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Modeling of Electrostatic Fields for Non-harmattan season in Northern Nigeria.
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Abstract: This paper presents the modeling of the electrostatic fields during the non-harmattan season 
in Zaria, Nigeria,  based on the on-line data capturing mechanism, which involved the use  a data
acquisition system, interfaced with a digital electrostatic field strength meter (model 257D) and a
computer system. The acquired electric field data are captured by a computer using the Microsoft
Office Excel Program and electric field data captured for twenty-four months (February, 2007-
February2009), out of which April-September 2007and 2008 respectively are presented in this paper.
The focus of the analysis is determining the effect of environmental factors such as temperature T,
pressure P and relative humidity H on the static electric field during the non-harmattan period. The
plots of the electric field against the variation of the environmental factors were used as the qualitative
analytical tools. The data were statistically analyzed using a non-linear regression model to establish
an equation model for non-harmattan scenario as E =-149.813118 + 0.003588*H + 0.06191*T +
0.2061*P. The standard error between the model and experimental values obtained was 0.274. This
was found to be insignificant. The coefficient of determination values (R ), which is a measure of how2

well the model fits into the analyzed data was obtained as 0.55, hence, the obtained model could be
relied upon to predict electrostatic field values in non-harmattan periods in Northern Nigeria. 
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INTRODUCTION

The savanna zone of the Northern Nigeria in which Zaria, Nigeria is located (co-ordinate position of
latitude 11 N and Longitude 8 E) experiences predominantly two seasons: the dry and rainy seasons. Duringo o

the dry season, harmattan activities exist due to the operation of the North- East trade wind. Harmattan is a
natural phenomenon which describe the very dry dust – laden atmosphere, which rises in the Sahara desert
and is carried south by winds from that area within the West-Africa region periodically from October – March
of every year. During the rainy/non-harmattan season, majority of the rainfall occurs, and may be characterized
by thunderstorms. In addition, there is increased vegetation due to deciduous trees regaining leaves shed during
the harmattan period and may be enough to cause interference of radio signals-(Akinsanmi, O., 2009). 

The measurement of the electric field in the atmosphere during harmattan in the Sahara region has been
previously been established in 2000 (Chubb, J.A., 2005). The measurement of electric field in Zaria is achieved
using a digital field strength meter, model 257D. This is a high quality, portable non-contacting static meter
which produces consistent readings, with ease and offers years of trouble-free operations. It indicates surface
voltage and polarity on objects up to plus or minus 20kV at a spacing of one inch with an accuracy f 10%
of full scale (Akinsanmi, O., 2009; Carpenter, C.J., 1993a; Carpenter, C.J., 1993b)(Akinsanmi, O., 2009;
Chubb, J.N., 2000; Manson, G.A., 2002). This model was chosen because of the peripheral facilities it has for
interfacing with other devices that may be required for measurement purposes.

Theoretical Background:

Electric Field: 

It is customary and useful to introduce the concept of the electric field at this point. Electric field is a
vector field. Given, a vector function of x. It is written as E(x) and is defined as the force that would be

iexperienced by a charge q at x, divided by q . Thus, for a distribution of charges q  at 3

ix , i = l,2,...,n,
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E(x) =   (1 )

The electric field has the property of being independent of the 'test'
Charge q; it is a function of the change distribution which gives rise to the force on the test charge, and,

of course, of the test charge's position. This object has dimension Q/L  or M /L / T.2 1//2 1 2

At this point, let us introduce the charge density ñ (x.) is introduced, which is the charge per unit volume
at, or very close to, x. This object is needed to integrate over a source distribution instead of summing over
its constituent charges. Thus a sum is replaced by an equivalent integral,

   (2)

The charge density has dimension Q/L . In terms of ñ, the expression for the electric field can be written3

as

E(x) =   (3 )

In the particular case of a distribution of discrete point charges, it is possible to recover the sum in Eq.
(1) by writing the charge density in an appropriate way. To do so, we introduce the Dirac delta function ä (x-
a). It is defined by the integral

   (4)

Where f(x) is an arbitrary continuous function of x, and the range of integration includes the point x =
a. A special case is f(x) =1 which leads to

   (5)

Demonstrating, the normalization of the delta functions. From the arbitrariness of f(x), it can be concluded
that ä (x — a) is zero, when x is not à and sufficiently singular at x = a, to give the normalization property.
In other words, it is in essence, the charge density of a point charge (in one dimension) located at x = a.
Some important relations involving delta functions are as follows:

   (6)

And 

   (7)

3191



Aust. J. Basic & Appl. Sci., 4(8): 3190-3201, 2010

i 1 2In the final expression the x  are the O's of f (x) between a  and a .
A delta function in three dimensions may be built as a product of three one-dimensional delta functions.

In Cartesian coordinates,

   (8)

This function has the property that

   (9)

Returning to electrostatics, v. it can be seen that the charge density of a collection of point charges can
be written as a sum of delta functions:

 (10)

Thus 

= 

= (11)

 (12)

Lagrangian Formulation of Electrodynamics 

Lagrangian formulation of electrodynamics applies to system consisting of charged particles and
electromagnetic field. Thus, the expression for the system could be expressed as:

L = Lp + Li + Lf (13)

Where

(14)

(15)
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 (16)

And M = mass of charge dust particles.
V = Velocity of charged particles
C = Velocity of charge particles in free space
q = Charge

ìr F = Electromagnetic tensor
j = Scalar Potential

Where Lp depends on the generalized co-ordinates of the charged particles, Lf depends only on the
generalized coordinates of the field and the interaction, while Li depends on the generalized coordinates of the
charged particles and the field (Akinsanmi, O., 2009; Carpenter, C.J., 1989; Carpenter, C.J., 1993a; Carpenter,
C.J., 1993b).

METHOD AND MATERIALS

Measurement of Electric field in Zaria: Modern techniques of using Data Acquisition system (DAQ),
Interfaced with the modern Electrostatic field meter was utilized. The Electrostatic field meter has a very
sensitive sensor to detect the presence of Electric field in an environment in KV/cm. An analogue to Digital
converter (ADC) was used to convert the analogue output from the field meter to digital for the DAQ system
to handle. With the DAQ system, the measured electric field strength could be monitored on the computer
system along side with the time the measurement was made and the corresponding collected data logged and
later exported to Microsoft Excel for onward graphical analysis of the recorded data (Akinsanmi, O., 2009;
Manson, G.A., 2002; Akinsanmi, O., 2007; Akinsanmi, O., 2007). The meter measures electric field strength
in kilovolts per centimeter (KV/cm). Using the probe to surface separation as a calibration factor, it may also
be used to measure surface voltage. The instrument utilizes all solid-state components including modern
integrated and hybrid circuits. It may be operated from its internal re-chargeable battery system or optionally
from AC power lines. The system provides an output signal proportional to the surface charge accumulation,
while making no physical contact to the material being monitored. The measurement was done during non-
harmattan months (April – September 2007 and 2008) in and outside an enclosed place. The chosen enclosed
place was the Thermodynamic laboratory of the Department of Mechanical Engineering, Ahmadu Bello
University, Zaria, because of the available open space facilities which gives room for adequate consideration
of the electrodynamics properties of the fields. (Akinsanmi, O., 2009). The co-variant environmental factors
to harmattan –Temperature, Atmospheric Pressure, Relative Humidity  measurement devices are located around
the test point. The Thermometer was used for the Temperature, and the Barometer was used the Pressure,
whereas dry and wet hygrometer was used for the Relative Humidity. Electrostatic field are of significance to
the power and telecommunication industries where effective protection is highly needed against earthing fault
of their equipment, which could develop as a result of extreme dryness of the harmattan season, leading to
the breakdown of electrical   insulation properties for materials, used in power, telecommunication and avionics
in the aerodrome. With subsequent prevalence of static electricity effect, bodies that become electrically
charged may retain their charge for a long period. The presence of much dust in the atmosphere during this
period leads to a substantial effect on the electric field production, which could induce excessive voltage into
the equipment and damage them (Akinsanmi, O., 2009; Akinsanmi, O., 2008c). 

Non Linear Regression Model: 
Scientists and engineers often represent empirical data using a model based on mathematical equations.

With the correct model and calculus, important characteristics of the data can be determined such as the rate
of change anywhere on the curve (first derivative), the local minimum and maximum points of the function
(zeros of the first derivative), and the area under the curve (integral). The goal of data (or curve) fitting is to
find the parameter values that most closely match the data. The models to which data are fitted depend on
adjustable parameters (Marko, L., 2003; Press, W.H., 1992; Draper, N.R. and H. Smith, 1998). 

For example, the formula Y = A+B*X1 +C*X2 +D*X3 (which is a third order polynomial with three
independent variables and four parameters) in which X1,X2 and X3 are the independent variables, Y is the
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dependent variable, and A, B, C and D are the parameters. A is a constant. In this case Y is Electric Field
(E), while X1, X2 and X3 are relative humidity (H), temperature (T) and pressure (P) respectively.

In an experiment, one typically measures variable Y at a discrete set of values of variables X1, X2 and

X3.  Curve fitting provides two general uses for this formula:
• To describe the data and help us to know what parameter values of A, B , C  and D correspond to the data.
• To determine which of several formulas best describes the data.

To perform fitting, some function is determined, which depends on the parameters that measures the
closeness between the data and the model. This function is then minimized to the smallest possible value with
respect to the parameters. The parameter values that minimize the function are the best-fitting parameters. In
this case, the parameters are the coefficients of the terms of the model. In the simplest case, known as linear
regression, a straight line is fitted to the data. However, in most scientific and engineering models like this,
the dependent variable depends on the parameters in a nonlinear way. Thus, non-linear regression was found
suitable to describe the experimental data of the phenomenon under study and was carried out using the
DataFit version 9  modeling software.

RESULTS AND DISCUSSION

Results:

The measurement of electrostatic field was done between April - September, 2007 and 2008 (non-
harmattan periods) in the Thermodynamic Laboratory of the Department of Mechanical Engineering, Ahmadu
Bello University, Zaria, Nigeria. The co-related climatic parameters to non-harmattan such as temperature,
pressure and relative humidity were also measured, and plots for typical values are presented in Figs. 1 – 6
below, relative to the measured electric field in Zaria (Akinsanmi, O., 2008b; Akinsanmi, O., 2008a).

Fig. 1: Average Electric Field Strength and Pressure against Days of Experiment in August, 2007

From the model summary, the standard error of the estimate is minimal (.274). The individual percent error
is thus insignificant (Table 1). The coefficient of determination values (R2), which is a measure of how well
the model fits into the analysed data was obtained as 0.55,

Discussion of Results:

At the test location, from Fig. 1, it can be observed that the average electric field decreases with decrease
in the relative humidity, whereas an increase in temperature produces a relative decrease in average field
strength (Fig.2). Also, electric field decreases with relative decreases in the pressure (Fig 3). Figs. 4 and 6 for
the outside scenario show a similar pattern during the period under consideration. However in Fig 5, there is
a little deviation as average field strength decreases with decrease in temperature. 
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Fig. 2: Average Electric Field Strength and Temperature against Days of Experiment in August, 2007

Fig. 3: Average Electric Field Strength and Pressure against Days of Experiment in August, 2007.

Fig. 4: Outside Electric Field Strength and Outside Relative Humidity against Days of Experiment in August,
2007
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Fig. 5: Outside Average Electric Field Strength and Outside Temperature against Days of Experiment in
August, 2007

Fig. 6: Outside Average Electric Field Strength and Outside Pressure against Days of Experiment in August,
2007. 

Fig. 7 is obtained by plotting electrostatic field measurements against the days in the non harmattan period
(April 2007 – September 2007) for inside scenario.

Fig. 8 is obtained by plotting electrostatic field measurements against the days in the non harmattan period
(April 2007 – September 2007) for outside scenario.

Fig. 9 is the model fitting plot for the non-harmattan period, inside the test location.
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Fig. 7: Plot of Average Electrostatic Field during Non Harmattan between April to September October to
March (Outside Scenario)

Fig. 8: Plot of Average Electrostatic Field during Non Harmattan between April to September October to
March (Outside Scenario)
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Fig. 9(a): The model fitting plot for the non-harmattan period, inside the test location.

Fig. 9(b): Non-Harmattan inside Model Fitting

Fig. 10 below is the model fitting plot for the non-harmattan period, outside the test location.
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Fig. 10: Non Harmattan Period (Outside Scenario) Model Fitting

Fig. 11: Non Harmattan Outside Model Fitting
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Table 1: M odel Summary for Non-harmattan period
M ultiple R .760
R Square .578
Adjusted R Square .555
Sid Errr of the Estimate .274
Log-likelihood Function Value -57.225

Fig. 12: Non Harmattan Outside Model 

The cumulative plot of the average field strength for the two scenarios (inside and outside the test
location) during the period April – September, 2007 and 2008 displayed a similar pattern with little variation
in the average electrostatic field strength for both scenarios as shown in Figs. 7 and 8.  Figs. 9 and 10 show
the fitting of the model to the actual data obtained. A typical screen capture of the modeling software used
for the statistical analysis of the data is shown in Figs. 11 and 12. Table 1 presents the summary of the model
parameters. The maximum electrostatic field recorded was -0.00002kv/cm. 

Between the hours of 9 – 12 am, the electrostatic field is observed to experience consistent reduction in
value on hourly measurements before gradual increase again (non-harmattan). From the daily readings during
non-harmattan months, it was observed that the last seven days of the month have low recorded values of
electric field, after a previous higher value as shown in Figs. 1 – 6. The relative slight variations in the co-
environmental factors of the harmattan from one year to another are responsible for the slight variations in the
electrostatic fields during the period. 

Validation of Equation Model: 

The following presents the result of the model fitting for the electrostatic field variation during the non-
harmattan period. The model equation is E = A+B*H + C*T + D*P from the third order polynomial Y =
A+B*X1 + C*X2 + D*X3. The parameters obtained using the modeling software (SPSS version 15, DataFit
version 9, GraphPad Prism version 5 and InStat version 3) are A = -149.813118, B =0.003588, C = 0.06191
and D = 0.2061 
Thus, E =-149.813118 + 0.003588*H + 0.06191*T + 0.2061*P 
where, E= Electrostatic field, H= Relative Humidity, T=Temperature and  P= Pressure (mmHg),and A=Constant
of the polynomial model. This was used to evaluate the value of Y at H= 89.5, T = 25.0 and P = 710.5, as
measured on July 1st, 2007 for the inside scenario. The predicted value is very close to the observed value:
 Predicted value of electrostatic field = -.00055 and the Observed value of electrostatic field = -.00056. The
closeness of the observed and predicted values of electrostatic field shows the consistency of the equation
model.
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Conclusion: 

The established equation model will find application in the Northern part of Nigeria, during the
thunderstorms, which characterized the non-harmattan periods. With the co-environmental parameters-
Temperature, Atmospheric Pressure, Relative Humidity, the equation model will make it possible to predict
the electrostatic field during non-harmattan periods in Northern Nigeria.
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