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Earth's main magnetic field (IGRF-2005)




The main magnetic field - a view from
the North Pole

The field calculated from the IGRF model (epoch 2005) on the mesh
size of 35 to 35 knots at 400 km apart at an altitude of 1 km above the
surface of the sphere.
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The main magnetic field

The northern (left) and southern (right) hemispheres



The solution of the inverse problem

On the assumption that the main source of the global magnetic field of the Earth
1s the core, we have solved many variants of inverse problems of magnetometry
with different formulations.



In recent work [1] [2] 1t was shown that the inverse problem can be robustly
solved using geocentric Z-component of the main magnetic field. Various
formulations yielded closely resembling models of effective magnetization of the
core. The model includes three major anomalies: two in the northern and one in
the southern hemispheres. In what follows we call these anomalies Canadian,
Siberian and Australian, as they create on the surface global anomalies with the
corresponding names.

1. Koune B.A., ['o3 1.B. Moaenp MCTOYHMKOB MArHUTHOTO TOJIS Siipa 3€MJIM, MOJYYEHHAs B PE3yJbTATe PEUICHUS
oOpaTHoOM 3aaun MaruutoMeTpuu. // Mar. 38-it ceccuu Mexaynapoanoro cemunapa um. JI.I'. Ycenenckoro «Bompocst
TEOPHUU U MPAKTUKHU F€OJIOTUUECKON HHTEepHpeTaluu reopusnueckux nojuei». [lepms, 2011.

2. KouneB B.A. DddexTriBHAsT HaMarHUYEHHOCTD Si/ipa — PE3yJbTaT PEIICHUsT OOpaTHOW 3aJlaud MO TeOLEHTPUUYECKOM
Z-xomrionente marautHoro nosist IGRF-2005. // llectoie Hayunbie urenus FO.11. bynamesuua “I'myOunHOE cTpoeHue,
reoJMHaMHUKa, TeII0BOE IMoJie 3eMiId, HHTepIpeTalus reodusndeckux nonei”. Exarepunoypr, 2011.



The results of solving the inverse problem, the effective magnetization
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The effective magnetization of the core (northern and southern hemisphere), obtained after
solving the inverse problem of magnetometry. Dimensions of the horizontal cross-sections of
prisms 400 to 400 km.
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Interpretation of the results
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By the right-hand rule to create the main anomalies
currents in the core must move in a clockwise
direction, and near the equator they will move in
the opposite direction to the rotation of the planet.
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Analysis of models

Hundreds of mathematical models of geodynamo based on the currents in
the conductive layer has been proposed. All of them are complex, such as
the Bullard model [3], where eight transitions (current - magnetic field -
current) required to get something close to the current model generating
field in the desired direction (but not its configuration on the surface of the
core or the Earth).

There is a principle in modeling: if the model is complex - its usefulness is
questionable. This is why explanations of the geodynamo use simple
models with a rotating disk [4].

B B

7T\

Unipolar disk dynamo. Note that the wire through which
current flows, should be twisted in the same direction as the
rotating disk.

Applications of this model to the conditions of the planet
was not successful [4].



Electrical current — the movement of charged liquid (plasma)
However, one can get similar model of self-sustaining dynamo, assuming that the moving liquid mass of the
core 1s the carrier charge, i.e. it is the electrical current. Scientists estimate that the core has a temperature of
about 5000°C. At such high temperatures, the chemical elements that make up the core, will inevitably

become ionized — lose their outer shells electrons. The degree of ionization can be estimated by current
density of electron emission occurring in the heated metals [5].

J=AT?2 (1)
where J — the emission current density (A/Mz),

T — thermodynamic temperature (K),
A — a constant that depends on the metal and the conditions of the emission.

In fact, we just make the first important assumption in the model creation.
3. SAnoBckuit b.M. 3emHoi maruerusm. JI., 1978. 592 p.
4. Moddart I'. Bo30yxkaeHre MarHuTHOTO MoJisl B IpoBojsIiei cpene. M.: Mup, 1980. 335 c.

5. Kyxmunr X. CrnpaBounuk 1o ¢uszuke. M.: Mup, 1982.
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ESTIMATION OF HORIZONTAL GRAVITATIONAL FORCES (TIDAL FORCES)

We must take several steps to create a model.

Step 1. Let the object S be the Sun or a satellite of the planet and D will be the point inside the planet or on
it or above it. Its coordinates are determined by the parameters R, r and 0. In addition, the point has unit
mass. This is illustrated by Figure 3, copied from the work [6].

S r D

_GJ R ~E

Prc. 3. [lepemennsie ¥ B 6, HCOOABIVEMEIS 18 VEAIAERA NOT0HSEES DPOHIBOILHOH TOUEH BOTHIH 3eMITH.

6. bytukoB E.W. ®u3nka okeaHCKUX MPUIMBOB B KOMIBIOTEpHBIX MoAesix. Cankt-IlerepOypr: CIIOI'Y, 2007.

The acceleration of the gravitational force acting on an object of unit mass in the center of the planet is equal
to

Ags, =G% )
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Step 2. For an object of unit mass and coordinates r, @ horizontal component of gravity is calculated.
According to [6] and other works, the horizontal component is equal to

Ag, :—éAgsp%sin 26 3)

2

Assuming @=45°, we obtain the maximum value of the horizontal component of gravity.
Note: it 1s interesting that the Sun’s AgSp 1s 180 times greater than that of the Moon, but Moon’s Aghoris

2.5 times greater than the Sun’s. This is why the Moon has the greatest influence on the amplitude of tidal
currents.

KINEMATICAL PART

Step 3. It is known that the intensity of the magnetic field generated in the core, depends on the period of
rotation of the planet Tp - We introduce the period relative to the satellite creating Ag hor

— Tsp
Trpl _Tpl m (4)
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Note: it is easy to see that with the equality of the periods of the planet Tpl and satellite TSp value of
Trpl -, meaning that the satellite is stationary and does not create horizontal forces on the surface of the

planet.

Step 4. Calculate the total estimate Ag hor for the Earth. It is created by the Moon and Sun.

2
Ag,, @=A8 i@ +AgiO=3 A8, (@

Step 5. Knowing all of the above parameters, we can calculate the total horizontal force for each of the
planets in the solar system. Taking the Earth as a standard, we calculate the parameter K N

T
Z Aghor (pl) £ N
K = Tep | T
N > Ag, () \r (5)

K, gives the estimate of Bpl /BE, K, — the estimate of M ol /M - Below is a detailed table of

calculations and short table summarizing the results.
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The parameters of the planets and satellites, the relative magnetic moments u,,/m, and the relative magnetic
field strengths on the equator s,,/8, ant the parameters K.

Planet Source of Mass of the | Orbital radius of | Rotational periods of the S Ag,, (p 1)5 M, / M, K;

Rel. radius gravitational field | source, kg the source, m planet Tpl, satellite Ts, - T, B / B Ko

ry /s and rel. period Trpl PLITE

1 2 3 4 5 6 7 8

Mercury Sun 1.99E+30 5.80E+10 58 87.9170.5 -1.46E-08 <0.006 0.0007

0.38 0.005-0.01 0.012

Venus Sun 1.99E+30 1.08E+11 -244 224.7 -117 8.2E-09 <0,00001 -0.006

0.95 <9%10~° —0.007

Earth Sun 1.99E+30 1.50E+11 13651 -3.76E-07 1 1

1 Moon 7.40E+22 3.84E+08 128 1.04 -8.33E-07 1 1
-1.21E-06

Mars Sun 1.99E+30 2.28E+11 16871 -5.70E-08 <0,0003 0.006

0.53 Phobos 1.07E+16 9.40E+06 10.32 -0.47 9.65E-09 0.0013-0.0019 | 0.039
-4.73E-08

Jupiter Sun 1.99E+30 7.80E+11 0.4 433204 -7.36E-08 20000 18495

11.22 Io 8.93E+22 4.22E+08 0.41.80.51 -1.68E-05 14 13.94

with other -1.69E-05

satellites 23137

17.43

Saturn Titan 1.30E+23 1.20E+09 0.41590.41 -1.15E-06 600 792

9.47 0.7 0.95

with other

satellites 1409

1.69

Uranus Ariel 1.35E+21 1.91E+08 0.7 2.520.97 -5.2 E-07 25.9

4.01 0.43

with other

Satellites -9.78 E-07 50 49

0.7 0.81
Neptune Triton 2.14E+22 3.54E+08 0.8-5.80.7 -1.74 E-06 25 80.7
3.89 0.45 1.44
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Table of the relative magnetic moments and the field strengths from satellite
observations [8], and kinematic- gravitational parameters of the planets

Parameter | Mercury | Venus Earth | Mars Jupiter |Saturn|Uranus | Neptune
”pz=0.37 ”pz=0.96 rpl=1 ”pz=0.53 rpl=11.2 rp,=9.4 rpl=3.8 rpl=3.6

M, /M, |<0.006 |<0.00001]1 <0.0003 20000 600 |50 25

K3 0.0007 |-0.006 0.006 23137 1409 |49 80.7

1
B, /B, 10.007 |<0.00009/1 [0.0016 |14 0.7 |07 |0.45
Ko 0.012 [-0.007 [1 10039 [17.43 [1.69 |0.81 |1.44

Under the names of the planets are the relative radii, moments and induction at the
equator, taken from [7].

7. Topaun B.M. Ouepku no uctopun reomarauTHoix uzmepenuii. M.: U®3 CO PAH, 2004. 161 .

No time to comment. Let me just say one thing: the correlation coefficient between the calculated
parameters and taken from the work of Gordin [7] is equal to 0.997.

I have to pause the presentation due to lack of time and provide the conclusion.
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Relative field strength and Kp
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Relative field strength and Kg
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Conclusions

Thus, the kinematic-gravity model for the emergence of a magnetic field requires the following conditions.

1. Liquid core, whose atoms are ionized under the action of heat. The higher the temperature, the greater the
ionization and, consequently, a charge of the liquid.

2. The rotation of the planet on its axis. In accordance with the empirical formula parameters of the magnetic
field are proportional to the angular velocity of rotation. In the presence of a liquid and heated core, but with
slow rotation (as Venus), magnetic field will be weak.

3. The presence of one or more external objects (the sun or satellites), creating a tidal forces that cause
motion of the liquid on the surface of the planet (trade-wind flow), and in the liquid core. The tidal force is
proportional to the mass of the object, the radius of the planet and inversely proportional to the cube of the
distance of the object from the planet.

Large satellites of the planets cannot generate its own field due to their planet, even if they have a liquid
core, because, according to the available information, the periods of revolution around the axis and the
planet are the same. Consider the Moon as the planet and Earth as a satellite. The Earth is a stationary
satellite. According to the formula (4) Trp =, and KO=K3=0.

Minor field of the Moon and some satellites of Jupiter can be created by tidal forces of the Sun. But this is a
special topic for study.
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Thank you for your attention!

kochnev@icm.krasn.ru

(319)-249-48-46
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