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Message

Dr. Anil Singh

Chancellor

Bhagwant University

I am pleased to know that the Faculty of Life Science & Applied Science is organizing a National
Conference on “Future Innovation & Research in Science & Technology” on 1% March 2019.

Life Science and Applied Science is an expanding research field driven by Mathematics, Physics,
Chemistry, Zoology Botany, and Environmental Science that eliminate old bottlenecks even as they create
new challenges and opportunities for Life Science and Applied Science research.

The Conference theme is focused on Future Innovation and Research in both Science and Technology and
also provides an opportunity to students to reflect their young minds in the area of research.

Speakers have assembled from different states and | take this opportunity to thank them for taking time
out of their busy schedules for the conference.

I extend my good wishes and all success to the conference in achieving it’s laid down objectives.

Dr. Anil Singh
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Dr. Asha Singh

Pro-Chancellor
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It is my proud privilege to say that the Faculty of Life Science & Applied Science is organizing the
National Conference “Future Innovation & Research in Science & Technology” on 1% March 2019.

The Conference provides a forum where the latest developments in the area of Pattern Recognition,
Mathematics, Physics, Chemistry, Zoology, Botany and Environmental Science will be explored by many
enthusiastic researchers.

I congratulate everyone who has contributed to this conference with their paper.

I express my hearty wishes for the shining success of this institution. Moreover, this whole event is a
synchronized effort done by our faculties and students.

I wish all the best for success of the Conference.

Dr. Asha Singh
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Prof. (Dr.) V.K. Sharma

President/Vice-Chancellor

Bhagwant University

It is a matter of great pride that the Faculty of Life Science & Applied Science is organizing a National
Conference on “Future Innovation & Research in Science & Technology” on 1% March 2019.

The goal of the Conference is to provide a forum for exchange of knowledge, experience, concerns and
innovations among researchers, academicians and professionals in order to peep into the exciting and
challenging future of Mathematics, Physics, Chemistry, Zoology, Botany and Environmental Science.
This Conference promotes in developing new strategy, adopting new Science and Technologies and
provides the knowledge of the emerging trends in the field of Life Science & Applied Science. The Life
Science & Applied Science not only encompasses the Mathematics, Physics, Chemistry, Zoology, Botany
and Environmental Science but also penetrating every day into new sphere of human lives. This is
creating economical and social impact on society.

The efforts of the faculty members and students of the Faculty of Life Science & Applied Science are
commendable.

My heartiest congratulations to Dr. (Lt.) R. K Singh (Convener), Prof. R. K. Mathur, Er. Manoj Kumar
Sharma (Co-Convener), Mr. Gyan Shekhar (Organizing Secretary), Mr. Bhanu Mathur, Ms. Kripa
Sharma, Mr. Priyank Chaturvedi and Er. Manish Kumar Singh organizing committee members and
technical committee for conducting this conference.

I wish them all the best.

Prof. (Dr.) V.K. Sharma
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Solve Some Transportation Problem Using
Computational Techniques

Manoj Kumar
Research Scholar, Department of Mathematics
Bhagwant University
Ajymer, Rajasthan, India
manojsharma8383@gmail com

Absiraci— Inm  this article we are presenting some
transportation problem using computational techniques. In this
article we are solve some transportation problem with the help
of Computational Technique. The Computational Technigues
method is better for solving Transportation Problem (TP). The
model gives a very good result in Transportation problem (TP).

Kevwords—computaional; TP; Cost; Techuignes;

L INTRODUCTION

Transportation plays a leading role m the world financial
gystem because the cost of transportation goes a long method
m mfluencing the cost of finished preducts. That 15 the lower
the transportation cost the cheaper the cost of products. This
makes tusiness organization, mdividuvals and government to
look for effective ways of selving transpertation problems.
From the discussion above one can easily come to the
conclusion that the progress of any company 1s directly
proportional to the efficiency of the transportation method of
the company.

To solve a propramm for three methods of solving
transportation problems. C++ was used to write the programm
on mitial feasible solution and optimal solution uvsing North
West Corner Rule. Least Cost Rule and Vogel Approximation
Method. From the result of the analysis. we discovered that
the Programmung on Vogel Approximation Method gives the
same result at optimal solution and at low number of
tteranions. Hence we conclude that programming on Vogel
Approximanon Method 15 the best method of findmg mimal
feasible solution, optimal solution and for distribution of good.
Transportation 15 that the movement of mndividuals and
commodities ffom one place to a different. The progress of
any recent organization depends on the effective utilization of
mstallation. Moreover, meving from one place to a different or
distribution of products and services perpetually happen
through mstallanon. The transportation model depends on
mdmvidual obyectives and style in terms of price. safety, speed
and comfortability [1].[4].[6].

Sources Supply Capacity
Plant 1 3.200

Plant 2 3.080

Plant 3 2,720
Total 0000
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Aarran e the unit coses with supply
lim it & demand
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NDerterimins the penalty of cost
for each row & column

I

Identify the row or column
woith highest penaloy
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—

—
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I

Allocars maximum unit in the
most left cell acoording to demn and

Fgual supply & demand in the row
SO U Imn s

Il rthe demand &£ supplsr —

equirenenits are n x:_:L__‘,?_,..——F'-"'_'_

e

e
( Stop )

II. TRANSPORTATION PROBLEM

The following are three methods employed in establishing an
mitial feasible solution, they are a. North West Comer Rule
Method b. Least Cost Rule Method ¢. Vogel Approximation
Method.

Methods Initial Optitmal No of
(Prograrming) Feasible Solution [teration
Selution

I. | North West Comer | 31,417,360 | 261,288430 | 6
Rule

2. | Least Cost Rule 330,080 | M1288480 | 4

3. | Vogel 1295080 | M1288480 | 2
Approximation
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III. AL PHOMGEAM L0 IMPLEMENT TR ANSPOR TS TION

EROBLEM
LA M My B s L
W 150 165 150 145 100
1 | 1 I [0 I I | 15m
W 143 162 172 127 150
N T | R
W 220 228 170 160 155
+ | I I I I 2720

cj L3I0 L7200 2310 2200 D000

include=stdic_h™

finclude=conio b

main{)

{

mil Map—0 MNapl1-0,

mt 3[10].d[10]. 50 cop=1.dm a[10][10]:
wmt Ly sum=C min x[10] 10] k fa th;

elrzca();
/* Getting The Inpant For the Problem™/

pruntfi"Coter the number of Supply
ni.
K
seanf] "™ed”, &sn);
prntf{"Earer the number of Demand
Ilj.;
seanl("%ad” K
prtf"Corer the Supply Valoes
||'“
for(i=0,1< s i+—)
geanf]"%ad”, &s[1]);
prntfi"Earer the Demand Valves
||j."
for(=01<sn 3+
scand]"%ed", Sd|q )
prtfi"Enter the elements of the array
"li;
Tor{i=0 i~ 1+)
[

1

for(=0)<dmz;y! )

i

seaaf]"ed” &ali][]);

t

i

™ Calvudanem Fon the Transpon e ¥/
1=0=0;

for(=0 3=0.r"sn 3=dm:)

T

i

ifiiz[]=d[]) / Check supply less thar demand
i

i
s[1]D]-alt] ] *s[a]. #f Caloulate amounl * supply
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d[1]-d[1] s[1]; & Calculate demand  supply

++; [/ Increment i for the deletion of the row

o1

column

t

elze ifi=]i]=—d[{]} /"Check the supply greater than =qual to

demand

x[]0]=000] 0], o Calondate mmonnl * dermnanid
s[i]—s[17-dd[q]. & Caleulale spply - denamd

1 /7 Increment ) tor the delction of the row

or

column

J

}
/® The Cost Matrix 15 Estimated hers */
prmtt] "Given Cest Matnx 15 :

I"J:

fer(fa=0;fa< zn;fa++)

l:m (N0 Mrzchn Nt

g

ot "%d " alfalLb]):

‘Eﬂiutﬁi ’
")

1

/* The Allecated Cost Matrix 15 =/

printf] " Allocatec Cost Matnix s
Ilj:

for(fa=0;fa=2sn;fa++)
i;OI{ﬂJ=0.ﬂJ'::-:Il'.1;Eb 1

printf(*%>d " x[f][f]):
sum=smn+x[fz][fb];
':I'I'ill i

uj:

/* Itansportation Cost Estimatad and Sum i3 Printed*!
printf] "The Trancportation cost:%ed

" s

gelch),

1

i

IV, CORCLUSION

Swmez program industnial on Vogel Approsmimatien has the
benefits of getting initial possible colution; simple to work out
aml staghlfinwand fe el onee e ae commniial waithm
e metbod of Eaowlelpe comme miv.  Theeloe
programmmg  developed  on Vegel  Approsimation
methodology exolottation C 15 that the best methodology of
obtaming Approximare answer o transportation drawback and
best methodology of distributing the products and services.
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A Sollware Oriented Approach (o Solve Some
Transportation Problem Using Computational
Performance and Techniques

Manoy Ko
Eezearch Schelar, Department of Mathemstics
Bhagwant University
Ajmer, Rajasthan, India
maresharna8383 @ zmail com

Absirper— In this paper we are presemring a soffware
approach to  selve seme transportation  problem  using
computational performance and techniques. In this paper we are
solve some dramsporciion preblem with e belp of C++ amd
Matlab. Lhe MAILAE coding method is better than analytical
miethedd for sulving Tramwsporiation Proldem (TP). The mmls] give
a very good result in Lransportation prokblem { 18).

Eeywords—IT Maflab: C11; Methad; Anahiic

L INTRCDUCTION
1t is developed and publizhed by Harcld W.Kuoha[1995),
whe pave (he mames “Hogmran Wethol™ becase e
algorithm was largely based on the earlier werks of two
Hunparian Mathematicians: Denes Konig and Jenc Ezervary.
Moreover MATLAR ic a software package. MATLAB stands
for 3MATrx LADoratory, it deals with matrix (arcayh.

Wow days BMATTAR 15 very mosily wses] miibemams
such as MATLAD with Differential TCouation. Numencal
methods, Uperation Fesearch, Fuzzy Logic efc. Lo this paper
MATLAR coding 13 used to solve Transportaren Prohlem
This zives optimal soluneon within fraction of seconds.

Thes Tramspon uhen danlzck muvolves Andime the Towesi-
cost arrange for distnibutmg stocks of products oo provides
Fom mult:ple orimns to multiple destinations that demand the
produets The transporanon model may be wonr o determing
& wav to portion the provides on the market from the assorted
Incteries to the warshcouses that stoeck or demand thoss
product, i such some way thar total shippmg price is rednced.
Usually. anabsis of the matter can manofactus a shippmnz
arrange that pertams to a precise amount of your time [day,
week), though once tha arrangs= 15 2stablished, it will generslly
nal amencdmeni imless ome an wlhiemal of G pasmeisrs ol

the matter (supplv. demand, unit shipping cost] changes.

The transportation model starts with the eveat of a possiblz
answer, that 15 then consecutive tested and myproved till a best
answer iz obramed. The ouwtline of the technique ca the
subsequent pagss focuses on every of the most important steps
witain the method during this ordes:
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M TRANSPORTATION PROALFM (M ATT AR PROGR AN

functlon x cost]=tanspor(s, o)
% [x ot ]—lamsguai (s el )

25 Input:

2% 3= supplics (m*1)

% d = demands (n*1)

% ¢ = coets (m*n)

%n Ol

%% x — uplnnal selulion (™ u)

24 cost = mmmal transport cost

function "% b]—northwest(s.d)

% [x.b]=norhwest]s.d)

% % shipments using nwvle

(")

%% ks 1 for each basic varables 0 for nonbasic (m®n)

24 a7 supplics (m*1)

Ye di demands (2*1)

if {smms)~=sum(d]),

displ FRROR  The total sagaply 15 nol espresd o the Lol
dlermarnd 7).

Teturn:

end

m=lengthiz);

n=lengthid];

=1

J=1;

x=zerosim.al;

b—zeros(m. a);

while ((1=—m} & (=)}

if s(i)=d(j)

xi1 1 =s0)

T ;1—1

di)=dizsl

i)
i=r+1;

elze

(L= ():
b1,
s(u=s(Ud(1);
1—1+1;
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end
end

example511; [x

cost]

transport(s,d,c)

N =
100 8] 20 8]
0 60 60 20
0 0 0 100
cost =
1900
example513; [x cost] = transport(s,d,c)
N =
0 0 30 70
20 60 80 0 0
30 0 70 0
cost =
1730
III. PSEUDO CODE FOR THE TRANSPORTATION PROBLEMIS
WRITTEN IN MAT LAB
Ite Destination Dad
nd
el B C D E
F ?0600 2000 6000 11000 | 90000 6
G 4220 :050 12000 | 8000 | 22000 | 100
2
H 2000 1;320 -1200 13000 | 19000 | 200
]
I A0 18000 A0 '5{,.00 27000 50
0 34 I\
3 5
1| 3000 | 20000 | 26000 | 20090 | 280001 45
94 6
SUp | 100 | 200 | so | w0 | 6 | 456
ply

The total transportation cost 15 given as
7000%6+4000%94+5000%6+14000%194+21000*6+1700
0%44+25000*6+20000*94+28000%6= 62.36.000

cle;

clear all;

close all;

x=mput('enter the transportation matrix');
[m n}=s1ze(x):

x1=zeros(m.n);

sume=0;

sumr=0;
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for =1:m-1
sumec=sumc+x(1.n);

end

for =1:n-1
sumr=sumr+x{m j);

end

if{sume == sumr)

for =1:m

for =1:n
x11=mm{x(1n) x(m));
x1{(1y=x11;
x(in)x(1n)-x11;

x(m g)=x(m)-x11;

end

end

else disp(‘unbalanced transportation’);
end

xre=();

for i=1:m-1

for j=1n-1
xre=xre+(x(17). *x1(11)):
end

end

disp(['the transportation cost 1s ".num2str(xre)]):

IV. CONCLUSION

It is a novel approach to solve the TP. We use MATLAB
software to solve the transportation problems. It 1s very simple
code write in Mat lab and this 15 a very simple programming
languages. Transportation problem solve very easy through
Matlab programming and results are very accurate.

The system developed in this study was desktop-based which
15 limited to usage by only users who have the software
mstalled on their computers. It will however be of more
advantage if the system is made webbasedas this will enable
different users access the system from different locations and

with different devices.
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Absrraci— In this paper we are presanting an introduction of
speciral theory of two point ordinay differential operator. In
thiz article we are show some definition of spectral thecry amd irs
wses,

Kevwordi—Dwvo pofnt; Specteal Thearyy Operators

L INTRODUCTION

Spectral methods permaate the theory of partial diffarzatial
equatons. Ciae solves linear PDEs by separation of variables,
pelling  azenvalues when e spectiumn 1 disaele and
continuons spectram when 1t 15 not. Lincarized stability of a
steady state of traveling wave of a nenlinear PDE depends on

the sign of the first eigenvalue, or oo the location of the
continms spectum in the complex plane Thes mimconrse
auns at lughlights of spectral theory for self adjoint partial
diffcreatial operators, with a heavy cmophasis on problems
with discret= spectrum.

In the 1920% John von Wenmann established 3 genersl spectral
thesnem fin umlwnmalsd sel Sadponl operatms, whah Kaminka
Eodamra uscd to streamhne Wewl's method. Eodaira slso
generalized Weyls method to singular orcinary differzatial
equanons of even order and obramed a simple forrola for the
sperial measne The same fnnda baad alse Deen obiiamesd
mdepeadently by E. © Titchmarsh i 1946  (scacntific
communication between Japan aad the United Kingdom had
been mterrupted by World War II). Titchmarsh had followed
the methml of the Gevrem wodbemsnean Faal il whim
derrved the cigenfuncion expansions vsiag complex function
theorv instzad of operator theorv. Dither metaods avoiding the
spectral theorem were later developed indepeadently by
Levitan, Levinson and Yoshida, who veed the fact that the
resolvent of the smgolar differentizl operator could be
aporoamated by compact resolvents correspondmg to Sturm

Liouville problems for proper smbintervals. Another method
was found by Mark Grigorvevich Krein; his nse of direction
functionais was subsequently genzralised by Izral Glazman to
arbrtrary erdmary differensal equattons of cven order.

The spectral theory of crdinary differeatial equations is the
part of spectral theory concerned with the determination of the
spectiim and eigenfinenion expans on associated with a linear
ordmary differential equation. In his paper [lermana Weyl
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generalized the classical %tuom Liouville theory on a finite
closed iaterval to szcond order d:ffersntial operators with
stmgnlaties al the endppanuis of the mieval possalaly semmn-
wfinite or mfmite. Unlike the classical case, the specirum may
no longer consist of just a countable set of eigenvalues, but
mav also confam s contmuous part. la this csse the
eigenfiincnon  sxpansion invalves  an  integral  over  the
coatmmous part with respect to a spectrzl measure, given by
the Titchmarsh—Keodawrs formmula. The theory was put m s
final simplifi=d form for smgular differsntial equations of
evan degree by Kodaira and others, using von Nenmsnn's
special heorem. T bas ad noponlan) apphcalions o guan i
mechanics. opzrator theory and harmeaic analyvsis on
semiisimple Lie groups. Spectral theory for second crder
ordmary differential equations oo a compact wmterval was
developed by Jacques Clinles Framcors Stenn and Joseph
Lioaville m the nmeteenth cenmuoy and 15 now known as
Storm—_aowralle  theorv, It modern language it 13 an
application of the speczal theorsm for compact cperators doe
1o David Hilbert. In his paper, published in 1910, Hermann
Wevl exteaded  this theory to sccond  order  ordmary
diffcrential coquations with singulastics at the endponts ot the
mterval, now allowsd to be mfinite or semi-infinite. He
simwlraneously developed a spectral theory adapted to these
special operators and wireduced boundary conditions 1o terms
of hus celebrated dichotomy between Smif poinds and limii
cirelos.

II SPECTRAL THEORY OF TWO-POINT OFDINARY
DITERCNTIAL OPCRATORS

Birkhoff systematically developed the spectral theory of twe-
point differenrial oparators.

Slome exilended Bukholls thewmems om combmumnes hmehons
onte the more modern Sobolev space. The prinecipal referenees
for regular problems and the more recent which uses the
theory of Frecholm operators to improve npon the ireatment
ol Thm fendd & Schwale moseveral aspects Tinegola Tounday
coaditions zrc comparatively less smdied. Sccond order
problems were brst mvestizated by Stone, who denived theur
characteristic  determinant. The completeness of  the
eigenfuncnons of many such aperarnrs was established by
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Yakubov but Lang and Locker showed that it does not hold
for general second order uregular operators.

Locker's more recent monograph concentrates on simply
irregular operators, finding eigenvalues and their multiplicites,
and showing that the eigenfunctions are a complete system in
L2 The third class, the degenerate irregular operators. is
largely unstudied. One of the most fundamental theorems5 m
the spectral theory of two-point ordinary differential operators
1s that the eigenvalues are precisely the zeros of the
characteristic determinant. a function defined in terms of the
boundary conditions. As the charactenistic determmant 1s an
exponential polynomial the theory of the distribution of the
zeros of such functions 1s of great importance. We prefer
Langer's papers to the more general, but considerably more
dense, book of Levin as the former focus on finite sums
nstead of infinite series.

ITI. SPECTRAL OPERATOR
In mathematics, spectral theoryi1s an mclusive term for
theories extending the eigenvector and eigenvalue theory of a
single square matrix to a much broader theory of the structure
of operators in a variety of mathematical spaces.[1]It 15 a
result of studies of linear algebra and the solutions of systems
of linear equations and thewr generalizations.[2] The theory 1s
connected to that of analytic functions because the spectral
properties of an operator are related to analytic functions of
the spectral parameter.[3]
The name spectral theory was introduced by David Hilbert in
his original formulation of Hilbert space theory., which was
cast in terms of quadratic forms in infinitely many variables.
The original spectral theorem was therefore conceived as a
version of the theorem on principal axes of an ellipsoid. in an
mfinite-dimensional setting. The later discovery in quantum
mechanics that spectral theory could explam features
of atomic spectra was therefore fortuitous. Hilbert himself was
surprised by the unexpected application of this theory, noting
that "I developed my theory of infinitely many variables from
purely mathematical interests. and even called it 'spectral
analysis' without any presentiment that it would later find
application to the actual spectrum of physics."[4]
There have been three main ways to formulate spectral theory,
all of which retain their usefulness. [clarification needed] After
Hilbert's 1initial formulation, the later development of
abstract Hilbert space and the spectral theory of a
single normal operator on it did very much go mn parallel with
the requirements of physics; particularly mn the hands of von
Neumann [S] The further theory built on this to
wclude Banach algebras, which can be given abstractly. This
development leads to the Gelfand representation. which covers
the commutative case., and further into non-commutative
harmonic analysis.
The difference can be seen m makmg the connection
with Fourier analysis. The Fourier transform on the real line 1s
n one sense the spectral theory
of differentiation qua differential operator. But for that to
cover the phenomena one has already to deal with generalized
eigenfunctions (for example. by means of arigged Hilbert
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space). On the other hand it is simple to construct a group
algebra, the spectrum of which captures the Fourier
transform’s basic properties, and this 15 carried out by means
of Pontryagin duality.

One can also study the spectral properties of operators
on Banach spaces. For example, compact operators on Banach
spaces have many spectral properties smular to that
of matrices.

The background in the physics of vibrations has been
explained in this way:[6]

“  Spectral theory 1s connected with the investigation
of localized wvibrations of a variety of different
objects, from atoms and molecules i chemustry to
obstacles in acoustic waveguides. These vibrations
have frequencies, and the issue is to decide when
such localized wibrations occur, and how to go
about computing the frequencies. This 15 a very
complicated problem smce every object has not
only a fundamental tone but also a complicated
series of overtones, which vary radically from one
body to another.

The mathematical theory 1s not dependent on such physical
ideas on a technical level, but there are examples of mutual
influence (see for example Mark Kac's question Can you hear
the shape of a drum?). Hilbert's adoption of the term
"spectrum” has been attributed to an 1897 paper of Wilhelm
Wirtinger on Hill differential equation (by Jean Dieudonné),
and 1t was taken up by his students durmng the first decade of
the twentieth century, among them Erhard
Schmdt and Hermann Weyl. The conceptual basis for Hilbert
space was developed from Hilbert's 1ideas by Erhard
Schmidt and Frigyes Riesz [7][8] It was almost twenty vears
later, when quantum mechanics was formulated in terms of
the Schrédinger equation. that the connection was made
to atomic spectra; a connection with the mathematical physics
of vibration had been suspected before, as remarked by Henn
Poincaré, but rejected for simple quantitative reasons, absent
an explanation of the Balmer series.[9] The later discovery m
quantum mechanics that spectral theory could explain features
of atomic spectra was therefore fortuitous, rather than being an
object of Hilbert's spectral theory.

Consider  abounded  linear  transformation T defined
everywhere over a general Banach space. We form the
transformation:

{\displaystyle R_{'zeta }=\lefi(\zeta I-T\right)"{-1}.}
Here 11s the identity operator and { 1s a complex number.
The inverse of an operator T, that 1s T—1. is defined by:

{\displaystyle TT*{-1}=T"{-1}T=L}

If the mverse exists. Tis calledregular. If 1t does not
exist, T 1s called simgular.

With these definitions, the resolvent set of T 1s the set of all
complex numbers { such that RC exists and is bounded. This
set often 1s denoted as p(T). The spectrum of T is the set of all
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comiplex numbers { such that KO fails to exist or 45 imbounded.
Often  th=  spectrnm of Tis  denoted by o(T).  The
funetion BE for sll £ oin p{T) (that iz, wherever B exists a5 2

bounded operator) 15 called the resolvent of T.
The spectrom of Tis therefore the complement  of
the resolvent set of I'm the comyplex
plane [10] Every eigenvalue of | belongs to oL,

but oT) may contsin non-eigenvalues.[11]

This defirstion applies 1o 3 Banach spacs, bur of course other
bypes of spacs sl as well, i example wpologeal verin
spaces nclode  Danach  spaces.  but can  be  more
gemeral [12]]13] On the other  hand  Banach  spaces
mclode Hilbert spaces. and it 13 these spaces that find the
grestest  application  and  the  richest  theoretical
results. [14] With suitzble restrictions, much can be said abous
the shuchae of Cuespetia of ansfnmebons moa Hille
space. In particwlar. for self-adjcint cperators. the spectrum
Lics on thercal meand (1m0 oencesl) 15 a spoctral
combmation of a point spectmum of dizcrete eigenvalues and
a contimons spectmum.[15]
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Abstract: Neodymium an element of inner transition
series(4f). The optical absorption spectra of Neodymium
in leucine as primary ligand and Urea or Thiourea as
secondary ligand are prepared in molar ratio
1:2:1.Spectral line of the solution lies in the visible range
of 380nm to 900nm, recorded by UV-VS spectrometer
3000™ With the help of energy parameters, Structure and
bonding of complexes have been studied Nephelauxetic
ratio are calculated. The electromic spectra of rare earths.
both in natural and free 1on states consists of closely
spaced group (= 10%10° cm'l} of sharp lines in the near
infrared. wisible, and ultraviolet region. They undergo
modifications when the rare earth ions are placed m
different lattice sites in erystals or different
environments.

Kev words- Nephelauxetic Ratio, Bonding
parameter, Neodvminm, Leucine, Urea, Thiourea,
UV-FS spectromerer.

I. L INTRODUCTION

Last seventy vears, Lanthanides have gained much
mmportance and have drawn the attention of
researchers in Physical and chemical sciences[1-
15]. Absorption spectra of Neodymium have been
studied m 1ts ternary complexes. Much work has
been done on rare-earth with oxygen and
carboxvylic acids. Different ternary complexes of
Neodymium with amino acid as primary ligand and
urea or thiourea as secondary ligands are prepared
1n alcohol. Rare-earth complex usually do not form
good single crystals and also decomposes 1n glassy
matrix. A general theorv of the solvent effect on
the mntensities of ff transitions of lanthanide
complexes. based on the static and dynamics
coupling between metal 1on higand and solvent
molecules will be discussed. Different parameters
Slater-Condon parameters, Emnergy levels are
calculated and compared with standard one.
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Knowledge of rms dewiation. nature of complex
formation is determined. Strength of bonding helps
to tell about the type of bonding between metal and
ligands. Lanthanides have much importance due to
their use as laser matenials.

IT. II. EXPERMENTAL DETAITLS
Neodymium i this experiment are 99.9% pure All
reagents used in this studied are taken to be of
standard purity. In this work all chenucals are taken
from CDH company. The complex will be
synthesized with Leucine as primary ligand and
Urea or Thiourea as secondary ligand molar ratios
1:2:1. The solution 15 stirred for half an hour with
magnetic stirrer method. The absorption spectra of
the complexes 1s recorded with UWV-VIS
Spectrophotometer LABINDA 30007, Peaks of
these absorption spectra are rtecorded 1n
between400nm to 800nm.

IIT PARAMETERS

Dafferent parameters such as Slater Condon
Parameters, bonding parameter b'?. the covalency
of the complex will be calculated. The calculated
energy levels parameters will be compared with the
experimentally observed energy levels in different
ENVIronments.

The energy levels of various transitions will be
taken experimentally as well as theoretically by
using Taylor Series expansion in first order
approximation..

Ei(Fx. 49 = Eoj (Fi° . £4r) + ¥ E;/cFu AF; +JE;/6
Ear ALy

Wherek=2.4.6

The walues of F», Fy, and Fs; parameters will be
computed usmng Judd-Ofelt relation and will be
arranged mn Tabulated form. The values of reduced
matrix elements will be collected from W.T.
Camall The parameter b7 is a measurements of
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types of bonding will be calculated by the given

formula

b= [(1-B)2]"

Tahble-1 Fnergy levels of Neoadyvimium Complexes

ND: LU: U (1:2:1)
ND: LU:TT (1:2:1)
Lavel: Dbzervy Calenla el Okzary Calcula Dal
et reed taE el ted a2 E
ELErTY ELErTT ENETEN ERETZV
Fiz 11847, 11541.6 66 | L1547, 115226 4.7
3 3 24 3
Fan 12578, 128605 18.0 | 12878, 112874 111
&l 3 El 6l 2 2
Fan 13488, 133978 7.7 | LM4Es, 13352.8 1112
27 T 0 27 3 42
Fan 14705, 127818 - 1470%, 14761.8 -
a8 5 750 | BR 13 £E.9
4 3
Can 1717 173657 - 17500, 17367.1 -
15 9 4.6 | 03 3 &1
3 »
= 19157, 101568 0.27 | 12157, 13184.8 -
1] 3 7 03 5 7.7
T
"Gan 18531 185544 - 12531, 13588 -
1z ¥ 233 | 1t S6.5
3
L = 1008, I0E5S8.4 19.% | Z10s1, L0216 3y
4 5 63 4 2
Cas 11691, 116603 316 | Ile4s, pA LR -
7 1 [ o o 0.2
[
P 1iied. 13iERT 6% | Tlo4l. TIN4ET -3.7e
9 47 T
e 453 4.3
devian 4 3
[
Parametzrs of Nd.Lu:U
ENERGY PARAMETERS
El: 5095 69
E2: 26.43509
E3 - 4950204

E1/E3: 10.293%
E2/E3: 3.340203E-02

FPARAMETERS
F2: 3409793
F4: 4726246

Fa: 5531981

ZetadE : 8769626

F4 /F2 - 138608

Fa/F2: 0162238

s Deviation - 31 58042
Nephelauxetic Rano - 1.029651
Bonding Param=ter - .1217606

Paramet=rs of Md:Lu:TU

ENERGY PARAMETERS
El: 4984 662
E2: 2453475
E3: 4954134

E1/E3: 1006162
E2/E3: 4.9725558E-02

FPARAMETERS
F2 . 332309

F4: 4B 88047
Fo: 5149317
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FetadF - 874 4746

F4/F2: 1470934

Fo ! F2: 1.549557E-02

s Deviation © 51.57473
Mephs=lauxetic Ratio - 1.00347

Bonding Paramerer : 4. 165157E-02

Abzorption Spectra of

1% March 2019

Neodymuum: Levcine:Urea 11 the melar ratio

Energy

1:2:1

Absorpticn Spactra of

Necdyvmmum:Leucine: Thiourea in the

molar ratio 1:2:1
m

e

[V. BESULT AWD DISCUSSION

Interaction  Parameters

Parametar
Table represents chserved and calculatad
value of energy corresponding to different peaks of
MNeodyrmmum The observed energy wvalues can be
caleulared by using Slater-Condon parzmeters and
Lands" s parameter given by equations.

and Lande’s
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E,— 11.6818xF;
Fa= 1.0V /6ExE.
E=14844xF,

The first column of cach table roprosents
nosttions of energy lavels. The second cohmmn
shows observed energy of each level and the third
culunm represent caleulaled value of enam gy, The
fourth column represents delta E. After calculations
we got Slater-Coomdon parameters (F- Fy Fs ) Rarah
parameters (E - E:.E;). Lande's parameter.
Nephelauxetic ratio, RM S deviation and bonding
parameter When there i1z formation of ternary
complexes of Neodymitm with amino-acids then
1ed shufi vcoms. Oo conplexanon, hiee 15 very
small change in F parameters and Lande's
parsmeter. After formation of complex these two
parameters decrease slightly.

The energy levels of variovs transitions
arz  expermmentally az well as theorstically
calculat=d by using Lavler Series expansion.

EiFi. £40 = Eq (" . £4r) + T OE/cFy

AFy +cE/0 g3 A Syp

Where, k=246

The values of Fa. s and Fs parameters are
curnpuled wsing Judd-0f&l 1elation. Least squae
fit or partial ragression method wields values of AFy
and £ ¢ Only £ interactions are considered and all
spin-orbit interactions ars o be neglect=d. [n case
of Neodyvmmm Complexes E; = E;=E,.

Nephelauzetic Ratio, Bonding Parameter
and R M. 5 Deviation

The ondmg m 1me-va b conplezes 15 weaken
than 3d orbatal’s. The chemical bond for rarc-carth
complex 1g considered to be 1onic because of their
mart gas electronic confisuration. It is due to well
shuelding of 4f arbitals. DBut  experumentally
covalency 1z observed for come rare-earth
complexes. Un complexation there is expansion of
4f orbital’s which can be expressed in terms of
Nephelenzetic Ratio (B).

Nephelavxetic Ratic p =T,

IF%

Whae - coplex siale

f— fre= ion state
Hondmg parameter 1s
b 7=[a- 2"
6=(1-p)/ F

For Neodymium - Nephelauxetic Ratio, B
=1. Therefore. b'" is not real and &=(1-BVE is
uegative m os presenl wak Hence all ey
complexes of MNeodyminm make lonic bonding
with ammino-acid and wath 1rea and thiorea
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Abstract: A new method has been proposed for
solving a Linear Programuming Problem (LPP) by
adopting “Fourier-Morzlan Elmmination
Technique”. This method is vwseful than the sarlier
methods because 1t takes least ime and calculaticns
are also simple. The same has been 1llustrated by a
munerical exampls.
Kev words: Limnear Programmmg Problem
Optumal Solution, Insqualines, Fourier-Motzkin
Elimination Technique.
L INTRODUCTION
Linear Programmmmg iz a main branch of
Owperations  Research. Lmear Programmmg
Problem :s formmulated as maxmizmg/mimrmizing a
linear form of profit/cost function whose vaniables
were resmicted to wvalues satisfiing a swvstem of
linear comswaints. Linear FProgramming iz a
t=chnigue for resource utilization. It indicates how
a manager can use his available resources under the
given facilines in ths most effective way. Linear
Programmmg Problem occurs frequently in
production allocation  problems in real hife
situations. Different zlimmation techniques for
solving Linear programmung Problems are given
earlier by Kanmappan et al | Kammatker, Kohler,
Sharma et al. and Williams_
In the next section, we= describe m brief Fouri=r-
Motzkin elimmation techmique. Further, Fourisr-
Motzkin elmmination  technigue 1s apphed om
mequalines. In the proposed mesthod, first we
convert chiective function of Linear progranuning
Problem mte an mequality. hence total mumber of
inequalities is the sum of the objective function
mequality. consiramnts mequalihes and non-
negative constramt  mmequality. This system of
mequalities 15 solved by Founer- Mbotzkin
elimmation technigue. This has been verified by a
munerical exampls.
I[I. FOURIER MOTZKIN ELIMINATION
TECHNIQUE
For small linear programmung problems. the
Fourier-Motzlan elinmnation t=chnigue can be used.
Thic method reduces the number of variables m a
system  of linear inequalities by ons i =ach
tteration of the technigue.
Equation gives only one solution while meguality
gives possibility of many solutions in bounded
form. ouwt of which we select maxmum o
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mumimum value accordmg to the problem erther we
have to maxinuze or punimuze Cne can easiy
verity that max /rin. value of linear programmmg
gives max /min. value of obiective function of ¥
C:AG where all C; are positive.

Here, we have applied Founier-Motzlan ehrmination
technigue for a svstem of inequalities of the same
sign 1. erther less than or egual to (=) or greater
than or equal to (=) m nature In thus technigue.
thers are three classes of inegualities with respect
to each wanable ;. The first class consists of
mequalities in which the coefficient of x; iz —1. the
second class consists of megqualities m whach the
coefficient of x; 18 -1, and the thard class of
mequalities are those in which the coefficient of x,
15 0. Here vanables are elmunated by combining
mequalities in such a wav that the wariables
reduced one by one in every iteration so at last
thers remains only one variable remams wath
bounded values. From all the bounded wvalues of
last vanable. we can find the permssible value of
that warable. Finally, we get wvalue of other
variables by back substitution of value cf the last
variable.

III. PROBLEM FORMULATION FOR
FOURIER-MOTZKIN ELINMINATION
TECHNIQUE
Here we consider the Linear Programming Problem

as

Max 2= cx
5.1 Ax=hb
and x=0

To apply Fourier-Moizkin eliminatien technigue,
we formulats this LPP agam bv taking objective
function as constramts znd all constramnts of same
sign of ineguality. Eeduced formm of LPP for
Fourier-Motzkir elmmination technigue are as:
Max. Z

<x+Z=0

Ax=b

x=0

Now varables elimmated by combinmg the
mequalines m such a way that vanables reduced
one by one in each iteraton. [f at any staze we zet
an absurd mequabty like 0 = ¢ where d 1s a
negative number then we conclude that the given
LPP has mfeasible solution otheraise LPP has

feasible solumon.
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IV. NUMERICAL EXAMPLE
Max. £ = 3xt+3v
st 3x +iv =15

Sx 2y =10

and xy=0.
Max. 7
“5x 3y +Z=0
Ix+5v=15
Sx+2v=10
-x=0
-v=0
Or above equations can be wWritten as -
X — : v+ i Z=0

(1)
x +§}_=1 3
) @
x+-y=2
B
3
-x =0
()
-v=0
=)

After elininaing x from the mequalities

R
- B
E -
7=
a¥s?2
-y=0
Above equations can be represented as:
z -5
YL
(6)
v+ Z=10
)]
v=3
(%)
y=3
(9
-¥y=0
(L0}

After elimmating ¥ from the above

mequalities (6) to (10). we have
e, _IEE

I.:E' - __I.E-

Tkt

[Al

||"| ||'A'|

N e
Lh L

Z

7 =
0=
0=
Above inequalities can be written as:

Bhagwant University, Ajmer

(FIRST-2019)

[
]
™

N
Ih

NNMN
1A TATA
]
o hinh

1

r these walues of Z. the only

aak

permussible value 1s that satisfies all

the inegquahties. On putting the value of Z
mto the mequalities (6) and (7). we get

Hence. y=% 15 the value that sansfies all

the inequalities (6) — (10).
On putting the values of £ and v mto (1) —

S
==
x <2
=15

Hence, x = ;—E ig the wvalue thar satisfies all

the inequalities (1) — (4).

Opamal  soluttom  of given Linear

Programmmg Problem comes out to be
D AE et

K—E,}'—;andhf[ax_ Z_j'

V. CONCLUSION
The proposed Fourner-Motzlan elimination
technigque 15 gquite easy to understand and
apply. It takes least computation time as
compared to traditional simplex method to
solve Linear programming Problems An
illustration 1s described to simplifsy the
whole procedure and its result can be
verified by Graphical method . traditional

Simplex method and other existing

methods.
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Abstract: Lhe M (111} Schiff base complexes
prepared from salicylaldehyde and o-amino benzoic
acid. Metal selected for the preparation of complexes
was Cr(II). Fe (IO} and Mn (IO). Hence, (here are
four metal complexes were synthesized. The chemical
structure of the synthesized metal ligand complexes
were confirmed IR and NMIX spectral analysis. The
free Schiff base and its complex have been tested for
their antibacterial activity against several pathogenic
bacteria. such as Pseudomonas aeruginosa, Proteus
viillgaris, Proteus mirabilis, Kiebsiella pneumonia and
Staphyloco ccus aureus. The antibacterial activity was
determined by the Agar Ditch technique using DME
(polar) and 1. 4 dioxane (non polar) as solvent. The
metal complexes showed differential effect on the
bactlerial strain. The antibaclerial activily is dependent
on the molecular structure of the compound. the
solvent used and the Dbacterial strain  under
consideration. In the non polar solvent 1. 4-dioxane
the best antibacterial activity was shown by the Zn
complex while in polar solvent DM, Ni complex of
Schiff base showed best antibacterial activity.
Keywords: Schiff base: Antibacterial activity: DMF:
1.1 dioxane; Salicylaldehyde: O-aminobenzadehyde
L INTRODUCTION

Compound which on dissolution do not give ion
of which they are made but instead give complex ion
are called co-ordinalion compounds. Co-ordination
compounds exhibit different characteristic properties
which depend on the metal ion to which they are
bound. The nature of the metal as well as the type of
ligand efe. these metal complexes have tfound
extensive application in various fields of human
interest. The nature of the co-ordination depends on
the mertal ion and the donor atoms. as well as on the
structure of the ligand and the metal ligand interaction.
O-amino benzoic acid and salicylaldehyde compounds
arc capable to form complex with transition mectal ion
in the form of Schiff base the complex of Cu (II). Ni
(II). Zn (I and Fe (II) with two Schiff base have been
synthesized. Their antibacterial activity towards some
clinically important bacteria was evaluated'>. Some
Schiff base complexes derived from salicylaldehyde
and histidine with some divalent transition metal ion.
In the prepared complexes Cd(I) Schiff base complex
showed greater antibacterial activity®. Cu(II). Co(II).
Ni(II) and Zn(IT) metal complexes of new helerocyclic
Schiff base derived from 1l-amino-5-benzoyl-4-
phenyl-1 H-pyrimidine-Z-one with salicylaldehyde
have been preparced and investigated by clemental
analysis. mass. electronic. IR and 'H NMR spectra.
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Octa hedral geometry was suggested for all
complexesj' 8 co (IT) and T'e (II) complexes of Schiff
base derived from istain with some amino acids were
syilhesized and identified on the bases of (heir
chemical analysis using IR and electronic spectra. All
the complexes were suggested to posses an octahedral
geometry’. A novel Schiff base ligand derived from
2.2 bis (P-methoxyphenyllamine). salicvlaldehyde and
its transition metal complexes with Mn(II). Co(II) and
Cu(Il) ion prepared and their spectral properties were
investigated®. The complex of Cr (II). Fe (III). Co (II)
and Ni (II) ion with a Schiff base derived from 1.1-
dimmethvlamino benzaldehyde and primary amimes
have been prepared and investigated using different
chemical fechniques. such as elemenfal analysis.
elecronic spectra. The oblained chemical analysis
data showed the formation of 1:1 (metal:ligand) ratio
and the square planar geometry was suggested for
Co(Il) and Ni(Il) complexes and an octahedral for
Cr(I) and Fe(IT) complexes®.

Cu (II) complexe of Schiff base have been
tested against some pathogenic microorganism. a
comparative study of the ligands and complexes
indicate that the complexes exhibit higher antibacterial
activity than the free ligand and control'®,

Cu(II), Ni(II). Co(Il} and Zn(II) complexes as
well as ligand were tested for their antibacterial and
anlifungal  properties  against  some  pathogen
(Escherichia coli, Staphviloccocus aureus, Aspergillus
niger and Fusarium oxysporum). The antibacterial
activity of the Schiff base and its Cr(III) was tested on
gram positive and gram negative bacteria. the
magnetic moment value of the prepared complex
revealed the existence of a diamagnetic character'™ 13

In the present work. complexes of Cr (III). Fe
(OI). and Mn (IOI) with Schiff base have been
synthesized, characterized the chemical structure by
I and NMR spectral analysis and to study the
antibacterial activity of the prepared Schiff base
complex derived from salicylaldehyde and o-amino
benzoicacid.

IL RESULT AND DISCUSSION

Metal ion plays a vital role in a number of
ditferent biological processes through co-enzymatic
system. The interaction of these ion with biologically
active ligand. for instance in drugs. is subject of great
mterest. Some bivlogically aclive cowpounds acl via
chelation, but for most of them little is known about
how metal co-ordination influences their activity

The four mcetal complexes and their respective
controls produced different inhibition zones against
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the tested bacterial strain. The antibacterial activity of
Schiff base metal complexes in DMTI (polar) and 1. 4
dioxane (non polar) against P .aeruginosa is shown in
fig-1. All complexes showed grater activity in the
polar solvent DMF. then the non polar solvent 1. 4
dioxane. In DMF. the Ni complexes of Schiff base
showed the best activity against P.aeruginosa,
followed by the Zn complex while in 1. 4 dioxane the
best antibacterial activity was showed by the Zn
complex, in this study, four metal comnplexes viz. Cu,
Ni. Fe and Zn, were used with Schiff base. The growth
of the gram negative bacterium was inhibited by the
Ni complex.

The antibacterial activity against the gram
negative bacterium k preumoniae is shown in fig-2.
In DMF. the Fe complex showed the greater
antibacterial activity, while all the other metal
complexes showed negligible activity. In 1. 4-dioxane,
only the Fe complex showed antibacterial activity.
while all the other complexes showed mnegligible
activity. These results again suggest that the
antibacterial activity is affected by the metal and the
solvent used for investigation of the antibacterial
activity. The antibacterial activity against the gram
negative bacterinm P.mirabilis 1s shown in Fig-3. The
anlibacterial activity of metal complexes was graler
when DMF was used as a solvent. The best
antibacterial activity was shown by the nickel complex
in DMF. while in 1. 4 dioxane only Cu and Ni
complex showed slight antibacterial activity.

The antibacterial activity of the newly
synthesized metal complex against gram negative
bacterimm. P. valaris are shown in fig-4. All the metal
complexes of the Schiff base in both the solvent
showed negligible activity. It was observed that this
gram negative bacterium was quite resistant to the
synthesized compound The antibacterial effect of the
newly synthesized metal complex on the gram positive
bacteria S. qureus is shown in fig-5, a different effect
of the metal complexes was envisaged against this
bacterimm strain. In DMF. the Fe complex showed the
best antibacterial activity was shown followed by M,
but in 1. 4 dioxane.the maximum antibacterial activity
was shown by Zn complex followed by the Fe
complex. but the minimum antibacterial activity was
shown by Cu and Ni complex of Schiff base.

It is observed that metal chelates have
higher antibacterial activity. This is because of an
increase in cell permeability. The lipid membrane
which surrounded the cell favors the passage of only
lipid soluble naterials and it is  known o that
liposelubility is an important factor controlling
antimicrobial activity'® !°. In the present study low
activity of the some metal complexes may be because
of the low lipophilicity of the complexes. because of
which penetration of the complex through the lipid
membrane was decreased and hence. they could
neither block nor mhibit the growth of the
microorganisms. This is confirming that antibacterial
activity is dependent on the molecular structure of the
complex.

TTI. MATERTAT. AND METHOD
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Metal salts Cupric chloride. Nickel chloride.
Terrous ammonium sulphate and zinc chloride.
Dimethyl formamide (DMF) and 1.1- dioxane were
purchased from Snd. Chem. Tndia. Salicylaldehyde
and Or-aminobenzoic acid were purchased from Fluka.
The Antibacterial activity of synthesized Schiff base
metal complexes was determined by Agar-ditch
method.
IV. EXPERIMENTAL

Preparalion of Schill base

20 Cm’ ethanolic solution of salicylaldehyde
(1.22g: 0.01mol) and the same volume of ethanolic
solution of O-amino benzoic acid (1.37g: 0.01mol) are
mixed. The mixture was stirred for 3-4 hour. This
solution was evaporated under vacuum to remove the
solvent. The product after filtration washed several
time with ethanol and recrystallized from hot ethanol
and dried under vacuumn the colour of the product is
orange and its  purity was confirmed by
chromatography technique.
Synthesis of the complex

For each metal complex. different metal salt
solution were prepared. The compounds used for the
synthesis of the Mn. Cr.and Fe complexes were cupric
chloride, nickel chloride. femrous ammeonium sulphate
and zine chloride. respectively. A mixture ol the
Schiff base under investigation (0.01lmol.2.41g)
20Cm° ethanol and the same amount of the same
solvent of M(II) salt (0.01lmol.2.37g) was refluxed for
4-5 hours in a water bath the PH of the solution was
maintained by the buffer solution. A colour precipitate
was obtained. The precipitate was filtered and washed
several time with hot ethanol to remove excess metal
ion. respectively. The precipitate was then dried and
stored in a desiccator over anhydrous CaCly under
WACTILIND.
Antibacterial activity

Antibacterial activity was determined by Agar-
ditch method. The investigated microorganisms were
Pseudomonas aeruginosa, Proteus vilgaris, Profeus
microbiles, Klebsiella pheumoniae and
Staphyiococcus aureus. The metal complexes were
dissolved in one of the two solvent 1. 4 di oxane (non
pelar) or DMF (polar) solvents to obtained final
concentration 1mg/0.1ml. A loop full of the given test
strain was inoculated in 30ml of nutrient broth and
incubated for 24 hour in an incubator at 30°C in order
to activate the bacterial strain activity. 18-20 ml of the
nufrient agar media was added in to a 100mm
diameter pantry-plate. 0.1ml of the activated strain
was inoculated in o (he media when il reaches the
temperature of 40°C. The medim was allowed to
solidify. After solidification of the media a hole was
made in the plates with the help of a cup-borer. which
was then filled with one of the test sample solution.
Controls were run (for each bacterial strain and each
solvent), where pure solvent was inoculated m to the
hole. The plates were incubated for 24 hours at 35°C.
The inhibition zone formed by these compounds
against the particular test bacterial strain determined
the antibacterial activity of the synthetic complexes.
The mean vahie obtained for three individnal
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replicates was used to calculate the zone of growth
mmhibition of each sample.

CONCLUSION
For the above results, it can be concluded that
amongst the four metals used for complexes

formation. in non polar solvent 1. 4 dioxane Zn
complex of Schiff base showed the best antibacterial
activity but in polar solvent DMF, Ni complex showed
best antibacterial activity followed by Zn and Fe
complex. Cu complex showed negligible antibacterial
activity.
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Table 1. The structure of the metal complexes was confirmed by I.R (KBr. Cmn- 1) analysis.

Complex -OH -OH -C=N M-N M-O
(Stretching) (Bending) (Stretching)

Cu(I) Schiff base 3341 1350 1511 744 530

Complex

Ni(II) Schiff base 3306 1354 1539 750 497

Complex

Fe(II) Schiff base 3136 1332 1565 685 475

Complex

Table 2. Analytical data (CHN) of divalent Cu. Ni. Fe and Zn Schiff base complexes.

Complex M C H N Colour Mr g
mol™

Mmn(IIT) Schiff bas 19 80 52.29 3.35 4.31 Dark 315

Complex (19.81) (52.41) (3.43) (4.36) brown

Cr(IIT) Schill Lase 18.50 53.18 3.46 4.42 Yellowish 316

Complex (18.59) (53.21) (3.48) (4.43) orange

Fe(III) Schiff base 17.78 53.65 348 4.36 Yellowish 313

Complex (17.84) (53700 (3.51) (4.47) brown
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Antibacterial Activity of Schiff base complexes
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Fig-4. Anubacterial activity ol Metal Schill base
comnplexes in DMF and 1.4-dioxane against P
valaris
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Wideband Chirp Generation for FMCW Radar Application using
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Abstract  Thizs work addresses the FPCA implementation amd
oprimizaton of Fracdenal-I¥ Phase Locked Loops (Frac-I¥ FLLs)
mwsed to generate frequency chivps for Frequency Modulated
Conrinnms Wave (FRTCW) radar applicadoms. Tn a Fracdonal-W
PLL, we have two main cleck domains which are the reference
and the divided VOO «clock domains, Cleck domain cressings
need to be considered during chirp generation to praduce lnear

chirpz. In addirion, increases in the integer divide ratio during
the generation of chirp can case transient Gregquency glitebes
thart also affect the chirp incarty if they are not talen care of, In
this works we propoese implementation techoigues (o addeess (hese
issues im bractiomal-™ PLL:. Lhe proposed techniques can be
wsed for linear wideband chirp zeneration and It also improve
rthe distance accuracy by a factor of 1.5 and the distance precision
bv a facter of 1.0,

Keyword— Phase Locked Loops, Radar, Chirp, Mulet Modnlus
Divider (WM, Siewa Defra Modniaror (SDM],  Freguency
Modulared Continuons Wave (FMCIT)

L INTRODLCIION

T veven | prasl yesas doe Lo then comgract desipn Fracimsd-
M PLL have been used in the appheanon of frequency
modulation and reference frequency generaticn. Lue to high
reference fraquency used in PLL, it achieves fine frequency
step by the Multt Modvlus Drvider (MIMD) wteger dnasien
ratio dithering, vsing a Sigma Delta Modulator (5DM). So that
nn average, a Tactional division rann genecated

In the application of TMCW radar. Cractional-?¥ PLL 1s
uscd for frequencey chip’s geacration. This 15 the basic saznal
used for distance caleulation i this type of applications. For
chirp generation, Tractienal-W PLL wateger and fractional
division ratie 15 moremented regularly by verv small steps
with the rate faster than PLL loop bandwrdih, so that zmooth
Jeguency 1angy which iepnesents desned lmea cimp s
generated at the PLL output.

Generated chirp is then transmutted, which travel at the
speed of light and Tastly mixad wirth locally z=nerared chimp ar
the recerver. which 15 synchronized with racsmitted chirp.
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Figuzc 1. FMCW Eadar Maacipal

The outcome 15 baschand smgle tonc with frequeney diceetly
propertional to the mme of flight (distance) between the
rareiver and transmiter as shown in Figme 1 Assiuming that
churg 1s entirely linear which mdicate constan: gradiznat.

Consideration of many aspact need to be taken care, while
aprimizing a Frartiomz1-" P1LT. for applicanon of radar This is
because of requirement of wids chip bandwidth for aclusving
exceptional range resolution |14, 3, 7|

In [3] wmwoduced a Fractional-W PLL that integrate a
wideband  Vollages Conpoll=d Osallalm VCDY which
optimized for FMOW radar applications bv  specially
incorporating 5 single wide tuning range.

A orhcalel Cral penenat=] chap shoolil e exhemely
lincar, mean havmg low BEMS (root mean squarc) crror. In
Fractional-N PLL the sizma delts modulater (SDA) used
dhvil=l VOO chek whols the coumier fn chap geneabon
vsed for ncrementng the division ratie 1s cleck by the
reference cleck. Due to this, for generation of extremely liness
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reforznce clock. Due to this. for generation of extremely lnear
chap. & swnchromzation method 15 required for consistent
clock domain crossing

Also, due to increment of wmreser divide tatio, while
generating chirp may generate transisnt slitches in frequency.
So, the accuracy and precision of the distance calenlation may
mnfluence in case of not considerad propecly.

In this paper, Synchronization method 1 Fractional-W PLL
o ropesed w0 alhess s owesawe wloch eomimlale Gn
exlremely  hiesa Requaney  peneramm Alsn,
comparison of the schemed technigques 1 bettermg the
precision and accuracy of calenlating distance.

This paper 15 organized 25 follows: In section I1 discussed
the cleck domain crossing issue in detail and cecommend a
solution for it I section L1 Integer civision glitch issue 13
diecusged and recommend 3 solution. In section IV,
Smvulation results shown for validatng the result to make
eviden: for the proposad conceprs and methods. In section WV,
the resule from this worlk 12 conclunded.

widelsnd

T CTOCE THIMATN CROSSTNG TSSTTFS

A, Freblem Dafinition

Ag indicared in Figure 2, the Muln Modolus Division
(WATY) 4 Frachonal-W PLL mst e always eloaded walh
the new dvesiom value (Rec_ml oo the mang edye ol the
divided cleck to ensure the integrisy of cach division cycle.
So. the S1egma Dela Modulator (SDM) must be clocked by the
div clock domam (indicated by dotted Linc).

i

Faeecleey
doman

Tssn._i.-._;T.-\.: LU s

T i 1-.__|_nj~__ .“.Eﬁlz" .
LU T | L |

Figuze 2. Block Diagram of Frac-W PLL for FMCW Badar

Chap ronnter s clocke? by therel vlock emaom smee 1015
gencrally érven by a Faclé Programmakle Cate Arrav (FI'GA)
of an oa-chip dimtal corc which muns on the same reference
crvstal oscillator of the PLL. This dimifal or FPGA 13
chargzable for the control of the FIMCW radar front end and
all the distance calculation agorithms.

So, the peneraticn of new sdm_in and int_in @ the chirp
counter munming by the reference clock is in reference demain
avd caplo = mthe Sagme Dela Wahclamon (SDM) emng by
thvided clock mom the divided clock dirn cause the clock
domam crossing proslem.
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B General Seintions to Clock Doemein Crossing [nrues

The geaeral coluticn for clock deomain crossiag is to
svnchronize the clower clock demain sipnal to the facter clock
domain by veing the two-tlop synchronizer, It this case faster
slower clock demain signal clocked by divided by 10 clock
sdm_in and int_in to faster clock domain clocked by div clock.
When the synchiomeal signal s mudndnl sigmal (mocase of
sdm i and mt_ ). twe Jdop synchroalzation methed cannet
be used due the different routmg delay of bats. Tor
swnchronizing the mult bit signal cnable bascd svachremized
15 uscd o ouarantce the corrcet alignment of the dsta bat
during capture shown m Figure 3 Lh:s enable signal 1=
asserted after few clock cyeles of penerating the data in source
clock domain.

The problem is not completely solved ver, hecavse with
mwo-flop ar uacermanmy of onz period of the destination clock
v dlways pmesent due o meta-stalaliy i the Gest Tap Qog ol
ihe emalile symetnomeze as shown o the Bang deagram whee
the emalle vsmy edoe and fhe dov rmang mlpes ooma
sinultancously Then the ontput of the first tip fep 15 erther
updsted i same cleck cyele or next cleck cyvele as shown 1n
the Figurs 3

/ S
L’f \{ .?H_rAT‘H_f R\"-._
Ny ]
| i /
bt B i

Figure 3. Taning Diagram of enable Synchronizaron

T most the commuwneabon applicalwns s s only A
marstenl e Tt aned o vwsd gl e me has no gt on the
swslemr pen fmmance. Whale m FAOW vala thes wall aTect
the chirp lincanty beocause it in snd sdm_m are rcgularly
updsted by the chap countor but wregularly capturcd by the
SDM due to this meta stability. It com be seen in the
simulation results in section 1V how this vncertamty affects
the distance czloulation, accuracy and precizien

[II. PROPOSED SOLULLON TO UHE CLOCE THOMALY CRUSSING
1551IF

By olservatien s fnmd hal, mecase of Frachona0-1 217
al dhe lock comhion e Fedisah loop fmees the postiive
eiloe ul el ence chivk amd posiive edps ol div clock s close
to cach other but becanse of sizma d=la modalator (SO the
posttive and negativs edge 10 not =xactly aligned. The positive
edze of div clock randomlv peositioned around the posttive
edze of reference clock, either leading or lagging by the ranze
of a few VCO clock periods. The number of VOO clock
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Figure 5. Proposed Frac-N PLL with clock domain
crossing

periods is depend on the signal delta modulator (SDM) order
and the number of the output quantization levels. In general,
the vanation of the edges 15 much smaller than the reference
clock period. In case of the FMCW radar Fractional-N PLL,
generally the 3 order sigma delta modulator (SDM) 1s used
with the output quantization level from +4 to -3, So when the
PLL 15 locked the positive edge if div clock i1z withm -1.8 to
+2.3 VCO pentod range from the positive edge of the reference
clock as per out sumulation. In case of integer-N PLL duning
the lock condition. the feedback loop forces the positive edge
of the reference clock and div clock will be exactly aligned.

Although this fact may seem to add more difficulty to the
problem because it adds more uncertainty during bus
synchronization like that due to meta-stabihity, but we can still
use 1t to our benefit as follows.

For FMCW radar application we can conclude that for any
PLL at lock condition the negative edge of the reference clock
15 alwavs away from the positive edge of the div clock and 15
approximately m the muddle of the div period assuming a 50%
duty cyele reference clock and so we can treat both the
reference and div clock i1s synchromous to each other and
belong to same clock domain if lavnching data at negative
edge and capturing it on positive edge.

So, we can simply use the negative edge of the reference
clock to generate 1t m and sdm_in and use the positive edge
of the div clock to capture the data in sigma delta modulator
(SDM). By using this we can avoid the synchronizer which m
turn achieve the power, area and complexity optimization as
shown m Figure 4. One repister 15 added to mteger part for
aliment the fractional and mteger data m div clock domam.

Figure 5 shows the timing diagram with the proposed
solution. We can see that the uncertainty in the timing of the
new captured data is reduced i our case to approximately 2
WVCO periods which 1s much less than the onginal uncertamty
of 1 div period. The mmprovement can be approximated to be
equal to Ndiv/2 where Ndiv 1s the nommal mteger divide ratio.

For example, i our FMCW system Fref 1s 15 MHz and
Fuvco 1s 2.43 GHz so Ndiv 1s 162, Then the uncertamty due to
clock domam crossing 15 81 fumes less i our proposed
scheme.

Note that this solutton was possible 1n the specific case of
PLLs under lock condition because the div clock can be
considered as a derived clock from the ref clock 1.e. they are
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not strictly of different ongins. But for other general cases of
arbitrary clock domam crossing a tus synchronizer 1s a good
option.

IV. INTEGER DIVISION GLITCHISSUES

A Problem Definition

Integer division glitch 15sue needs to be carefully addressed
while designing Fractiomal- N PLLs for FMCW radar

L B W A W

divelk

sy Du

{
st O\n:i? ></ Quel

Figure 4. Timing [I:liagram for Proposed synchronization
method

apphcations. Most of the case where the chirp bandwidth 15
larger than the reference frequency, it shows that during the
chirp generation, when the fractional part 15 inecreased
gradually and reaches its full scale then and it needs to roll
over. During the rollover mteger path also needs to be
meremented by 1. So, a glitch m the output frequency mught
occur as shown wn Figure 6.

This indicates that the response for incrementing int_in is
faster than that for rolling over sdm_in smce the output
frequency first increases rapidly then decreases again before it
resumes the normal chirp gradient. The root cause of this issue
15 that the SDM includes some delay from sts sdm n to its
sdm_out that 15 larger than the delay from it in to mt_out. So
that the larger delay difference causes the larger the magnitude
of the glitch.

—-{2S5EGHL

LEAGHD

15106H

L500GH2

LA50H

i
!
|
|
|
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:151 R
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Figure 6. Frequ-en;:y Chirp Coﬁtaiﬂiﬂg Integer division
glitches
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The masmitude of this frequency zlitch 1= almost
nmnoticezble compared to the carmmier frequency. And again, in
most spplications this iz only = traasient effect thar most of the
time has no impact on the system performancs

Tor an [TCW radar system. doe to dewn converting the
chirp to the baseband at the teceiver, the glifches are in few
MHz gangs which s largely comparable to the baseband
frequency. Tz is required to affect the calealation of beat
Regeney Ty the Fast Fowea Transfom FFT) algm b m
[he FRGA even e than the clock domam crossmip tssoe as
the errors due to fhas cieet on the baschand signal may be 1
the order of fow MHz wiule the crross duc fo the clock domain
crossing issue are in the order of faw KHz e impact of
thege glitches om the distance calculation accurzey and
precizion will be also showmn m section TV.

E. Proposed Solunon to the Integer Droision Gliteh Issuz

@ "

+ i T g G

Figura 7. Proposed Sleck Diagram of Frac M FLL for
FILACW Eadar

To solve this issue, we propose introducing several
pipelining stages in the path of int_in 7o balance the delay
immoduced by the sigma delta modulacor (SDLD) from :dm_in
ler salrn_tmud s shown m Figies 7 Thas way, the mieges aonl
fracticnal parts of the division word now occur at the MMD
together rather than comsccutively and so we can aow
suarzatee hishly lmear frequency chirps.

The SDM iz basad cn a MASH 1-1-1 architecture. Doing
the Z-domam analyzis we found that it has a signal ransfer
Newinm ol P-4 Fome sidm_me o sdim_oml Theveline 4
pipelining stages are used to delay mi_wn by the same 4 div
clock cveles. This way we could get a haghlv lncar wadcband
chirp as shown in Fioure B

.__,..r" b i J_'_J_..-"’ »uprHe
._.___.-’ iy 1 A T SN
e rr e Znzabe
-
& _’_-'-F.d- e
- :a-:ff T T ARG
Rl -~

S TR TV I SN ST AT 4T

Figure 8. Chirp nsing oprimized Frae-I BLL
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V. SIMULALICH RESULLS

For verificacon of the above conceprs and methods, we
bl A& simularion envireament where we can nm the degimal
chinp cmter and SO wath models G (he PLT. luoldime
blocks. This way we can smmulste the completz charp
fransmission and muzng at the recerver and seaulting baschand
ig recorded ve tme in a file Thes data is again processed using
MATLAE to calculate the distance by deing FFT
wansformation after that peak detection. The first geaeral
obsevalwen 15 hat the 1esulimz  Laseband spechumn 1s
sign:ficantly cleancr after optumization as shown m Fiome 5.
AMdter the we performed multiple sumulations.

sl b2 TR

o
=]

[
=

g i by

[
=

k] [[5] ) Lo 20 ) ET) ES o da oo
Fregaersy MK

Frgiae 9 FFT ol laseland lelin e amd allen optinmealam

4. decuray Somualanon

The b5 Gew wel caleulaves e distance e Gn 13 equally
spaced distances. This paves an incdacaton abourt the systom’™s
accuracy. We can see from the results Figure 10 1n that with
the proposed techniques, accuracy was improved by more than
a factor of 1.5, Ancther imoroverent 1z that the aceuracy is
almost constant ve distance. We can observe that the mteger
dovision ghtch has a streager effect on the accuracy than the
cleck domain crossing 1ssue as expected.

B Priciston Stmniaron

The sccond ssmulation sct ealenlates the distanee coror
10 consecutive chirps but this tume for the same distance. This
mves an indication about the system's precision. We can zes
o the 1eadis m Figme 11 dhal owille the poposed
technnges, pectsam was mproved by aoand a Gl of 13

We can agam observe thar the intezer division gltch has a
strenger coffcct oa the precisaon than the clock domam crossing
15518,

It is worth menhonmng that we expect better results in
measurements since onr simulation sefup has some limirarions
on the timing accuracy. Namely, it s difficult for the sunulater
Te resolve a frequency difference of 1 11z (which mdicate to a
distance of 5 mm) from the 2.¥ GHz camier without some
numerical error. That 15 why in our simulatiens the precizion
of the cptimized systems seems to be closed 1o that of the ons
wirh the clock domam crossing 13sns
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Figure 11 Accuracy Simulation Results

Precision simulation Results
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Figure 10. Precision Sunulation Results
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Table 1 compares our system to some works on FMCW
radars. Note that in [3] and [4] a prescaler 1s used before the
MMD, so we normalized the chup bandwidth by the prescaler
divide ratio. Also. for fair comparison we refer the frequency
resolution and RMS frequency error to the VCO even if it 18
followed by a frequency multiplier as m [5]. We can see that
we have the least RMS error while having the widest chirp
bandwidth relative to the reference frequency.

TABLEL COMPARISON OF PROPOSED SYSTEMTO STATE OF THE ART
31 | 41 | [8] | This | Unit
Work

VCO Center Freq 77 77T | 425 | 243 GHz
Chirp bandwidth st MMD | 175 | 8.75 | 500 120 | MHz
Reference freq 700 | 50 | 160 15 MHz

Freq resolution at VCO 43K | 3 N/A 0.8 Hz
RMS freg error at VCO 60 30 19 <% KHz
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VI CONCLUSION

This paper presented optimization techmiques for Frac-N
PLLs used for highly linear wideband chirp generation for
FMCW radar applications. A synchronization scheme was
propoesed to address clock domamn crossing i1ssues. Moreover,
an equalization scheme was proposed to mitigate integer
drvision glitch issues thus improving the distance calculation
accuracy by a factor of 2 and precision by a factor of 1.5
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