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The method to solve the velocity of drift in MGF is written in this paper. This method is based on the dynamo
theory for geomagnetic field. The velocity of drift in the main geomagnetic field is also solved from the
condition that the power variation of residual field equals zero in few years.
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INTRODUCTION

Drift in main geomagnetic field has been
studying since it is discovered by Edmund
Halley in 1692. When E. Halley reconstructs
map of geomagnetic field of the Earth, he
observed drifts in lines with equal values of
the main geomagnetic field from old maps
produced in different years. He studied the
drifts diligently and he obtained that mean
value of the drifts was -0.5 degree for whole
Earth in year. Halley’s method is very easy.
He measured the drifts of lines with equal
values on the old maps of main geomagnetic
field. Then he obtained the average of values
measured. This Halley’s method is being used
today. Unfortunately, this Halley’s method for
the drift in the main geomagnetic field is not
developed.[3]

Gauss C.F included the method of spherical
harmonic potential to the geomagnetism from
the potential theory in 1839. This method
obtains the scalar potential for geomagnetic
field form the Laplace’s equation written for
scalar potential of geomagnetic field. And
values of the Gaussian coefficients in the
scalar potential for geomagnetic field are
detected by data measured in satellites and
observatories. IGRF has also updating the

Gaussian coefficients every 5 years since 1900.

Generally, the drift in geomagnetic field
is being studied by the method based on the
scalar potential for geomagnetic field. I think
this method is not the best advanced method
for the drift in geomagnetic field.

Strong field sourced at Earth center spreads
inner core, liquid core, mantle and crust and
it is observed as geomagnetic field on Earth
surface.

Phenomenon,which the drift in the
geomagnetic field is observed about Earth’s
surface, is caused by fluid motions with
electrical conductivity on Core Mantle
Boundary (CMB).

Interaction between the strong field and
fluid motions with electrical conductivity
on CMB is expressed by induction equation.
Form of the equation, which can study the drift
in geomagnetic field about Earth surface, must
have been detected.

We have obtained the form of equation
about Earth surface similar to the properties
of the induction equation on CMB. And
Yukutake, T wrote about the form of equation
in 1962,[6]. We can also solve the drift in
geomagnetic field from the equation written
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about the Earth surface.
The purpose of this paper is to write the

above method for researchers in easy form.

THE FORM OF INDUCTION EQUATION ABOUT EARTH’S SURFACE

Strong field is sourced by the dynamic
processes in sub-shell of georeactor at the
center of the Earth’s inner core. [4] The strong
field spreads according to inner core, liquid
core, mantle and crust. And it is observed as
the main geomagnetic field.

Enough intensity motions are not inner
core and mantle. Therefore inner core and
mantle can affect only by the diffusing in the
spreading of field.

Intensity motions of conductivity liquid
also exist in the liquid core. The motions can
interact by the induction with the strong field.

The scale of radial component of the fluid
motions in the liquid core is many times smaller
than the scale of horizontal component. The
reason the liquid core is in the incompressible

OB

The Eq.(1) is also called the induction
equation. Here 1] is the coefficient of magnetic
diffusivity and Vis the local velocity of the
conductive fluid motions on the CMB.

Velocity of the mean motions is slow varied
and its L-scale is long. /-scale of the turbulent
motions is small as . >> /. The velocity of
the turbulent motions rapidly changes and it
has fluctuations. If the conditions in the Eq. (2)
and L >> [ the ratio in its scales are fulfilled
on CMB, the dynamo theory for mean field
could also used in the Eq.(1).

The westward drift is a phenomenon
observed in main geomagnetic field on the
Earth’s surface in the large interval of space

and unexpanded condition. And the density
at bottom of liquid core is 23% more than the
density of upper part of liquid core.[4] This
density difference in the liquid core blocks the
possibility that the fluid motions are sourced
by the thermal convection in the whole liquid
core. Therefore the scale of radial component
of the fluid motions in the liquid core is small.

The most effectual fluid motions in the
liquid core exist about the CMB. The fluid
motions on CMB are horizontal motions. Its
radial component is also small and it is in the
turbulent form.

We can write the governing differential
equation of interaction between the fluid
motions and the strong field on CMB. It is
written as

5:6><(V><§)+77V2§ 5

(1)

It is possibility that the fluid motions
and the field on the CMB are divided into
two components such as mean motions and
turbulent motions. They are written in the form

V =V 4V = mean + fluctuations
B

‘_}‘
B,+b =mean+ fluctuations

@)

and time. And the possibility, which the effects
with small interval of space and time on CMB
are being observed on the Earth’s surface,
is small. Thus the dynamo theory for mean
field has been used for the approaching in the
induction equation.

Therefore the Eq. (1) must be averaged
as by Reynold’s rules for averaging when the
Eq.(2) is substituted into it. It can be written
in the form
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The Eq.(3) becomes as
OBy = (= =\ = - -
—O:Vx(VOXBO)+V><<17xb>+77VZBO :
ot @

Where & = é\_z’ x gzis called the mean
electromotive force. There is a linear relation
between the mean electromotive force & and

5= ab,— B+

They are called Taylor’s expansion. Here &
is the coefficient of the helical effects of fluid
motion on the CMB, [ is the coefficient for
the turbulent diffusivity and 7 is life-time of

l/. = . 1
a:—§<v-(va)>r and ,B—Ev 7

the mean magnetic field Bo- The relations are
expressed in the following equation

2
)

the helixes.
When the Eq. (5) is substituted into the Eq.
(4), it could be rewritten in the following form

OB Lo L -
7[0 + (Vo V)Bo=(Bo- VW o-Bo(V Vo) +V xaBg+(n+ V3B,

where (VO?)B 0 is advection term,

(E 0-6)170 is stretching term, —B,(V V) is
e

compression term, (n+ B)V'B,is diffusion
and decay term. Vois the mean velocity of the
conductivity of the fluid motion on the CMB.

The core flow is usually assumed that it
exists in the incompressible and unexpanded
condition. Thus the stretching term (Bo:V)V¢
) and the compression term (_B O(V 'Vo))
in the Eq(6) are vanished on the CMB. And
the terms V x @B, and SV ’B o in the Eq.(6)
show turbulent effects in the fluid motions on

the CMB. The scales and the life-time 7 of
and £ in the Eq.(6) are small. Therefore the

aa—lj +(V'o-V)B=R(F,1),

where I denotes the positional vector and 17'0
is the drift velocity of the field on the Earth’s

(6)

effects of the terms may be observed around
one point or one observatory on the Earth’s
surface during short time. But the effects of
the terms with & and £3 is small in the large
interval of space and time. Thus the influence
of the terms with & and /3 is very small in the
same equation as Eq(6) that will be written for
the surface of the Earth or in the mantle.

Above Eq(6) is only valid for the liquid
core. But it can be seen from the Eq.(6) that the
advection term is the main factor in the secular
variation of MGF on the Earth’s surface.

We can write an equation of the same kind
with the Eq.(6) on the Earth’s surface. The
equation is

(7

surface or in the mantle. R(I_;, t) is the
residual field after the westward drift has been
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subtracted from the observed time-variation.
R (17 ,1 ) can be also described as the right hand
side of the Eq.(6) but the influence of these
terms is decreased by mantle. And the effects
of these terms on the residual field in the Eq.(7)
are observed as weaker than those in the Eq.(6)
on the Earth’s surface.

P=[[R(F,0)*ds

_ where ds is an interval of space and time,
R(F,1) is a residual field, [R(¥,1)]%is a
variance of the power density of the residual
field in the small time interval and P is the
power of the residual field.

The power of the residual field weakly
depends on the same terms as the right hand

oP=0.

Once the field distribution B and its time
derivative OB/ Ot are known, we would be
able to find the velocity V’O from the condition
that the power variation of the residual field

Therefore it is seen from the Eqgs.(6-7)
that the variation of MGF on the Earth’s
surface depends on the mean velocity of the
conductivity of the fluid motion on the CMB.
Now, the total power of the residual field can
be rewrite in the form

®)

side of the Eq.(6). The power variation of the
strong toroidal field sourced in sub-shell in
the Earth’s inner core is also very small and it
equals to zero in a time of 20 years.

Therefore the power variation of the
residual field equals to zero in a time of 20
years as

©)

equals to zero on the Eq.(9). .,
In this paper, the drift velocity V  of field
has been solved from the condition in the Eq.

9).

To solve velocity
The power variation of the residual field in the Eq(10) could be rewritten in the form as

SP(1,1,0,0,0,0) =S| R*(1,r,0,p,0,0)ds = S| (R3+R3+R2)ds = 0.

The following equation as

R R, . R R, .
R, x5a)+Rx-—_x59+Ry-—y5a)+Ry-a—9.y59+Rz-

@ 00 ow

could be written from the condition of variation in the Eq. (10).
The Eq. (11) could be also rewritten in the form as

OR OR R

R, —%4+R -—2 4R _.—Z=0
Y ow Y bw ? ow
OR OR OR

S TERISRERIL= 0
00 00 00

(10)
R 5w+Rz-ai?59' =0
0w o0 (11)
(12)

If the derivatives as 2—R and % in the Eq. (12) are obtained in the analytic form, the Eq. (12)
[0}

could be also rewritten in the form as
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0-M\(t,7,0,0) + @ P (1,r,0,0) =1 (1,7,0,0)
O -M 5(1,7,0,0) + @ -Py(1,7,0,0) = A1,7,0, )

Where Ml(l’ r, 9: ¢), I)l (l: r, 0: @)’
fl(t’ r’ 05 ¢)’ M 2(t’ r’ 05 ¢)’ P2 (t’ r’ 05 ¢)
and J2AL.7.0.0) are analytic functions
depended on ¢,7, 8 and ?.

(13)

The distribution functions of angular

velocities of field drift @1, 7,0, ¢)and
@(1,7,0,9)could be solved in the form as

ow,r,

0 ¢): fl(t7r7 0,¢)'P2 (t7r7 gﬁw) _fz([7r7 07 w)‘Pl(t7r7 07 w)

M\(t,r,0,p) P (1,r,0,0) —M(t,r,0,p)- P (t,r,0,9)

M\(t,r,0,9)- fr(t,r,0,p) =M (t,r,0,9)- f1(1,1,0,0)

o(t,r,0,p)=

M\(t,r,0,9) P (1,r,0,0) —M(t,r,0,0) - (1,1r,0,9)

from the system of equations in the Eq(13).
The average values of angular velocities of

) 0(t,r,0,p)ds
aJ ( )

(14)

field drift can be solved how they are averaged
by the space and time as

ja)(t,r,é?, @)ds

and o~

[ds

If integrals in the Eq. (15) are difficult to
integrate, the easy polynomial forms as the Eq.

AN EXAMPLE

On the Europe, we have obtained
distribution functions of space and time for

B ,=Cg+Co19 +C0p 9> +C 307 +C10 0 +C11 09 +C 15 00> +C 30 07+C 51 90>+C 30 0°

where ¢ is longitude, @ is latitude, and C,
, ... C,, are polynomial coefficients. The
dependences on time in the polynomial
coefficients for components B,, B,, and B,,
are shown on the table 1.

The functions as the Eq. (16) are also
built by the values of main geomagnetic
field abstracted from data of observatories
located on the Europe. Possibility levels of
the functions as the Eq. (16) are about 97-99

I ~OB -+ _, = =5 22 0B _, = =5 OB _, = _=
[Re<r,r)]2=[15+1(v 0~VE)B]2:12[§+<v o~ve)B]2=[5+(v 0-V)BI?

[ds

(16) could be also built by the values solved
via the Eq. (14).

(15)

main geomagnetic field such as

(16)

percent by the reduced chi-square test.

The functions as the Eq. (16) are also
obtained in the NED system of coordinate
but the velocity of field drift is solved in the
coordinate system of ECEF. Therefore the
distribution functions in the Eq. (16) for NED
must be transformed to ECEF but the quadrate
of a vector is not varied by the inversion
operation or the rotation of coordinate system
on the Earth’s surface. It is expressed as

L (17)
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where /-is the inversion operator from NED to W€ can write components of the residual field

ECEF, V , -is Nable’s operator in ECEF. Thus 23

R, (7,1) :%Jr V' L N T It
ot 0x OX oy 6y 0z Oz (18)
Table 1.
Europe
B, B, B,
Cy -0.796+28.22-253 341+ 49320.94 -0.6016+24.32¢>- 269.764+1814.07 2.811+86.552-730.61t- 42252.38
C,y -290.164t+6472.407 -1.1226°32.23-162.8t+4613.3 -4.5966+140.107¢- 833.83t- 1043.21
C, 212.34t+5017.157 -6.536+315.95t- 16129.51 33.786-1224.01t+ 15682.71
C,, -0.0486-1.420+34.98t-681.798 -2.48+96.67t+655.054 -5.796+148.61t-3773.10
C, 2.6116-91.4748+922.32t- 38396.769 2.226-85.496+ 1037.27t-7733.42 9.596-308.566+2816.7t+ 192757.05
c, 453.386t-16664.086 -446.87t+11705.44 9.246-298 336+2267.3t+8822.88
c, -191.376t-6551.478 -228.861+12840.865 -1.886+16.5¢+ 777.27t- 7568.86
Cy -2.7516+95.57t-1006.358t+5209.597 2,726+ 98.781-1096.7t+5678.08 -10.766+357.118-3361.87t- 142531.1
C, -200.73t+10926.704 304.28t-8005.95 -4.556+156.06>- 1390.52t- 7658.87
C, 0.9456-32.644+ 349.745t+ 73.998 1.0596-36.48t>+ 366.02t- 1303.48 3.916-132.97¢+1283.62t+ 38877.98

OB OB, 0 OB, 00
And the derivatives in the Eq. (18) as — = Px 09 Px OV ould be solved by the Eq.
Ox Oop Ox 00 oOx

(16) and the easy trigonometric ratios as

i 06 cospsinf 0O cos 0
a—(p:iarccos( il )=— sng |27 _ _SOPFAT PP By,

ox  Ox ,x2+y2 rcos@  Ox r 'y reos® oz

060 _ _cospsin® 00 _ _singsing . 06 _ cosf

ox r dy r 0z ro (19)

The components of velocity are expanded as

V', =—rsinfcosp-0—rcosOsing- . (20)

ox—
The Eq.(18) and Eq.(20) must be substituted ~ field drift in the Eq.(14) must be solved from
into the Eq. (12). Then the form as the Eq.  the Eq.(13). We can also solve the average

(13) is obtained from the Eq. (12). And the velocities of field drift on the Europe as
distribution functions of angular velocities of

2006 Ro %6 2% ,
[ | | Out.r,0,0)r cosbdpdldrdt

1991 0 % _%8

eu~
2006 Ry 47r927r

[~ ] rcos@dod@drdt
1991 0 %—%8 @1
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~—0.303 deg ree/ year -

(22)

and
2006 Ro % 2% ,
[.[ .[ I weu(’,’”,e,@)'l" cos Gdopd Odrdt
. z1991 0 /107y
eu
2006 Ro %6 27% ,
[ L] [ | rcos@dedédrde
1991 0 %_%8
CONCLUSIONS

The advection term (V' V)B, in the Eq.
(6) is the main factor in the time variation
or the secular variation of MGF. In other
words, the Eq. (6) for the CMB very weakly
depends on the terms in the right hand side.
And the variation does not exist in the power
of the strong field in a few years. These are the
theoretical basis of this method to define the
drift in geomagnetic field.

We could predict that the power of MGF

for whole Earth is steady in few years and the
variation in MGF on points of Earth’s surface
is sourced by the movement of field.

If any latitudinal dependence exists in the
drift of geomagnetic field, it must be detected
clearly by this method on the selected areas in
the fig (1). And some models for MGF as shown
on the fig (2) could be tested by this latitudinal
dependence on the drift of geomagnetic field.
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0
Fig(1).

The areas are selected by the different

Fig (2).
Taken from (Holme, R., 2007). Schematic
diagram of the structure of torsional
oscillations. The vertical axis coincides with the
Earth’s rotation axis, and core flow moves on
uniform cylinders.[5]
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