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1. Introduction

In the presence of an ambient field, however, the critical nature of the field gen-
eration process is relaxed (Darah ef al 2005) [1]. Motions can distort and ampl-
ify the ambient field for all amplitudes of flow. For motions with appropriate geo-
metries for regeneration, an internal ‘dynamo-like’ field of appreciable strength can
be generated, even for relatively weak flows.

It meant, by external, that the contributions from the draped Interplanetary Mag-

netic Field IMF and from currents flowing on the planet’s ionosphere either by in-
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duction from solar wind interactions or from ionospheric winds interacting with
the crustal field. The last would be only possible over the regions where the crustal
magnetic field is strong enough to interact with charged particle motion (Fergu-
son et al. 2005) [2].

Magnetic fields protect planets and atmospheres from solar particles. The par-
ticles from the Sun are charged, which means they respond to the magnetic field
and move around it. Magnetic fields are, generally, generated by the movement
of magnetic material located inside the planet, usually at the core. The Earth mag-
netic field, for example, is generated by liquid metal at the core and Earth’s rapid
rotation of 24 hours generates enough movement of the liquid to stimulate a
magnetic field. The other planets in our solar system, except for Venus and Mars,
all have magnetic fields or traces of magnetism that differ from Earth in various
ways. So, how are other planetary magnetic fields generated?

Proximity to the Sun (seasonal cycle) causes an increase in solar wind pressure
and therefore an overall increase in the magnetic field B. Additionally, by using
the magnetic field as a solar wind pressure proxy (Crider et al, 2003) [3], it could
infer that solar events, fluctuations of solar wind pressure, will cause aperiodic vari-
ations in the external field.

Some structures in the external field result from interaction with crustal fields
(Acufia et al, 2001 and Brain et al, 2003) [4] [5].

Most of the Magnetic Field observed at the Earth’s surface has an internal ori-
gin. It is mainly produced by the dynamo action of turbulent flows in the fluid
metallic outer core of the planet, while little is due to external magnetic fields lo-
cated in the ionosphere and the magnetosphere (Qamili et al, 2013) [6]. It is the
presence of the global magnetic field that, through the magnetosphere, protects
the Earth, together with its biosphere, from the solar wind deflecting most of its
charged particles (Occhipinti et al, 2014) [7].

The Martian magnetic field environment is a result of interactions among the
internal crustal field and external fields, including the interplanetary magnetic
field (IMF) and fields generated by ionospheric currents. Mars magnetic fields
have been measured by fluxgate magnetometers on the Mars Global Surveyor
(MGS) and Mars Atmosphere and Volatile Evolution Mission (MAVEN) mis-
sions.

The global external magnetic fields on Mars have been investigated using the
MGS mapping orbit data set from 2000 to 2006, (Natalia et a/, 2010) [8]. More-
over, it is apparent from the observations that there are significant external con-
tributions to the magnetic field at Mapping Phase Orbit altitudes even on the night-
side of Mars (Ferguson et al 2005) [2].

The magnetic field of Mercury is critical to obtaining currents and the distri-
bution of electric fields and flows within the magnetosphere (Glassmeier 1997)
[9].

The external field arising from the interaction of the magnetosphere with the

solar wind is more prominent near Mercury than for any other magnetized pla-
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net in the solar system (Brain et al 2010) [10].

In contrast to planets like the Earth, Jupiter or Saturn, Venus does not have an
intrinsic magnetic field and thus its atmosphere is not protected against the in-
coming solar wind. However, the strong solar radiation ionizes the upper atmos-
phere creating an ionosphere which in turn interacts with the solar wind ions and
the magnetic field carried by the solar wind. This interaction leads to the forma-
tion of a magnetosphere: the solar wind magnetic field lines are "folded" around
Venus, so the plasma flow is directed around the planet. Depending on the balance
between internal pressure (exerted by ionospheric plasma) and external pressure
(exerted by solar wind plasma), the positions of ionopause and magnetopause
vary in altitude.

In a few cases (notably the Galilean satellites Europa and Callisto) there are in-
duced fields arising from the time variation of an external field. These are also
telling us something important about the body. The observed fields of Europa
and Callisto are consistent with an externally induced induction field, and the

most likely conductor is salty water (Stevenson 2000) [11].

2. Model

Most of studies of generating the magnetic field in celestial bodies are focused
around the magnetic field generated internally in celestial bodies, whereas, some
of the bodies are exposed to an external magnetic field, in one way or another,
that is generated from other bodies independent of the affected body. So this
paper will be concerned with external; axisymmetric and non-axisymmetric mag-
netic fields.

The study will consider the induction equation for both types of wavenumber
in our spherical shell model; first, with an axisymmetric ambient field than with
a non-axisymmetric ambient field. The system consists of an electrically conduct-
ing fluid contained in a spherical shell, and the region interior to the fluid is fi-
nitely conducting, and is of the same conductivity as the fluid itself.

U is the fluid flow. B' and B° are inner and outer core magnetic fields re-
spectively, and B, is an ambient magnetic field for the axisymmetric equations.
And b' and b° are inner and outer core magnetic fields respectively, and b, is

an ambient magnetic field for the non-axisymmetric equations.

oB' ., .
—=V°B' 1
o (1)
for the inner core field B',
650 2po [ o]
o =V'B +V><[UX(B +B,)+a(B +BO)] @)
for the outer core field B°, and
VZB® =0 (3)
for the exterior field B°. The magnetic field is everywhere solenoidal:
V-B=0 (4)
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And the non-axisymmetric equations are

o',
E—Vb (5)
Vb =0 (6)

for inner core magnetic field b';and

8;’: :vx[ux(b°+b1)+a(b°+bl)]+vzb° 7)

V-b°=0 (8)

for inner core magnetic field b' and for outer core magnetic field b°, e.g., Ba-
renghi (2003) [12] and Hollerbach and Jones (1993) [13]. The flow U and a-effect
are axisymmetric, we assumed, as e.g., Brandenburg et al (1989) [14], a functional
form for « given by
_ o, c080
1+b?

)

where ¢, isa constant. The equations are non-dimensionalised using the length-
scale of the shell, £=(r,—r,), where I, and I, are the outer and inner core ra-
dii, and the magnetic diffusion time-scale, 7 = L2 / 1, where 7 isthe magnetic
diffusivity. This leaves the mean-field equations governed by the non-dimen-

sional parameters

R

2]

_ L , R = (10)
n n

In the following, we will fix both R, and R, and treat B, and b as our

control parameter. The radius ratio r,/r, =1/3 is adopted. (This value is ap-

proximately that applicable to the Earth, here considered a model for other ter-

restrial planets). The boundary conditions on the magnetic field are derived from

matching the outer and inner fields at r =r, and matching the outer field to the

field in an insulatorat r=r,.

3. Results

The investigation will be concerned with both; the axisymmetric and non-axisym-
metric solutions. One of exited solutions was at R, =R, =50, as (Darah and
Sarson 2005) [1], so the study will be related to the same values of R, and R,.
In the paper the solutions will be noted by O for oscillatory and S for stationary
behaviours respectively, and D for dipole and Q for quadruple solutions respec-

tively.
3.1.No Ambient Field B,=b, =0

The solutions with no ambient field have an OD solution with average 11.7095
for the axisymmetric and a quasi OQ solution with average 0.76516 for the non-

axisymmetric solution (Figure 1).
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3.2. With Axisymmetric Ambient Field B, =0, b, =0

3.2.1. The Axisymmetric Solution
The solution has the same behaviour, OD, as the previouse method; with no am-

bient field, and increases in the value for B, =0.0-0.44 . At the range of

0.45< B, <0.49 it is wavering between SD and OD with an average around of
9.5. After that, it becomes SD up to B, =0.745, where it becomes wavering again
as before. At B, =0.747 it jumps to a higher amount, about 27.533892 with SD

solution, and increases rapidly (Figure 2).

3.2.2. The Non-Axisymmetric Solution

The solution has the same behavior; QO, as the previouse method; with no am-
bient field, and it increases with increasing B, upto B, =0.41. At B, =0.42

it moved to OD before it becomes wavering between SD and OD at the range of
0.45< B, <0.49.For 0.50< B, <0.745 it has a SQ solution then QO for

B, =0.746 . Finally it disappeared at Bj =0.747 (Figure 3).

3.3. With a Non-Axisymmetric Ambient Field B,=0, b, #0

3.3.1. The Axisymmetric Solution
Aucully, there are two solutions, the first is extunsion of the base solution OD,

100

Log(Mgnetic Energy)

Time

Figure 1. The OD axisymmetric magnetic energy (bold line) and OQ non-axisymmetric
magnetic energy (dashed line) solutions for B, =b, =0.
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Figure 2. The OD magnetic energy for the axisymmetric (soled line) and SD (dashed line)
solutions for the system with B, =0, b, =0.
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with no ambient field, this solution decreases with increasing of b, up to
b, =4.1 where the solution turens to the second solution SD with value 12.364559 and
continuous to decrease by increasing of b, this solution back down up to b, =0,

(Figure 4).

3.3.2. The Non-Axisymmetric Solution

The solution has the same behavior OQ, as for b, =0.0, and continuous increasing
as b increasesupto b =4.0. At, b, =4.1 it turns to SQ with value 10.665227
and increases rapidly by increasing of b, this stationary solution refluxes back

tovanishat b =0 (Figure 5).
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Figure 3. The QO magnetic field (solid line) and the SQ (dashid line) non-axisymmetric
solutions for the system with B; =0, b =0.
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Figure 4. The OD magnetic energy (soled line) and the SD (dashed line) axisymmetric
solutions for B, =0, b #0.
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Figure 5. The OQ magnetic energy (soled line) and SQ (dashed line) non-axisymmetric
solutions for B;=0, b =0.
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4. Conclusion

What is the result of imposing the external field? Both axisymmetric and non-
axisymmetric solutions are optimized by the external field, which leads to an in-
crease of the same type of the external field and decay of the other, as when the
external field is axisymmetric, this enhances the axisymmetric field generated and
the disappearance of the non-axisymmetric field, as well as for the non-axisym-
metric field. The behavior produced by the influence of the external field differs
from what it would have been without the external field, therefore, the external
field is responsible consequently; 1- The field increases with the increase in the
value of the external field of influence; 2- Some instability occurs before the transi-
tion from one behavior to another; 3- The solutions become stable-stationary for
the high value of the external field. It is very important to note that it has changed

from oscillating to stationary behavior for both types.
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