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Summary

The non-dipole parts of the earth’s magnetic field were synthesized
from spherical harmonic coefficients for various epochs, going back
to the 16th century. Time variations in the non-dipole fields were
then examined.

The distribution of the non-dipole field in the northern hemisphere
seems to have undergone a great change in the 18th century. Since
then, the main features of the non-dipole field have remained nearly
the same. Examination of individual non-dipole anomalies revealed the
existence of three types of regional anomalies. One is the anomaly
drifting westwards. The second one is that staying nearly at the
same place but changing its intensity. The third type is the anomaly
standing still with constant intensity. It has been revealed that only
a few anomalies belong to the first type and that most of the anomalies
remain at the same position and belong to the second or third type
anomaly. )’

1. Introduction

It has long been noticed that there is a close relationship between
the geomagnetic secular variations and the non-dipole parts of the earth’s
magnetic field. Recent analyses for the last several decades data revealed
that the westward drift of the non-dipole field contributes to causing
a considerable part of the observed secular change’?¥. Examining the
archeomagnetic data as well as the old records of magnetic measurements,
it was also confirmed that the westward drift had been noticeable over

1) T. YUKUTAKE, ““ The Westward Drift of Magnetic Field of the Earth,”” Bull. Earthq.
Res. Inst., 40 (1962), 1-65.

2) T. NaAGATA, “The Main Aspects of Geomagnetic Secular Variation—Westward Drift
and Non-drifting Component,” Proc. Benedum Earth Mag. Symp., (1962), 39-55.

3) N.V. Apam, N. P. BEN’Kova, V. P. OrLov and L. Q. TYURMINA, ¢ Western Drift of
the Geomagnetic Field,” Geomag. Aeron., 4 (1964), 434-441 (English).
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Table 1. Spherical harmonic analyses of the

Epoch Author (Mmax, Mmax)® Datab

1550 AD Fritsche 6, 5) (X, Y) from observed
D and approximate H

1600 Fritsche 6, 5) (X, Y) from observed
D and approximate H

1650 Fritsche 6, 5) (X, Y) from observed
D and approximate H

1700 Fritsche 6, 5) (X, Y) from observed
D and approximate H

1780 Fritsche 6, 5) (X, Y)
(X, Y, Z) from

1780 Carlheim-Gyllenskdld 4, 4) observed D, I and
approximate H

1829 Erman and Petersen 4, 4) (X, Y, 2)

1839 Gauss®) 4, 4) (X, Y, 2)

1845 Adams 6, 6) (X, Y, Z)

1885 Schmidte 6, 4) X, Y, 2)

1922 Dyson and Furner 6, 6) (X, Y)

1945 Vestine et al. (6, 6) (X, Y) and (Z)

1955 Finch and Leaton (6, 6) (X, Y)

1965 Leaton et al. 8, 8 (X, Y)

a) The maximum degree and order of the harmonic series.

b) Components on which.the analyses were based. X and Y without any comments
¢) Cited by Mauersberger (see also footnote).
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earth’s magnetic field employed for this study.
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the historic past®. This fairly long lasting drift in the secular change
can be expected only when the non-dipole fields have been persisting
more than several hundred years. Theoretical investigation also gives
a few thousand years of a free decay time of the non-dipole fields, when
the effect of the fluidal motion in the earth’s core is ignored®. The
long decay time of the non-dipole field obtained above suggests that old
maps of the non-dipole field, if constructed by any means, should
preserve the main features of the distribution of the present magnetic
field, only displaced in the east west direction.

We have a number of spherical harmonic analyses of the geomagnetic
field for the last several hundred years, from which the magnetic field
for the past epoch can be synthesized. It has recently been ascertained
that the non-dipole field thus synthesized from the spherical harmonic
coefficients can well approximate the charted field, i.e. with an uncertainty
less than 109, for the analyses of the 20th century and about 202, for
those of the 19th century”.

In this paper, the non-dipole fields are synthesized going back to the
17th century, and the time variations in the individual features of the
non-dipole field are examined.

2. Spherical harmonic analyses of the geomagnetic field in the past

Since the beginning of the 19th century, spherical harmonic analyses
of the geomagnetic field have repeatedly been conducted. They were
reviewed by Mauersberger® so exhaustively that it does not seem
necessary to reproduce here the details of the analyses. For the
magnetic field before 1829, on the other hand, we have very few analyses,
because the reliable data of the absolute field intensity are hardly availble

4) S.P. BURLATSKAYA, T.B. NECHAEVA and G. N. PETROVA, “‘ The Westward Drift of
the Secular Variation of Magnetic Inclination and Variation of the Earth’s Magnetic
Moment according to ‘ Archeomagnetic’ Data,” Izv. Earth Phys. Ser., 6 (1965), 230-385
(English).

5) T. YUKUTAKE, ‘“ The Westward Drift of the Earth’s Magnetic Field in Historic
Times,” Jour. Geomag. Geoelectr., 19 (1967), 103-116.

6) T. YUKUTAKE, ‘“Free Decay of Non-dipole Components of the Geomagnetic Field,”
Phys. Earth Planetary Inter., 1 (1968), 93-96.

T) T. YUKUTAKE, ‘“Synthesis of the Non-dipole Components of the Earth’s Magnetic
Field from Spherical Harmonic Coefficients.”” Bull. Earthg. Res. Inst., 46 (1968), 885-403.

8) P. MAUERSBERGER, ‘“ Mathematische Beschreibung und Statistische Untersuchung
des Hauptfeldes und der Sikularvariation,” in: G. FANSELAU (Editor), Geomagnetismus
und Aeronomie. VEB Deutscher Verlag der Wiss., Berlin, 3 (1959), 95-213.
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in the 18th century. However, it is not impossible to calculate the
spherical harmonic coefficients from the magnetic declination and the
inclination only, when the approximate values of the field intensity are
known. Assuming that the horizontal intensity had not changed appreciably
during the period concerned and taking the field intensity at 1829 as the
first approximation, Carlheim-Gyllenskdld computed the harmonic coeffici-
ents for 1780 by a perturbation method from the observed values of the
declination and the inclination®. He repeated the procedure and obtained
the harmonic series for various epochs, extrapolating back to 1538.
Following the similar procedure, Fritsche calculated the harmonie coeffici-
ents for the epochs 1550, 1600, 1650 and 178011215

Although it is not very certain how far these analyses that have
no basis on the observation of absolute field intensity can approximate
the actual fields for the respective epochs, they were tentatively used
in this paper for investigating the main features of the time varying
non-dipole fields.

Spherical harmonic analyses employed in this study are listed in
in Table 1, along with the original references. In Table 2, the Gauss-
Schmidt coefficients for old epochs obtained by Fritsche and Carlheim-
Gyllenskdld are listed.

3. Synthesis of the non-dipole field

When the Gauss-Schmidt coefficients are given, the north (X), the
east (Y) and the vertical downward components (Z) of the non-dipole
field are computed by the equation,

9) V. CARLHEIM-GYLLENSKOLD, ¢ Sur la Forme Analytique de I’Attraction Magnétique
de la Terre, Exprimée en Fonction du Temps,” Astronomiska Iakttagelser och Under-
sokningar, Stockholms Observat., 5 (1896) 5, 1-36.

10) H, FritscHE, Ueber die Bestimmung der Coefficienten der Gaussischen Allgemeinen
Theorie des Erdmagnetismus fiir das Jahr 1885 und iiber den Zusammenhang der dret
Erdmagnetischen Elemente Untereinander (St Petersburg 1897).

11) H. FriTScHE, Die Elemente des Erdmagnetismus fiir die Epochen 1600, 1650,
1700, 1780, 1842 und 1885, und Ihre Sicularen Aenderungen, Berechnet mit Hiilfe
der aus Allen Brauchbaren Beobachtungen Abgeleiteten Coefficienten der Gaussischen
< Allgemeinen Theorie des Erdmagnetismus’ (St Petersburg 1897).

12) H. FrITSCHE, Die Elemente des Erdmagnetismus und Ihre Sicularen Aenderungen
wihrend des Zeitraumes 1550 bis 1915 (St Petersburg 1900).

18) H. FrITSCHE, Atlas des Erdmagnetismus fiir die Epochen 1600, 1700, 1780,
1842 und 1915 (Riga 1903).
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Fig. 1(a). Non-dipole field for 1650 based on Fritsche’s analysis. The vertical component.
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the vertical component at intervals of 2000 7. The arrows give the horizontal component.
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Fig. 1(g). Non-dipole field for 1922 based on Dyson and Furner’s analysis. The
vertical component.
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N n m
X= Z 2_0 (g™ cos mA + h™ sin mA) d%ﬁ(a) ,
1 N n
Y=—— Y Y m(—grsinma + k™ cos mA) Pr{0),
sin @ »=2 m=0
N n
Z=— 2_]2 (n+1) 2 (g™ cos mA + hZ sin mA) Py (0),

where Pr(f) is Schmidt’s half-normalized spherical function of degree n
and order m, and N is the maximum degree employed for the analysis.
0 and 2 denote the colatitude and the east longitude respectively. For
the analyses in the previous section, the non-dipole components were
synthesized at 5° intervals in the longitude and 10° intervals in the
latitude. The results for the epochs 1700, 1829, 1885 and 1965 are
tabulated in Tables 3 to 6. The contours of the three components have
been drawn through points spaced at 10° intervals of longitude and
latitude by plotting the synthesized results. Several examples are shown
in Figs. 1, 2 and 3. Fig. 1 shows the contours of the vertical com-
ponents drawn at 20007 intervals, and the arrows representing the
horizontal components. Figs. 2 and 3 show the contours of the north
and the east components at 2000 y intervals.

In Figs. 1 to 8 it is seen that several regional anomalies of con-
tinental size cover the whole earth. The distribution of the anomalies
have remained roughly the same since 1780, indicating that the non-
dipole fields are fairly long-lived. However, minor features of the non-
dipole fields have, of course, been subjected to change with time. We
can deduce fairly detailed variations in the non-dipole fields from the
results of the syntheses shown in Figs. 1 to 3, though the period of
observation is not sufficiently long as yet to bring the whole nature of
the geomagnetic secular variation into light.

The vertical component anomalies

In 1965, there were four positive anomalies, three large and one
small, and five negatives, two large and the other three smaller.

African negative anomaly

The anomaly with its center at about 0°E, 0°N in the Gulf of
Guinea extends radially about 40° in angular distance. The minimum
intensity is now about —163007. In 1650, the center of the anomaly
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Fig. 4. Time variation in the intensity
and the location of the African negative
anomaly (the vertical component). From
the top, the intensity at the center of the
anomaly, the longitnde and the latitude
of the center.

Southeast Pacific Anomaly
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Fig. 5. Time variation in the intensity
and the location of the negative anomaly
in the Southeast Pacific (the vertical com-
ponent). From the top, the intensity at the
center of the anomaly, the longitude and
the latitude of the center.

was located at about 90°E, 5°N in the East Indian Ocean, the intensity
being about —9300y. The intensity and the location of the center at
various epochs are read on the diagrams in Fig. 1 and plotted in Fig.
4. It is noted that, sinece the 17th century, the center of the anomaly
has been drifting westwards along the equator at a rate of 0.28°/year.
During the period, the absolute intensity has increased more than fifty

perecent at the center.
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Fig. 6. Time variation in the intensity Fig. 7. Time variation in the intensity

and the location of the South Atlantic
positive anomaly (the vertical component).
From the top, the intensity at the center
of the anomaly, the longitude and the
latitude of the center.

and the location of the Mongolian positive
anomaly (the vertical component). From
the top, the intensity at the center of the
anomaly, the longitude and the latitude of
the center.

Negative anomaly in the Southeast Pacific

The center is now located at about 240°E, 10°S with an intensity
of about —37007. In 1650 the center was at about 280°E, 20°S and
the intensity was —98007. The extension of the anomaly was about
40° in angular distance in radius. The anomaly seems to have moved
westwards with a velocity of approximately 0.16°/year. Until the end
of the 18th century, the intensity had remained constant (about —100007),
but since the beginning of the 19th century the absolute value of the
intensity has been decreasing with a rate of approximately 50 y/year.
Since the anomaly began to change its intensity, its movement has become
fairly irregular.
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Fig. 8. Time variation in the intensity
and the location of the Australian negative
anomaly (the vertical component). From
_the top, the intensity at the center of the
anomaly, the longitude and the latitude of
the center.

Fig. 9. Time variation in the intensity
and the location of the North American
positive anomaly (the vertical component).
From the top, the intensity at the center,
the longitude and the latitude of the
center.

South Atlantic positive anomaly

This is an extremely large anomaly covering a very wide area from
120°W to 90°E. Most parts of the South American Continent, almost
half of the South Atlantic and a part of the Indian Ocean are dominated
by this positive anomaly. A positive ridge with an intensity stronger
than 180007 runs from east to west over 60° in angular distance along
a parallel around 60°S. It might be better to divide this into two
positive anomalies of approximately equal intensity, situated at 60°S,
330°E and at 60°S, 15°E. Figs. 1 (a) to (h) indicate that merely a
single anomaly existed until 1885, showing a clear westward drifting.
At the beginning of the 20th century, a new one seems to have been
added at 60°S, 15°E, and continued growing. The intensity and the
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Fig. 10. Time variation in the intensity Fig. 11. Time variation in the intensity
and the location of the Central Pacific and the location of the Icelandic negative
positive anomaly (the vertical component). anomaly (the vertical component). From

From the top, the intensity at the center, the top, the intensity at the center, the
the longitude and the latitude of the longitude and the latitude of the center.
center.

locality of the center of the drifting part are read on the diagrams and
plotted in Fig. 6. The drift rate is approximately 0.15°/year. The
intensity started to increase at the beginning of the 18th century and
is still increasing at a mean rate of 23 7/year. Because of scarce
measurements in the high latitudes, particularly in the old times, the
quantitative estimates about this anomaly are not accurate. Detailed
investigation is left to the future.

Mongolian positive anomaly

The anomaly has its center at about 105°E, 45°N, covering the
whole of the Asian Continent (approximetely 85° extension in radius).
The intensity of the anomaly is now about 18000 y at its center. The
anomaly had not existed until the end of the 16th century. It seems
to have appeared gradually at the beginning of the 17th century. Since
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then, standing almost at the same locality, it has been increasing its
intensity linearly at a rate of about 53 y/year (Fig. 7).

Australian negative anomaly

The center of the anomaly is now at 135°E, 45°S. It does not seem
to have changed its location appreciably since the 17th century. The
anomaly extends approximately 40° in angular distance with the intensity
of —125007 at present. As is shown in Fig. 8, the absolute intensity
at the center has been increasing at a rate of 187/year.

North American positive anomaly

The anomaly covers almost the whole continent of North America,
the intensity being about 6500 7. The center of the anomaly has been
located at the same place (265°E, 40°N) since the beginning of the 19th
century, though the location in the 17th century was at about 250°E,
45°N. In spite of the change in the location of the center, it is noted
in Fig. 1 that the whole area of the North American Continent has
been dominated by this positive anomaly. This apparent shift of the
center seems to have been caused by another positive anomaly which
had been superposed on the anomaly during the period from the 17th
to the 18th century. The change in the intensity is very slight, less
than 4000 y decrease, if it had changed, during the last 400 years.

Central Pacific positive anomaly

This anomaly is somewhat weaker in intensity and smaller in size
compared with the anomalies previously described. The maximum inten-
sity is merely 25007 at the center, the mean radius of the anomaly
being about 15° in angular distance. In 1550, there existed a very
intense anomaly at around 200°E, 15°N, the maximum intensity being
15000 7. In 1700, the center of the anomaly reached 190°E, 20°N,
and the intensity decreased to 80007. The drift velocity was about
0.07°/year during the period and the mean rate of change in the intensity
about —50y/year. Around 1730, the anomaly ceased to decrease its
intensity and the movement stopped. Since then the center has been
staying nearly at the same place (180°E, 10°N) and the intensity remains
constant (about 25007). The extent of the anomaly was definitely larger
before 1780 than that of later epochs. The latitude of the center seems
to have changed suddenly from 15-20°N to 10°N at this period. All these
tempt us to imagine that there exists an unchanging part which is of



The Non-dipole Part of the Earth’s Magnetic Field 1051

relatively small size, and that the anomaly after 1780 represents the
major features of this time invariant anomaly. The strong anomaly before
1780, which had also modified the shape and intensity of ‘the North Ame-
rican positive one, was probably another anomaly which dominated the
North' Pacific and concealed the time invariant part.

North  Pacific negative anomaly

In Fig. 1, there exists an area in the North Pacific where the
intensity is always small relative to the surrounding area. The anomaly
covers most of Alaska and the Aleutian Islands and extends to the
Hawaiian Islands. The mean radius of the anomaly is about 25° in
angular distance, and the intensity is —2900y. This is very similar
to the positive anomaly in the Central Pacific in size and the absolute
intensity, though the sign of the intensity is different. Itis interesting
to note that the boundary between the two anomalies runs somewhere
near the Hawaiian ridge. '

Icelandic negative anomaly

Although the detailed structure of the geomagnetic field at high
latitudes is not certainly known owing to paucity of the data, Figs. 1
(a) to (h) show that most of the North Atlantic is covered by a negative
anomaly with its center near Iceland. The intensity at the center has
been approximately constant since the 17th century, being about —10000 7.
It is not very certain whether or not the anomaly has changed its
locality during the period, but the center of the anomaly read from
Fig. 1 remains nearly at the same place (Fig. 11).

On examining Figs. 1 (a) to (h), it can be noticed that the distribution
of the vertical component of the non-dipole field after 1780 is vastly
different from that in the 17th century. The non-dipole field seems to
have undergone a drastic change during the 18th century. Most con-
spicuous events which took place in the century were the appearance
of the Mongolian positive anomaly and the very rapid reduction in the
intensity of the Central Pacific positive anomaly. - It is not “certainly
known whether the two phenomena are related to each other or not.

Two different turbulent motions of fluid in the earth’s. core cor-
responding to the anomalies might have grown up or decayed indepen-
dently, or a turbulence producing the Central Pacific anomaly might
have stirred up another turbulence, in the course of its rapid disap-
pearance, to cause the Mongolian anomaly. Another possible illustration
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of the coincidence between the appearance and the disappearance of the
two positive anomalies is a passage of a positive anomaly across a
stationary negative anomaly. As was described before, there exists a
negative anomaly remaining stationary in the North Pacific. When a
positive anomaly drifting westwards passes behind the negative one
without interaction, it may be observed on the earth’s surface as if one
positive anomaly disappeared at the east rim of the negative anomaly
and the other one were generated at the opposite side.

The north component anomalies

Figs. 2 (a) to (h) show the non-dipole northerly components from
1650 to 1965. It can be noticed that there are several foci of positive
and negative signs forming pairs in the meridional directions. In the
Asian Continent, there is a strong negative anomaly in the north and
an intense positive one in the south. The pair of these anomalies cor-
responds to the Mongolian positive anomaly of the vertical component.
Similarly a pair of negative and positive anomalies in North America
corresponds to the North American positive anomaly in the vertical
component. The African positive anomaly of the vertical component
produces a positive anomaly of the north component in the northern
half of the African Continent and a negative one in the south. This
pair of anomalies is also noted to have continued drifting westward
since the 17th century. In the Central Pacific, there is a relatively nar-
row area where the northerly component is always negative. This is
due to the pair of negative and positive anomalies of the vertical com-
ponent constantly existing in the Pacifie.

The east component anomalies ,

In Figs. 3 (a) to (h), the distributions of the non-dipole easterly
components from 1650 to 1965 are shown. As in the case of the. vertical
component, a great change in the configuration is seen in the 18th
century. - Since then the main features remain almost the same. Posi-
tive and negative anomalies form ridges and dales which run in the
meridional direction and appear alternately from west to east. A negative
anomaly exists at the eastern end of the Asian Continent with its center
at about 145°E, 55°N in 1965. A positive one covers the east of Europe
and the western part of the Asian Continent having its center around
50°E, 65°N. These anomalies in a pair correspond to the Mongolian
positive anomaly of the vertical component. The North American
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Continent is divided into two parts, the western half dominated by a
positive anomaly and the eastern half covered by a negative one. These
correspond to the North American positive anomaly in the vertical
component. There is a negative region in the Central Pacific all through
the period of observation. This is consistent with the Central Pacific
positive anomaly of the vertical component.

4. Non-dipole fields along parallels

In the previous section, examining the non-dipole fields from 1650
to 1965, two characteristic features of the geomagnetic secular variations
were pointed out. One is the drastic change in the configuration which
took place in the northern hemisphere during the period from 1700 to
1780. The other is the existence of two types of anomalies, the westerly
drifting ones and the stationary anomalies. These features can be more
clearly seen when a profile of the non-dipole field is drawn along a
parallel circle and its change with time is examined.

Figs. 12 (a) to (e) show the distributions of the non-dipole vertical
components along parallel of 40°N, the equator and 20°S respectively.
In each figure, magnetic profiles at different epochs are compared.
Distances between the zero lines of the vertical force for different
epochs are taken nearly in proportion to the corresponding time intervals.
Similarly Figs. 13 and 14 show the profiles of the north and the east
components respectively.

In Fig. 12 (a), it is seen that the non-dipole vertical component
along the 40°N parallel has changed its distribution markedly during
the period 1700 to 1780. As regards the non-dipole field after 1780,
two large positive anomalies are noted around 100°E and 260°E, corre-
sponding to the Mongolian positive anomaly and the North American one
respectively. Both occupy nearly the same location during the whole
period of observation. Particularly the North American anomaly around
260°E is observed to have been existing at the same place since 1550,
while the Mongolian anomaly near 100°E which did not exist at 1550
was generated about 1600 and since then it has continued growing. A
negative anomaly which was at about 20°E at the beginning of the 19th
century, drifted westwards with a mean velocity of 0.21°/year, and
arrived at 20°W in 1965. On the profile along the equator, no influence
of the Mongolian and the North American anomaly is observable, but
now the Central Pacific positive anomaly contributes to produce an
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anomaly around 190°E. There is
a positive anomaly around 290°E
and a negative one around 0°E in
1965, the latter being the African
negative anomaly. These can be
traced back in Fig. 12 (b) to the
positive anomaly around 40°E and
the negative at about 100°E in
1550. During the period both
have continued drifting westwards
with a velocity of 0.26°/year.

As for the profile along the
circle of the 20°S parallel the
variation in the non-dipole field is
quite similar to that for the
equator. The Central Pacific
anomaly has still influence on the
distributions near 200°E. We see
a positive anomaly around 300°E
in 1965 corresponding to one at
nearly the same longitude on the
equator but- with much stronger
intensity. An extension of the
African negative anomaly can be
observed around 10°E in 1965.
These positive and negative ano-
malies have been drifting with
velocities similar to those on the
equator.  Another positive is
observed around 55°E in 1965.
This is due to the large positive
anomaly having its center in the
South Indian Ocean. It is noted
that this anomaly has also been
drifting with a velocity of 0. 21°/
year.
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Fig. 14(c). The non-dipole east com-

ponent along 20°S_circ1e.

As for the variation in the other component of the non-dipole field, the

results derived are completely consistent with those for the vertical force.
In Fig. 14 (a), for example, a positive and a negative anomaly in the east
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component are seen, in 1965, around 40°E and 140°E respectively. This
pair is noted to have appeared around 1600 and has continued growing, indi-
cating that these are caused by the Mongolian positive vertical anomaly.
Corresponding to the North American anomaly in the vertical component,
a pair of positive and negative anomalies in the east component, can be
seen around 230°E and 310°E. A strong positive anomaly at about 170°E,
which disappeared before 1780, corresponds to the Central Pacific positive
anomaly of the vertical force that decreased its intensity very rapidly.
For the other parallel circles, the correspondence between the different
components is much clearer. It should be pointed out, however, that
the westward drift is far more noticeable for the east component than
any other component. The Mongolian anomaly, for example, has displaced
its center westward about 25° during the period from 1600 to 1965 when
the vertical force is examined carefully, but a positive anomaly of the east
component has drifted approximately 60° during the period. This probably
suggests that the Mongolian anomaly is composed of two anomalies, the
stationary one and the drifting one, and that the drifting one is more
clearly represented in the east component..

5. Classification of the non-dipole field anomalies

The anomalies due to the non-dipole field are largely classified into
two groups, the anomalies drifting westwards and those staying station-
arily nearly at the same place. The second group can further be divided
into two. One is the anomaly standing still at the same locality but
changing its intensity. The other is that standing still without change
in intensity. The anomalies are classified by the vertical component into
the above three groups as follows.

The drifting anomaly

The African negative anomaly, the Southeast Pacific negative, and
‘the South Atlantic positive anomalies belong to this group. All those
anomalies have radial extension of about 40° in angular distance. The
apparent drift velocity is different for each anomaly. The African one
has a velocity of 0.28°/year, the Southeast Pacific one 0.16°/year and
the South Atlantic anomaly 0.15°/year. Another feature common to
this group is that they have changed their intensities with mean rates
of 20 to 23 y/year.
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The standing anomaly with its intensity changing

The Mongolian positive anomaly, the Australian negative and possibly
the North American positive anomaly belong to this classification. These
anomalies, of which the radial extensions are 30° to 40° in angular
distance, are nearly the same in size as the drifting ones. The intensities
are not very different either from those of drifting anomalies, but the
rate of change in the intensity markedly differs from the other group.
Even within this group, the rate of change is very diverse. The
Mongolian anomaly has changed its intensity at such a large rate as
53 y/year during the last 300 years, while the rate of change in the
intensity of the North American anomaly is less than 10 y/year.

The anomdly standing still with constant intensity

The Central Pacific positive anomaly, the North Pacific negative
one and the Icelandic negative anomaly belong to this group. These
are definitely smaller in size than the other two types of the anomaly,
having radius from 15° to 25° in angular distance.

The origin of the non-dipole fields has so far been ascribed either
to the hydromagnetic turbulences at the surface of the liquid core™:™®
or to the hydromagnetic waves within the core ***, which drift west-
wards relative to the solid mantle. However, the existence of the three
different types of anomalies in the non-dipole field suggests that the
non-dipole field should be caused by a few different mechanisms. The
current explanation seems only applicable to the drifting anomalies,
which are presumably originated from a somewhat deeper part of the
core. Standing anomalies that change intensities are likely to be caused
very near the surface of the core possibly by the inhomogeneous nature
of the bottom of the mantle, which could produce a turbulent layer
within the core and might cause the anomalies fixed to the mantle
through the hydromagnetic process within the layer.

The anomalies somewhat smaller in size with constant intensity seem

14) W. M. ELSASSER, ‘“ The Earth’s Interior and Geomagnetism,”” Rev. Med. Phys., 22
(1950), 1-35.

15) E.C. BuLLARD, C. FREEDMAN, H. GELLMAM and J. NixoN, ‘‘The Westward Drift
of the Earth’s Magnetic Field,” Phil. Trans. Roy. Soc. London, A, 243 (1950), 67-92.

16) W.V. R MALXUS, ‘ Precessional Torques as the Cause of Geomagnetism,”” Jour.
Geophs. Res., 68 (1963), 2871-2836.

17 R. HIDE ‘““Free Hydromagnetic Oscillations of the Earth’s Core and the Theory
of the Geomagnetic Secular Variation,”” Phil. Trans. Roy, Soc. London A, 259 (1966),
615-650.
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to have different sources from the other two types of changing inten-
sity. The characteristic features of the third type anomaly are that
they are smaller in size than the other two, and secondly that their
intensities, though weak, have been kept nearly constant all through
the period of observation. When the distance between the adjacent
anomalies is very short, it is difficult to seek for their origin within
the core. The minimum distance of core origin can be set up by com-
puting the magnetic field produced by a horinzontal dipole at the core
surface. A simple calculation gives 26° as this minimum distance. On
the other hand, when the nearest neighbouring anomalies, the North
Pacific negative and the Central Pacific positive, are taken, the distance
between the anomalies is 85°. Consequently, the smallness in size and the
closeness of distribution between the third type anomalies do not neces-
sarily exclude the possibility that these are of the core origin. However,
the smaller size anomalies are theoretically expected to have shorter decay
time than bigger anomalies. This is obviously contradictory to the present
observational results because the large anomalies belonging to the first
two groups change their intensity more rapidly. It should also be noted
that no interaction is observed when the drifting anomalies pass through
the third type ones. Therefore, the sources of the third type anomalies
are supposedly aseribable to the solid part of the earth rather than to
the liquid core. A careful reexamination seems necessary of regional
anomalies on continental seale originated in the crust or the upper mantle,
which have so far been overlooked due to the difficulty in discriminating
the time invariant parts from the time changing non-dipole fields.
Coexistence of the drifting and the standing anomalies, revealed in
this study, may give a certain clue to a controversial problem on the
drift velocity of the earth’s magnetic field. When the westward drift
of the rate of change in the geomagnetic field or the movement of any
other specific features of the earth’s field such as the maximum de-
viation of declination are examined, the drift velocity of more than
0.3°/year has been obtained®®. On the other hand, examination of
the non-dipole field gives approximately 0.2°/year as the mean drift

18) E.C. BuLLARD, C. FREEDMAN, H. GELLMAN and J. NixoN, ‘“ The Westward Drift of
the Earth’s Magnetic Field,”” Phil. Trans. Roy. Soc. London, A, 243 (1950), 67-92.

19) T. YUKUTAKE, “The Westward Drift of the Earth’s Magnetic Field in Historic
Times,” Jour. Geomag. Geoelectr., 19 (1967), 103-116.
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velocity™ ®#:2  The difference in the velocities has been considered
significant beyond the errors of analyses, but no definite explanation
has been given to this problem. When the non-dipole field is assumed
to drift westwards uniformly as a whole, the drift velocity obtained is
the mean rate of drift of the drifting anomalies and the standing ones,
and is always smaller than the actual velocity of the drifting features.
Therefore the drift velocities obtained from the rate of change in the
geomagnetic field seem to -give more accurate values for the drifting
parts of the non-dipole fields. . ,

We would like to express our thanks to Mr. T. Kuboki and other
members of the Kakioka Magnetic -Observatory who kindly supplied us
with miero-film copies of old publications in the observatory library.
Computations were performed on a HITAC 5020E at the Computer Center,
University of Tokyo, and on an IBM 7090 at the IBM Data Processing )
Center through the Project UNICON.
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The Non-dipole Part of the Earth’s Magnetic Field
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