two first-order transition lines (phase boundaries which are the 
h i t s  of stability of the terminal solid solution and the ordered phase at low temperamres). Our 
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attempt in the work was to determine the phase diagram of this system and, in particular, locate 
the position of the tricritical point in the phase diagram. At intermediate temperatures, the or- 
dered alloys of near c = 0.5 undergo a second-order phase trans for ma ti^^ to a 
disordered state; this transformation is marked by a singularity in specific heat capacity (c,) at 
the critical temperature, which for finite systems, is manifested as a peak in the (C,, vs 
curves. This peak position is taken as the critical temperature for finite systems. The locus of 
the critical temperature for different compositions forms the second-order line.  At low tern- 
peratures, the phase diagram exhibits a two-phase region in which a terminal solid solution and 
the o&red phase coexist at equilibrium. The compositions of the two phases are given by the 
comlnon tangent construction to the G vs c curves. For calculating these compositions, we 
make use of the grand canonical probability function P,;I: a&b) at a constant temperature (T)  
and difference in chemical potential (Ap).  P(T. A ~ ~ ) (  c )  exhibits a two-peak structure for certain 
values of A p  at a given (low) temperature, The compositions correspo~lding to the two peaks 
when they have the same height (which occur for a critical value of Ap) are taken as the corn- 
positions of the two phases. From the second- and first-order lines obtained as above, the phase 
diagram with the tricritical point is generated for the ordering system. Our best estimate, for 

K,T  
the largest system size of L = 20, for the composition (c,) and scaled temperature at the 

11'; n 

Kf i '  is 3.8 for a composition c = 0.5. Our work has established the efficacy of cal temperature 7 
WAD 

the Lee algorithm for phase diagram calculation in finite, but small, systems; the data obtained 
in this study, however, appear to be insufficient for undertaking a detailed finite size scaling 
analysis for extrapolating to infinite (thermodynamic) systems. 

1 .  LEEJ Plrys. Rev. Lett., 1 993, 71, 2 1 1 . 

Thesis Abstract (Ph.D.) 

Structural characterization of protein folding inter ediates by Sur:~j it Bhnttt~chasjya 
Research supervisors: Profs P. Balararn and Anil Kurnar 
Department: Molecular Biophysics Unit 

1. Introduction 

The ability of a newly synthesized polypeptide chain to fold rapidly and efficiently into i ts 
highly specific three-dimensional structure is an essential part of the conversion of genetic in- 
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FIG. 1 .  Near-UV CD spectra of lysozyme in native state 
in aqueous solution and in 25% HFA. Inset: Dependence 
of near-UV CD ellipticity at 291 nm of HFA 
concerltration. 
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FIG. 2. Bar diagram showing distribution of protection 
factors of the arnide proions of lysozyrne in 25% HHF. 
Regions of secondary structure in the native state are 
marked at the top. 

formation into cellular activity. In contrast to our present knowledge of the major cellular 
processes like transcription, replication or translation, comparatively little is understood how 

---.- 

Strong Medium - Weak 

FIG. 3. NOE summary for peptide R18 in 50% HFA. The amino-acid sequence is shown at the top. The intensities of 
the NOES are categorized as either strong, medium or weak and marked accordingly by different shades. 
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A molten globule-like intermediate state of lysozyme has been cl~aracterizeci in 25% HFA by 
CD, fluorescence, NMR and HID exchange. This intermediate state has the following struc- 
tural features: (a) Persistent native-like secondary structures and loss of tertiary structures as 
evident from CD experiments (Fig. 1 ). (b) Strong interaction with the hydrophobic dye ANS. 
(c )  Absence of the 'ring current' affected 'H resonances in NMR experiments indicating dis- 
ruption of the native fold. (d) Solvent inaccessibility o f  the tryptophan residues, as judged 

FIG. 4. NOE summary for peptide C20 in 50% HFA. The amino-acid sequence i s  shown at the tap. The intensities of 
the NOES are categorized as either strong, medium or weak and masked accordingly by different shadcs. 
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by fluorescence quenching and exchange suggestive of a compact structure, (e) A coop- 
erative thermal unfolding of the intermediate state t~ a further unfolded state supports the exis- 
tence of side chain interactions in stabilizing the compact structure. (f) Protection kctor anal - 
sis from H/D exchange experiments clearly suggests a 'bipartite structure' of the intermediate 
state,"here helical st1:uctures are largely retained with preferential loss of Psheet structures 
(Fig, 2). The structural characterktics of the intermediate state of lysozyme in 25% HFA are 
quite similar to the molten globule-like states of many proteins, including the structurally 
hom~logous protein a-lactalbumin. On the other hand, a highly ordered molten globule-like 
state of lysozyme i s  formed in 50% DMSO. This state has high near-UV CD and higher pro- 
tection factors. This state of lysozylne is similar to the ~ a + ~ - d e ~ l e t e d  state of equine lysozyme.5 
These results indicate that a large repertoire of organic solvents with contrasting physical prop- 
erties will certainly be of great advantage in stabilizing a wide range of intemediate states of 
proteins. 

Three synthetic antigenic peptides from RCP corresponding to residues 4-23 (N21), 170- 
186 (R18) and 200-219 (Y21) have been examined in water and in water/SO% HFA. All the 
peptides are unstructured in aqueous solution; however, a dramatic stabilization of helical 
structure has been observed for the R18 and Y21 peptides in 50% HFA as suggested by CD 
spectra and NOES (Fig. 3). However, no stable structures have been detected for the N21 pep- 
tide even at higher concentrations of HFA. The Y21 and R18 peptides form a helical confor- 
ination in the crystal structure of RCP, whereas N21 i s  in an extended conformation. Three 
synthetic peptide fragments comprising the residues, 17-38 (N22), 174- 190 (M 17) and 201 -220 
(C20), from the dirner interf'ace of TS have been studied. NMR studies show a nascent helical 
conformation for the C20 peptide; the helical structure i s  largely stabilized in 50% HFA 
(Fig. 4). Interestingly, this peptide fragment is in a P-hairpin conformation in the native struc- 
t u ~  of TS. The N22 and M17 peptides form native-Iike /?-strands in a 50% HFA/water mix- 

FIG. 5.  Partial NOESY spectmm of melittin in 50% 
HFA, pH 2.0 showing NH/NH NOE connectivities. A 
mixing time of 300 ms was used for the NOESY experi- 
ment s . 
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The ability of HFA to stabilize helical structures has been investigated in inelittin, a peptide 
from honey bee venom. The conformation of melittin is 1:uogely unstluctured at low pH due to 
unfavourable chargekharge repulsion at the C-terminus. A helical structure of: melittin at low 
pH in 50% HFA is established by CD and NMR. A sharp trmsition from a random coil con- 
formation to a largely helical conformation, on titrating an aclueou solution of melittin with 
HFA has been observed. This transition is completed by 50% HFA. Figure 5 shows diagnostic 
NWNH NOES suggesting a helical conformation of melittin at 50% HFA, pH 2.0. 
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Thesis Abstract (Ph.D.) 

Community ecology of small mammals in manta 
India by Kartik Shanker 
Research supervisor: Prof. R. Sukumar 
Department: Centre for Ecological Sciences 

1. Introduction 

The study of the distribution and diversity of plants and anirnals has acquired much importance 
in recent years. The theory of island biogeography of MacArthur and ~ i l s o l l '  has been CX- 
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tended to fragmented and isolated patches of forests on land and the island rnetaphor has taken 
on grater  importance in the context of the design of nature reserves for conservation. Another 

- - 

key issue in comnunity ecology is interspecific competition, whase importance in smctuljno 
small mammal communities is still unclear, especially in tropical forests.'. "he demograDhv 

I d  of insular populations of small ~mmmals  has also been of i n t e ~ s t . ~  This study deals with the 
colnmunity ecology of small ~narnmals in naturally fragmented forests in the Upper Nilgir-s in 

4 

India, focusing on  aspects of demography in the context of insularity and the role of 
habitat selection and interspecific competition in the structuring of these communities. 

The natural habitat of the Upper Nilgiris, a part of the Western Ghats range in South India, 
comprises patches of montane evergreen forest (or shola), surrounded by grassland. which 
provide an ideal 'laboratory' to study the effects of  insularity and fragmentation. Further, the 
shdu patches have been subjected to disturbance in many areas, many grasslands having been 
replaced by plantations of tea (Camellia sinensis), bluegum (Eucalyptus gEobulus), wattle 
(Acnci~ spy.) and pine (Pinuu roxburglzii). The shola patches chosen for the study were 
marily in the relatively undisturbed Upper Bhavani region of the Upper Nilgiris. Plantations 
were sampled at sites adjacent to Upper Bhavani and Thaishola, which at 600 ha, is the largest L 

~lzoln patch in the Nilgiris. 

Small manmals (rodents and insectivores) were studied using standard Sherman live traps on 
grids of 0.5 to 1 ha. Eight shola patches (0.2 to 600 ha) were sampled from February 1994 to 
September 1996. Open grasslands and grasslands between patches were aka sampled during 
this period. Tea, wattle, eucalyptus and pine plantations were sampled from February 1995 to 
November 1995, using rectangular 0.45 ha grids. Removal and introduction experiments were 
conducted in two small shala patches (0.1-0.5 ha). Sampling sessions typically lasted five days 
from February 1994 to October 1994, and three days thereafter. Each plot was typicaIly sam- 
pled once in each season, for a total of - 35,000 trap-nights. 

A total of 9 species were trapped with an average trapping success of 10.1%, of which there 
were 8 species in shnks, 3 in the grassland, 3 in wattle, eucalyptus, and pine plantations and 4 
in tea plantations. Rettus ratttks was the dominant species in the sholn, comprising 60.9% of 
total density, while M i l l a a h  meltada was the dominant species in the grassland. Smcus  rrron- 
tanus, a shrew, was the only species captured in both habitats. Rattus rattus and Millardia nzel- 
fadn coexisted in the plantations. The other common species in the sholas included Mus famu- 
lrrs and Suncus ~ luy i .  The largest shola patch (600 ha) had 8 species, the inkm~diate  (50 ha) 6 
species, while smaller (0.1 to 10 ha) 4 species. 

Different aspects of trapping in tropical forests were examined, including the estimation of 
abundance and species richness for Rattus mttus. Estimates were derived from various models 
used in mark-recnpture experiments. In our sample, the precision of the e s t i ~ ~ ~ t o r s  increased 
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other than Rattus rattus, and the latter's low sample sizes, i t  W a s  not possible lo use the estima- 
tors and models consistently. Hence, the Minimum Number Alive was used as n standad esti- 
mate for the a t i r e  study. Species richness was higher in some seasons than in others, wit11 new 
species being trapped even after one year of trapping. 

Synchrony in 12 population variables in 8 shdn patches and two plantations was examined 
for Rattus rattus and other small mammals. Synchrony in Rnttus mttus age structure was rela- 
tively high. Within-site synchrony was higher than between-site synchl-ony for Rrrrrm mttus 
population variables. The seasonal nature of climate in the area and phcnology of the forests 
may be responsible for synchronous breeding in this species. However, the con-elation in Rat- 
tus rattus density was significantly higher within the single large unfragmented patch thall be- 
tween several small fragmented patches. The removal experiments demonstrated that different 
patches take different periods of time to recover from depletion and this could lead to asyn- 
chrony. Hence, demographic and environmental stochasticity may contribute to fluctuations in 
small populations, leading to asynchrony even at small spatial scales and the establishment of 
synchrony may be impeded by poor dispersal across the grasslands. 

Densities of small mammals (total-20.6/ha; Rattles ratt~~r-l3.5/ha) seemed higher than 
those reported for lower evergreen contiguous forests in southern India. Contrary to expecta- 
tions, densities were not higher in smaller .than in larger patches. Despite this, many of the 
demographic effects that are characteristic of insular populations were observed in these popu- 
lations. Proportion of adults was higher in smaller patches, while proportions of' juveniles and 
sub-adults were higher in the large patch. The mean weight of adult males was negatively cor- 
related with patch size. The abundance and biomass of species other than Rrrtrus rntrrcs were 
negatively conelated with canopy height, while the proportion of Rcitt~l,~ m t t ~ s  was positively 
correlated with canopy height. In general, population chxacteristics of R~ttrrs 1-uttus were re- 
lated to patch size, while small mammal co~n~nunity structure variables were related to habitat 
structure. Average species richness was highest in the smaller patches, though this may be due 
to higher densities of rare species in these patches, which again would be due to the higher 
diversity of forest flour niches; the rarer species, Smcus  ilzontcrnus. Szmcus t l r ~ y '  and Mns*fimu- 
lus, are all forest floor species. 

Canonical discriminant analysis was performed to determine if there was habitat selection 
by the forest species. At the microhabitat level, all three common forest species - 12nttrrs wttus, 
Mus famulus and Suncus montanus - were found to show habitat discrimination based primar- 
ily on tree density. Mus famulus used areas of higher tree density than the other two species. 
Analysis of spatial interactions of  these three species revealed neither overlap nor avoidance, 
implying that densities are so low that the conditions for such interactions may not have arisen. 

In the natural habitat (shola and grassland), Rattus mttus and Mi/lur.rlia meltruiu were mu- 
tually exclusive. While the former was trapped in the slzola forest patches, the latter was the 
only rodent trapped in the grassland. Millardia meltado did not colonise sholtr patches follow- 
ing complete removal of Rattus rattus from these patches, nor did they remain and survive in 
sholas when introduced (following Rattus rattus removal). Analysis of wattle stands of differ- 
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oes revealed that MillmA&a dominated ~ U U I I ~  stands (grass-like habitat), while RaltLls ent a, 
dominated the older stands (forest-like habitat). In  habitats where they co-occumd. there was 

-- - 

no of O V ~ : I P  avoidance. In old wattle stands, ~ i [ ~ a r & ~  used of higher 
around cover than did R ~ t t l  ts. The available evidence thus suggests that interspecific competi- 
& 

tion is not an irnportnnt f ~ t ' o r  in structuring these ~omnmnities, 

5. Conclusion 

In conclusion, it is cler~r that the demography of these insular small mammal popuiations is 
different from those in contiguous forests and this could have important consequences for 
predators and the dynamics of the system. Lower synchrony in fragmented patches and results 
from the removal experiments demonstrate that the grasslands constrain dispersal, leading to 
insularity effects in the demography and community structure of the small mammals in  he 
patches. It also appears that interspecific competition does not play an important role in the 
structuring of the community. The introduction of plantations to replace grasslands may seri- 
ously affect the dynamics of i'orest populations of small mammals and management policies 
need to take thcse fxtors into c~midemtion. 

On the prevalence and relative importance of interspecific competi- 
tion: evidence fmm field experiments, Am. Nanimlist, 1983, 122, 
66 1-696. 

Field experiments on interspecific competition, Am. Naturalist, 
1983.122,240-285. 

The island syndrome in rodent populations. Q. Rev. B i d ,  1994, 69, 
473490. 

Thesis Abstract (Ph.D.) 

Strategies for modulation of allergen-specific immune responses to the major shrimp al- 
lergen, tropomyosin by D e e p  Rajagopal 
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Research supervisors: Prof. P. V. Subba Rao and Dr. Apurva Stwin 
Department: Biochemistry 

The role of allergen-specific IgE and mast cells in the etiology of' inlmetliste ty ye  J1ypersen- 
sitivity has been well established in addition to the involvemcnl of eosinophils, ne~ltropl~ils and 
bas@&, in the late phase reactions associated with atopic disease. The cytokines that influ- 
ence IgE production,3 early mediator release and late-phase infhmrnatory responses have been 
the focus of intense research. Besides the significame of the central role of allergen i-ecogni- 
tion, the role and importance of costirnulation mediated by cognate interact i m s  and cytokines 
(which tend to act in a cooperative way) are becoming increasingly c l e ~ i r . ~  The fine regulation 
of different immune components thus ultimately dictate the functional quality of the ensuing 
immune responses. F 

Crustacean food allergy is known to provoke gastrointestinal 3s well as systemic r~llergic 
reaction. Earlier work as described in brief in the thesis leads 10 the purification of the major 
cross-reacting d crustacean food allergen from shrimp as the heat-stable muscle protein, tl-opo- 
myosin.5 From an immunological standpoint, the modultltion of allergen-specific i n ~ m u n e  re- 
sponses was consequently of interest. The results presented in the work suggest that the defini- 
tion of  immunogenic components involved in an allergic response can help in  the clcvelopment 
of strategies that can regulate specific effector responses leading to allergy. 

The present study thus addresses the possibility of nlodulrttion of rlllermgen-specific immune 
responses contextualIy to the food allergen, shrimp tropomyosin. T~IC I ' C S ~ ~ I I S L ' S  t o  tropomy- 
osin were found to vary with the host genetic background. The ccllulrii- prolit'crative responses 
to recall with tropamyosin were found to be in concordance with thc obscrvccl titers of 3 I1 elw- 
gen-specific IgG and IgE antibodies. The administration of dlcr-gcn covalently linked to isofo- 
gous IgG provides a novel strategy for the conversion of  allesgc~~s to tole~*og,rcns u ~ l d  conse- 
quent suppression of antibody responses in viva+ Intravenous admin i st sat i o ~  of' :In iw logous 
IgG conjugate of shrimp tropomyosin was found to induce a reduction in t l ~ c  ailcrgen-specific 
IgG and responses. The conjugate of  41-mer peptide (29-693. encompassing rhe previ- 
ously identified B-cell @tope with isologous IgG, was also found to induce suppression ill 

v iva  These studies stress upon the significance of defined allergenic epitopes f-i,r tolermce 
induction, in addition to providing a new strategic approach for l*cgulation of inlmune 
responses. 

2. Experimental and discussion 

The possible potential of peptide epitopes to decrease a specific antibody response to tropomy- 
osin was next investigated. Six peptides predicted based on a coinputer stlgorithm to be candi- 
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date  cell epitopes were synthesized and purified by HPLC. A 21 -mer synthetic peptide was 
found to induce proliferation comparable to the native allergen and was tested for its abilitv to 

J modulate allergen-specific hulnoral immune responses. The peptide when administered either 

1 r, 

the ~ e p t i d e  itself indicating that the observed reduction of ongoing humoral responses collld be 
due to an rtlteration in the cytokine profiles in v i v a  The modulation by the peptide was found 
to be haplotype specific. These S ~ S U ~ ~ S  are consistent with the conclusioll that synthetic peptide 
is cap;tble of down regulating the sea food allergen specific immune responses ifz viva. 

Chelniciilly modified allergens or allergoids have been explored for their use as an alterna- 
tive to ilative allergen i~mnunotherapy . Such a hypoallergenic variant with a diminished ability 
to bind allergen-specifsic igE in addition to enhanced cellular proliferation, was able to mediate 
a specific dowrl regulation of 11u111oral responses to shrimp tropomyosin. 

A11 these factors therefore have an impact on the outcome of a response, the knowledge of j 
which is important t'or effective immunization strategies. Since a multitude of factors lead to 
the initiation of u nxpnnse to a protein antigen, the strategies for modulation also need to be 
multi fi~ctorial rey uiring a complete understanding of the underlying regulatory mechanisms. 

Atopic :tllergy and other hypersensitivities, C~rn: Opin. Imnrziml. 
1094, 6, 535. 

Basic mechanism OF IgE mediated hypersensitivity, Cwr.  Upin. 
Immlmd.. 1989, 4, 625. I 

Allergy: who, why and what to do about it, lmnrarol. Tudoy, 1995, 
16, 505. 

Regulation of igE synthesis by cytokines, Curr. Opir~.  hm~unol . ,  
1991,3, 851. 

identification of tropamyosin as the major shrimp allergen and 
characterization of its IgE binding epitapes, J. hzrnunol., 1993, 151, 
5354. 

Foc,d allergens transformed into tolerogens, Iut. A K ~ .  Allergy 
Imrt~mol.. 1995,107, 264. 



IISc THESES ABSTRACTS 

Thesis Abstract (Ph.D.) 

Research supervisor: Prof. Uday Maitra 
Department: Organic Chemistry 

esults and discussion 

2.1. Bile acid-based molecular tweezer far clitnpic hyctr~qyw imnrling 

The receptor 1 bearing a pair of convergent carboxyl groups was designed following molecular 
modeling and was synthesized in a sequence of three simple steps. Rcceptot- fO~ l ld  to 

O - bind 9-butyladenine and biotin methyl ester in CDC13 at 27 C wit11 ass~ciation c~nstallts of 
3,500 M-' and 1,700 M-', respectively. 

A carboxylic acid can bind a 9-alkyladenine derivative v i a  the Watson-Crick (WC) mode or 
the Hoogsteen (HG) mode. 9-Butyladenine was titrated with three a ~ w n r ~ t i c  and three aliphatic 
carboxylic acids. The binding of aromatic carboxylic acids showed exclusive and in one case a 
predominant downfield shift of the 8-H signal whereas the binding of aliphatic cnrboxylic 
acids was accompanied by a predominant upfield shift of the 2-H. Thesc ohscrvations were 
correlated with the preponderance of the HG type of complex for  arotnatic curhoxylic acids 
and WC type of complexes for aliphatic carboxylic acids. 
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2.3. Bile cccki-hnsed molecular tweezer possessing guaiazulene moieties2 

The first cxiimple of a synthetic receptor 2 comprising of an azulene derivative - guaiazulene, 
was synthesized on the methyl deoxycholate backbone. Host 2 showed K,'s of 5 M-' with pic- 
ric acid and 13 M-' with trinitrotluorenone in CDC13 at 27T.  However, binding improved con- 
siderably in x~orlpolar media. Following an extraction based protocol, 2 was found to bind pic- 
ric acid with a K, of 55 M-' in CC14 and 225 M-' in cyclohexane: (1:l) at 26'C. 

2.4. 

The effect of spacer-length on diastereoselective coupling of aniline fragments to form 
Trliger's base analogs (3,4, 5 and their diastereomers) was examined. Under cyclization condi- 
tions involving trifluoroacetic acid and urotropirle the diastereoselection altered with changing 
spacers. 



290 IISc THESES ABSTRACTS 

A new class of Triiger's base analogs and 7 l-nppclldcd pilcny] rings 
was synthesized. Compounds 6 and 7 were found to be allnost insoluble in colnnron organic 
solvents like CHCl,, CH2C12, etc. However, in derivative 8 the insolubility was ovel-come by 
design. 

2.5. Bile acid-based hyperbranched nzolecules" 

In a program initiated towards the use of bile acids in the synthesis 01' hypcrbsclnched mole- 
cules, chirnl tetrameric dendrons 9 md 10 were synthesized. This is the f irst use of  bile acids 
in dendritic chemistry. 
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Thesis Abstract (Ph.D.) 

s for stee 
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Research supervisors: Drs K. Chandra Selchar and M. H. Balasubrahrnanya 
Department: Management Studies 

production planning, scheduling and control of production in a foundry is often difficult owing 
to the complexities involved in casting production, make-tu-order system structure, unusual 
practices of the casting producers, and conflicting objective of maximizing resource utilization 
and lneeting customer service. Lack of relevant data, matching unit melt quantity with job mix 
while pouring, wide variations of production process yields, castings rework resulting in split 
batches and inability to track work-in-process are some of the unique problems that ttnlake 
foundry scheduling very complex.'-"urther, foundry has an important requirement of directly 
linking customer order processing with scheduling. 

The scant treatment of foundry scheduling in the literature, complexities involved in 
mathematical modeling and an opportunity to study in depth the production scheduling prac- 
tices o f  a steel foundry motivated us to develop the general-purpose models that give prag- 
matic solutions to planning and scheduling problems. The work deals with developing alterna- 
tive production planning and scheduling system models for the steel foundry using heuristics 
approach and evaluating them on foundry performance using computer simulation. 

Since the foundry system under study is highly complex with interrelated problem situation, a 
total viewpoint of the system is considered essential to the successful development of schedul- 
ing systems. The development of overall scenario and extraction of problem space are 
achieved by applying Soft System Methodology (ssM).? SSM has captured a 'rich picture' of 
the steel foundly problem situations and identified the primary tasks and issues of concern, 
which, in turn, identified planning and scheduling activities as the major problem areas. The 
problem space is further selectively narrowed down to planning and schedulillg of casting 
stage, the major resource center in the metal casting ~nanufacturing line. The 'root definition' 
as obtained by SSM recognized capacity planning of hot metal available in a planning horizon 
and scheduling of heats as the major production planning and scheduling (PPS) activities to be 
incorporated in the model. 
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Mathematical and heuristic methods are the sohtion approaches :;~ttcmpted for pps prob L 
lems of the foundry under study. 

3.1. Mathematical model 

3.2. Heuristic model 

Under capacity planning, three capacity planning strategy inodds w c  ~lcvrlopcd using heuris- 
tics based on (i) allocation of capacity to customers os to their orders L,I* to both (i i)  selection of 
orders for each customer against the capacity ullocnted using priority numhcrs and (iii) corn- 
bining (i) and (ii) mentioned above. The strategy 1110dds it1.C C;II I c ~  C I I S ~ O ~ I L ' I *  dolnill:ltlt, order 
dominant and mixed strategy models. Further, four planning pol icics arc ilcvclopc tl under the 
above said three strategy models. 

The production scheduling component, which is the most critical issuc in ovcmll plalllling 
and scheduling of any steel foundry,"' consists of rnodels for (i) f~lr i l :~c  load ha1:tncing (ii) heat 
generation (iii) heat scheduling and (iv) generation and location of heats lost. The load- 
balancing model provides a balanced flow of orders t111-ough thc ibrnaccs t11sr:wghout the plan- 
ning horizon. The most crucial scheduling task was lo gcneratc heats lor plonncd ostlers such 
that there is a stepwise maximization o f  capacity utilization o17 cvay  i~eat (matching unit lnelt 
quantity with a job mix). The heat-generation inorlule achicvcd this challenging work. The 
heats are generated taking into consideration constraints like po~~r inp  l iw. piittcr~l rotation per 
day, pattern mix in corrousal and alloy-ratio profile. Each heal consists ofm o i ~ u  or ~norc jobs of 
the same or different orders having metal compatibility. Oncc 11c:lts arc gcncrnted. the third 
model schedules them day-wise for the planning period. Thc moclc,l !i~r* 1 1 1 ~  gcnc~~iltion and lo- 
cation of heats lost introduces pertusbancce during simu1:ltitrn of produetion olu cast i l~gs by Sen- 
erating random number for both the number of heats lost ant1 i t s  location in the planfling 
month. 

4. Computer simulation of alternate s systems 

The heuristic models developed separately for capacity plnnl~illg itnd production schcdulin:, of 
heats are integrated into four PPS systems. In order to validate the sy sten1 ntodels. f i ~ c  valida- 
tion, program verification and external validation have been conductc~l. The models ale exter- 
nally validated using furnace utilization, the most important hulldry perli~rmance. as a elite- 
rim. In order to evaluate these systems on a set of foundry perforln:unccs (ful-nace utilization, 
pour span and lateness), a simulation experiment is designed wit13 the heuristic lllodels as in- 
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puts. ~ h o u g h  the models relate only to the casting operation, the evaluatioll of the systems E- 
quires performance ~ ~ e a s u r e s  of the foundry as a whole. Therefore the silnulation model also 
includes post-pouring operations. 

Since targeted niche served was an operating steel casting producer, a computer simulation 
experiment was carried out across three different furnace-loading criteria ( K C )  and three 
alloy-ratio profiles (A?). For this purpose, the models were programmed in C++ using object- 
miented programming system. The individual prugrarn modules were checked and verified 
manually by 'black box' testing using real sample data. As C++ language has the faciliv for 
'trace and watch', logical path coverage testing was done for each function before integrating 
various modules to get the complete simulation model. 

Internal validation of the silnulation experiment was done through the validation of gener- 
ated data using chi-square test. The t-test was catried out to test the significance of difference 
between the means of the cumulative averages of  the performance measures. The steady-state 
results of every casting production situation (each situation i s  a combination of a PPS system, 
an FLC, and an AP) was obtained. 

It is amply demonstrated from the results that at every casting production situation, the pro- 
posed four PPS systems performed exceptionally well in achieving 84% to 98% average fur- 
nace utilization per day. This is mainly due to the powerful search algorithm built into the sys- 
tem models. The present production scheduling practices in the SEPET led to only about 50% 
to 60% furnace utilization. The pour span ranges from 0.279 to 0.336 days per casting. The 
pour span results indicated that variation across tluee APs and PPS systems for a particular 
FLC is not significant. It is also observed that variations in the lateness range from 19.61 to 
23.03 (absolute per cent). 

While evaluating the PPS System models, first the PPS Systems were ranked against 
steady-state values of performance measures for a particular operating condition of FLC and 
AP. Then using relative weights of each performance measure (determined based an foundry 
experts' ranking of each performance measure through a small survey) composite ranking in- 
dices were.established. It was found out from the survey that furnace utilization i s  the most 
important foundry performance as its relative weight is 0.4595 compared to pour span weight 
of 0.27 12 and lateness weight of 0,2672. Hence, our main focus on maximum furnace utiliza- 
tion while developing PPS systems for the foundry is substantiated. Finally, based on the com- 
posite ranking indices the PPS systems were ranked facilitating selection of a PPS system 
given an operating condition. 

In order to test the robustness of the systems developed, a sensitivity analysis was also per- 
formed to study the effect of changes of four important parameters under different operating 
conditions. The parameters were (i) AP (ii) pouring line capacity (iii) specified quota of 
monthly capacity, and (iv) specified outstanding load. The models were found to be robust 
particularly about furnace utilization. Finally, a general framework of concepts for designing 
PPS systems fix a foundry has been developed taking inspiration from the work of wild.'' 
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An important and complex PPS problem found in steel foundries but has not been dealt 
adequately in the literature has been addressed. 

A comprehensive PPS system models are developed using heuristic approach fc>r ~ 0 1 ~ -  
ing capacity planning and production scheduling pmbleins tit the critical casting stage C 

that is, to our knowledge, first of' its kind. 

The searcl~ algorithm designed for matching unit m d t  quantity with job mix at the tilne 
of pouring of every heat is a very significant contribution o f  illis rcsearch worlc since 
every heat ensures efficient filmace utilization thereby in~proving resource pmductivity. 
Irrespective of the PPS systems, AP and FLC, this algorithm has d~~nonst tuted its effi- 
ciency in searching and making optimal job mix. 

Soft System Methodology is used far the first time in iitundsy to cnpturc and define 
highly complex and interrelated problem situation. Expression of the problem situation 
with a 'rich picture' is totally new in the area of foundry scheduling. 

r Since little has been written about metal-casting operations planning li-om a policy per- 
spective, a general framework of concepts for PPS system h3s been developed as an 
outcome of the study. 

Alternative PPS systems are developed in this study that c:ul hc applied not ollly to jot>- 
bing or batch-type steel foundries but also to other types of fc~unclrics. 

The effects of variations in AP and pouring line capacity on furnace utilizrition are illso 
established. 

It can be concluded f3 work that higl x foundry scheduling problems can be 
addressed by heuristic approach. The academic novelty in this study is that: heuristic models 
are designed based on real-world foundry practices. The search dc,.cxithm % has solved the crux 
of the problem o f  matching unit melt quantity with optimal job mix for escry heat. The sys- 
tems proposed are practically applicable. 
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The increasing demand for cellular communications access and the evolution of wireless net- 
works towards personal co~nrnunication systems (PCS) require a substantid improvement in 
cluality of service (QoS) provided by such systems. Present cellular architectures are the basis 
for the future PCS. Some major topics that need further research su-e handover management, 
channel allocation, mobility management and issues related to packet data communications. 
Handover plays a major sole in these systems by providing uninterrupted communication link 
irrespective of user mobility. As the demand for capacity in a cellular network is increased, 
smaller and smaller cells are deployed. This leads to an increase in the number of cell- 
boundary crossings by a mobile subscriber (MS), Forced termination of an ongoing call be- 
cause of handover failure is less desirable than dropping a new call. The basic idea of handover 
algorithms is to give some sort of priority to handover calls over new calls, thus increasing the 
handover success rate at the cost of new call blocking. Keeping this in mind, the research has 
considered handover zone-based queuing algorithms. Two such schemes are first-come-first- 
serve scheme (FCFSS) and measurement-based prioritization scheme (MBPS).' In FCFSS, the 
handover requests are served on first-come first-serve basis, whereas in MBPS, the requests are 
served based on the received power levels from current and target base stations. Here, higher 
priority is given to that MS which is nearest to the target base station. Hence, MBPS perfornls 
better than FCFSS. In this research, an analysis of these schemes is carried out in a new way to 
study their performance. As an improvement over these schemes, a new pre-emptive queue- 
processing scheme has been proposed which is described later. 

When existing cellular networks are also used for packet data communication, host mobil- 
ity imposes making changes to several assumptions on which existing wireline systems aper- 
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over algorit 

tive queue- 

A new schemeL for reducing of handover failures in mobile cellular communication systeills is 
proposed. In the scheme, reassignment of priorities for handover requests enclueucd in adj r~cent 
cells is carried out to release a channel for a handover request, which i s  about to fail. For this, 
two new parameters, namely, critical zone (CZ) and safety inizrgin (SM) xone have been de- 
fined similar to handover zone as fractions of handover zone (HZ). Thc major algorithmic 
steps of this scheme are as follows: 

Whenever there is a request for a new call, if there is a free channel in the cell and there 
are no handover requests in the MBPS queue, then i t  is allowed, otherwise, it is 
dropped. 

Whenever a handover request arrives in a cell, if there is any ,free channel wailable it is 
allocated; otherwise, the request is put in MBPS queue. 

Whenever MS enters the critical zone the priority change requests arc sent to the adja- 
cent cells. 

Suppose there is a channel release in a particular cell, say first ccll, because of a call 
completion or an MS moving out of the cell. and if this ccll has 11 priority change re- 
quest from an adjacent cell, say second cell, then first cell givcs higher priority of MSs 
(if any in the queue) coming froin the second cell. That is, first ccll a1loc:ltes the re- 
leased channel to an MS corning from the second cell which will in turn release a chan- 
nel in second cell. The channel released by such an MS in the second cell is allocated to 
the MS which is entering the second cell and in the critical zone and thus preventing it 
from being force-terminated. If there is no priority request from any of the adjacent 
cells, then MBPS is followed. 

If any MS in the MBPS queue has entered the safety tnargit~ zone, then its priority is not 
altered-. 
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The ~erformance evaluation of the pro7posed scheme has been carried out by sitnulation of 
4-cell linear and 49-cell hexagonal cellular structures. For a typical critical zone length of 30% 

- Y 

of handover zone length, the new  heme has shown reduction in handover failure probability, 
call in-completion probability and handover delay as compared to that o f  MBPS scheme at 
busy traffic condition. Therefore, this new scheme can be utilized in modern cellular network 
to achieve performance impmvement. But this scheme has additional overhead of i~lter-base- 
station communication, which is required to perform pre-emptive queue processing. However, 
with the modern high-speed wireline and optical networks this co~nmunication overhead is 
easily manageable. 

The packet ~nulticasting schemes such as simple buffering scheme, delayed buffering scheme 
and subgroup buffering scheme have been proposed in technical literature.' Eut these schemes 
incur a certain level of buffer overhead in the BSs. This may be a drawback when buffer size in 
BSs is limited and when many MHs try to use the cellular data services. Keeping this in view, 
to reduce the buffer overhead in the BSs, a new pre-handover zone handover scheme has been 
proposed in this research. Major features of the new scheme are as foIlows: 

A pre-handover zone (PHZ) i s  defined similar to a handover zone (HZ), based on the 
received power levels from current BS and target BS. This is the zone in which MH 
moves before entering the handover zone. 

Whenever an MH i s  in PHZ or HZ, the packets are multicasted to both the base stations 
adjacent to PHZ or HZ. But, the packets are received by MH from culrent BS only. 

As the MH is handed over to the target BS, it just receives the next packets which are 
buffered there. 

There is no intervention of MTSO at the time of handover, but it i s  involved only at the 
time of  MH's entry into and departure from the multicasting zone. 

The length of the PHZ can be set depending on the reception of power levels and the 
system buffer capacity. 

The new scheme is advantageous as i t  minimizes: 1) loss o f  packets as compared to non- 
multicasting schemes, 2)  the buffer overhead as compared to ather multicasting schemes, and 
3) handover delay. 

The pe~formance evaluation of these schemes is carried out through a simulation of linear 
cells in a highway model with an MH traveling in these cells. The results have shown reduc- 
tion in buffer overhead. Performance improvement in terms of other parameters such as packer 
missing probability, waiting time, and buffer length have been studied for different values o f  
PHZ length, packet size, handover delay and packet arrival rate. These results are compared 
with those for the delayed buffering scheme. The results have shown better performance of the 
PHZ based scheme over the delayed buffering scheme. 

5. Conclusion 

In this research, two new handover schemes have been proposed for mobile cellular communi- 
cation. Performance evaluation of both the above schemes has been carried out through 
simulation by using appropriate traffic and system models. It has been shown that the 
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Thesis Abstract 
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FIG. 1. Three-layer stacked MSA. 
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FIG. 3. Configuration of LPA of ARMAs and its cross-section. 

It is found from the analysis that with one parasitic disc above the AICMA the percentage 
bandwidth is found to be 10 for a k l  = 0.1 and with a second parasitic patch, increases to 14 for 
a k2 = 0.2. 

It is observed from the frequency response that the bandwidth is fc~und to itlcrease by stack- 
ing and with increase in the substrate thickness. At the resonant frequency of the stacked struc- 
ture, a  turn loss of approximately 10 dB is observed. 

The design fol1ows the well-known principle of log periodic scaling or arrays (LPA). Two 
structures, namely, LPA of ARMAs and LPA of concentric ARMAs :use analyscd in the fol- 

I 

lowing section. 

Design parameters of LPA of ARMAs for r= 1.05 and c;.= 2.55 assutuing 
uniform thickness h = 1.6 mm, hf= 1.6 rnm and MY= 1 .a35 cm. (a & b are the 
inner and outer radius of the ARMA and d i s  the interelement distance) 

n2 A (cm) b (em) d (cm) 96 bandwidth F, (GHz) 
per patch 
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Frequency in GHz 
(a) 

Frequency in CHz 

(b) 

Figure 3 shows the LPA of electromagnetically coupled four ARMAs designed over a fre- 
quency buncl tieom 4.37 to 5.06 GHz. The scale factor is chosen to be 1.05. This structure i s  
anal y s ed using the rnodd  c~.~pcrmion model. 

In this design, average bandwidth of the patch is 2.028% for an LPA of four elements of 
ARMA. Silrcc tllc number of ele~nents clmen in the LPA is 4, the maximum bandwidth ob- 
tained is 8.1 %. However-, higher percentage of bandwidth can be obtained by increasing the 
number of elements and decreasing T. 
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Table. III 
Design parameters of the elements of LPA of  ARMA for t= 1.05 and E, = 1 5 5  
assuming uniform thickness h = 1.6 mm, hf= 1.6 rnm and WJ= 1.035 cm. (a & 17 

are the inner and outer radius of  the ARMA and d is the interelement dist~wcc) 

Frequency in GBz 
(a) 

Frequency in GHz 

(b) 

FIG. 6. Impedance response and return loss of 4 elements of LPA of concentric ARMA. 

3.2. EM-coupled LPA of concentric ARMAs 

In this design, the average bandwidth of the patch i s  10.956 1 5% for tl log-periodic array of four 
elements of concentric ARMA with z= 1.2 and E, = 2.55 and since thc number* of elements 
chosen in the log-periodic array is 4, the maximum bandwidth obtained i s  43.8243%~. 

Reference 
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The applications of artificial neural network (ANN) in SF, 
uniform field gaps by Sandeep Chowdhurv 

- J  

Research supervisor: prof. M. S. Naidu 
Department: High Voltage Engineering 

1. Introduction 

Sulphur hexafluoride (SF6), a strongly electronegative gas is being increasingly used as an in- 
sulating medium in electrical power equipments such as switchgears, transformers and cabkx 
for its well-known advantages like high dielectric strength, good arc quenching ability, etc. 
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In St;,-filled electrical equipment, where the electric field distribution i s  kept rather uni- 
form, very good dielectric performances are obtained in reduced volumes. However, in prac- 
tice, the electric field in the gas gap is distorted by field non-uniformities created by metallic 

present in the gas and surface protrusions on the electrodes, which produces local 
stress enhancements. 

For this reason, the inhomogeneous field breakdown in SF6 has been extensively studied by 
various researchers in order to get more information on the physical processes that influence 
the breakdown mechanisms. In many of these studies the inhomogeneous field distribution has 
been silnulated by rod-plane gaps, where the field nonuniformity is varied by varying either the 
rod diameter or the gap spacing, The breakdown characteristics (corona inception and break- 
down voltage characteristics) of compressed SF6 have been reported under varying conditions 
of gas pressures. rod diameters, gap spacings and applied voltage wavefonns (DC, AC and 
impulse). 

In the absence of any matlmnatical model describing a relationship between the experi- 
mental parameters (gas pressure, rod diameter, and gap spacing) and the corresponding break- 
down voltages for a particular voltage waveform, an attempt has been made in the present 
work to apply an artificial neural network (ANN) to obtain such a correlation. 

The Projection Pursuit Learning Network (PPLN) has been used as the ANN model. 
Breakdown data for four different voltage wavefonns were used to train the network-DC 
(positive and negative p d x i t y ) ,  AC, Standard LI (+I2150 ps) and Standard SI (+250/ 
2500 ps). 

The ANN was first trained with these data so as to obtain a smooth regression surface in- 
terpolating the training data. The regression surface thus obtained was thereafter used to gener- 
ate the breakdown and corona inception voltages within the range of gas pressures and field 
non-uniformities studied, where n o  data i s  available. 

Figure 1 shows the architecture of the Projection Pursuit Learning (PPL) network'-3 used in the 
prcsent study. 

The PPLN is a two-layer feedfurward learning network whose trainable parameters are: 

1. The hidden layer weights denoted by {aki, j = 1,. . ., rt }, connecting all the input units to 
the kt11 hidden neuron. 

2. The unknown (trainable) 'smooth' activation functions denoted by  C f k ,  k = 1 ,. . ., m )  of 
the kt11 hidden neuron, which are hermite functions defined as 

where the ClirS are the coefficients of the hermite functions h,s, and R is called the order 
of the hesmite functionfk, which is a constan&.set by the user, 

The hermite functions are orthonormal and defined by 
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and $(zk) is the weighting function 

t layer weig 1 laouron to t 

The output of the network i s  mathematically expressed as 

where );I is the actual output of the network computed by the ANN for tllc (th training pattern. 

The training of all the weight parameters, Pk, ( c ~ ~ , )  and (aki), is hi~se~1. on the criteria of 
minimizing the MSE (meall-squared-  IT OX') 01- the so-called L2 loss fimc t ion dc fined as 

3 - 
Y/ - (9) 

r 

which is the sum-squared error between the desired and the actual outlwl wcr* all the training 
patterns. 

The characteristic features of the training process of the PPL nctwork arc us fc~llows: 

1. The network i s  built gradually, starting from a single hidden neutwn; additional hid- 
den units and weights are added subsequently during the  training process till a 
minimum architecture i s  obtained which gives o sntisfiictory solution fhr the given 
problem. 

2. Instead of training the whole network after a new hidden unit is added, the PPL a]- 
gorithm first trains only the new hidden unit. After the new hidden unit i s  trained, 
the parameters associated with the previously installed llidden units are updated one 
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unit at a time. Thus the PPL network is trained in a neuron-by-neuron manner and 
not as a whole entity. 

3. Further simplification is obtained by training a single hidden unit in n layer-by-layer 
manner. For this purpose, the parameters that have to be trained after adding the Xth 
hidden unit are divided into three groups (Q, ck and A). Each group is updated 
separate1 y for that particular neuron. 

For DC applied voltages (both polarities), the breakdown data4 consisted of both the corona 
inception and breakdowr~ voltage characteristics of rod-plane gaps. The field nununiformity 
was varied by varying the rod diameter values in the range 1.0 to 6.3 mm for a fixed gap spac- 
ing of 20 mm. The gas pressure was varied in the range 1 to 5 bar. The breakdown voltage data 
were trained in the corona-stabilised region while the corona onset data were trained separately 
in the full pressure range. The ANN had 2 inputs, one corresponding to the pressure values, 
and the other to the rod diameter values. The maximum training error for both polarities was 
around 5% of the desired output value. 

Similar breakdown d a t a 2 m  AAC applied voltage had a pressure range of 1 to 6 bar and rod 
diameter range of 1 to 10 rnm for a fixed gap spacing of 60 mm. The maximum training error 
was 5% of the desired output , , value. 

For impulse voltage waveforms (standard LI (1.2/50 ps) and SI (2j0/2500 p)), the break- 
down data consisted of breakdown voltage values only. In this case, the field nonuniformity 
was varied by varying separately two experimental parameters - the rod diameter as well as 
the gap spacing. The ANN had 3 inputs, corresponding to pressure values, rod diameter 
values and gap spacing values. The training data for both types of impulse waveforms had 
pressure range of 1 to 5 bar, rod diameter range of 1 to 12 mm and gap spacing range of 10 to 
100 xmn. The rntrxirxlun~ training error for both waveforms was around 10% o f  the desired out- 
put value. 

The generalization of the network for all the applied voltage waveforms showed fairly good 
consistency with the general nature of the breakdown voltage characteristics reported in the 
literature. Far DC and AC waveforms, the corona inception characteristics were linear while 
the breakdown voltage characteristics were nonlinear and exhibited corona stabilization effect. 
The corona stabilization effect was more pronounced with an increase in the field non- 
uniformity. Negative polarity DC had lower corona inception voltages but its breakdown volt- 
age characteristics exhibited a more pronounced corona stabilization effect compared to the 
positive polarity waveforms. The SI breakdown characteristics were similar to those of AC and 
DC waveforms while for LI breakdown characteristics, the corona stabilization effect was 
prominent only for higher field nonunifonnities+ 

. Conclusions 

ANN may be used in gas breakdown studies for handling multidimensional nonlinear regres- 
sion tasks with accuracy within tolerable limits, This may considerably reduce the time and 
expense of undertaking lengthy experimental processes for generating necessaly data. 




