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Optical, Structural and Morphological Studies of
Chemical Bath Deposited Antimony Sulphide
Thin Film

M.D. Jeroh® & D.N. Okoli°

Abstract - Thin films of antimony sulphide were successfully
deposited on glass substrates by chemical bath deposition
technique. Morphological studies and structural analysis were
performed by scanning electron microscopy (SEM) and x-ray
diffraction (XRD) respectively. Optical characterization was
done using an AVASPEC-2048 UV-VIS-NIR spectrophoto -
meter in the wavelength range of 200-900nm. Optical studies
reveal a direct band gap of about 1.6eV. The thickness of the
film was calculated from surface profile analysis and estimated
at about 0.7um.

Keywords . Thin films, antimony sulphide, chemical
bath deposition, scanning electron microscopy, X-ray
diffraction, band gap, optical studies, morphological
Studlies, structural analysis.

. INTRODUCTION

ver the years, semiconductors have gained wide
usage in fabricating electronic devices. Although,

silicon-based technology is by far the most
advanced amongst semiconductor technology, there
has been an increasing interest in the use of compound
semiconductors such as GaAs, ZnO, CdTe, etc which
possesses electrical and optical properties that are
absent in silicon. This fact has led to increased study of
binary semiconductors in the last ten years for their
possible applications in electronic and photovoltaic
devices respectively. Sh,S; is a binary metal
chalcogenide compound which can be used as target
material for television cameras and as an absorber
material for photovoltaic applications such as solar cells.
The properties exhibited by Sh,S; makes it suitable for
thin film deposition.

Several techniques such as chemical bath
deposition (Asogwa, P.U., 2010, Maghraoui, H.M., et al,
2010, Srikanth, S., et al, 2011), vacuum evaporation
(Tigau, N., et al, 2010, Aousgi, F. and Kanzari, M.,
2011), spray pyrolysis (Srikanth, S., et al, 2010) have
previously been used to deposit antimony sulphide thin
films.

In this research, thin fiims of Sh,S; were
deposited on glass substrates by chemical bath
deposition technique. Transmittance and reflectance
measurements were obtained using an AVASPEC-2048

Author “°  Dept. of Physics/Industrial Physics, Nnamdi Azikiwe
University, P.M.B. 5025, Awka, Anambra State, Nigeria.

UV-VISNIR spectrophotometer in the wavelength
range of 200-900nm. The structural and morphological
studies of the film were done by XRD and SEM
respectively. All measurements were made at room
temperature.

I1. EXPERIMENTAL DETAILS

a) Materials and Methods

All the chemicals used for the deposition
process were analytical grade. They were obtained from
BDH chemicals Ltd, Poole, England.

For the first time, 5ml of 1M of SbCls, 2ml of
TEA, 5ml of 1M of NaS,0; and 38ml of distilled water
were put into a 50ml beaker in that order. Four
experimental setup were made in which deposition time
was varied at 12hrs, 24hrs, 36hrs and 48hrs respectively.
Clean microslides were inserted vertically into each of
the experimental setup and left undisturbed until the
appropriate  deposition time was reached. After
deposition, the coated glass substrates were removed,
washed well with distilled water and allowed to dry in
open air for 2hrs. After drying, they were placed in an air-
tight box to avoid contact with air and kept for further
characterization. It is pertinent to state here that only the
film deposited at 24hr dip time was used for the analysis
of the result presented in this research.

[1I.  RESULTS AND DISCUSSIONS

a) Structural Characterization

The structural property of the Shb,S; thin film was
investigated by means of x-ray diffraction (XRD) using
an X'PERT PRO MPD diffractometer with CuKa radiation
(» = 1.54060A). The accelerating voltage and current
were respectively 40KV and 30mA. The Sh,S; thin film
was scanned continuously between 0° and 80" at a step
size of 0.004 and at a time per step of 3.175secs.

A typical XRD pattern for the as-deposited
Sh,S; thin film is shown in fig. 1. From the figure, sharp
diffraction lines are not observed for the film, indicating
that the Sh,S; thin film deposited at room temperature
has an amorphous nature. The findings presented in this
research are in agreement with previous reports (Tigau,
N., et al, 2010) on this material.

© 2012 Global Journals Inc. (US)
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Fig. 1. Typical XRD pattern of as-deposited Sh,S; thin
film.

b) Morphological Studies

The surface micrograph of the fim was
obtained by scanning electron microscope at a
magnification of 5.00KX. The surface micrograph of the
as-deposited Sh,S; thin film is displayed in fig. 2. The
surface micrograph of the film appears to be smooth,
dense and homogeneous with large spheres irregularly
distributed over the surface of the film, indicating the
amorphous nature of the film. This result is confirmed
from XRD pattern of the grown film.

The thickness of the film was estimated to be
0.7um from the lower part of the Data XY chart from
surface profile analysis. This is shown in fig. 3.

Fig. 2 : SEM micrograph of Sh,S; thin film.

e

Fig. 3. Surface profile analysis of the Sh,S; thin film.
c¢) Optical Studies
The transmittance (T%) and reflectance (R%)
spectra of the film were recorded on an AVASPEC-2048
UV-VISNIR spectrophotometer in the wavelength
range of 200-900nm with an uncoated glass substrate as
a reference frame.

(us)

Fig. 4 displays the spectra transmission of the
Sh,S; thin film deposited at room temperature. The
sample show poor transmission of solar radiation which
is an indication of high absorbance of solar radiation by
the film. This is in agreement with the result previously
reported by Ezema, F.I., et al, (2009) for as-deposited
Sh,S; thin film grown by chemical bath deposition
technique. Fig. 4 is displayed below.

20 4
&
= 15 -
10 -
g5
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[_|
I:I I I
1 500 1000
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Fig. 4 Transmittance curve for as-deposited Sh,S; thin
film

A close observation of the transmittance curve
shows that the film exhibited interference pattern. This is
due to optical interference which arises as a result of
differences in refractive index of the thin film and glass
substrate used. A similar result has been reported by
Tigau, N., et al, 2010.

Fig. 5 shows the spectra reflectance of the
Sh,S; thin film.
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Fig. 5 . Reflectance curve of Sh,S; thin film.



From fig. 5, it is observed that the reflectance of
the sample show a gradual increase as wavelength
increases. The sample show high reflectance of about
74% in the IR region of the electromagnetic spectrum.
The high reflectance exhibited by this material makes it
useful in manufacturing highly reflectance mirrors
commonly found in desktop scanners, photocopy
machines, astronomical telescope, car head lamps and
halogen lamps.

The absorbance of the film was calculated from

transmittance and reflectance values using the
expression:

A+T+R=1,
So that, A=1-(T+R)

The absorbance curve for the Sh,S; thin film is
displayed in fig. 6. The absorbance curve decreases
with increasing wavelength. The sample shows high
absorbance of solar radiation above 60% in the
wavelength range of 200-700nm, corresponding to the
UV-VISregion of the electromagnetic spectrum with the
highest absorption of about 85.8% at a wavelength of
200nm. The high absorbance exhibited by this material
makes it a potential absorber in devices for photovoltaic
conversion of solar energy.
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Flg. 6 . Absorbance curve for as-deposited Sh,S; thin
film.
d) Band Gap Analysis
The absorption coefficient was calculated from
transmittance values using the relation:

a=-[InT]
t
where, a is absorption coefficient, T is
transmittance and t is the thickness of the film.
Absorption coefficient, o, and photon energy,
hv, are related by the expression:

(ahv) = B(hv — Eg)",

where is a constant, n is a number that
characterizes the transition process and is theoretically
equal to 1 and 4 for direct and indirect transitions
respectively, Eq is the optical band gap of the material.

The direct band gap of the as-deposited Sh,S;
thin film was obtained from the plot of (ahv)?® versus the
photon energy, hv and extrapolating the linear portion of
the curve to the point on the horizontal axis where (ahv)?
= 0 as shown in fig. 7. The direct band gap for this
material was found to be about 1.6eV.

120 -
:ﬁ 100 -
=20 -
ﬂg 60 -
e A0 -
0 172 3 4
b (W)

Fig. 7 Plot of (ahv)? versus hv for Sb,S; thin film.

Manolache, S.A., et al, (2007) previously
reported that one of the requirements for an ideal
absorber solar cell material is that it must have a direct
band gap in the range of 0.7-2.0eV. Since the value
(1.6eV) obtained in this research fall within this range
(0.7eV to 2.0eV), we therefore propose a high efficiency
solid state solar cell (SSSC) using antimony sulphide as
an absorber material for the photovoltaic conversion of
solar energy.

IV. CONCLUSION

Antimony sulphide thin film was successfully
deposited on glass substrate at room temperature and
characterized accordingly.

Optical studies conducted on the film show that
the film has relatively high absorbance and reflectance,
poor transmittance of solar radiation. A direct band gap
of 1.6eV was obtained for the as-deposited film in this
research. SEM and XRD measurements conducted on
the sample confirm the amorphous nature of the Shy,S;
thin film grown at room temperature.
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Qualitative Analysis of Biotechnological
Process Viscosity

Ivan Edissonov %, Elena Nikolova° & Sergei Ranchev®

Abstract - A mathematical model of the lyzin biosynthesis
process during periodic cultivation of Brevibacterium flavum
type microbial population is proposed. A parametric
identification of the model's kinetic variables is carried out. As
a result the evaluation of the parameter values is obtained. On
the basis of the qualitative theory of ordinary differential
equations a bifurcation analysis of the microbial population
behaviour is done regarding the cultural medium viscosity in
the plane of kinetic variables-biomass concentration and
oxygen concentration. With the fjelp of the bifurcation analysis,
it can be predicted whether the dissolved oxigen concentration
in the 'bioreactor is larger than the critical one and the
prescription of the technology' of the microorganisms
cultivation is executed strictly by the cultural medium viscosity
only. It is investigated theoretically at which viscosity values
the specific biotechnologi- cal process can cross from
unstable to stable state.

Keywords . Lyzin biosynthesis process, Viscosity, kinetic
variable, cultural medium, mass-exchange parameter,
parametrical identification, qualitative analysis, phase
and bifurcation analysis.

[. INTRODUCTION

n the proposed paper a specific lyzin biosynthesis

process during periodical cultivation of

Brevibacterium flavum type microbial population is
considered. A bioreactor with a capacity of 10m? is
charged with sterilized nutritive medium, that has a
definite initial concentration of the substratum (sugar)
and microbial culture (highly concentrated suspension
of microorganisms). The biotechnological process starts
(beginning of the cycle) from the moment the bioreactor
is charged with the microbial culture, the volume of
which is much smaller than the volume of the nutritive
medium. The biotechnological process is terminated
(end of the cycle) at the moment the increase of the
biomass concentration stops. After the end of the cycle,
the lyzin (amino acid) produced in the bioreactor and
intended for the needs of stockbreeding is extracted.
The periodicity of the cultivation is expressed in the
recurrence of this cycle. For the specific periodical
biotechnological  process all the  parameters
(temperature, pressure, mixer's velocity of rotation,
maximum quantity of the dissolved oxygen in a unit of
capacity of cultural medium, velocity of oxygen
aeration)are constant.  The control of the biosynthesis

aop

Author . Institute of Mechanics, Bulgarian Academy of Sciences,
"Akad. G. Bonchev" Str., Bl. 4, 1113 Sofia, Bulgaria

processes ensures an optimal proportion of the
substance concentrations in the bioreactor, at which the
obtained metabolism product reaches to maximum
value. However, in our case the observed yield and
kinetics of the microorganisms cultivation can be
regarded as a function only of the cultural medium
viscosity, since all other parameters are constants. This
fact can be explained with the help of the diffusion
processes in the kinetic oxygen equation, which has the
following general form [1,2]:

d_C: 1 dx 1 d—L—rX+y(CO—C),
dt Yoo dt Y . dt )

where:
X - biomass concentration [g/1];
C - oxygen concentration [g/1];

L - lyzin concentration [g/1];

Yxc = dX/dC - stoichiometry of the biomass to the
oxygen [-];
Y.c =dL/dC- stoichiometry of the lyzin to the oxygen[-];

r — parameter reflecting the vital activity of
microorganisms [sY];
y - mass-exchange parameter [s”];

Co — maximum quantity of the dissolved oxigen in a unit
of capacity of the cultural medium (initial oxigen
concentration) [g/1].

The right hand side of equation (1) consists of
four members: the first one reflects the use of oxygen for
the biomass growth, the second — for the metabolism
product formation (lyzin), the third — for supporting the
vital activity of microorganisms, and the fourth one
reflects the oxygen diffusion in the cultural medium of
the bioreactor.

It is seen from (1) that the concentration of the
dissolved oxygen in the cultural medium of the
bioreactor can be supported as constant by changing of
the mass-exchange parameter (y) during the different
phases of the periodical cultivation only. In the general
case y is dependent on the cultural medium viscosity,
the mixer's velocity of rotation, and the velocity of
oxygen aeration. Such a general dependence is
proposed by Vasilev ef al. [2] in the following form:

y = so“v’n’ 2
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where:

o — mixer's velocity of rotation [tur.sY];
v —velocity of oxygen aeration [m®.s™];
1 — cultural medium viscosity [mPa.g];
& —constant [ (tur.m®.mPa)™];

a, B,y —constants [].

It is obviously that the control of the specific
periodical biotechnological process can be carried out
by changing of the mass-exchange parameter (y) only.
Since in our case y is constant there is a danger the
dissolved oxygen concentration during the different
phases of the periodical cultivation to become less than
the minimum admissible one (critical concentration —
Cx). Because of that it is searched such a value of y, at
which the oxygen concentration is larger than critical
one during the whole cultivation period. yy is the critical
value of the mass-exchange parameter (y), when C =
Ck. If y > yxand C > C the oxygen consumption velocity
(@dC/at) in the cultural medium is dependent on the
biomass growth velocity only. As a result the increase of
the oxygen consumption velocity is connected with the
increase of the oxygen diffusion velocity from the gas
phase to the liquid one, since the concentrations
difference (Cy— C) becomes larger. If y <y, and C <Cg
the increase of  the microorganisms  oxygen
consumption isn't connected with the increase of the
oxygen diffusion velocity and is dependent on the
exchange possibilities of the substratum only.

The cultural medium of the periodical
biotechnological processes consists of the substances
with constant composition. As a result the control of
these processes can be realized by changing of Cy or y
only. In the general case the cultural medium viscosity
(n) isn't constant during the different phases of the
periodical cultivation, because of that its influence on
the growing population behavior must be investigated.
For the specific biotechnological process the values of
Co = 0.0061 [g/1], & = 4 [tur.s’] and v = 0.1 [m*s?] are
constant. In this case the mass-exchange parameter (y)
is dependent on the cultural medium viscosity (i) only,

and it can't be used in the control process. Thus the
presented facts up to now don't guarantee C > Cg
during the whole cultivation period, since the viscosity
isn't constant.

There exist publications in which the dynamic
rheological models are proposed [3, 4]. However, in our
paper by applying of the bifurcation analysis two
possibilities are investigated regarding the cultural
medium viscosity: (a) it can be predicted whether
the dissolved oxygen concentration (C) is larger than the
critical one (Cy) at every moment of the periodical
cultivation; (b.) it can be predicted whether the
prescription of the technology of the microorganisms
cultivation is executed strictly. As well by applying of this
analysis it can be predicted theoretically, at which the
viscosity values the specific biotechnological process
can cross from unstable to stable state.

[1. MATHEMATICAL MODEL

This paper uses experimental data from a
specific lyzin biosynthesis process during the periodical
cultivation of Brevibacterium flavurn type microbial
population. Nine_replicable experiments have been
carried out under identical conditions in a bioreactor
with a capacity of 10 m* by applying of the technology of
microorganisms cultivation to implement the process of
lyzin biosynthesis.

The experimental data of the biomass (X), sugar
(9, oxygen (C), and lyzin (L) concentrations and the
experimental data of the cultural medium viscosity (i)
were obtained through laboratory analysis taking
samples from the bioreactor at every four hours. These
experimental data were processed by using of the fuzzy
sets apparatus [5]. The smoothed experimental values
for X, § C, L and y at the different moments of time are
shown in Table 1 marked with “E”.

The mathematical model that takes into account
the material balance of the major components of the
cultural medium (biomass, sugar, oxygen, lyzin) is
developed as a variant of the proposed model by
Edissonov [6].

Table 7 . Obtained Experimental "E" and Theoretical "T" Values of the Biomass, Sugar, Oxygen, and Lyzin
Concentrations and Experimental Values of the Cultural Medium Viscosity at the Different Moments of Time.

Global Journal of Science

Time X[g/] 9/ Clmg/l] L[/ n[mPa.g
[h] E T E T E T E T E
0 3.0 300 1200 12000 6.1 6.10 0.0 0.00 28.7
4 34 340 1147 11461 60 6.01 17 171 28.8
8 38 384 1088 10859 59 5.90 35 3.63 28.9
12 43 434 1022 10190 58 5.77 5.6 5.76 29.0
16 49 4.89 950 9448 5.7 5.62 7.9 8.11 29.2
H 20 55 5.49 868 8631 55 5.46 104 1069 294
24 62 6.14 780 7738 53 5.29 132 1351 296
28 69 6.85 683  67.72 5.1 5.12 163 1656 298
2 77 7.60 580  57.40 5.0 4.94 195 1979 300
3% 85 8.39 470 4658 48 476 28 2318 302
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40 94 9.19 35.6 35.55 4.6 4.59 26.3 26.62 30.5

44 10.2 9.97 24.4 24.81 44 4.43 29.7 29.96 30.8

48 10.9 10.66 14.2 15.12 43 4.30 329 32.96 31.0

52 115 11.20 6.4 7.58 4.2 4.20 35.3 35.28 311

56 11.8 11.53 20 3.00 41 4.13 36.6 36.69 31.2

60 12.0 11.67 05 0.97 4.1 4.10 37.0 37.30 313
This model has the form: Ko =k /KD, where KO is the velocity
dXx S C of the transformation of the biomass and oxygen in
E = Hm K. +SK.+C J biomass-oxygen gomplex (XQ), and k. is the velocif[y
S c of the transformation of the biomass-oxygen complex in

as 1 dX 1 dL biomass and oxygen [7].

W - T The meaning of the kinetic variables X, C, L and
dt YX,S dt YL,S dt the parameters Yyc, Y, I, Y, Co is explained in Section 1.
dc 1 dX 1 dL It can be seen from system (3) that in our case there is a
=— — ——r X+ y(C0 —C), proportional relationship between the increase of the
dt Yx,c dt YL,C dt biomass concentration and the increase of the lyzin
concentration, since the biotechnological process is
i -Y d_X @3) terminated at the moment the increase of the biomass
dt L.X dt ! concentration stops. Otherwise equation (4) in system

where: S-sugar concentration /g/7/;

M., - maximum relative velocity of the biomass growth [s1;

Y, <=dX/dS -stoichiometry of the biomass to the sugar [-];
Y,_:S = dL/ dS- stoichiometry of the lyzin to the sugar [-];
Y, x =dL/dX - stoichiometry of the lyzin to the
biomass [-];

Ks =k, /K, where K2Gis the velocity of
the transformation of the biomass and sugar in

biomass-sugar complex (XS), and kx,s is the velocity of
the transformation of the biomass-sugar complex in
biomass and sugar [7];

J=2 I(X" =X +(S7=§)+(C7-CT)’ + (L5 - )]

where: FF ={XF",SF,C", LT} is a vector of
the smoothed experimental values of the biomass,
sugar, oxygen, and lyzin concentrations at the i-th
moment of time (Tab. 1);

F'={X,5',C",L'} isavector of the values
of the biomass, sugar, oxygen, and lyzin concentrations
at the i-th moment of time, obtained theoretically by
solving of the system of ordinary differential equations
3).

System (3) can be solved employing the
method of Runge-Kutta. The initial values of the
parameters £,,K g,KciYx s:YL s1Yx e Yic:f»y and

Y. xin System (3) can be solved employing the
method of Runge-Kutta. The initial values of the
parameters in system (3) are determined on the basis
of data available in the specialized publications on

(3) will be of another type [8, 9]. The fact that equation
(4) is linearly dependent doesn't influence on the
application of the phase and bifurcation analysis. The
sugar is an inhibiting factor for this biotechnological
process, but the inhibiting effect occurs at some time
between 52-th and 60-th hour only, when its concentra-
tion becomes less than 2.5 [g/l] and the biomass
concentration stops to increase. However, this fact
doesn' influence essentially the choice of equation (4) in
model (3), since after 60-th hour the process ends.

The numeric values of the parameters in system
3) ﬂm!Ks’Kc’Yx,s’YL,s'Yx,c’YL,c:r’y and YL,X

can be found by minimizing of the following functional:

4)

similar biotechnological processes [9] and taking into
account the specificity of the actual process of lyzin
biosynthesis. If no a priori information about the initial
values of the parameters is available, they are
determined randomly. However, in this case the values
of the model's parameters obtained by minimizing of
functional (4) may be unacceptable from a physical
point of view. The initial parameter values of the specific
process of lyzin biosynthesis are represented in Table 2,
column 1.
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Table 2 . First Column — Parameters Initial Values, Second Column — Parameter Values Obtained at the Parametric

Identification

No 1 2.
Mm 0.05 0.1096
Ks 10.0 15.38
Kc 0.01 0.0117
Yxs 0.1 0.4749
Yis 0.1 0.3630
Yx.c 1000 9367.1
Yic 1000 3626.2
r 0.001 0.0009
y 1.0 5.590
Yix 1.0 4.301

The minimum of functional (4) can be found by
using of the optimization adaptive method of random
search developed by Edissonov [10]. As a result of the
accomplished parametric identification such numeric
parameter values of the specific process of lyzin
biosynthesis are obtained, that are physically
acceptable and guarantee a minimum of the chosen
root-mean-square criterion (the parameter values are
represented in Tab. 2, column 2). The theoretical results,
marked in Table 1 with "T" of the biomass, sugar,
oxygen, and lyzin concentrations at different moments of
tme, are obtained precisely for these parameter values
at which functional (4) has a minimum.

It can be seen from Table 1 that the deviation of
the smoothed experimental data from the theoretically

obtained results is by a negligible margin, which
suggests the conclusion that nonlinear model (system
3) describes the actual biotechnological process in a
sufficiently accurate way.

The phase and bifurcation analysis can be
applied for autonomous systems only. The average
(integral) value of the mass-exchange parameter (y =
5.590) is obtained by minimizing of the functional (4)
(see Tab. 2). The average (integral) of the cultural

16
(m=>.._m =30mPas) s
obtained by using of the experimental data in Table 1.
Inthis way system (3) is transformed from non -
autonomous to autonomous. For the specific
biotechnological process

medium  viscosity

o=4[turs™], v =0.Im*’s™"], 7 =30mPas] and y=5.590s"].

After substitution of these values in (2), at the
condition that a=p=y = 1, the equation (2) is transformed
into:

y=F(n)=¢"n=0.1863y (5)

where: £° = 0.1863is constant [mPa".s].

As a result the influence of the cultural medium
viscosity () the kinetics of the microorganisms
cultivation can be investigated with the help of the
bifurcation analysis.

S:S)_Yi(x_xo)

X,S

By using of (6) and (7) system (3) from four to
two differential equations is transformed into:

SO_Z/YX,S(X_XO) C
"Ks+S—2/Y, (X =X,) Kg+C”

Z=u

© 2012 Global Journals Inc. (US)

and

[11. PHASE ANALYSIS [11]

The equations (2) and (4) of system (3) are
transformed in the form:

dS=—2—dx
X,$
After integrating these equations' left- and right-
hand parts for S and L the following formulae are
obtained:

and dL=Y_,dX 6)

L=Ly+Y_ x(X=X,) ()

d—xzzx,

dt

dc 2

% ZX—rX+Yy(C.-C)
o Y, o (G, —-C) ®



The dimensionless system (8) has the following

c
X—r°x+y°(c,-c),

form:
& _ §-6(x=%) ¢
dr 1+ -5(Xx-%) 1+c
de_ | $-0(X=X%)
dr 1+s,-0(X—%,) 1+c
where:

x=X/K., s=S/Kg, ¢=C/Kg, t=tu,, % =X,/K.=2564,

$=S/K,=7802 ¢,=C,/K.=05214, r°=r/y_ =0.0082,

y° =y/u, =510, §=2K./ Y,4/Ks=00032, k=2/Y, . =0.0002

The numeric values of the parameters, obtained
as a result of the parametrical identification (Tab. 2), are
used for finding the numeric values of the parameters
and theinitial values of the variables in the

dx _8.6225-0.0032x ¢ y
dr 9.6225-0.0032x 1+cC
dc

dimensionless system (9). The numeric values of Xo, S,
Co, 1P, y2 6, k are substituted in system (9) and its final
form is following:

8.6225-0.0032x ¢

—~ =(~0.0002)

dr 9.6225—-0.0032x 1+¢C

The obtained final form of system (10) is
autonomous and can be investigated in the plane of
kinetic variables—biomass concentration and oxygen
concentration qualitatively.

System (10) has three fixed points whose
coordinates are:

1st fixed point= ¢ =2694.5, 6, =0.0882;
2nd fixed point=¢,=0, 6,=0.5214;

3rd fixed point= ¢,=3242.8, 6,=0.

In (10) the differential equations' right-hand
parts for x and ¢ are expanded into a Taylor series in
some  neighbourhood of each fixed point

(@,0), i=1+3. Then for each i system (10) is
transformed into:

—0.69885 0

A=
—0.00806 -51 —0.00826

0.30710
Al =

x—0.0082x+51(0.5214 - c) (10)

dxdr=a(x-¢)+h(c-6)+R(xc)=F(xCc),

dddr=e(x-¢)+d(c-6)+R,(xc)=F,(xc).

(11)

By applying of the linearization theorem [11] for

the fixed points(@,6), 1 =1+3. the following
matrices are obtained:

ap] [B R
A= _ oX 0oc (12)
e d| |0 OF
oX oc

(x,c)=(¢.,6), i=1+3

By using of (12) the matrices' values A;, of
system (11) for the different fixed points are:

0 0 754.9734

A=

-51 -0.0082 -51.151

The matrices A in (13) are transformed into the following canonical ones J:
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—0.69885 0 0.30710

J, =
0 -51 0

by using of the characteristic polynome
I =1+3.

2 —
22~ (a+d)i+ad -hg =0, .

N It is seen from (14) that the first and third fixed
points generate stable nodes, and the second - a
saddle in the phase plane of the kinetic variables —
biomass concentration (X) and oxygen concentration (c).

For the specific process of lyzin biosynthesis
the biomass concentration (X) is changed into the limits
from 3 to 12 [g/1], and the oxygen concentration (C)
8 from 4.1 to 6.1 [mg/1]. Inour case the critical oxygen
concentration (Cy) is equal to 2 [mg/1]. These limits are
determined depending on the technology of the
microorganisms cultivation. It is seen from the phase
analysis, that the obtained stable fixed points in the
plane of the kinetic variables x and c arent in the
physically admissible limits. This fact is typical of the
periodical biotechnological processes, since they are

20

Il Version 1

XII Issue

The characteristic polynome (15) has two

complex roots, if in (16) the first condition

p=-(a+d)=0 (17)

In this case system (11) is found of the stability
limit.

Frontier Research (A) Volume

The first fixed point (18) represents special
interest to us, since the other fixed points are found
quite far away from the physically admissible limits in the

p=—(a+d)>0 and g =ad -be >0, i=1+3.

3rd fixed point—A4, =0, A, =47.2202 for ¢,=63.5851, 6,=0.

0 -0.12130 0
) J3 =
-51 0

(14)
—51.030

always found in an unstable state. Because of that by
applying of the bifurcation analysis the influence of the
cultural medium viscosity (n) on the kinetics of the
microorganisms cultivation must be investigated.

IV. BIFURCATION ANALYSIS

In our paper y is the bifurcation parameter,
since this parameter is changed depending on the
cultural medium viscosity (n). It is seen from (5) that

y=F(n)= 8D77 =0.18637 . By applying of the
bifurcation analysis we can determine theoretically, at
which  values of n the specific periodical
biotechnological process can cross from unstable to
stable state, and the dissolved oxygen concentration
becomes larger than the critical one (Cy) during
the different phases of the microorganisms cultivation.

The Routh-Hurvitz stability conditions applyed
from linearized system (11) are:

(16)
By using of (17)

D *
Yy~ =A for each fixed point,
obtained:

the following values of

y:1+3, are

1st fixed point—4, =18.3805, A, =-6.8128 for
4, = 2694.5, 6, =0.5214—22.0949/ ;

2nd fixed point—A" =(-o,+x) for ¢, =0, 6,=05214;

(18)

plane of the kinetic variables x and c. By using of (5) and
(18) in the following five major case the values of y and y
are:

Global Journal of Science

1st case—if 7, =37.0853[mPa.s|, Y, =6.9090s"]

= y0 =, =630382, ¢, =26945 6, =0.1709 (C=C, =2mg/l]);

2nd case—if 7=3L3[mPas|, y=5.8312[s"] (see 60th hour in Table 1)
— y° =1=532044, 4 =26945, 6,=0.1061 (C=12mg/1]1<C, =2Amg/1]);

3rd case—if 7=287[mPas|, y=5.3468s"] (see sub—zero in Table 1)
— y° =1=487827, ¢ =26945 6, =0.0685 (C=08mg/l]<C, =2mg/l]);

© 2012 Global Journals Inc. (US)



4th case—if 1, =24.9297[mPas],

= Y0 = J, = 42.3761, ¢, = 26945,

5th case—if 7 =10.8132[mPas],
— Yy =4 =18.3805, ¢ =2694.5,

In the cases (1), (2) and (3) it is seen that C >
Ck when the cultural medium viscosity (1) is changed
from 28.7 [mPa.g] to 37.0853 [mPa.g]. This is due to the
fact that in these cases the fixed points are found quite
far away from the physically admissible limits, since if
X=2694.5=>X = 31.53 [g/l] » X = 12 [g/1] at the 60-th
hour. In the fifth case when 1,*=18.3805 the dissolved
oxygen concentration has a negative value. This shows
that for the specific biotechnological process such a
value of the bifurcation parameter (y) can't be found, at
which for the physically admissible concentrations of the
dissolved oxygen this process is stable. Thus the
biotechnological process considered in our paper will
always be unstable at all the admissible values of the
bifurcation parameter (y = F(7)). In the fourth case this
fact is confirmed as well. As a result we can predict
regarding the cultural medium viscosity only whether the
prescription of the technology of the microorganisms
cultivation is executed strictly. For example, if the
cultural medium viscosity () isn't in the limits from 28.7
[mPa.g] to 37.0853 [mPa.s] and C > Cg, we can assert
that the cultivation technology isn't executed strictly. In
this situation the biotechnological process is terminated,
since in the bioreactor the interrelation between the
concentration' components of the cultural medium is
disturbed.

V.  CONCLUSION

The results obtained in the paper show that it
can be predicted regarding the cultural medium
viscosity only whether the specific biotechnological
process is realized in conformity with the prescription of
the cultivation technology from a microbiological point of
view. Moreover, it can be predicted as well as whether
the dissolved oxygen concentration in the cultural
medium is larger or less than the critical one. These two
facts provide a possibility the cultivation process to be
terminated at the moment when the above requirements
are disturbed. The prescription of the technology of
the microorganisms  cultivation must be executed
strictly, since the biotechnological processes continue a
long time, they are difficult to replicate and are very
expensive. Thus the spending of surplus resources,
intended for the receiving of vital important metabolism
products, can be avoided by the periodical measuring
of the viscosity in the cultural medium.

Yo = 464445
0, =0 (C=0[mg/l]);

y =20149s"]

*

6, =-0.6807 (C=-8.0 [mg/1]<0).

REFERENCES REFERENCES REFERENCIAS

1. F. Harrison. Physiological effects of dissolved-
oxyge'rT teiision and redox potential on growing a.
populations of microorganisms. J. Appl Chem.
Biotgchnol., 22; 417 — 440 (1972).

2. Vasilev, V. A. Ambrosov and A. A. Skladnev,
Modelirovanie  peolllcou  microbiologicheskogo
sinteza. Moskva: Lesnaya promishlennost (1975).

3. Oolman, D. Yu, E. Walitza and H. Chmiel,
Rheological properties of microbial broths. In:
Supplement to rheologica acta. Darmstadt, New
York: Steinkopff Verlag and Springer-Verlag, 336-
339 (1988).

4. Pilat and K. Bezdek, Rheological characterization of
the penicillin  production. In:  Supplement fo
rheologica acta. Darmstadt, New York: Steinkopff
Verlag and Springer-Verlag, 339-340 (1988).

5. Edissonov, Modelirane i pararnetrichna optimizatsia
na biotehnologichni protsesi pri- periodicimo  kul-
tivirane (Ph. D. Thesis). Sofia: Press of Sofia
Technological University (1988).

6. Edissonov, Modelling and phase analysis of the
process of L-lyzin biosynthesis during periodic
cultivation of  microbial population from the type
Brevibacterium flavum. Blotechnology Biotechnolo -
gical, Equjpment, 5(6), 41-48 (1991).

7. Aiba, A. Hemphri and N. Mills, Biohimicheskaya
tehnologia | apparatura. Moskva: Pitshevaya
promishlennost (1975);

8. Ohno, E. Nakanishi and T. Takamatsu, Optimum
operating mode for a class of fermentation.
Biotechnol. Bioeng., 20, 625-636 (1978).

9. Savenkov and M. P. Ruklisha, Algoritm poiska

optimalnih upravlenii po matimaticheskoi modeli

biosinteza L-lizina. In: T7ehnologia mikrobnogo

sinteza. Riga: Zinatne, 39-43 (1978).

Edissonov, The new ARSTI optimization method:

Adaptive random search with translating intervals.

American  Journal  of  Mathematical  and

Management Sciences, 14, 3&4 143-166 (1994).

11. Hartman, Ordinary differential equations. New York,
London, Sydney: John Wiley and Sons (1964).

10.

© 2012 Global Journals Inc

(Us)

(IS
[EEY

(A) Volume XII Issue II Version I

Frontier Research

Global Journal of Science



Global Journal of Science Frontier Research (A) Volume XII Issue II Version I ﬂ February 2012

QUALITATIVE ANALYSIS OF BIOTECHNOLOGICAL PROCESS VISCOSITY

This page is intentionally left blank

© 2012 Global Journals Inc. (US)



GLOBAL JOURNAL OF SCIENCE FRONTIER RESEARCH
S PHYSICS & SPACE SCIENCE

g ¥ Volume 12 Issue 2 Version 1.0 February 2012

3 ; Type : Double Blind Peer Reviewed International Research Journal
Publisher: Global Journals Inc. (USA)

Online ISSN: 2249-4626 & Print ISSN: 0975-5896

Global Journal Ine.

Modelling of Incompressible Elastic Thin Plastic Plate
By A. Ait Moussa & M. Verid Ould M. Moulaye

Abstract - The aim of this work to study the asymptotic behavior of an elasticity problem, of
containing structure, in incompressible elastic thin oscillating layer of thickness and stiffness
depending of small parameter. We use the epi-convergence method to approximate the limit
problem modeling.

Keywords = Limit behavior, elasticity problem, epi-convergence method, global subadditive
theorem, limit problems. 1.

GJSFR-A Classification. FOR Code: 020399

MODELLING OF INCOMPRESSIBLE ELASTIC THIN PLASTIC PLATE

Strictly as per the compliance and regulations of :

© 2012 A. Ait Moussa & M. Verid Ould M. Moulaye. This is a research/review paper, distributed under the terms of the Creative
Commons Attribution-Noncommercial 3.0 Unported License http://creativecommons.org/licenses/by-nc/3.0/), permitting all non
commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



Modelling of Incompressible Elastic Thin Plastic
Plate

A. Ait Moussa* & M. Verid Ould M. Moulaye®

Abstract - The aim of this work to study the asymptotic behavior of an elasticity problem, of containing structure, in
incompressible elastic thin oscillating layer of thickness and stiffness depending of small parameter. We use the epi-convergence
method to approximate the limit problem modeling.

Keywords : Limit behavior, elasticity problem, epi-convergence method, global subadditive theorem, limit

problems. 1

[. INTRODUCTION

he study of the inclusion between two elastic adherents bodies involves introducing a very thin third body, filled
Tby adhesive with an oscillating boundary, between them. In general, the computation of solution using

numerical methods is very difficult. In one hind, this is because the thickness of the adhesive requires a fine
mesh, which in turn implies an increase of the degrees of exible than the adherents, and this produces numerical
instabilities in the stiffness matrix. To overcame this difficulties, thanks to Goland and Reissner [4] find a limit
problem in which the adhesive is treated on this theoretical approach, see for example A. Ait Moussa and J.
Messaho [1], A. Ait Moussa and L. Zla ji [3], Licht and Michail [2], and Acerbi, Buttazzo and Perceivable [6].

This work is specially intereted in approximating a minimization problem (P.) where ¢ is a small parameter
linked to the thickness and the stiffness of the adhesive. In particular, we associate to each component of gradient
an independent of stiffness parameter. We use epi-convergent method introduced in a paper by De Giorgi and
Franzoni in [9],to proof a weak limit of a (P, )- minimizing sequence with is a solution of (IP).

This paper is organized in the following way. In section 2, we express the problem to study, and we give some
notation and we define functional spaces for this study in the section 3. In the section 4, we study the problem (4.0).
The section 5 is reserved to the determination of the limits problems and our main result.

I1. NOTATION AND PRELIMINARIES

we consider a structure, occupying a bonded domain Q € R3with Lipschitzian boundary 9Q. It is constituted
of two elastic bodies joined together by an incompressible rigid thin layer with oscillating boundary, the latter obeys
to nonlinear elastic low of power type. More precisely, the stress field is related to the displacement's field by

o =\ le(ws)| 7! e(uf), A>0.
The structure occupies the regular domain @ = B. U Q.,where B.is given by B.= {z = (2',23) / |23] < §},
and Q. = Q\ B. represent the regions occupied by the thin plate and the two elastic bodies, € being a positive para-
meter intended to approach 0, and ¥ = {z = (', x3) / |z3| = 0}.

The structure is subjected to a density of forces of volume f, f : € — R*, and it is fixed on the boundary
05). Equations which relate the stress field 0%, o0° : @ — R% | and the field of displacement u*, u® : @ — R3 are

div(c®)+ f=01in Q

05, = aijknern(u®) in Qe
0° = Me(ws)| "e(u®) in B. (P

div(u®) = 0 in B

u® = 0 on 9N
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Where aijrnare the elasticity coefficients and RY the vector space of the square symmetrical matrices of
order three, e (u)are the components of the linearized tensor of deformation e(u) . In the sequel,we assume that the
elasticity coefficients aijxn satisfy to the following hypotheses :

Qijkn € LOO(Q) (2.1)

Qijkh = Gjikh = Okhij, (2.2)

9
QijkhTijTkh > CTij’/"ij, V1 e RS

2012

[11. NOTATION AND FUNCTION
SETTING

[ERN
=l

a) Notations
We begin by introducing some notation which is used throughout the paper.

x = (2/,23), Where 2’ = (z1,x2),
T® ¢ = (1:¢)1<ij<3 And
TRC(+HCR®T
2
In the following C will denote any constant with respect to €, [v] is the jump of displacement field v through
¥, and v, H, respectively the Lebesgue Hausdorff measures. Also, we use the convention 0.(+o0). '
To describe a global subadditive theorem, we consider By (R4) the family of Borel bounded subsets of R¢and
§. Euclidean distance in R?, for every A € By(R%), p(A) = sup{r > 0 : IB,(z) C A}, where B,(z) = {y € R%:
6(z,y) < r}. A sequence (B, )nen C By(R?) is called regular if there exist an increasing sequence of intervals (In)»
C Z% and a constant C independent of nsuch that B,, C I,, and meas (I,,) < C meas(B5,),¥n . The global subadd-
itive theorem is essentially based on subadditive Z -invariant functions.
Afunction S:A € By(R%) — S, € R is called subadditive Z?- periodic if it satisfy the following conditions:
() Forall A,B € By(R?) suchthat AN B = 0, Saup'< Sa+ Ss.
(iy Forall A€ By(RY), all z€Z% Say, =Sa.

Now, we shall see the global subadditive theorem, firstly used in the setting of the calculus of variation by Licht and
Michaille [2]

XII Issue II Version I

TR (= , V1, eR3

Theorem 3.1.[2; page24] Let S be a subadditive Z?- invariant function such that

~(S) = inf{ 51 7 1 =a,b[,a,b € Z% and a; < b;¥1 <i < d}

meas

7(S) > —o0

Global Journal of Science Frontier Research (A) Volume

In addition, we suppose that S satisfies the dominant property: There exists C(S), for every Borel convex subset
A C [0,1[¢, |Sal < C(S). Let(A,), be a regular sequence of Borel convex subsets of By,(RY) with lim,, 4 oo

p(An) = +oo. Then lim,,_, ;.o —2z— exists and is equal to

meas A,

. Sa . S1o,m[
1 —_ = f {—— 1
n—1>r—&I-1c>o meas A,, W;QN*{ md }=7(5)

We have the following stability result for epiconvergence.

© 2012 Global Journals Inc. (US)



Proposition 3.2 . [T, p:40] Suppose that F* epi-convergence to F in (X,7) andthat G : X — RU{+cc},is 7—
continues. Then F*© + G epi-converges to F' + G in (X, 7)

This epi-convergence is a special case of the I'- convergence  introduced by De  Giorgi (1979) [9].
It is well suited to the asymptotic analysis of sequences of minimization problems since one has the
following fundamental result.

Theorem 3.3 : [7; Theorem1:10]. Suppose that
(1) F*° admits a minimizeron X ;

(2) the sequence (u®) is T relatively compact

(3) The sequence Feepi-converges to F inthis topology 7.on X =

[\

Then every cluster point u* of the sequence (u®) minimizer F on X and lim0 F* (u) = F(u*)
e'—
where (us’)a, denotes any subsequence of (u®)_. which converges to u*

b) Function setting
First, we introduce the space

Ve - u € Wy (Q,R3) x WHY(B,,R3),
N u=0o0n0Q and div(u) =0 in B

we easily show that V¢ is a Banach space with respect to the norm

u = [le(u)|| 220, re) + le(w)|| L1 (5. r)-

XII Issue II Version I

[V. STUDY OF PROBLEM

Problem P, is equivalent of the minimization problem

infocye 3 Jo, aijhkeij(v)ens (v)dz+
€ +A [, le@)] = [, fodz

To study problem P, , we will study the minimization problem (4.0). The existence and uniqueness of solutions
to (4.0) is given in the following proposition.

(A) Volume

Proposition 4.1 . Under the hypotheses (2:1), (2:2), (2:3) and for f € L*, problem (4:0) admits an unique solution.

Proof. From (2:1) and (2:3), we show easily that the energy functional in (4:0) is weakly lower semicontinuous, strictly

convex and coercive overVe, Since V€ is not reexive, so we may not apply directly result given in Dacorogna [17;
p:48], but we can follow our proof by using the compact imbedding to the W1(Q) Sobolev space, in the reflexivity
space L%(Q), or q = % for more information see you Adams [14; p:95].

Frontier Research

On the other hand, let «,, be a minimizing sequence for (4:0), to simplify the writing let

Fe(v) = 1/Q aijhkeij(v)ehk(v)dx—i-/\/ le(v)]

2 B.
7/ fudx
Q

so, we have F¢(u,) — inf,cyve F(v). Using the coercivity of F¢, we may then deduce that there exists a constant
C > 0, independent of n, such that

Global Journal of Science

[unllve < C,

then u,, bounded in L4, therefore a subsequence of «,, , still denoted by w,, , there exists vy € V¢ such that wu,, N
— ug in V*. The weak lower semicontinuity and the strict convexity of F¢ imply then the resuilt.

Lemma 4.2. Assuming that for any sequence (u®). C V*©there exists a constant C' > 0 such that F*(u®) < C

,under (2:1), (2:3) and for f € L>°(Q, R?), (uf),., satisfies

© 2012 Global Journals Inc. (US)
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le(u) 1720, rey < C (4.1)
/ le(us)| < C. (4.2)
B.

moreover u¢ is bounded in W' (2, R3).

Proof. Science F¢(u®) < C , we have

1

f/ aijhkeij(ue)ehk(ue)der/\/ |e(u€)|7/ fusdx < C
2 Ja Q

€ =

Then, taking advantage of the fact that ¢ vanishes on 09 :

/ futdr < |f|Loo(Q)|UE‘L1(Q) < C|e<u6)|L1(Q).
Q
by Holder and Young the inequalities, we obtain

le(u®)|L1) < C+ Clle(u®)|| L2 + le(u®)| 1B,

According to (2:3) and (4:3), we have

||e(u8)||%z(QE7Rg) + /\/B le(u®)| < C + C’/g2 fusdz

< O+ Clle(w) | 2, xo) + / le(u)|

€

To facilitate writing, we denote by
X1 = |le(u?)]|2(q. re), and Xy = fBE le(u®)| We have
X7+ X5 < O(X1 + Xo).

Then C

(Xi—-=)P+(1-0)X2 <

2
2 4

according to the values of C,

e If(1-C)>0 :we see easily the result.
e f 1-C)<0:

C., C?

(X1 — Z) <

this inequality means that, the tensor of deformation form a straight line on the ground in B_,below parable about (2.,

which is contradicted to the situation of problem. Therefore, we will have (4:2) and (4:3). In another problem we can
supposed that (1 — C') > 0 and completed the proof.

According to (4:2) and (4:3), and for a small enough € the sequence (u®) is bounded in Wol’l(Q, R3).

- (1-0)Xo,

Remark 4.3. The solution u® of the problem (4:0) satisfy to the Lemma 4:2.

To apply the epi-convergence method, we need to characterize the topological spaces containing any
cluster point of the solution of the problem (4:0) with respect to the used topology, therefore the weak topology to
use is insured by the lemma 4.1. So the topological spaces characterization is given in the following proposition.

Proposition 4.4. The solution «° of the problem (4.0) possess a cluster point v* in BD(Q)NLY(Q) .

Proof. According to the Remark 4.3 and Lemma 4.2, for a small enough €, the solution »® is bounded inBD (Q),since
there is a compact embedding of BD(Q) in L*(e). Hence the result of Temam [13; p:152], there exists

u* € L*(Q), such that u* — u*in L*(f).

© 2012 Global Journals Inc. (US)



Remark 4.5. Proposition 4.4 remains valid for any weak cluster point of a sequence w° in ¢ that satisfies (4:2) (4:3)

VL. LIMIT BEHAVIOR

Let Fow) = %fﬂs aijnieij(v)ens(v)de + )‘fBE le(v)| ifveVe
c 400 (5.1) ifv g Ve

G(v) = —/ fodx, YveVe®
Q

20

We design by ¢ the weak topology on the space. In the sequel, we shall characterize, the epi-limit of the
energy functional given by (5:1) in the following theorem.
Theorem 5.1. Under (2:2), (2:3), (2:4) and for f € L>®(Q,R?) , there exists a functional F: W1(Q) — RU {+oo}
such that
T —lmFe=F in Wyt (Q)

[EEY
~N

where Fis given by

3 Jo aijnreij(wen,(w)de + A [ [[u] @ es]
F(u) = if ue Wyt (Q)
+oo ifud Wy't(Q)

Before launching our proof of this theorem we need the following lemma

Lemma 5.2.

LetQ) be a Lipschitizian in R and p >1 :

() — If L& W1 (Q,R?) and < £,® >=0,¥d € WIP(Q,R?), with div(®) = 0,then tere exists ¢ € L7
such that £ = grad(q).

(i)—1If ¢ € L7and [,q = 0, then there exists v € WP (€, R3), such that div(v) = q.

(A) Volume XII Issue II Version I

Proof. this result is classical if p= 2, is less well known if p = 1, thus the domain(? is connected lipschitizian boundary.
We can be shown (i) and (i) such as in Tartar [10; p:29 - 30].

Proof. [theorem 5.1]
e —(a) We are now in position to describe the lower epi-limit.

Frontier Research

Let u € Wy' () and (u) € V= such that uf — u in Wy ' (Q) . If liminf. o F#(u®) = 400, there is
nothing to prove, because

1

§V/Qaijhkeij(u)ehk(u)dx + )\/Z |['LL] ®s €3| < +o0.
Otherwise, liminf._,g F¢(u®) < 400, there exists a subsequence of

Fe(uf) < C, which implies that

||€(UE)||%2(QE,R€;) <C,

[ lew<c.

€

Global Journal of Science

then xo.e(u®) is bounded in L2(Q, RY), so for a subsequence of xo.e(u®), still denoted by xo.e(u®),
we have ]
xa.e(u®) = e(u) in L*(,RY).

Form the semirespectability's inequality of v — %fﬂ aijhkeij(w)enk(w)dz, and passing to the lower limit, we obtain

© 2012 Global Journals Inc. (US)



a1
limint 5 | asjnsess (u)en (u°)do

1
> i/aijhkeij(u)ehk(u)dm. (5.2)
Q

To describe the lower limit in the domain B¢, denote by C,(z¢) the cylinder S,(zq ) is the open ballin R?
with radios p in centered at o on X, it suffices to establish for H, which represents the Hausdorff measure,
almost all zo on X

i X (Co(20))
p—0 Hy(S,(z0))

where v represent the Lebesgue measure in L1(€2), then
V(Colao)) _ 1 ve(Cylwo)
HQ(SP(:L‘O)) e—0 HQ(SP(Z'Q))
. A /
—_— e(u)dz. 5.3
e=0 Ha(5,(20)) Js,(20)x]—c.e] () (53)

2 [U] ®s €3,

2012
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=
=

Other way, let u in W,"'(Q) there exists a sequence ™ in C§°(€2) such that u™ — w in Wol’l(Q) when n — 400
We will use the smoothing operator R, , define by

XII Issue II Version I

- +
R.ou = L4 2(%)\1’6@) e z(ws) if |z3] < 5
u(x) if |z > 5
where
& / I
g ] (3) = u(z’, |x3)) +2u(:1: ) stl)’
=
— - u(z’, |zs|) — u(x’, —|z
- ol ) = SEll) ~ s ~les))
° And
() si el
Z -(x) = sign(ws) min(“, 1),
% We denote by u®"™ = R.u™ , We easily show that
- 1
e(u”) = g[u}(%) ®s ez +e(u" — Re(u")). (5.4)

Otherwise, let

s em .

= divu in B,
=3\ s

o fBE divu in Q.

We have ¢" € L'(2) and

Global Journal of Science

/qs,n =0
Q

according to the Lemma 5.2, there exists v=" € Wol’l(Q,R?‘) such that ¢=" = divv® and v>" depending
H linearly and continuously of ¢*™ so there exists a constant C' > 0 such that

[0 [y < Cllg™" ||

© 2012 Global Journals Inc. (US)



Using that [, ¢=" = 0, implies ¢™ =0 p.p for this result see you Roudin [15], so we havey=m — 0 in W, (2, R3).

Let

e,n EM _ &

w =Uu

Since divvs” = divu®" in B, so divw®™ = 0 in B., it follows that w=" € V¢, and as us" — u™and v>" — 0

in Wy (Q,R3).

According to the (5:3) and (5:4), we have
lim lim #/ le(u®™)|dx
p=0=0 Ho(Sp(70)) /s, (20) x]—e.e

A

- lim lim 7/ e RE uw))—e uE,n_RE u dx
=00 Hy(S,(z0)) SP(IU)XFE’E” (Re(u))—e( (u))]

= lim lim ¥{
- p—0e—0 HQ(SI,(I()))

/ |1[U]_ (o) ®sez+e(u™" —Re.(u))|dx}.
Sp(wo)x]

—e,¢] S

(5.5)

We can modify u¥" — R.(u) in the boundary of S,(z0)x] — ¢,¢[ by a function . € Wy (S,(x0)x] — t(e), t(e)

t(e)

[,R3) where lim._o ?5 = 1, for more information see you Licht and Michaille [16], so that

lim lim ——————
223 B (S, o))

1. -
/ |=[u] (w0) ®s €3+ e(u™" — Rou)|dx}
Sp(xo) xX]—e,e] €
>
lim sup lim sup {

p—0  e=0 Ha(S,(x0))

1 -
/ =[] (20) s €5 + e(pe)|da}.
Sp(xo)x]—t(e),t(e) €

Recalling (5:5), then

lim lim 7/ le(u®™)|dx
p=0e=0 Ho(Sp(20)) /s, (20)x]—e.e

>

1
lim sup lim sup — inf{
p—0 e—0 |As |

/A ) (0) ®s €5 + e()|da : 0 € WL (A, RY)}

where A. = +5,(xz0)x]—t(e), ()], the subadditive process
A— SA =

it [ ([ (z0)Bueate(elde: € Wi (4, B}

satisfies all the condition of the global theorem thus finally obtain

© 2012 Global Journals Inc
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For u € Wg' () and u® € V¢, such that u¢ — u in W' (), Assume that
lign_)iglf Fe(uf) < +o0.
So there exists a constant C' > 0 and a subsequence of F*(u®), still de noted by F*(u®), such that
Fe(u®) < C.
So u® verifies the following evaluation (4.2) and (4.3), as u® — u in W&’I(Q)thanks to the Remark 4.5 we haveu €
Wh(Q) what contracdicts the fact that u € W1(Q) \ W, " (Q), consequently we have

lim inf F¥(u®) = 400
e—0

2012

e — (b) We are now in position to determine the upper epi-limit, we have
1
o) = 5 [ asmes e e [ Jew ™)
QE Ba

which implies that

1
_ Fowr) = 5 [ s emem(ndoen [ e )
E QE £
Z =51+ 5
=
= sothat
/ i 51 = lim 1 (e
; EL)I% 1= glli% 2 o XQeQijhk€ij (W )EpE (W x
>
:/aijhkeij(w")ehk(w")dx
Q
we have

&zx/|dMM|
B,

as in [8] we chow that

1
: NN _ T [,,M
lim [e(w™") = —[w"] @ e

Frontier Research (A) Volume

Consequently,

lim sup F©(w*"™) =

e—0

1

= 5/ aijhkeij(W)epr(w™)de + )\/ [[w"] ®s es].
Q )

Science w"™ — wu in W(}’l(Q) because v=™ — 0, there fore according to the classic result, digitalization's
Lemma, see [7, p.32], there exists a real function n(e) : RT — N increasingto + oo , such that we®, n(e) = u
in W,'(€) when & — 0.

Global Journal of Science

Consequently, we have

| lim sup F< (w*™)) < lim sup lim sup F*© (w"")

e—0 e—=0 n—+oo

1

< 5/ aijhiei; (W")eny(w")de + )\/ [[w"] ®s es].
Q by

© 2012 Global Journals Inc. (US)



Foru € Wy () , so for any sequence u® — wu in L' (£2), we obtain

lim sup F*(u®) < +o00

e—0

Hence the proof is complete.

In the sequel, we determine the limit problem linked to (4:0), when e approaches to zero. Thanks to the epi-
convergence results, see section 2 [Theorem 3.3, and Proposition 3.2] and the theorem 5.1, according to the 7y -
continuity of the functional G in W&’I(Q),we have F* 4 G 77 -epiconverges to F'4+G in Wol’l(Q)

Proposition 6.3. Forany f € L'(Q,R3) , there exists u* € W' (Q,R?) satisfies o
[@\]

ut —ut in Wyt (Q,R3),

F)+Gu) = it {F()+ Gl

Proof. Thanks to Lemma 4.2, the family (u¢)_ is bounded in L*(Q), therefore it passess a 7 — cluster point u* in
L'(©Q). And thanks to a classical epiconvergence method, theorem 3.3, it follows that «* is a solution of the problem
: Find

inf ~ {F(u) + G(u)} (5.2)
ueWy " (2)

Since F = +o0 on Wh1(Q) \ Wy"' (), so (5.6) became

XII Issue II Version I

ueml/r}fl(m{F(u) + G(u)}.

According to the uniqueness of solutions of problem (5:6), so «® admits an unique 7y -cluster point w*, and
therefore u® — u* in Wy"' ().

(A) Volume

VI.  CONCLUSION

Using the epi-convergence method we showed that the structure, constituted of two elastic bodies joined
together by a incompressible elastic thin oscillating layer of thickness, rigidity, and periodicity parameter depending
on(e), obeying to a nonlinearelastic law, whose parameters depend on the negative powers of e, behaves at the limit
like an elastic body embedded on the boundary and subjected to a density of forces of volume f, according to the
powers of ¢, the layer behaves like a rather rigid nonlinear elastic material surface with membrane effect, too rigid
inextensible material surface, a material surface with effect of infection or the structure is embedded on the interface
3, We found the same result of A. Ait Moussa and J. Messaho [1].

Frontier Research
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is no evidence of semiannual variation in the auroral electrojet AE index but clearly observed in
AL index which are measure of global geomagnetic activity in the auroral zone, also responds to
convection electrojets and substorms electrojet. The correlation coefficient was used to
determine the reliability of the variation, which ranges between 0.595-0.988.
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Semi-Annual Variation of Geomagnetic Indices
for the Period of 1970-2009

Falayi E.O® Rabiu A.B° & Beloff N°

Absiract - Semiannual variations of the geomagnetic
disturbances for different geomagnetic activity indices exhibit
distinct characteristics for the period of 1970-2009. In this
paper, the semiannual variation of geomagnetic activity is
significant in the low-latitudinal Dst index showing the
magnitude of the ring current, less significant in the midlatitude
of Ap and Kp indices. There is no evidence of semiannual
variation in the auroral electrojet AE index but clearly observed
in AL index which are measure of global geomagnetic activity
in the auroral zone, also responds to convection electrojets
and substorms electrojet. The correlation coefficient was used
to determine the reliability of the variation, which ranges
between 0.595-0.988.

. INTRODUCTION

he use geomagnetic activity indices (AE, AL, AU,
TAO, Dst, Kp, aa, ap) and solar activities (Sunspot
number and Solar flux 10.7) plays an important role
in the study of geomagnetic disturbance variation. The
geomagnetic activity indices are used for measuring the

level of geomagnetic activity. These indices are
computed from measurements of geomagnetic
disturbances. Semiannual variation of geomagnetic

disturbance has been studied using different indices,
the aa, Ap, and Am midlatitude indices (for example,
Mcintosh, 1959; Russell and McPherron, 1973; Bertelier,
1976; Mayaud, 1980; Orlando et al., 1993; Cliver et al.,
2000, 2002), low-latitude Dst index (Cliver et al., 2000;
Chen 2004; Falayi and Beloff, 2009) and auroral
electrojet AE, AL, AU, and AO indices (Bertelier, 1976;
Hajkowicz, 1998; Ahn et al., 2000; Cliver et al., 2000;
Lyatsky et al., 2001; Benkevitch et al., 2002).
Traditionally, these variations have been
attributed to three external effects: Changes in the
heliographic latitude of the Earth during the year (Cortie,
1912); variations of the solar wind flow direction with
respect to the Earth’s magnetic dipole axis (Bartels,
1925; Mclintosh, 1959); and variation of the angle
between the geocentric solar magnetospheric (GSM)
equatorial plane and the solar equatorial plane (Russell
and McPherron, 1973). The Earth reaches extreme
heliographic latitudes near equinoxes which lead to
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enhanced geomagnetic activity during those periods, as
the Earth is then better connected to the fast solar wind
streams from the low-latitude coronal holes. Annual
variation is also known in solar wind (SW) speed,
temperature and density (Bolton, 1990 and Paularena et
al., 1995). Szabo et al. (1995) established that annual
variation in speed is strongest around solar minima.

The  general tendency for  magnetic
disturbances to be stormier at equinoxes than at
solstices has been recognised for more than 150 years
(Sabine, 1856) and the cause of the semi-annual
variation has been studied by many researchers (
Lyatsky and Hamza, 2001; Lyatsky and Tan, 20083;
Byung-Ho and Ga-Hee, 2003; Clua de Gozalez et al.,
2001) and its cause remain under discussion in the
scientific community. Statistical studies by Ahn et al.
(2000), and Lyatsky et al. (2001), demonstrated strong
differences in the seasonal variations for various
geomagnetic  activity indices and the strong
dependence of these variations with latitude. Regression
analysis shows that the majority of seasonal variability is
attributed to a generalized equinoctial effect, the
geomagnetic activity correlates well with the angle
between the Earth's dipole axis and the Earth-Sun line
(Orlando et al, 1995; Cliver et al., 2000). Because the
Earth's magnetic dipole axis is offset from the spin axis,
the angle the dipole makes with the solar wind varies
over the course of a day. Crooker and Siscoe (1986)
explained the semiannual variation in which the Bz
coupling efficiency between the solar wind and
magnetosphere can be modulated by the tilt angle of
Earth dipole. Falayi and Beloff (2009), found a
statistically significant in October-November peak in
geomagnetic activity for Northern Hemisphere, which is
sufficiently larger (by 50%) than March-April peak.

In this paper, we study the long-term evolution
of the semiannual variation using early geomagnetic
activity. Here we use this correlation to study the annual
mean variation of geomagnetic activity. Dst (Disturbance
Storm Time), Kp, Ap, AL, AE indices, solar flux and
sunspots are key features in the forecast of
geomagnetic activity.
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II. DATA ANALYSIS

a) Annual Variation For Geomagnetic Activity Indices

Figure 1 demonstrated the semi-annual
variation in the monthly mean of the low latitudinal Dst
index, two midlatitude Ap and Kp indices and AL
(negative component of the auroral electrojet) for the
period of 40 years from 1970-2009. We took the data
from (http://omniweb.gsfc.nasa.gov). Since the Dst
index is commonly negative, for better comparison with
other indices the absolute values of the Dst index are
shown. We computed monthly average of the indices for
periods shown in Figure 1. It also demonstrated the
semiannual variation of geomagnetic activity is

significant in the low-latitudinal Dst index showing the

magnitude of the ring current. The AL index, which is the
negative component of the auroral electrojet index AE, is

utilized to study the universal time seasonal variations of
northern hemisphere auroral zone magnetic activity in
the midnight sector on quiet days. There is no evidence
of semiannual variation in the auroral electrojet AE index
which is a measure of global geomagnetic activity in the
auroral zone, also responds to convection electrojets
and substorms electrojet. It less significant in the
midlatitude of Ap and Kp indices, which show magnetic
disturbances at middle latitudes propagating there
predominantly from higher latitudes.
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Figure 1. Monthly average variations of Dst, AL, AE, Kp and Ap indices from 1990-2009.

b) Annual Correlations

In order to make evident of the annual trend of
the geomagnetic activity, averaging together
corresponding monthly values of Dst, AL, AE, Kp, Ap, Rz
and Solar flux 10.7 over the whole period considered
(1970- 2009). The method to determine the reliability of
the obtained variations is the correlation coefficient (r).
From Figure 2 we show the values of the indices and the
straight lines of best fit given by the linear regressions
which shows a strong correlation was established
between annual mean of AL versus Ap and AE versus
Kp (see Figure 2 a and b). The correlation coefficient
between annual mean of AL versus Ap and AE versus
Kp ranges between 0.595 and 0.701 respectively.
Correlation over the entire period is strong but not as
strong as for an individual storm.  However, the
correlation for AE versus Kp is high, as they monitor
similar ionospheric currents and have their geomagnetic
stations fairly close.

The good correlation is a validation of the idea
that sunspot number is a good proxy for solar flux 10.7.
There is a strong positive correlation (correlation

coefficient 0.988) between the two quantities (Figure 2c).
Also Figure 2 (d-f) shows Dst versus Ap, sunspot
number and solar flux with correlation coefficient of
0.783, 0.643 and 0.651 respectively. Dst index shows a
state level of geomagnetic activity and is basically
connected to the geomagnetic field near the equator
and to the condition of the ring current, and it describes
the development of global large scale of geomagnetic
disturbances. The result indicated that Ap and Dst
indices are potentially useful in prediction of storm time
enhancements of ring current intensity.

Feynmann (1982) had noted that as the
sunspot number increases the base level of
geomagnetic activity increases as well, this determine
the level of geomagnetic activity which is proportional to
the sunspot number. Sunspot number R, is commonly
considered an appropriate and reliable index of solar
variability. Variations of solar activity and prediction of its
change on both a short- and long-term basis is
becoming increasingly relevant because of our
improving knowledge of the Sun-Earth relationships and
the influence of solar activity on geomagnetic variations.
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Figure 3 show the contour plot of annual
variation of Dst index, Sunspot number and AL index, It
was noticed that each of the effects produces distinct
annual variability patterns and hence their contribution
could be identifiable from the data. The contribution to
the annual variations from the ring current at low latitude
appears statistically comparable with the contribution
from sunspot number and substorm westward electrojet
at high latitudes. The annual variation was observed
between the years of 1970-2009, may be caused by
unsymmetrical geomagnetic disturbances between
hemispheres. The annual variations may be as results of
the high speed of solar winds are transported inward to
the ring current region during magnetic storms. This
accumulated energy is indicated by westward
electrojets, which contribute to AL, making it more
responsive to the reconnection in put on the time scales
considered (Figure 3b). This produces a diamagnetic
decrease in the Earth’s magnetic field measured at
near-equatorial stations, and is the cause of the main
phase of the magnetic storms (Lyatsky and Tan, 2003).

[11. RESULTS AND DISCUSSION

The result reported here gives support to
Russell and McPherron model. From Figure 1 we
observed the greatest occurrence of geomagnetic
activities during the period of the April and October. This
is an evident that the interplanetary magnetic field (IMF)
is a significant factor for geomagnetic activity. The south
component Bz of the interplanetary magnetic field is
always associated with the progress of the magnetic
field reconnection at the magnetopause. However, the

energy of the solar wind is input into the
magnetosphere, driving drastic geomagnetic
disturbances such as geomagnetic storm and

substorm. The geomagnetic activity has long been
known to be highly variable in time. One of the earliest
variations distinguished in the geomagnetic activity were
its semiannual variation. The asymmetry variation of
geomagnetic activity implies that there is an increase in
the energy input in the magnetosphere due to the solar
wind —magnetosphere interaction.

The semiannual variation is clearly observed in
the AL index showing substorm activity while the AE
index shows no semiannual variation in the study. The
analysis has shown that when corrections are made for
the solar zenith angle variation with month, the seasonal
variation of electrojet current maximises during
equinoctial months. This result may testify the important
role of conjugate auroral zone conductivity in substorm
generation, which has a clear semiannual variation as
discussed by Lyatsky et al. (2001), Benkevitch et al.
(2002) and Newell et al. (2002). The observed features
of the semiannual variations may be caused by two
main sources of geomagnetic activity, increases in the
ring current and substorm westward electrojet during
enhanced geomagnetic activity around equinoctial
months (Figure 1).

Semiannual variation of geomagnetic activity to
be very strong in the low-latitudinal Dst index showing
the magnitude of the ring current. Such variation with a
lesser amplitude is also seen in the midlatitude Ap and
Kp indices, which show magnetic disturbances at
middle latitudes propagating there predominantly from
higher latitudes. The seasonal variations in geomagnetic
activity indices showed that the study of auroral
electrojet AE and AL indices showed that the
semiannual variation is evident in AL index but not
observed in AE index.

In this study, we investigated linkage between
the geomagnetic indices and solar activities, the
correlation coefficient for the relation tested; these had
values ranging from 0.594-0.988 for correlation
coefficient (Figure 2). From our analysis, the result
confirms that sunspot activity is one of the main sources
of geomagnetic activity. This variation may be strongly
influenced by the strength and direction of the
interplanetary magnetic field and by the solar-wind
velocity, density, temperature and kinetic energy. The
surface signature of the solar wind magnetosphere
interaction manifests itself differently in the auroral
zones, mid and low latitudes. Observing the correlation
between solar activity (sunspot number and solar flux
10.7) and the geomagnetic activity index (Dst), we found
a decrease in the correlation between the two
parameters in the current in Figure 2 (e and f). The
variability in geomagnetic activity may be as a result of
solar wind emanating from polar coronal holes.

Despite the observational support, the way the
equinoctial mechanism works has remained unknown
(Cliver et al., 2000). Boller and Stolov (1970) suggested
a theoretical explanation of the equinoctial effect in
terms of the Kelvin-Helmholtz’'s instability. They
proposed that annual and diurnal variations of the
Earth’s dipole to the solar wind cause modulations of
the conditions favourable for the development of Kelvin-
Helmholtz’s instability at the flanks of the
magnetosphere. Campbell (1982) reported that the
annual and semiannual variation changes that are
observed in the Earth’s heating and ionization during the
yearly path around the Sun may be the causes of
semiannual variation.

We found that AL shows semiannual variation
pattern, suggesting that the electric field is the main
modulator of the semiannual magnetic variation. Also AL
currents have a more rapid response to the IMF
direction than the AU currents (Nowada et al., 2009).
The Dst index was found to show more prominent
seasonal variation than the AE indices, therefore
variation of the Dst index is noticeable during the main
phase of a magnetic storm.

IV. CONCLUSION

In this paper, we analysed monthly means for
the period 1970 to 2010 in order to highlight the annual
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and semi-annual variations. The mechanisms causing
these variations are complicated and still an open issue.
The semi-annual peak is clearly better detected DST
and AL; this is related to Russell-McPherron effect
(Russell and McPherron, 1973). The semiannual
variation of geomagnetic activity implies that there is an
increase in the energy input in the magnetosphere due
to the solar wind-magnetosphere interaction. The
dayside  reconnection  process  between  the
interplanetary magnetic field and geomagnetic field may
cause asymmetric variation in geomagnetic activity. In
this study we also showed annual variation of
geomagnetic indices.
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Behaviour of Tensile Testing of X-120M Steel
from Plate to Line Pipe Due to Bauschinger
Effect

Jai Dev Chandel * & Nand Lal Singh®

Abstract - The X-120M ‘V-Nb-Ti-B' micro alloyed steel of
bainitic microstructure used in the experiment having high
dislocation density. High dislocation density was due to the
nature of Thermo Mechanical Controlled Processing and
Accelerated Cooled rolling to achieve the strength level of X-
120 ksi. During the cold forming and mechanical expansion,
the deformation occurred which reversed the strain. The
reversal of strain leads to increase in yield strength to ultimate
tensile strength ratio in transverse direction. The tensile test
has been performed for steel plate as well as on line pipe
formed in longitudinal and transverse of rolling of the plate and
longitudinal and transverse direction of the line pipe axis
before and after the mechanical expansion of the line pipe.
The yield strength and ratio of yield strength to ultimate tensile
strength in transverse direction is more after mechanical
expansion of the line pipe as compared before expansion
transverse yield strength because of the bauschinger effect. In
longitudinal direction the results remains the same because
the hoops stresses developed in transverse direction with
respect to the axis of the line pipe.

Keywords . Bauschinger Effect Thermo Mechanical
Controlled Processing and Accelerated Cooled rolling,
Yield Strength and Ultimate Tensile Strengih.

. INTRODUCTION

ensile properties of line pipe are one of the
governing parameter as far as design of line pipe

is concerned. The strength of line pipe steel is
achieved by the lean and clean microalloying plus
thermomechanical controlled processing and
accelerated cooling (TMCP and AC) of steel plates. The
line pipe manufacturing is involving the cold forming
processes in whole cycle. During the cold forming of X-
120M steel plate in first J-C-O process, strain energy
stored in plates in terms of dislocations start releasing
by movement, piling up against the barrier in the
microstructure and cancellation of dislocations. The
movement or cancellation of dislocations is known as
bauschinger effect. The Bauschinger effect [1] refers to
a property of materials where the material's stress/strain
characteristics changed as a result of the microscopic
stress distribution of the material. The Bauschinger
effect is normally associated with conditions where the
yield strength of a metal decreases when the direction of
strain is changed. The basic mechanism for the

Author ® ° - M 8 University of Baroda, Vadodara, India
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Bauschinger effect is related to the dislocation structure
in the cold worked metal. As deformation occurs, the
dislocations will accumulate at barriers and produced
dislocation pile-ups and tangles. It is fundamental that
the bending [2] provides a heterogeneous deformation
in section that determines the presence of high residual
stresses. The wall thickness to diameter ratio t/D and
strain hardening rate during cold expansion has the
influence on the effect value. The general tendency is
the softening growth in new higher strength steels that is
stipulated by higher value of residual stresses.
Nevertheless the value of the effect at equal strength is
determined as well by the type of microstructure
(specific value of each of the strengthening mechanisms
resulted in strain  hardening behaviour). The
Bauschinger effect in TMCP steels has been previously
studied [3] with respect to line pipe production by the
UOE forming. The Bauschinger effect influences line
pipe properties in two ways: during line pipe testing
where tensile coupons of transverse direction to the line
pipe axis need to be flattened prior to testing when
comparing the line pipe and plate tensile properties.
According to the API 5L standard, line pipe testing can
be carried out by flattening of a line pipe wall-piece and
tensile testing of the flattened part or by hydraulic
expansion [4, 5] of a line pipe ring. During flattening the
inner side of the line pipe wall is subjected to tension
and outer side to compression, hence flattening adds a
half cycle [6, 2] to the reverse deformation sequence
already experienced by the line pipe material of high
strength steel. Consequently a large difference in line
pipe mechanical properties can be observed due to the
method of testing (20% difference in the yield stress
between flattened specimens and ring expansion. The
difference in the test data also depends on steel
chemistry. Recent investigations of TMCP steels have
found that the Bauschinger effect depends on chemistry
even for the same method of testing. At the moment, the
Bauschinger effect dependence on the dislocation
structure and microalloy particle distributions (related to
a steel chemistry and processing parameters) is only
known qualitatively and only a limited amount of data
are available. With an increase in pre-strain the drop in
yield strength of TMCP steels on reverse loading
increases, due to an increase in dislocation density and
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consequent increase in number density of dislocation-
particle interaction sites.

I[I.  MATERIALS AND EXPERIMENTAL
METHODS

The experimental steel is a low carbon and low
Pcm ‘V-Nb-Ti-B’ micro alloyed steel for studying the

bauschinger effect on the tensile properties of line pipe
steel. The chemical composition of experimental TMCP

and ACC steel plate of grade API-5L, X-120M shown in
table # 01. The parameters Pcm and CEQ are
calculated as per formulae given as Pcm = C + Ni/ 60
+ Si/30 + (Mn + Cu + Cr) /20 + Mo/15 + V /10 +
5B and CEQ = C + Mn/6 + (Cr+Mo+V)/5 + (Ni +
Cu)/15.

Table 7. Weight Percentage of Elements of X-120M Steel Plates

Element C Si Mn P S Cr Ni Mo Al Cu
Wt. (%) | 0.065 | 0.290 | 1.950 | 0.012 | 0.005 | 0.170 | 0.040 0.130 0.042 0.021
Element Ti V Nb Ca N B Al/N | Nb+V+Ti Pcm CE
Wt. (%) | 0.012 | 0.001 | 0.042 | 0.001 | 0.002 | 0.004 21 0.055 0.211 0.454

The TMCP and AC X-120M steel plate has been
converted into line pipe through J-C-O-E technique [7]
as shown in the figure # 01. The complete detail of J-C-
O-E line pipe manufacturing/forming has been given in
the reference number [7] by the authors titled
“Formation of X-120M line pipe through J-C-O-E
Technique, J D Chandel, and N L Singh. Journal of
Scientific Research Publication, Engineering, USA,
Volume # 03, No. 04 April-2011, Page # 400-410" and

-

J C

the tensile test samples has been cut as per API-5L at
every stage of the formation. Tensile test has been
performed on the experimental plate in the longitudinal
as well as in the transverse direction to the rolling
direction. Similarly the tensile test has also been
performed on the experimental formed line pipe of
above steel to longitudinal as well as in transverse
direction to the axis of the line pipe.

SR
NI

O E

Figure 1. Schematic of J-C-O-E Process.

[1I.  RESULTS AND DISCUSSIONS

The experimental TMCP and AC steel having
lath-type and bainitic-type ferrite with high dislocation
density as shown in figure # 02 in TEM microstructure
and the line pipe formed from the experimental steel
plate shown as in figure # 03.

© 2012 Global Journals Inc. (US)
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Figure 2 Bright field TEM micrographs showing lath-type and bainitic-type ferrite with high dislocation density. Inter-
lath carbides are indicated with arrows.

Development
of X120 GR.

PIPE

The tensile testing has been carried out on
experimental steel plate and line pipe for UTS, YS and
YS/UTS ratio. The samples have been cut for above

parameters as per API-5L at various stages of line pipe
manufacturing namely before forming (from plate),

i

Figure 3 . Experimental X-120M Plate and Mechanically Expanded Line Pipe

before mechanical expansion (after line pipe forming)
and after mechanical expansion during the line pipe
manufacturing cycle. The results of above parameters
are shown in figures # 04-09.
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Figure 5 . Ultimate Tensile Properties in Longitudinal Direction of X-120M

Figure 6 - YS/UTS Ratio in Longitudinal Direction of X-120M
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Figure 8 . Ultimate Tensile Properties in Transverse Direction of X-120M
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Figure 9. YS/UTS Ratio in Transverse Direction of X-120M

Recent studies of plate to line pipe tensile
properties changes have shown an increase in both YS
and UTS from plate to line pipe due to work-hardening.
In longitudinal direction the reverse deformation as a
source of work-softening is considered less prominent
form plate to line pipe. In transverse direction a
decrease in the YS and YS/UTS ratio from plate to line
pipe forming and increase in YS and YS/UTS ratio after
mechanical expansion was observed. The YS, UTS and
YS/UTS ratio remain almost same from plate to final cold
expanded line pipe along the rolling direction as shown
in figure # 04-06. In case of transverse to the rolling
direction the yield strength after cold J-C-O-E formation
decreases as compared to the plate. After cold
mechanical expansion the yield strength increases as
compared the plate as shown in figure # 07. The
strength is achieved mainly by TMCP and AC process.
During TMCP and AC process dislocations are
generated and the desired microstructure has been
obtained by accelerated cooling which ultimately leads
to the required strength level. During the first cold
forming operation the dislocations start moving and as a
result generation of opposite sign dislocations, this
leads to drop in yield strength. In figure # 08 the
ultimate tensile strength increases marginally after both
the cold forming operations. In figure # 09 the YS/UTS
ratio follow the same pattern as of YS as YS/UTS ratio

parameter depends on YS. On the basis of these data
and some earlier work [2, 8] for line pipe X-70M and X-
65M respectively, it is possible to conclude, that, during
line pipe forming, two competitive processes take place
in the line pipe material at the same time, work
hardening due to the unidirectional straining and work
softening due to the reverse cold deformation (the
Bauschinger effect). During plate to line pipe cold
forming the strain levels and deformation direction add
to the dislocation structure formation.

IV. CONCLUSION

Following conclusion can be drawn from the
present experimental study.

1. The values of the parameters of YS and YS/UTS
drops after forming in transverse to the rolling
direction of the TMCP and AC plate with respect to
the values of the parameters of before forming
stage and in longitudinal direction the values of the
above parameters more or less remain the same.

2. The values of the parameters of YS and YS/UTS
increases after mechanical expansion in transverse
to the rolling direction of the TMCP and AC plate
and in longitudinal direction the values of the above
parameters more or less remain the same.
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Abstract - This paper investigates the effect of diurnal variations meteorological parameters on
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The Effect of Variation of Meteorological
Parameters on the Tropospheric Radio
Refractivity for Minna

O.N. Okoro® & G. A. Agbo®

Absiract - This paper investigates the effect of diurnal
variations meteorological parameters on the troposheric radio
refractivity during dry and rainy seasons for Minna in 2008. The
hourly averages of radio refractivity during dry (February) and
rainy (August) seasons were calculated from the data obtained
from the Center for Basic Space Science (CBSS) through
Omini web. This data used for the computation of radio
refractivity is a five minutes interval of the variations of
meteorological parameters for each day in the troposphere for
Minna. The results indicated that the hourly averages of radio
refractivity during rainy season (August) are greater than the
results in dry season (February). This is as a result of
variations in meteorological parameters such as humidity and
temperature in the lower troposphere which causes the radio
refractivity to vary at different time of the day.

Keywords : Meteorological parameters, Troposphere,
Radlio refractivity.

. INTRODUCTION

he propagation of radio wave signal in the
Ttroposphere is affected by many processes which

include the variations of meteorological
parameters such as temperature, pressure and
humidity. These are associated with the change in
weather in different seasons of the vyear. These
variations in meteorological parameters have resulted in
refractivity changes. According to Grabner and Kvicera
(2008), multipath effects also occur as a result of large
scale variations in atmospheric radio refractive index,
such as different horizontal layers having different
refractivity. This effect occurs most often, when the
same radio wave signals follow different paths thereby
having different time of arrivals to its targeted point. This
may result to interference of the radio wave signals with
each other during propagation through the troposphere.
The consequence of this large scale variation in the
atmospheric refractive index is that radio waves
propagating through the atmosphere become
progressively curved towards the earth. Thus, the range
of the radio waves is determined by the height
dependence of the refractivity. Thus, the refractivity of
the atmosphere will not only vary as the height changes
but also affect radio signal.

Author © °: Departrnent of Industrial Physics, Ebonyi State University,
Abakaliki, Nigeria. E-mall : bathonjoku@yahoo.com

The quality of radio wave signal reception and
probability of the failure in radio wave propagations are
largely governed by radio refractivity index gradient
which is a function of meteorological parameters
changing in lower atmosphere such as temperature,
pressure and humidity (Sarkar 1978; Judd 1985).

Radio waves travel through vacuum with a
speed equal to the speed of light. In material medium,
the speed of the radio waves is approximately ¢/ where
¢ is the speed of light in vacuum and n is the radio
refractive index of the medium. The value of radio
refractive index (n) for dry air is almost the same for
radio waves and the light waves. But the value of radio
refractive index (n) for water vapor, which is always
present in some quantity in the lower troposphere, is
different for the light waves and radio waves. This arises
from the fact that water vapor molecule has a
permanent dipole moment which has different
responses to the electric forces of different radio wave
frequencies propagated within the atmosphere.

Radio-wave propagation is determined by
changes in the refractive index of air in the troposphere
(Aediji A. T., Ajewole M. O., 2008). Changes in the value
of the troposphere radio refractive index can curve the
path of the propagating radio wave. At standard
atmosphere conditions near the Earth’s surface, the
radio refractive index is equal to approximately 1.0003
(Freeman .L., 2007). Since the value of refractive index is
very close to unity, then the refractive index of air in the
troposphere is often measured by a quantity called the
radio-refractivity NV, which is related to refractive index, n
as:

N=(n-1)x10° (1)
As the conditions of propagation in the
atmosphere vary, the interference of radio-wave

propagation is observed. Such interferences are
incident with some meteorological parameters (inversion
of temperature, high evaporation and humidity, passing
of the cold air over the warm surface and conversely),
(Valma., et al, 2010).

The atmospheric radio refractive index depends
on air temperature, humidity, atmospheric pressure and
water vapour pressure. Subsequently, meteorological
parameters depend on the height at a point above the
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ground surface. Variation in any of these meteorological
parameters can make a significant variation on radio-
wave propagation, because radio signals can be
refracted over whole signal path (Priestley and Hill,
1985). In the atmosphere, pressure, temperature and
humidity decrease exponentially as height /4 increases
(Falodun and Ajewole, 2006).

According to Willoughby, (2002), atmosphere
has an important feature:- the vertical gradient of the
refractive index, G. The vertical gradient of the refractive
index is responsible for bending of propagation direction
of the electromagnetic wave. If the value G is negative,
the signal bends downward (Guanjun and Shukai,
2000). The characterization of the seasonal variation in
fading and its dependence on meteorological
parameters provides the way to improve transmission
performance by better tailoring of performance
equipment design and usage to the amount of fading
expected at a given location and time of the year.

This work is, therefore, aimed at finding out the
diurnal variation of meteorological parameters with the
tropospheric radio refractivity in dry and rainy seasons at
Minna for the year 2008.

[I. METHODOLOGY

The meteorological parameters (pressure,
temperature relative humidity) used to calculate radio
refractivity for Minna were provided by Center for Basic
Space center (CBSS).

The analysis were done in all the months of the
year 2008, but the months of February and August
results were chosen to represent the dry and rainy
season in Nigeria.

The hourly variations of meteorological
parameters for each day for five minute (5min) interval

for each day were recorded for dry and rainy seasons in
Minna. The average variation of each hour per day was
calculated from the recorded data .The partial pressure
of water e was determined from the equation as follow:

e=eH @)

where H is the relative humidity, and e, is the
saturation vapour pressure determined by Clausius-
Clapeyron equation given as:

e, = 6.11exp[17.26(T — 273.16)/(T — 35.87)]  (3)

In relation with the measured meteorological
parameters such as the temperature, pressure and
relative humidity radio refractivity was calculated using;

N = 77.6§ +3.37 x 105¢/T? (4)

where

P = atmospheric pressure (hPa)

e = water vapour pressure (hPa)

t = absolute temperature (K)

Equation (4) may be employed
propagation of radio frequencies up to
(Willoughby, et al, 2002).

The error associated with the application of the
above formula is less than 0.5% (ITU-R, 2003).

[TI. RESULTS AND DISCUSSION

Averages of hourly variations of meteorological
parameters for each day were obtained, from the data
collected for dry and rainy seasons in 2008, for Minna.

for the
100GHz

The results were used to calculate radio
refractivity.
The plots of diurnal variations of radio

refractivity for both dry and rainy seasons are shown in
fig 1, 2 and 3 below.
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Fig 7 . Diurnal variations of radio refractivity for Day one for dry season (February)
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Fig 7 : Diurnal variations of radio refractivity for Day one for rainy season (August)
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Fig 2 - Diurnal variations of radio refractivity for Day two for dry season (February)
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Fig 2. Diurnal variations of radio refractivity for Day two for rainy season (August)
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Fig 3 . Diurnal variations of radio refractivity for Day three for dry season (August)
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Fig 3 . Diurnal variations of radio refractivity for Day three for rainy season (August)

Minna, Niger State is located on Latitude 9° 36'
50" N and Longitude 6° 33' 24" E and is dominated by
dry season within the year. The measured relative
humidity was converted to water vapour pressure by
applying equation (2) for both dry and rainy seasons.

The result contains both dry air and water
vapor. Dry air has no significant variations in
composition with altitude, (Smith and Weintrant, 1953).
The amount of water vapor, on the other hand, varies
widely, both spatially and temporally. Water can also
exist in the troposphere in liquid phase (fog, clouds,
rain) and solid form (snow, hail, ice) and the most
important effect in relation to weather activities, not only
presence of rain- and snowfall but also because large
amount of energy are released in condensation process.

From the figures (1, 2, and 3), the hourly
average values of radio refractivity plotted at 1-hour
interval were observed to posses similar characteristics
in dry season and also a different similar characteristics
for rainy season. In fig 1, 2 and 3 of day one, day two

© 2012 Global Journals Inc. (US)

and day of dry season, radio refractivity were observe to
fall from the midnight hours (between 1:00-7:00hrs)
owing to the decrease in humidity within that period of
the day. Between 8:00- 21:00hrs, radio refractivity were
observed to almost increase at a constant rate because
of the presence of fog noticed in the early hours of the
day during the period which causes humidity to vary
resulting also to change in radio refractivity . At about
20:00hr, radio refractivity was found to increase to a
peak value and between 22:00-24:00hrs it decreased
again to a lower value resulting fall in refractivity.

In fig 1, 2 and 3, representing rainy season,
radio refractivity is found to have the peak values during
early hours of the day and rate hours of the night
corresponding to the time that the atmosphere is mostly
dominated by moisture content of water vapour which
eventually increases humidity in the atmosphere. At the
rate hours of the day, a decrease in radio refractivity was
observed corresponding to the period when there is sun
shine.
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Fig 4 : Comparison of Diurnal variation of radio

Fig 4 shows the comparison of diurnal variation
of radio refractivity with time in February and October. In
figure 4, there are high variations of radio refractivity due
to the changes in weather in the lower troposphere
during rainy season than in the dry season which almost
varies linearly with time. This may have resulted in the
changes in  atmospheric  weather  condition
corresponding to this period which is accompanied by
high moisture contents in the troposphere. This high
moisture content resulted in the changes of radio
refractivity.

IV. CONCLUSION

The work has shown that the effect of
meteorological parameters on the tropospheric radio
refractivity in Minna has being attributed to seasonal
variations in weather in the troposphere most especially
at the lower part (below sea level). This variation in
weather was observed to be more significant during the
rainy season than the dry season in Minna owing to the
increase in the tropospheric temperature and humidity,
and it therefore resulted to very high radio refractivity
within that period.
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Geo-electric probe for Groundwater in Giri, Nigeria
By Dikedi, P. N.

Abstract - This project report focuses on the relevance of electrical resistivity method in ground
water investigations; past research works on the use of this method are mentioned. Geology and
hydrogeology of the study area are investigated, an adapted version of the national verification
form for provision of potable water, schematic of the Federal Capital Territory (FCT), maps of the
drainage pattern, hydro geology, geology of the study area and other relevant maps are
presented. ABEM terameter 300c and other geophysical equipments are employed in measuring
resistivity readings over a region of 900 000m2 within the university of Abuja permanent site. This
region is characterised by rock outcrops of various sizes, predominantly granites and quartz.
Wener array is employed in this survey; it is well established from past research work (Leoflinch,
2001) that depth of fractured rock was 24.5m-VES 1. Current dipoles separation must be three
times this depth i.e. 75m; hence electrode separation of 25m is adopted. Ten parallel traverses,
each of length 1000m, separated from each other by 100m are marked out, over which readings
are taken at intervals of 25m. From field data, apparent resistivity maps are drawn by employing
3d field software; low resistivity zones of well fractured rocks—which delineated the productive
from the unproductive zones—are observed as potential harbours for ground water.

GJSFR-A Classification: FOR Code. 040404

GEO-ELECTRIC PROBE FOR GROUNDWATER IN GIRI, NIGERIA

Strictly as per the compliance and requlations of .

© 2012 Dikedi, P. N. . This is a research/review paper, distributed under the terms of the Creative Commons Attribution-
Noncommercial 3.0 Unported License http://creativecommons.org/licenses/by-nc/3.0/), permitting all non commercial use,
distribution, and reproduction in any medium, provided the original work is properly cited.



Geo-electric probe for Groundwater in Giri,
Nigeria

Dikedi, P. N.

Abstract - This project report focuses on the relevance of
electrical resistivity method in ground water investigations;
past research works on the use of this method are mentioned.

Geology and hydrogeology of the study area are
investigated, an adapted version of the national verification
form for provision of potable water, schematic of the Federal
Capital Territory (FCT), maps of the drainage pattern, hydro
geology, geology of the study area and other relevant maps
are presented.

ABEM terameter 300c and other geophysical
equipments are employed in measuring resistivity readings
over a region of 900 000m2 within the university of Abuja
permanent site. This region is characterised by rock outcrops
of various sizes, predominantly granites and quartz.

Wener array is employed in this survey; it is well
established from past research work (Leoflinch, 2001) that
depth of fractured rock was 24.5m-VES 1. Current dipoles
separation must be three times this depth i.e. 75m; hence
electrode separation of 25m is adopted. Ten parallel traverses,
each of length 1000m, separated from each other by 100m are
marked out, over which readings are taken at intervals of 25m.

From field data, apparent resistivity maps are drawn
by employing 3d field software; low resistivity zones of well
fractured rocks—which delineated the productive from the
unproductive zones—are observed as potential harbours for
ground water.

Introduction,  Materials — and  methods,
aiscussion, Acknowledgements, References

[. INTRODUCTION

Results,

a) General introduction

he final relocation of government from Lagos to
TAbuja in 1991 brought about a massive influx of

people into the Gwagwalada area council of which
Giri is a part. The population grew from 150 000 to 500
000 between 1991 and 2004 (Uzodinma, 2004). There are
63 boreholes which supplies potable water to 29
communities in Gwagwalada (Table 1). The facility often
breaks down causing shortage in water Supply; they are
reticulated. Within Giri, there is an intake structure at
river Wuye with a package treatment plant which draws
water at 50m*h. There are two bore holes and pumps.
Due to the increasing population in this region and
inadequate supply of water in Gwagwalada, there is the
need to seek for other source of water to meet the
people’s demand. It is in this light that the research work
was conducted within the University of Abuja permanent

Author : Department of Physics, University of Abuja, Gwagwalada,
Nigeria. E-mail : pdikedi@yahoo.co.uk

site in Gwagwalada. The main objective is to delineate
locations within the survey which have potential for
groundwater. The region of interest is located within
basement complex with fractures and faults. This
complex is composed of enclosed aquifers within the
weathered overburden and structures like faults, joints
and features (Endlin, 1961)

The use of electrical resistivity method dates
back to 1970 in mineral and ground water exploration.
Reputed for its success ((Emenike, 2001; Okwueze and
Ezeanyim, 1991; Okwueze, 1996), this method was
employed for ground water investigation in Barkumbo
valley, Gudun hill area and Tambari valley, very close to
Bauchi state, from which highly weathered basement
materials were revealed, leading to the suggestion that
parts of the Barkumbo valley are best suited for a
borehole programme (Shemang et a, 1994). Resistivity
measurements of upper aquifer was conducted around
Lake Alau area in Maiduguri; Results of this study
showed that water table of upper aquifer system is the
source for ground water being tapped from hand dug
wells in the region (Alkdi, 1995). Geoelectric
investigations of ground water resources were
conducted at Onibode area, near Abeokuta, south
western Nigeria; delineated aquifer units, observed
beneath the weathered layer and beneath the fractured
basement rocks were identified as probable drilling
zones of water supply boreholes. This method was
utilized to determine the possibility of sinking a
mechanised borehole in Gwagwalada area council
secretariat (Leoflinch, 2001)

The outcome of Geo-electric investigation of
groundwater resources by Oyedele, (2000) in which two
aquifer units were delineated and conclusion by
Olayinka, (1990)-cited by the former-that resistivity range
of 10Qm to 200Qm harbours weathered zones, are
favourably pertinent to this research; thereupon, impact-
wise, ambiguities and enigmas normally associated with
geophysical data, are reasonably improved, meaning
conferred reliability on result of this survey is enhanced.
The main objective of this investigation is to delineate
locations within the survey area which have potential for
groundwater. The outcome of this result will hopefully
address the water supply problem of the University’s
permanent site; this research will also assist ground
water development in the region.
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Name of Number of Number of hand Number of
S/N Community boreholes pumps taps Remarks
1 Tungan Maje 1 2
2 Paikon Kore 4 3
3 Dobi 6 3 10
4 Zuba 6 4 10
4a Zuba Market 1 40
5 Pmasso 3 2 20
6 Anagada 2 2 30
7 Machada 2 2 10
8 Pagnada 2 2
9 Dukwa 3 3
10 Wuna 2 2
11 Chitumu 1 1
12 Gurfata 2 2
13 Kutunku 2 2
14 Dadabiri 2 2
15 Pabeyi 1 1
16 Yimi 1 1
17 Giri 2 2
18 Tungan Gayan 1 1
19 Ungwan Dodo 1 1
20 Rafin Zurfi 1 1
21 Gwako 2 2
22 Tsauni 2 2
23 Shenagu 1 1
24 lkwa 2 2
25 Ibwa 2 2
26 Gwoi 1 1
27 Kutun Sarki 3 3
28 Kaida 2 2
ongoing
29 Dagiri 2 project

Table 1 . National data verification form for provision of potable water in Gwagwalada

b) Location of survey site

The survey site is located within the University of
Abuja permanent site, 1200m from Giri junction and
150m from Giri Airport road. It is located within longitude
7009'54"E and 7010'38”E and latitudes 8059'13"N and

8059'49”N (Figure 1).

© 2012 Global Journals Inc. (US)
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c) Geology

Abuja, the Federal Capital Territory (FCT), lies
within the longitude 6027’00’ E and 7023'24"'E and the
latitude 8015'00"'N and 9012'00"'N (ldeh and Sanni,
1998). It covers 8000km2 area, more than twice the area
of Lagos state. Underlying the FCT, almost
predominantly are, high grade metamorphic and
igneous rocks of the Precambrian age (Mamman and
Oyebanji, 2000). Generally the North North East (NNE)
and South South West (SSW) of the FCT are made of
gneiss, migmatites and granites which characterize the
Northern Nigeria. The out crop of schist belt is found

along the Eastern margin of the area. This belt broadens
as one moves south wards and maximum size is found
to the South Eastern region of the FCT.

The geology of the FCT is same as that of
Gwagwalada and Giri. The area like most Northern
Nigerian region is underlain by basement complex.

The rocks found in Gwagwalada consist of
granite, gneiss, diorites, horn blende schist, mica schist,
feldspathic quartz schist and migmatites (Figure 2).

While some rock outcrops are found in various
places around, some are concealed by a thin weathered
layer.

o| Porphyritic Granites
Gneisses and Quartz
Schists

Migmatites

,V'V Metasediments

0 0| Pegmatites

0

\Study Areain Giri

Figure 2 : The Geologic map of the Federal Capital Territory

The granites vary from medium to coarse-
grained types. They are grey coloured, massive and
homogeneous. The survey site reveals various rock
outcrops, consisting of grey coloured granites, scattered
and isolated in some regions and also appearing as
bands in some other regions.

These granite outcrops are most numerous
within streams and rivers.

There are also small fragments of quartz rock
spread around the region as well as granites, which are
compacted into the soil. They are noticed around high
vegetation zone. The shrub savannah occurs extensively
in rough terrain close to hills and ridges. The hills are in
clusters or long range, with the Wuna range located
North of Gwagwalada. There are also small fragments of
quartz rock spread around the region as well as
granites, which are compacted into the soil. They are
noticed around high vegetation zone.

© 2012 Global Journals Inc. (US)

d) Hydrogeology

Water bearing rocks compose of aquifers and
they consist either of unconsolidated deposits or
consolidated rocks.

Consolidated rocks are made of rocks and
mineral particles of various sizes and shapes welded
together by heat and pressure or chemical reaction into
a rock mass (Gunn and Childress, 1998);

Aquifers made of consolidated rocks-granite as
an example- are found in the Gwagwalada regions;
water flows through these rocks through fractures, gas
pores and other openings in them.

Most unconsolidated deposits consist of
material gotten from the disintegration of consolidated
rocks. Some or all of the following materials in various
combinations are examples of unconsolidated deposits.
They are soil-like materials, gravel sand, silt clay and
fragments of shell of marine organisms.



Worth mentioning is the fact that physical
properties of aquifer materials and aquifer themselves,
that is thickness and depth  are important in
determining how quickly ground water will move and
what channel it will take as it moves through the aquifer.
This is because the thicker and deeper the aquifer the
less porous the aquifer is and it will take some time for
groundwater to move and assume the direction where
pores and fractures are located. This knowledge helps
in deciding how best to get water out of the ground for
drinking. In the basement complex, ground water is
highly localised and aquifers develop from the
secondary weathering, usually induced by fracturing and
other tectonic activities (Offodile, 1988). The greatest
amount of water flows through joints.

e) Rivers and drainage pattern

In Giri, there is an intake structure at River Wuye
with a package treatment plant which draws water at
50m3/h.

River Wuye is one major river in the Giri region
which is surrounded by tributaries. It flows into River
Usuma. River Usuma is a tributary of River Gurara
(Figure 3); the river is 8000m from the survey region.
Rivers are good surface water resources. Ground water
within this region of interest is recharged by surface
precipitation-lateral flow from the above-mentioned
rivers and tributaries.
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Figure 3 River /drainage pattern of the Federal Capital Territory

7 Rainiall

In Gwagwalada, there are two prevalent
seasons namely, the rainy and dry seasons. The rainy
season falls within the period of April and October; the
dry season falls within November and March (Physical
setting, 2003). The temperature drops from 950F (350C)
during the dry season to 770F (250C) during rainy
season due to dense cloud cover. The relative humidity
rises in the afternoon to 50%. The annual range of
rainfall for the federal capital territory is in the order of
1100mm to 1600mm.

Gwagwalada enjoys higher rainfall total than the
more southerly regions of the FCT. The FCT
experiences heavy rainfall occurrence during the months
of July, August and September. These three months
contribute about 60% of the total rainfall in the region
(Dawam, 2000)

One of the past works is the report of
geophysical investigation of Leoflinch house at phase 1,

behind university of Abuja male hostel. The result
showed overburden thickness of between 10m to 12m
(Leoflinch 2001).

The lithology of forrmation is given as.

Top soil (0.77m thick), ferrogenised sandstone (3.3m),
highly weathered rock (21.5m), and fractured rock
(24.5m)-VES 1

Top soil (0.83m), ferrogenised sand stone (2.8m), sand
stone formation (3.0m) and weathered/fractured rock
(23m)-VES 2

Four distinct strata were identified within the subsurface;
these were the overburden, weathered, fractured and
bed rock.

Deep-rooted fracture zone is envisaged between 36 to
50m which will further enhance the bore yield. Total
depth of borehole is 50 to 55m (L eoflinch 2001).
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[I. MATERIALS AND METHOD

a) Electrical resistivity method

The electrical resistivity method was employed
in this survey for ground water. It measures the apparent
resistivity of soils and rocks as a function of depth or
position (Geovision, 2000). Resistivity of soil is function of
porosity, permeability, ionic content of pore fluids and
clay mineralisation. Current flow is always perpendicular
to equipotential lines when the ground is uniform;
however when inhomogeneity is present, resistivity
changes with electrode configuration and the value
derived is “apparent resistivity “. Wener array was
employed in this survey.
Current density and voltage
For current I, flowing into ground via current dipoles over
some hemispherical shell, we have, Current density:

J=— (1)

i
Where current density, J decreases as distance
r, increases during dissipation of current |. Voltage
change across a hemispherical sphere of radius r and
thickness or is expressed as:

dv =

—pbr1 225 = —pjor @)

It

Voltage at an arbitrary point r is given by:

Vr:_.rdv:_.rpfﬁrz_.rp pfz

2nr

dr )

The above expression leads on, to the expression for
the apparent resistivity for wener array (Figure 5):

P, = 2maR = RG (4)

where G—referred to as geometric factor, for
wener array—is given by 2ma;

The most probable single but important factor
controlling resistivity of rocks —sedimentary rocks- is the
resistivity of pore fluid as explained by Archie’s law. In
1942, Archie expressed the effective resistivity, p, of
rocks as:

p=ad "5 p, (5)

F=£ (6)

Where a, m and n are empirically determined
constants in which we take 0.5<a<2.5, 1.3<m<2.5 and
n~2 ; @ is the porosity, Sis the volume fraction of pores
with water and pw is the resistivity of the solution in the
pores—electrolyte or water--of the rock.

In his review, Slater (2007), expounded the
permeability equation defined by

B
k= al (7)
k=2 ®

The four parameter Cole-Cole model was also
considered, given by

" (w) = g [1 +my( Liwr)” ] ©)

1+|:z'n.l1'}':'l:1—mg}

All stated parameters in 5, 6, 7, 8 and 9 are
pertinent to resistivity values of earth sample—they
control these values.

Cy P, P, C,
A AMM MB N. B
AN NB
a

Figure 5 . \Wener array electrode configuration

(us)



Where w is frequency, a is the dc
conductivity, o*(w) is the frequency dependent
electrical response of soils—or complex electrical
conductivity, m, is global changeability given by
my = 1—0y/0,, Where o, is the conductivity at high
frequency, time constant t, [. is the percolation
threshold length—scale controlling fluid flow, p,is the
ground apparent resistivity, p is the effective resistivity of
rocks, k is the permeability, u is the fluid dynamic
viscosity,@ is the porosity, g is gravitational acceleration,

i = +—1, F is the cementation factor and c=1/226

b) Instrumentation

The ABEM terameter SAS 300C was employed
during the survey to measure resistance values; these
values were displayed on the visual display unit.
Multiple values showed up initially but a single value was
retained with time; this electronic device measures
ground resistivity in mQ, Q or kQ. The product of every
single resistance value and an appropriate geometric
factor gave values of apparent resistivity. A specially
built battery supplied some voltage to the terameter.

c) Field procedure

The survey conducted, stretched through an
area of 900 000m?. Grasses and shrubs along the profile
were mowed with the cutlass. Thereafter, the field was
divided into ten traverses or profiles; each profile was
1000m long and inter-profile spacing was 100m. 41
holes, separated by 25m, one from the other, were dug
along each traverse; 41 wooden pegs were driven into
them with the mattock hammer.

Four electrodes were co linearly planted in the
ground alongside each peg. The first and last electrodes

banana plugs and sockets of 4mm, crocodile clips and
a pair of cables of black and red coloured insulation, all
four electrodes were connected to the terameter.
Current was injected through current electrodes into the
subsurface, once the terameter was switched on;
following this potential difference between the second
and third electrodes was measured through potential
electrodes. 41 ground resistance values were measured
per profile and 410 values were recorded for the entire
survey. To derive apparent resistivity values, each
ground resistance value was multiplied by geometric
factor of 157.1m (wener array).

d) Electrode separation

Electrode separation of 25m was adopted
based on past geophysical report (Leoflinch, 2001); the
result showed overburden thickness of 10m to 12m. The
lithology of formation showed thicknesses of top soil
(0.77m), ferrogenised sandstone (3.3m), weathered rock
and fractured rocks (46m). The target depth for wener
array equals electrode separation. Only 30% of current
flow beneath this depth, therefore to energise a target,
electrode separation typically needs to be 2 to 3 times
its depth, hence current dipole separation of 75m was
adopted which implied electrode separation of 25m.

[11.  CONCLUSION

a) Data acquisition

Table 2 is a collection of resistance values for
profile 1 to 10 for 41 probe points with inter-probe
separation of 25m. Table 3 is a collection of
corresponding apparent resistivity values for profiles 1 to
10 with inter-probe separation of 25m meters. These
apparent resistivity values were derived by multiplying

were the current electrodes and the second and third each  resistance value by geometric  factor
electrodes were the potential electrodes. With the aid of ~ ‘G’=2mna=157.1m.
b) Data analysis, interpretation and results
Table 2 . Resistance values in ohms for profiles 1 to 10
Point | Distance | P1 P2 P3 P4 P5 | P6 P7 P8 P9 | P10
probe | in meters
1 0 319 | 396 | 346 | 252 | 3.07| 393 | 347 | 354 | 269 | 2.34
2 25 351 | 589 | 139 | 261 | 457|584 | 139 | 527 | 296 | 2.42
3 50 3.70| 437 | 337 | 333 |339|433| 338 391 | 3.12 | 2.16
4 75 447 | 338 | 345 | 268 | 2.62| 3.35 | 3.46 | 3.02 | 3.77 | 248
5 100 523 | 021 (328 | 244 | 0.16| 0.21 | 3.29 | 0.18 | 441 | 2.26
6 125 472 | 3.82 | 3.23 | 225 | 296| 3.79 | 3.24 | 3.41 | 3.98 | 2.55
7 150 541 | 3.17 | 5.00 | 349 | 246| 3.14 | 502 | 2.84 | 457 | 3.23
8 175 579 | 264 | 782 | 3.116 | 205| 262 | 785 | 2.36 | 4.89 | 2.93
9 200 6.95| 2.67 | 264 | 394 | 207|265 | 265| 239 | 586 | 3.65
10 225 10.63| 0.14 2.8 260 | 012 0.14 | 2.18 | 0.14 | 897 | 241
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11 250 7.66 | 1.78 | 2.82 | 554 | 1.38|1.76 | 2.83 | 1.59 | 6.46 | 5.13
12 275 8.43 | 0.16 | 4.49 | 2.49 | 0.13|0.16 | 451 | 0.15 | 7.11 | 2.31
13 300 7.26 | 290 (399 | 197 | 225|288 | 400 | 2.6 | 6.13 | 1.82
14 325 6.29 | 3.50 | 586 | 2.35 | 2.71|3.47 | 588 | 3.13 | 531 | 2.18
15 350 5.87 | 3.66 [ 593 | 296 | 2.85|3.65 | 595 | 3.29 | 495 | 2.74
16 375 489 | 299 | 641 | 3.27 | 2.26 | 2.89 | 6.43 | 2.61 | 4.13 | 3.03
17 400 498 | 3.22 [ 690 | 3.03 | 250(3.19 | 692 | 2838 | 4.2 2.81
18 425 5.58 | 3.68 | 7.03 | 2,55 | 2.85|3.65 | 705 | 3.29 | 471 | 2.36
19 450 6.03 | 340 |8.14 | 452 | 2.64|2.50 | 448 | 3.04 | 5.02 | 4.22
20 475 9.50 | 3.67 | 6.54 | 455 | 1.34|3.64 |10.54| 1.55 | 8.02 | 4.22
21 500 236 | 238 | 6.23 | 524 | 1.41 |3.16 | 6.21 | 1.62 | 1.99 | 4.86
22 525 376 | 2.87 | 494 | 6.76 | 1.32 | 2.85 | 496 | 1.52 | 4.46 | 6.26
23 550 474 | 2.04 | 437 | 597 | 1.46 | 3.08 | 4.38 | 3.48 | 4.00 | 7.00
24 575 6.33 | 2.88 |4.12 | 7.77 | 3.26 | 2.86 | 413 | 3.76 | 3.68 | 7.20
25 600 6.73 | 258 | 440 | 844 | 2.00 | 2.56 | 4.41 | 3.75 | 5.54 | 7.82
26 625 7.06 | 519 |3.83| 3.15 | 250 |5.15 | 3.84 | 2.88 | 835 | 2.92
27 650 825 | 5.09 | 332 16.5| 2.14 | 5.05 | 3.38 | 2.85 |10.37 | 15.29
28 675 792 | 541 (480 | 5.29 | 4.01|537 | 482 | 463 | 9.39 | 490
29 700 8.42 | 13.85|3.93 | 9.27 | 2.28 | 13.7 | 3.94 | 2.63 | 9.98 | 8.59
30 725 1093 | 7.74 | 3.27 | 825 | 5.65 | 7.68 | 3.28 | 6.52 [12.95| 8.11
31 750 9.73 | 18.27 | 531 | 6.32 | 10.3 | 13.2 | 533 | 11.9 |11.53 | 5.86
32 775 1693 | 7.58 | 2.78 | 872 | 595 |7.62 | 2.79 | 6.86 [20.06 | 8.08
33 800 472 | 6.84 | 3.73 | 1.15 | 530 | 6.78 | 8.74 | 6.11 | 559 | 1.06
34 825 876 | 492 |3.74| 497 | 3.81|4.88 | 3.75 | 439 |10.38| 4.61
35 850 1191 | 5.68 | 535 | 4.18 | 44 |5.63 | 537 | 5.07 [10.05| 3.87
36 875 6.26 | 3.09 | 412 | 3.03 | 3.81|3.06 | 413 | 439 | 5.28 | 2.81
37 900 9.23 | 0.38 {459 | 1.74 | 0.30 | 0.38 | 460 | 035 | 7.79 | 161
38 925 945 | 493 | 526 2.79 | 3.82 |4.89 | 528 | 441 | 797 | 2.59
39 950 5.44 | 551 (398 | 237 | 427|546 | 3.99 | 492 | 459 | 2.20
40 975 529 | 453 (478 | 2.81 | 3.51|4.49 | 480 | 4.05 | 446 | 2.60
41 1000 3.80 | 419 |3.98(11.79| 3.25|4.16 | 3.91 | 3.75 | 3.21 | 10.93
Table 3 : Apparent resistivity values for profiles 1to 10
Probe | Distance| P1 P2 P3 P4 P5 P6 P7 P8 P9 P10
in
point | meters
1 0 501 | 622 544 396 | 482 | 617 | 545 | 556 423 360
2 25 551 | 925 218 410 | 718 | 917 | 218 | 828 465 380
3 50 581 | 686 529 366 | 533 | 680 | 531 | 614 | 490 336
4 75 702 | 531 542 421 | 412 | 526 | 544 | 474 592 392
5 100 822 33 515 383 25 33 517 28 693 333
6 125 741 | 600 597 432 | 465 | 595 | 509 | 536 625 400
7 150 850 | 498 785 548 | 386 | 493 | 789 | 446 718 500
8 175 909 | 415 | 1228 | 496 | 322 | 412 | 1233 | 371 768 460
9 200 1092 | 419 415 619 | 325 | 416 | 416 | 375 920 570
10 225 1670 | 22 440 408 19 22 441 22 1409 | 378
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11 250 1280 | 279 443 870 | 217 | 276 | 445 | 250 | 1015 | 800
12 275 1324 26 705 391 20 25 798 24 1117 30
13 300 1140 | 456 627 309 | 393 | 452 | 628 | 408 963 286
14 325 988 | 550 920 169 | 426 | 545 | 924 | 492 834 342
15 350 922 | 578 931 465 | 448 | 573 | 935 | 517 778 430
16 375 768 | 457 | 1007 | 514 | 355 | 354 |1010 | 410 649 470
17 400 782 | 506 | 1084 | 476 | 393 | 501 |1081 | 452 660 44
18 425 877 | 578 | 1104 | 401 | 448 | 573 | 1107 | 512 714 371
19 450 947 | 534 | 1279 | 710 | 415 | 393 | 704 | 478 800 658
20 475 1490 | 576 | 1027 | 715 | 211 | 573 | 1651 | 243 | 1260 | 663
21 500 371 | 374 979 823 | 221 | 497 | 975 | 254 313 763
22 525 591 | 451 776 | 1062| 207 | 448 | 779 | 239 701 983
23 550 745 | 320 686 281 | 230 | 484 | 688 | 547 628 1100
24 575 994 | 452 647 | 1221| 512 | 449 | 649 | 590 578 1131
25 600 1057 | 405 691 | 1326| 314 | 402 | 693 | 589 870 1228
26 625 1109 | 815 602 495 | 393 | 809 | 603 | 452 | 1315 | 459
27 650 1296 | 800 529 | 2592| 379 | 793 | 531 | 448 162 2402
28 675 1244 850 754 831 | 630 | 843 | 757 | 727 | 1475 770
29 700 1323 | 2176 | 617 | 1456| 358 | 2158 | 619 | 413 | 1568 | 1349
30 725 1717 | 1216 | 514 | 1304 | 888 | 1206 | 515 | 1024 | 2034 | 1274
31 750 1928 | 2084 | 834 993 | 1616 | 2067 | 837 | 1865 | 1811 | 920
32 775 2659 | 1206 | 437 | 1320 935 | 1197 | 438 | 1078 | 3151 | 1269
33 800 741 | 1074 | 586 180 | 833 | 1065 | 587 | 960 878 167
34 825 1376 | 773 581 781 | 598 | 767 | 889 | 686 | 1530 | 724
35 850 1872 | 882 840 652 | 691 | 884 | 844 | 796 | 1529 608
36 875 983 | 485 647 476 | 592 | 481 | 649 | 690 829 441
37 900 945 60 764 271 47 60 723 55 1224 | 253
38 925 1484 | 774 826 438 | 600 | 768 | 829 | 693 | 1252 | 402
39 950 855 | 866 625 372 | 671 | 858 | 627 | 773 721 346
40 975 831 | 712 751 441 | 551 | 705 | 754 | 636 701 408
41 1000 597 | 658 625 | 1852 | 511 | 653 | 614 | 589 504 1717
Interpretation is qualitative; apparent resistivity V. DISCUSSION OF RESULTS

values versus distance are plotted on profile maps and
drawn as contours. As cited by Wyatt et al, ward (1990)
suggests that wenner method is effective in terms of:
high signal to noise ratio with good resolution of
horizontal layers, moderate rating for the resolution of
steeply dipping structures and moderate sensitivity to
surface inhomogeneity; based on these, it is well
established (Leoflinch, 2001; Telford, 1990) that the
sharp drop in resistivity values which is indicative of
some sort of discontinuity within two zones 550m and
850m respectively from the Giri-Airport road, may
suggest the presence of faults or fault zones—zones
having potential for ground water. Contour map was
generated using 3D field software. The raw field data
was first smoothened, before contours were drawn.
Areas of interest are those situated within low resistivity
ZOones.

Resistivity values on profile maps (Figure 6)
generally undulates west wards and rises steeply
eastwards; peak values are observed between 600 and
800 Qm for most profiles. Information on profile maps
have been translated to apparent resistivity contour map
(Figure 7).

At 625m from the east end, three zones of
resistivity range of 1200 Qm to 2000 Qm are observed,
according to figure 2. These zones are observed as
peak points of the wiggles drawn on the profile maps in
figure 1. The first zone is located within longitudes of
7°10'21E and 7°10'38’E; and latitudes of 8°59'31"N
and 8°59'35"N respectively. The second zone is located
within longitudes 7°10'21”E and 7°10'38”E; and latitudes
8°59'28"N and 8°59'29’N. The third zone is located
within longitudes 7°10'21”E and 7°10'38"E; and latitudes
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8059'13"N and 8059'19"N. These zones are rich in
massively bedded rocks as well as fresh crystalline
rocks. Between these three zones are two isolated spots
having resistivity values peaking at 800 Qm,; there are
possibilities of granite and quartz.

Two isolated zones each of 200Qm peak
resistivity value are spotted between the 5" and 6"
profile; and 8" and 9" profile; these two regions marked

acquired during investigation. The first and second
zones are 550m and 850m respectively, away from the
Giri-Airport highway. The first zone is located within
longitudes 7°10'00’E and 7°10°11"E and latitudes
8°59'29"N and 8°59'33"N. The second zone is located
within longitudes 7°09'57"E and 7°10'16”E and latitudes
8°59'41"N and 8°5945"N. These zones are granitic fault
zones, with presence of weathered granite, weathered

as productive, are delineated away from the and fractured rock.
unproductive region, defined by resistivity values
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Figure 6 . Resistivity Profile map, showing profiles 1 to 10; it indicates resistivity versus distance
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Figure 7 . Apparent resistivity map of the area under survey

a) Conclusion

Past investigations which employed electrical
resistivity method have been mentioned, data of
ongoing potable water projects for Gwagwalada have
been presented and with the aid of a geologic map, the
geology of the study area have been described;
hydrogeology of this region have also been explained;
additionally, field procedure have been described and a
suitable electrode separation of 25m have been
adopted. Ground resistance and apparent resistivity
data of the study area have been acquired; data have
also been analysed.

Two isolated zones 550m and 850m respectively
from the Giri-Airport highway are identified as having
potential for ground water, based on resistivity values of
present report with peak value as 200 Qm and past
geophysical report by Leoflinch.

These zones are identified to harbour faults,
fractured zones and weathered rocks. The first zone is
located within longitudes 7°10'00"E and 7°10'11"E and
latitudes 8°59'29”N and 8°59'33”N. The second zone is
located within longitudes 7°10'16"E and 7°09'57"E and
latitudes 8°59'41"N and 8°59'45"N.

Further work must be directed at employing
multiple geophysical techniques such as Magnetic,
Seismic and Microgravity techniques for enhanced
precision in the acquired results; it is expected that the
use of multiple techniques will infer that faults will be well

mapped and the geometry of the zone of interest will be
well delineated.
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search engines, you will amplify the chance of someone finding it. This in turn will make it more likely to be viewed and/or cited in a
further work. Global Journals Inc. (US) have compiled these guidelines to facilitate you to maximize the web-friendliness of the most
public part of your paper.

Key Words

A major linchpin in research work for the writing research paper is the keyword search, which one will employ to find both library and
Internet resources.

One must be persistent and creative in using keywords. An effective keyword search requires a strategy and planning a list of possible
keywords and phrases to try.

Search engines for most searches, use Boolean searching, which is somewhat different from Internet searches. The Boolean search uses
"operators," words (and, or, not, and near) that enable you to expand or narrow your affords. Tips for research paper while preparing

research paper are very helpful guideline of research paper.

Choice of key words is first tool of tips to write research paper. Research paper writing is an art.A few tips for deciding as strategically as
possible about keyword search:
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e One should start brainstorming lists of possible keywords before even begin searching. Think about the most
important concepts related to research work. Ask, "What words would a source have to include to be truly
valuable in research paper?" Then consider synonyms for the important words.

e It may take the discovery of only one relevant paper to let steer in the right keyword direction because in most
databases, the keywords under which a research paper is abstracted are listed with the paper.

e One should avoid outdated words.

Keywords are the key that opens a door to research work sources. Keyword searching is an art in which researcher's skills are
bound to improve with experience and time.

Numerical Methods: Numerical methods used should be clear and, where appropriate, supported by references.

Acknowledgements: Please make these as concise as possible.

References

References follow the Harvard scheme of referencing. References in the text should cite the authors' names followed by the time of their
publication, unless there are three or more authors when simply the first author's name is quoted followed by et al. unpublished work
has to only be cited where necessary, and only in the text. Copies of references in press in other journals have to be supplied with
submitted typescripts. It is necessary that all citations and references be carefully checked before submission, as mistakes or omissions
will cause delays.

References to information on the World Wide Web can be given, but only if the information is available without charge to readers on an
official site. Wikipedia and Similar websites are not allowed where anyone can change the information. Authors will be asked to make
available electronic copies of the cited information for inclusion on the Global Journals Inc. (US) homepage at the judgment of the
Editorial Board.

The Editorial Board and Global Journals Inc. (US) recommend that, citation of online-published papers and other material should be done
via a DOI (digital object identifier). If an author cites anything, which does not have a DOI, they run the risk of the cited material not
being noticeable.

The Editorial Board and Global Journals Inc. (US) recommend the use of a tool such as Reference Manager for reference management
and formatting.

Tables, Figures and Figure Legends

Tables: Tables should be few in number, cautiously designed, uncrowned, and include only essential data. Each must have an Arabic
number, e.g. Table 4, a self-explanatory caption and be on a separate sheet. Vertical lines should not be used.

Figures: Figures are supposed to be submitted as separate files. Always take in a citation in the text for each figure using Arabic numbers,
e.g. Fig. 4. Artwork must be submitted online in electronic form by e-mailing them.

Preparation of Electronic Figures for Publication

Even though low quality images are sufficient for review purposes, print publication requires high quality images to prevent the final
product being blurred or fuzzy. Submit (or e-mail) EPS (line art) or TIFF (halftone/photographs) files only. MS PowerPoint and Word
Graphics are unsuitable for printed pictures. Do not use pixel-oriented software. Scans (TIFF only) should have a resolution of at least 350
dpi (halftone) or 700 to 1100 dpi (line drawings) in relation to the imitation size. Please give the data for figures in black and white or
submit a Color Work Agreement Form. EPS files must be saved with fonts embedded (and with a TIFF preview, if possible).

For scanned images, the scanning resolution (at final image size) ought to be as follows to ensure good reproduction: line art: >650 dpi;
halftones (including gel photographs) : >350 dpi; figures containing both halftone and line images: >650 dpi.
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Color Charges: It is the rule of the Global Journals Inc. (US) for authors to pay the full cost for the reproduction of their color artwork.
Hence, please note that, if there is color artwork in your manuscript when it is accepted for publication, we would require you to
complete and return a color work agreement form before your paper can be published.

Figure Legends: Self-explanatory legends of all figures should be incorporated separately under the heading 'Legends to Figures'. In the
full-text online edition of the journal, figure legends may possibly be truncated in abbreviated links to the full screen version. Therefore,
the first 100 characters of any legend should notify the reader, about the key aspects of the figure.

6. AFTER ACCEPTANCE

Upon approval of a paper for publication, the manuscript will be forwarded to the dean, who is responsible for the publication of the
Global Journals Inc. (US).

6.1 Proof Corrections

The corresponding author will receive an e-mail alert containing a link to a website or will be attached. A working e-mail address must
therefore be provided for the related author.

Acrobat Reader will be required in order to read this file. This software can be downloaded
(Free of charge) from the following website:

www.adobe.com/products/acrobat/readstep2.html. This will facilitate the file to be opened, read on screen, and printed out in order for
any corrections to be added. Further instructions will be sent with the proof.

Proofs must be returned to the dean at dean@globaljournals.org within three days of receipt.

As changes to proofs are costly, we inquire that you only correct typesetting errors. All illustrations are retained by the publisher. Please
note that the authors are responsible for all statements made in their work, including changes made by the copy editor.

6.2 Early View of Global Journals Inc. (US) (Publication Prior to Print)

The Global Journals Inc. (US) are enclosed by our publishing's Early View service. Early View articles are complete full-text articles sent in
advance of their publication. Early View articles are absolute and final. They have been completely reviewed, revised and edited for
publication, and the authors' final corrections have been incorporated. Because they are in final form, no changes can be made after
sending them. The nature of Early View articles means that they do not yet have volume, issue or page numbers, so Early View articles
cannot be cited in the conventional way.

6.3 Author Services

Online production tracking is available for your article through Author Services. Author Services enables authors to track their article -
once it has been accepted - through the production process to publication online and in print. Authors can check the status of their
articles online and choose to receive automated e-mails at key stages of production. The authors will receive an e-mail with a unique link
that enables them to register and have their article automatically added to the system. Please ensure that a complete e-mail address is
provided when submitting the manuscript.

6.4 Author Material Archive Policy

Please note that if not specifically requested, publisher will dispose off hardcopy & electronic information submitted, after the two
months of publication. If you require the return of any information submitted, please inform the Editorial Board or dean as soon as
possible.

6.5 Offprint and Extra Copies

A PDF offprint of the online-published article will be provided free of charge to the related author, and may be distributed according to
the Publisher's terms and conditions. Additional paper offprint may be ordered by emailing us at: editor@globaljournals.org .
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the search? Will | be able to find all information in this field area? If the answer of these types of questions will be "Yes" then you can
choose that topic. In most of the cases, you may have to conduct the surveys and have to visit several places because this field is related
to Computer Science and Information Technology. Also, you may have to do a lot of work to find all rise and falls regarding the various
data of that subject. Sometimes, detailed information plays a vital role, instead of short information.

2. Evaluators are human: First thing to remember that evaluators are also human being. They are not only meant for rejecting a paper.
They are here to evaluate your paper. So, present your Best.

3. Think Like Evaluators: If you are in a confusion or getting demotivated that your paper will be accepted by evaluators or not, then
think and try to evaluate your paper like an Evaluator. Try to understand that what an evaluator wants in your research paper and
automatically you will have your answer.

4. Make blueprints of paper: The outline is the plan or framework that will help you to arrange your thoughts. It will make your paper
logical. But remember that all points of your outline must be related to the topic you have chosen.

5. Ask your Guides: If you are having any difficulty in your research, then do not hesitate to share your difficulty to your guide (if you
have any). They will surely help you out and resolve your doubts. If you can't clarify what exactly you require for your work then ask the
supervisor to help you with the alternative. He might also provide you the list of essential readings.

6. Use of computer is recommended: As you are doing research in the field of Computer Science, then this point is quite obvious.

7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose
quality of your paper unknowingly. There are various software programs available to help you, which you can get through Internet.

8. Use the Internet for help: An excellent start for your paper can be by using the Google. It is an excellent search engine, where you can
have your doubts resolved. You may also read some answers for the frequent question how to write my research paper or find model
research paper. From the internet library you can download books. If you have all required books make important reading selecting and
analyzing the specified information. Then put together research paper sketch out.

9. Use and get big pictures: Always use encyclopedias, Wikipedia to get pictures so that you can go into the depth.

10. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right! It is a good habit, which helps to
not to lose your continuity. You should always use bookmarks while searching on Internet also, which will make your search easier.

11. Revise what you wrote: When you write anything, always read it, summarize it and then finalize it.

12. Make all efforts: Make all efforts to mention what you are going to write in your paper. That means always have a good start. Try to
mention everything in introduction, that what is the need of a particular research paper. Polish your work by good skill of writing and
always give an evaluator, what he wants.

13. Have backups: When you are going to do any important thing like making research paper, you should always have backup copies of it
either in your computer or in paper. This will help you to not to lose any of your important.

14. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. Using several
and unnecessary diagrams will degrade the quality of your paper by creating "hotchpotch." So always, try to make and include those
diagrams, which are made by your own to improve readability and understandability of your paper.

15. Use of direct quotes: When you do research relevant to literature, history or current affairs then use of quotes become essential but
if study is relevant to science then use of quotes is not preferable.
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16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present
tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will
confuse the evaluator. Avoid the sentences that are incomplete.

17. Never use online paper: If you are getting any paper on Internet, then never use it as your research paper because it might be
possible that evaluator has already seen it or maybe it is outdated version.

18. Pick a good study spot: To do your research studies always try to pick a spot, which is quiet. Every spot is not for studies. Spot that
suits you choose it and proceed further.

19. Know what you know: Always try to know, what you know by making objectives. Else, you will be confused and cannot achieve your
target.

20. Use good quality grammar: Always use a good quality grammar and use words that will throw positive impact on evaluator. Use of
good quality grammar does not mean to use tough words, that for each word the evaluator has to go through dictionary. Do not start
sentence with a conjunction. Do not fragment sentences. Eliminate one-word sentences. Ignore passive voice. Do not ever use a big
word when a diminutive one would suffice. Verbs have to be in agreement with their subjects. Prepositions are not expressions to finish
sentences with. It is incorrect to ever divide an infinitive. Avoid clichés like the disease. Also, always shun irritating alliteration. Use
language that is simple and straight forward. put together a neat summary.

21. Arrangement of information: Each section of the main body should start with an opening sentence and there should be a
changeover at the end of the section. Give only valid and powerful arguments to your topic. You may also maintain your arguments with
records.

22. Never start in last minute: Always start at right time and give enough time to research work. Leaving everything to the last minute
will degrade your paper and spoil your work.

23. Multitasking in research is not good: Doing several things at the same time proves bad habit in case of research activity. Research is
an area, where everything has a particular time slot. Divide your research work in parts and do particular part in particular time slot.

24. Never copy others' work: Never copy others' work and give it your name because if evaluator has seen it anywhere you will be in
trouble.

25. Take proper rest and food: No matter how many hours you spend for your research activity, if you are not taking care of your health
then all your efforts will be in vain. For a quality research, study is must, and this can be done by taking proper rest and food.

26. Go for seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.

27. Refresh your mind after intervals: Try to give rest to your mind by listening to soft music or by sleeping in intervals. This will also
improve your memory.

28. Make colleagues: Always try to make colleagues. No matter how sharper or intelligent you are, if you make colleagues you can have
several ideas, which will be helpful for your research.

29. Think technically: Always think technically. If anything happens, then search its reasons, its benefits, and demerits.

30. Think and then print: When you will go to print your paper, notice that tables are not be split, headings are not detached from their
descriptions, and page sequence is maintained.

31. Adding unnecessary information: Do not add unnecessary information, like, | have used MS Excel to draw graph. Do not add
irrelevant and inappropriate material. These all will create superfluous. Foreign terminology and phrases are not apropos. One should
NEVER take a broad view. Analogy in script is like feathers on a snake. Not at all use a large word when a very small one would be
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sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers.
Amplification is a billion times of inferior quality than sarcasm.

32. Never oversimplify everything: To add material in your research paper, never go for oversimplification. This will definitely irritate the
evaluator. Be more or less specific. Also too, by no means, ever use rhythmic redundancies. Contractions aren't essential and shouldn't
be there used. Comparisons are as terrible as clichés. Give up ampersands and abbreviations, and so on. Remove commas, that are, not
necessary. Parenthetical words however should be together with this in commas. Understatement is all the time the complete best way
to put onward earth-shaking thoughts. Give a detailed literary review.

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on
measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical
remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further
study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples.

34. After conclusion: Once you have concluded your research, the next most important step is to present your findings. Presentation is
extremely important as it is the definite medium though which your research is going to be in print to the rest of the crowd. Care should
be taken to categorize your thoughts well and present them in a logical and neat manner. A good quality research paper format is
essential because it serves to highlight your research paper and bring to light all necessary aspects in your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING

Key points to remember:

®  Submit all work in its final form.
e  Write your paper in the form, which is presented in the guidelines using the template.
®  Please note the criterion for grading the final paper by peer-reviewers.

Final Points:

A purpose of organizing a research paper is to let people to interpret your effort selectively. The journal requires the following sections,
submitted in the order listed, each section to start on a new page.

The introduction will be compiled from reference matter and will reflect the design processes or outline of basis that direct you to make
study. As you will carry out the process of study, the method and process section will be constructed as like that. The result segment will
show related statistics in nearly sequential order and will direct the reviewers next to the similar intellectual paths throughout the data
that you took to carry out your study. The discussion section will provide understanding of the data and projections as to the implication
of the results. The use of good quality references all through the paper will give the effort trustworthiness by representing an alertness
of prior workings.

Writing a research paper is not an easy job no matter how trouble-free the actual research or concept. Practice, excellent preparation,
and controlled record keeping are the only means to make straightforward the progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general guidelines.

To make a paper clear

- Adhere to recommended page limits

Mistakes to evade

Insertion a title at the foot of a page with the subsequent text on the next page
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®  Separating a table/chart or figure - impound each figure/table to a single page
®  Submitting a manuscript with pages out of sequence

In every sections of your document
- Use standard writing style including articles ("a", "the," etc.)

- Keep on paying attention on the research topic of the paper

- Use paragraphs to split each significant point (excluding for the abstract)

- Align the primary line of each section

- Present your points in sound order

- Use present tense to report well accepted

- Use past tense to describe specific results

- Shun familiar wording, don't address the reviewer directly, and don't use slang, slang language, or superlatives
- Shun use of extra pictures - include only those figures essential to presenting results

Title Page:

Choose a revealing title. It should be short. It should not have non-standard acronyms or abbreviations. It should not exceed two printed
lines. It should include the name(s) and address (es) of all authors.

Abstract:

The summary should be two hundred words or less. It should briefly and clearly explain the key findings reported in the manuscript--

must have precise statistics. It should not have abnormal acronyms or abbreviations. It should be logical in itself. Shun citing references
at this point.

An abstract is a brief distinct paragraph summary of finished work or work in development. In a minute or less a reviewer can be taught
the foundation behind the study, common approach to the problem, relevant results, and significant conclusions or new questions.
Write your summary when your paper is completed because how can you write the summary of anything which is not yet written?
Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and do not let go readability for briefness. You can

maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to
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shortening the outcome. Sum up the study, with the subsequent elements in any summary. Try to maintain the initial two items to no
more than one ruling each.

Reason of the study - theory, overall issue, purpose

Fundamental goal

To the point depiction of the research

Consequences, including definite statistics - if the consequences are quantitative in nature, account quantitative data; results
of any numerical analysis should be reported

e  Significant conclusions or questions that track from the research(es)

Approach:

Single section, and succinct

As a outline of job done, it is always written in past tense

A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table
Center on shortening results - bound background information to a verdict or two, if completely necessary
What you account in an conceptual must be regular with what you reported in the manuscript

Exact spelling, clearness of sentences and phrases, and appropriate reporting of quantities (proper units, important statistics)
are just as significant in an abstract as they are anywhere else

Introduction:

The Introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background information to be
capable to comprehend and calculate the purpose of your study without having to submit to other works. The basis for the study should
be offered. Give most important references but shun difficult to make a comprehensive appraisal of the topic. In the introduction,
describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the reviewer will have no attention in your
result. Speak in common terms about techniques used to explain the problem, if needed, but do not present any particulars about the
protocols here. Following approach can create a valuable beginning:

®  Explain the value (significance) of the study
Shield the model - why did you employ this particular system or method? What is its compensation? You strength remark on its
appropriateness from a abstract point of vision as well as point out sensible reasons for using it.

®  Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them.
Very for a short time explain the tentative propose and how it skilled the declared objectives.

Approach:

®  Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job is
done.

®  Sort out your thoughts; manufacture one key point with every section. If you make the four points listed above, you will need a
least of four paragraphs.

®  Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the
whole thing you know about a topic.

®  Shape the theory/purpose specifically - do not take a broad view.

®  Asalways, give awareness to spelling, simplicity and correctness of sentences and phrases.

Procedures (Methods and Materials):

This part is supposed to be the easiest to carve if you have good skills. A sound written Procedures segment allows a capable scientist to
replacement your results. Present precise information about your supplies. The suppliers and clarity of reagents can be helpful bits of
information. Present methods in sequential order but linked methodologies can be grouped as a segment. Be concise when relating the
protocols. Attempt for the least amount of information that would permit another capable scientist to spare your outcome but be
cautious that vital information is integrated. The use of subheadings is suggested and ought to be synchronized with the results section.
When a technique is used that has been well described in another object, mention the specific item describing a way but draw the basic

© Copyright by Global Journals Inc.(US) | Guidelines Handbook .

XV



principle while stating the situation. The purpose is to text all particular resources and broad procedures, so that another person may
use some or all of the methods in one more study or referee the scientific value of your work. It is not to be a step by step report of the
whole thing you did, nor is a methods section a set of orders.

Materials:
®  Explain materials individually only if the study is so complex that it saves liberty this way.
®  Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.
® Do not take in frequently found.
e |[f use of a definite type of tools.
®  Materials may be reported in a part section or else they may be recognized along with your measures.

Methods:

Report the method (not particulars of each process that engaged the same methodology)

Describe the method entirely

To be succinct, present methods under headings dedicated to specific dealings or groups of measures

Simplify - details how procedures were completed not how they were exclusively performed on a particular day.

If well known procedures were used, account the procedure by name, possibly with reference, and that's all.

Approach:

® |t is embarrassed or not possible to use vigorous voice when documenting methods with no using first person, which would
focus the reviewer's interest on the researcher rather than the job. As a result when script up the methods most authors use
third person passive voice.

®  Use standard style in this and in every other part of the paper - avoid familiar lists, and use full sentences.

What to keep away from

®  Resources and methods are not a set of information.
®  Skip all descriptive information and surroundings - save it for the argument.
®  Leave out information that is immaterial to a third party.

Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part a entirely objective details of the
outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Carry on to be to the point, by means of statistics and
tables, if suitable, to present consequences most efficiently.You must obviously differentiate material that would usually be incorporated
in a study editorial from any unprocessed data or additional appendix matter that would not be available. In fact, such matter should not
be submitted at all except requested by the instructor.

Content

Sum up your conclusion in text and demonstrate them, if suitable, with figures and tables.
In manuscript, explain each of your consequences, point the reader to remarks that are most appropriate.
Present a background, such as by describing the question that was addressed by creation an exacting study.

Explain results of control experiments and comprise remarks that are not accessible in a prescribed figure or table, if
appropriate.

®  Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or in manuscript form.
What to stay away from

® Do not discuss or infer your outcome, report surroundings information, or try to explain anything.

L] Not at all, take in raw data or intermediate calculations in a research manuscript.
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® Do not present the similar data more than once.
®  Manuscript should complement any figures or tables, not duplicate the identical information.
®  Never confuse figures with tables - there is a difference.
Approach
®  Asforever, use past tense when you submit to your results, and put the whole thing in a reasonable order.
®  Put figures and tables, appropriately numbered, in order at the end of the report
e If you desire, you may place your figures and tables properly within the text of your results part.
Figures and tables
e |f you put figures and tables at the end of the details, make certain that they are visibly distinguished from any attach appendix
materials, such as raw facts
®  Despite of position, each figure must be numbered one after the other and complete with subtitle
® |n spite of position, each table must be titled, numbered one after the other and complete with heading
e Allfigure and table must be adequately complete that it could situate on its own, divide from text
Discussion:

The Discussion is expected the trickiest segment to write and describe. A lot of papers submitted for journal are discarded based on
problems with the Discussion. There is no head of state for how long a argument should be. Position your understanding of the outcome
visibly to lead the reviewer through your conclusions, and then finish the paper with a summing up of the implication of the study. The
purpose here is to offer an understanding of your results and hold up for all of your conclusions, using facts from your research and
generally  accepted information, if  suitable. The implication of result should be  visibly  described.
Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact you must explain mechanisms
that may account for the observation. If your results vary from your prospect, make clear why that may have happened. If your results
agree, then explain the theory that the proof supported. It is never suitable to just state that the data approved with prospect, and let it
drop at that.

®  Make a decision if each premise is supported, discarded, or if you cannot make a conclusion with assurance. Do not just dismiss
a study or part of a study as "uncertain."

®  Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results that
you have, and take care of the study as a finished work

You may propose future guidelines, such as how the experiment might be personalized to accomplish a new idea.
Give details all of your remarks as much as possible, focus on mechanisms.
Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted.
Try to present substitute explanations if sensible alternatives be present.
One research will not counter an overall question, so maintain the large picture in mind, where do you go next? The best
studies unlock new avenues of study. What questions remain?
®  Recommendations for detailed papers will offer supplementary suggestions.
Approach:

®  When you refer to information, differentiate data generated by your own studies from available information
®  Submit to work done by specific persons (including you) in past tense.
®  Submit to generally acknowledged facts and main beliefs in present tense.

ADMINISTRATION RULES LISTED BEFORE
SUBMITTING YOUR RESEARCH PAPER TO GLOBAL JOURNALS INC. (US)

Please carefully note down following rules and regulation before submitting your Research Paper to Global Journals Inc. (US):

Segment Draft and Final Research Paper: You have to strictly follow the template of research paper. If it is not done your paper may get
rejected.
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The major constraint is that you must independently make all content, tables, graphs, and facts that are offered in the paper.
You must write each part of the paper wholly on your own. The Peer-reviewers need to identify your own perceptive of the
concepts in your own terms. NEVER extract straight from any foundation, and never rephrase someone else's analysis.

Do not give permission to anyone else to "PROOFREAD" your manuscript.

Methods to avoid Plagiarism is applied by us on every paper, if found guilty, you will be blacklisted by all of our collaborated
research groups, your institution will be informed for this and strict legal actions will be taken immediately.)

To guard yourself and others from possible illegal use please do not permit anyone right to use to your paper and files.
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS INC. (US)

decision of Paper. This report will be the property of Global Journals Inc. (US).

Topics

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XIX

Grades

Clear and concise with
appropriate content, Correct

format. 200 words or below

Containing all background
details with clear goal and
appropriate  details, flow
specification, no grammar
and spelling mistake, well
organized sentence and

paragraph, reference cited

Clear and to the point with
well arranged paragraph,
precision and accuracy of
facts and figures, well

organized subheads

Well organized, Clear and
specific, Correct units with
precision, correct data, well
structuring of paragraph, no
grammar and spelling
mistake

Well organized, meaningful
specification, sound
conclusion, logical and
concise explanation, highly

structured paragraph
reference cited
Complete and correct

format, well organized

Unclear summary and no
specific data, Incorrect form

Above 200 words

Unclear and confusing data,
appropriate format, grammar
and spelling errors with
unorganized matter
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