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Calculation and Characterization of the EEJ Current Density
from Ground-Based Magnetometer Data Using Ampere’s Law

Lamessa Abebe’, Gebeyehu Dirbeba?

1.2 Department of Physics, Mettu University, Ethiopia,

Abstract: In this study, we characterized an empirical model of the equatorial electrojet (EEJ) current
density from ground-based magnetometer data using Ampere’s law. An analysis was carried out using the
equatorial electrojet current, calculated from the geomagnetic northward AH component. The result showed
that the EEJ component derived from the model exhibits a similar pattern with measured EEJ from ground
data during noontime, mainly before 1300 LT. For different months, the EEJ current density follows the same
basic pattern. The EEJ is mostly observed close to local noon, when the E-region conductivity peaks. For this
reason, only data from 6:00-18:00 LT are included in this study. The EEJ current density rises sharply to a
maximum between 10:30-13:00 LT, and gradually decreases and finally vanishes at around 18:00 LT. The
morphology of the amplitude curves obtained for current density diurnal variation with a peak at 10:30-13:00
LT might be interpreted to be due to the signature of EEJ-field.
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. Introduction

Current density is a measure of the density of electrical current. It is defined as a vector whose
magnitude is the electric current per unit length. In SI unit, the current density is measured in amperes per meter.
Electrical current is a coarse, average quantity that tells what is happening in an entire wire. If we want to
describe the distribution of the charge flow, we use the concept of the current density. In the magnetostatic
approximation, the magnetic field can be determined if the current density J is known. The main work of this
project is to determine the current density of the noontime equatorial electrojet (EEJ) by inverting the EEJ-field
data obtained from ground-based magnetometer at AAE and ADIE in Ethiopia to investigate the characteristics
of this current density.

Equatorial Electrojet Conductivity

The cause of the Equatorial Electrojet lies a spacial equatorial phenomena of the electrical conductivity
of the upper atmosphere. The ionosphere may be considered as an infinite, lightly ionized gas in which there are
n, charged particles of the rt type per cubic centimeter, where r = e, plus or minus for electrons, positive and
negative ions respectively. Let a particle of the r™" type have charge e, mass m,, collision frequency with

neutral particles v., and gyro-frequency w = :—B , Where B is the intensity of the magnetic field. In the

T
ionosphere, neutral particles are generally much greater in number than charged particles. Consequently,
collisions with neutral particles have a large influence on the conductivity values. Let v,,v, and v_ denote the
effective collision frequencies of electrons, positive ions, and negative ions, respectively, with all particle types.
Similarly, the effective masses are denoted by m,, m, and m_, and the corresponding cyclotron frequencies by
we, wy and w_. We consider the general case in which an applied electric field is neither parallel nor
perpendicular to geomagnetic field. The current density J can be related to the electric field through the
following general formula.
] = o-E 1

where o is the electric conductivity. The conductivity of the ionosphere can be classified as, parallel
conductivity, o,, Pedersen (transverse) conductivity, which is denoted by o; or o,, Hall conductivity,
designated by o, or oy, the Cowling conductivity, which is represented by o..

The parallel component is aligned with the direction of the Earth’s magnetic field, the Pedersen conductivity is
aligned with the electric field, and the Hall conductivity is perpendicular to both the magnetic and electric fields.
As a result, ions and electrons respond differently to the electric field, E, in the presence of the magnetic field,
B. Because of this, ions move essentially in the direction of, E, and are mainly responsible for the Pederson
conductivity, whereas electrons move mainly at right angles to E and B and give rise to Hall conductivity. Then
an electric polarization charges develop in areas where the electric Hall current cannot close. This polarization
electric field generates secondary Hall currents in the direction of the Pedersen currents. It is now clear that the
resulting increased ionospheric conductivity is a cause to account for all the observed quiet day geomagnetic
variations. Consider the ionosphere as a plane sheet. Take the x and y-axes in this plane to coincide with

p

DOI: 10.9790/4861-0903014753 www.iosrjournals.org 47 | Page



Calculation and Characterization of the EEJ Current Density from Ground-Based Magnetometer

magnetic south and east, respectively, whereas the z-axis points downward. Let the magnetic field, B dip at an
angle I to the plane. Let i, j, k be unit vectors in the directions of x, y, and z, respectively. Figure 1 is the usual
Cartesian coordinate system that we use to demonstrate the components of the Earth’s magnetic field.

Figure 1: The usual Cartesian coordinate system. Here, x points toward the magnetic north, y toward east and z
toward the Earth’s center. The H-component represents the horizontal component of the magnetic field.

The electric and magnetic field on this coordinate system are given by

E = E, + Eyj + E/k 2
And
B = B(cosli + sinlk) = Bb,, by =cosl-i +sinl-k 3
The current density given by equation (1) has components in all these directions and can be given by,
j = 0¢(Eg - bg)bg + 0,E1 — 0,(E X by), 4

All the components of the current density in terms of simplified tensor is as follows:

ix opsin’l + oy cos?1  —oysinl (o, — o, )sinlcosl E,
jy | = oysinl Op —oy cos | Ey 5
Jz (00 — op)sinlcosl oy cosI  opcos?l + oy sin?1/ \Ez

At the dip equator, where | = 0, equation (5) reduces to

jx Op 0 0 EX
jy = 0 Gp —0y Ey 6
iz 0 oy op E,

Since the vertical current is inhibited (i.e. jz = 0) at the equatorial E-region, due to low conductivities above and
below E-region, then from equation (6) we get

(o)
E, = — E,, 7
Op
and the corresponding west-east current, jy, becomes
2
H
jy = (O'p + G—p) Ey = O'CEy 8

Where ois

o

oc=|(0p+—
o

p

called the Cowling conductivity. Hence, equation (8) represents the EEJ current.

Therefore, The equatorial electrojet is so strong because the vertical currents are strongly inhibited at the
magnetic equator, since no vertical currents flows parallel to (and o, >> oy, op,) the magnetic field. Below
90km the conductivity decrease rapidly because of the increasing collision frequencies and above 140km ions
become magnetized and so the electrons and ions E x B drift together and the Hall conductivity drops. As a

DOI: 10.9790/4861-0903014753 www.iosrjournals.org 48 | Page



Calculation and Characterization of the EEJ Current Density from Ground-Based Magnetometer

crude approximation, we consider the electrojet layer, centered at about 103-105km, to be bounded above and
below by insulating regions. Polarization charges build up on these boundaries to almost prevent vertical current
flow in the layer.

Calculation and Characterization of EEJ Current Density from Magnetometer Data

The EEJ is considered as a current strip, flowing eastward along the geomagnetic equator, at an altitude
h=105 km. To calculate the current density, let us consider an infinite current sheet described by length each
carrying current I, which is infinitesimally thin but infinitely long and wide. The sheet has a linear current
density (i.e. current per unit length), J. We wish to find the magnetic field direction and magnitude at point P a
distance h away from the sheet by using Ampere’s law. Ampere’s law is the Maxwell equation that relates the
magnetostatic field (flux) to the source of the magnetostatic field (current). Consider the schematic
representation of an infinite current sheet shown as Figure 2 below carrying a current density J (A/m) flowing in
the eastward direction.

»X(North)

’ ey ( East)

S Am perian loop

Inn(;sphericCurrentsheet

Figure 2: An infinite sheet of current carrying a current density per unit length J(A/m) flowing in the y
direction.

Il.  Results and Discussions

The data set consists of hourly values of EEJ-field for a year 2010 at two stations in Ethiopia at AAE
and ADIE obtained by subtracting ADIE hourly values from AAE hourly values. In figure 3-5 we plot the local
time dependence of the EEJ current density for three months of the year 2010. For different months, the EEJ
current density follows the same basic pattern. The EEJ is mostly observed close to local noon, when the E-
region conductivity peaks. For this reason, only data from 6:00-18:00 LT are included in this study. The EEJ
current density rises sharply to a maximum between 10:30-13:00 LT, and gradually decreases and finally
vanishes at around 18:00 LT. The morphology of the amplitude curves obtained for current density diurnal
variation with a peak at 10:30-13:00 LT might be interpreted to be due to the signature of EEJ-field.
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Equatorial ElectroJet Current Density, 16/04/2010
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Figure 3: Local time dependence of EEJ current density for April, 2010.
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Figure 4: Local time dependence of EEJ current density for February, 2010.
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Figure 5: Local time dependence of EEJ current density for March, 2010.

The maximum peak of the EEJ current density, which is obtained from ground-based magnetometer
measurements, in agrees with those obtained from theoretical calculation using different models and with some
existing results obtained from satellite data from other regions were similar studies had been carried out(see in
details Patrick Alken and Stefan Maus). The average peak of EEJ current density from the figure 3-5 is about
0.15 A/m. This means that a change of 30-80 nT of AH at ground is equivalent to an equatorial ionospheric
current density of 0.1-0.15 A/m over the Ethiopian ionosphere. In other words, an EEJ current density of 0.1-
0.15 A/m in the ionospheric E-region would produce a value of AH 30-80 nT over the Ethiopian ionosphere.

I11.  Conclusion
Ground observations of AH associated with the EEJ, can be taken as an indication of the equatorial
electrojet current density in the ionospheric E-region. We therefore, believe that the mathematical equation (18)
will be useful in prediction of the EEJ current density along the magnetic equator as a function of local time
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over Ethiopian ionosphere. The average peak of EEJ current density from figure 3-5 is about 0.15 A/m for the
three months.
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