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1. Introduction.

So far a number on theories of the causation of the earth’s mag-
netism have been proposed by investigators who, in these theories,
discussed chiefly the rossibility of causation of the main “dipole field”’
of geomagnetism, the regional anomaly being frequently assumed to
be a secondery effect, such, for example, as the magnetization of the
upper part of the earth, magnetically induced by the main dipole
magnetic field. As to secular variation in geomagnetism, similar hypo-
theses have been proposed, and developed in details especially by
Nippoldt,” Haalck,” and Koenigsberger.” The chief objection to this
theory, as advanced by Bildingmaier,” was that the magnetic perme-
ability of the earth’s crust—the upper part of the easth—is, as a whole,
not so large as expected from the observed regional anomaly in geo-
magnetism, According to the writer’s opinion, however, magnetization
of igneous rocks up to 14.5 Gauss/cm? is not absolutely impossible, seeing
that the saturation magnetization of magnetite, the principal mineral res-
ponsible for magnetism of rock, is about 480 Gauss, while the average
percertage by weight to magnetite in igneous rocks is 5%, or 395 by
volume. Putting aside the problem of ‘the possibility of a highly magne
tized earth’s crust, we shall examine here whether or not a suitable
distribution of magnetically permeéable mass under the earth’s surface
can be responsible for the field of regional anomaly, as also the change
in the former to that of secular variation, and further, if it were so,
what distribution would be reasonable. According to the theories of

* The third report of ‘‘ The Relation between Magnetic Anomaly and the Cor-
responding Subterranean Structure’’
1) A. NiepoLDT, Terr. Mag., 26 (3921), 99.
2. H.HAALCK, Gerl.Beiter. Geophys., 52 (1938), 243 Z.S. Geophys. ,8(1932) 154.
- 3) J. G. KONIGSBERGER, Z.S. Gcophys., 8 (1932), 322
4) F. BILDINGMAIER, Phys. Z.S. 11 (1910), 12 16; 12 (1911), 4453 926.
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the authorities just mentioned, the regional anomaly of geomagne’cism,o
namely, the residual after subtracting the main dipole field from the
total magnetic field, is assumed here to be due to the magnetization
induced in a magnetically permeable layer of thickness d and of sus-
ceptibility «, owing to the main dipole magnetic field, secular varia-
tion being assumed to be due to its variation. Under this assumption,
the general relation between the magnetic fieid on the earth’s surface
and the corresponding distribution of & xd of the assumed layer will
be established in the present study. The method used here is an ex-
tension of that described in the writer’s previous study® on the rela-
tion between the local magnetic anomaly and the corresponding subter-
ranean structure to the case of spherical surface distribution.

2. Theory.

As is well known, the geomagnetic potential W of that part whose
origin is within the earth is generally expressed by

n=1mn=0

W:ai i(%)MP,f (cos ) {g;rcos m¢~F hrsin m¢) , 1)

where a denotes the earth’s radius. If, in eq. (1), we take the axis of
0=0 as that agreeing with the direction of the centred dipole, then
the potential due to the centred dipole is given by

w, a?
o= g‘}ﬁP‘.’(cos ), (2)
while the residual parts corresponding to the fegional anomaly is given

by

A . \
I/Zr=%5P 1'(cos 0) {g,'cos ¢ + b, 'sin ¢}
‘ o n n4l :
+ 22<% "Pi(cos 0) {gicos m+ hisinmg]., @)
7=2 m=0

o , | T
in which the zero degreé term, corresponding to o is omitted. Next,

as mentioned in the introduction, we assume that the potential of
regional anomaly given by eq. (8) is due to secondary magnetization

5) T. NAGATA, Bull. Earthq. Res. Inst., 16 (1939), 5505 Proc. Imp. Acad.
Japan, 14 (1938), 176.
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of a magnetically permeable subterranean layer having the form of a
nearly spherical shell, polarized by the dipole field given by eq. (2),
the product of susceptibility # and thickness d of the permeable layer
being expressed by
xcl:Ejio ™ (cos 0)-{arcos me 4 b'sin mg} . 4)
In the case of secular variation, the term kd in eq. (4) will be inter-
preted as the change in the susceptibility or in the thickness of the
permeable layer. A
For simplicity, this permeable layer is assumed to be a thin
spherical shell of constant thickness d, susceptibility # alone varying
from point to point. This approximation, however, will be permitted
in the present problem, since the thickness of the earth’s crust (mean-
ing the magnetically permeable layer having a temperature lower than
the Curie-point of magnetite, namely, 580°C, or at most, that of iron,
760°C) is only 20~40 km—a value negligible compared with the radius
of the earth. Besides, the reliability of this assumption has already
been proved in a number of actual examples in connexion with a similar
model of an infinitely wide plane,” as well as in Tsuboi’s studies” of
gravity anomaly made under the same assumption.
Now, let the spherical surface A of radius a, in Fig. 1, be the
earth’s surface, and B of radius b the thin permea-
ble spherical shell. Take, then, the centred dipole

j as that corresponding to the main magnetic field
given by eq, (2). Let W be the potential due
to magnetization of B, polarized by magnetic field

due toj (where the potential does not contain

that magnetie field directly due to j ). Similarly,
let V be the potential due to magnetization of B,
polarized by the fleld due to the centred single
charge of magnetism o, where potential V also
does not contain the part directly due to o. It
can then be easily proved that between potential W due to magnetiza-

tion of a continuous mass polarized by the field of a dipole 7 and that
due to magnetization of the same mass polarized by the field of a
single charge ¢ situated at the same point as J, there is the general

6) T. NAGATA, loc. cit.
7) C. Tsusoi, Bull. Earthq. Res. Inst., 15 (1937),636; 16 (1938), 273; 17 (1939),
350; 385.
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relation®

=(%). ®

where z denotes the direction of the dipole j, while (%)1 gives the

differentiation at ¢ Aufpunkt.” The relation given by eq. (5) is an
extension of the well known Poisson’s law™ between the gravitational
and the magnetic potentials. '

In the present case, taking the positive direction of the ¢ axis as
coinciding with that of the magnetic North pole, we get the following
relation in place of eq. (5),

W=—=2 ')

because the direction of the centred dipole is opposite the ¢- -direction.
It will be seen, on the other hand, that in the case of the centred
single charge, the permeable layer B is pclarized into a radial direction
of the sphere, the intensity of magnetization at any point on B being
proportional to magnitude © xd at the -respective point; that is to say,
the magnetized shell B in this case may be substituted by a magnetic

8) Let oV be the potential at an external point (x,y, z) due to magnetization
of an elemental volume ¢v at (a’,¥’, 2/) in a continuous mass v, polarlzed by the
magnetic field due to a single charge ¢. Then .

(IC}G’,ZI’.-Z') '7')
g
v

5V = , = (@) (Y- (=2

Let ¢ W be the potential due to magnelization of the same volume, polarized by the

field due to dipole J, having a ‘direction that is coincident with z which lies at the
same point as ¢. Then

oW =limo

Az’ 20 rd

- ) > >
[({I(m', Y, 2)=1(as iy 2+ d)¥T) ]

> -> > >
A,y 2)r) A&y 2+ d2)r)

T 73 7’ 1 d o
T T MR =AlE
since ¢-42/=J. And as io"V————‘aLBV W= CA di V

" Since ¢V has no singular pomt, if (x,y,z) be taken in that space outsxde of v,

we finaly get
d J d

(= _J iv Jda agn=d 4
—SSde_a& 3V dv= L2 Vdv——dsz.

9) See, for example, B. GUTENBERG. ¢ Lehrbuch der Geophysik.” pp. 52‘0.
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double shell, on which the distribution of intensity of magnetization
is given by :

n=0m=0

M(0,4)= ZEP,':(cos ) {c;;cos m@ + B7sin me} (6)

Now, since
c
M=36d, | | ()

eq. (6) becomes

'n =0 m=0

M0, ¢) = EEP,, (cos 0) {arcos me¢ + bysin me}, - (8)

or
m g 'n m ' :
05n=‘b~§"a,, y 7|—ﬁbn ’ < (9)

Whence the magnetic potential due to thls magnetic double shell is
glven by

V+=;; %)7 P (cos 0) {ATcos m¢+B sin m¢), 1ﬂ2b
(10)
A zz( ) P2 (cos 0) {A"cos mg + B'zsin mg), r<D,

the boundery conditions on r=b being given by
‘ 4‘7(M)r=b= (V+)r=b— (V—)rzb)

From egs. (7), (10), (11) we get

w4 . L
n ‘—‘2n+1an! z—2n+1 7
or 471'0 o o p b
V.= b7‘20§2%+1< ) P (cos 0) {a;cos m¢+b 'sin m¢} (1112)7_
On the other hand, since ¢=» cos 4,
0 sind 9
2= (13)

Then from eqs. (5), (12), (13), the magnetic potential W due to
magnetization of permeab]e shell B, polarized by the centred dlpole J ,
is given by
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47(] o b"'“

W=- - 5 -
b2 n=0 m=o7’”+‘ 2n'1'1

. aby . ol
{(n+1)P cos 0+ d0 sm 0I

-{ancos m¢ + by sin me) (14)
Putting the following recurrence formulae into eq. (14) |

v (n+1)2—m?
2n+1

V nE—m?

2n+1 Pu—:’

cosf - Pi= Pp.+

dPy 711/('n+1)2—m2 . (n+1) Vn2—m?
a6 2n+1 2n+1 net

sin @ «

we get

dnJ = b;“"
W="33 35"+ +11/(n+1)2-—m2 Pr.(cos 0) x

Nw0m=0

{a’cos m¢ + brsin'm ¢) (15)

Then, #n, in eq. (15) being replaced by n—1, the distribution of po-
tential value on the earth’s surface r=a is given by

47rJoo 'n'l b"

_— /_2:_2 m
w B 1:2;]“;})&"“1 n?t—m o P (cos 6) x
{ar_,cos m¢+ by, sin m ¢} (16)

On the other hand, the distribution of magnetic potential on the earth’s
surface, corresponding to the regional anomaly or to the secular varia-
tion in geomagnetism, can be calculated from the observed values of
the geomagnetic forces, it being usually expressed by

K=P‘(cos 0) (g!cos ¢ + hisin ¢) + 2 ZP,, (cos 0) x

n=2m=

- (grcos m¢ + h7sin mg) (17)

Then, comparing eqs. (16), (17), term by term, we have

9n =4rrsz: 27; —_11 V' ni—mia;_.,
(riomzo) @
-2 _ - n— m
by =4; me,, " _111/n2—m2b1;'_,. =

Inversely, if g» and A" are known, a? and b7 are given by
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s a2b2( ) 2n—1
T 4] (n—1) 1/n2—ng"’

a*b%/ a 2n—1 (19)
bl = 47rJ( )(n 1) v'nt—m? 1 (122, n—12m=0)

An important result derived from this calculation is that
=I=0 (n21), e

that is to say, provided the regional anomaly is assumed to be due ’co
secondary magnetization of the earth’s crust, polarized by the centred
dipole field, the coefficients of sectorial terms in the surface harmonic
‘expansion of the potential must be zero, regardless of the way in whlch
£ xd is distributed in the assumed crust.

This conclusion may be a rather natural result, if we take into
consideration that the -potential that is symmetric with respect to the
magnetic equator cannot be derived from any distribution of kd,
magnetized by the antisymmetric field due to the centred dlpole havmg
the direction perpendicular to the equator plane.

Thus, in our model, the induced magnetization of permeable shell
B given by eq. (6) or (8) is responsible for the regional anomaly in
geomagnetism except that part of it which is expressed by

—az »(cos 0) (g7.cos ng + hrsin ng) , (21)

whereas the distribution of M (6, #) on a r=>b shell, corresponding to
the potential
_aEZP,,(cos ) (g’"cos mg + I sin mg) , (22)

n=2 m=0

~can be‘uniquely determined from the given value of the potential shown in
eq. (22) with the aid of the relation of (8) and (19), provided the amount
of a/b is suitably assumed. '

3. Actual analysis.

Before applying the present method to an actual problem of geo-
magnetism, we assume the following conditions, the second and third
assumptions in which seem to hold approximately in the earth, provid-
ed the first is permissible. _

(i) The earth’s magnetic field is given by the sum of the field
due to the centred dipole and that due to secondery magnetization of
a spherical permeable shell, corresponding to the earth’s crust.
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(ii) Since the permeable layer is sufficiently thin, and its suscepti-
bility is not large, the demagnetizing factor in the magnetization of
the shell is negligible. ‘

(iii) Magnetization of the permeable layer does mnot affect the
direction of the centred dipole nor its intensity; that 1s, the centred
dipole consists of perfectly rigid magnetization.

In Table I are shown the values of g7 and & obtained by F. Dyson
and H. Furner'® from the geomagnetic chart for 1920, given by the
Hydrographic Department of the British Admiralty. Although these

Table I. Values of Coefficents of Spherical harmonic
expansion of geomagnetic potential for 1920.

g (After Dyson and Furner.)
N| o | 1 |2 | 3 |4 ] 5 [ 6
-1 | - 03095 | — 0-0226
2 | — 0-0089 | + 0-0299 | + 0-0144
3 | + 00102 | — 00157 | + 00118 | + 0:0076
4 | + 0-0088 | + 0-0068 | + 0-0079 | — 0-0040 | + 0-0018
5 | — 0-0023 | + 00026 | + 0-0018 ’ ~ 0-0004 | — 0-0009 | + 0-0000
6 | + 00007 | + 00011 | + 0-9001 | — 0-0020 | — 0-0006 | + 0-0003 | — 0-0005
hy
N. 1 2 3 | a 5 6
1 0-0592
2 | — 00124| + 00084
3 | — 00044| + 0.0012| + 00024
"4 | + 00025| — 00015| — 0-6013; — 0-0003
5 | — 0-0015| + 0-0001| -+ 0-0001| — 0-0013 0-0000 .
6 | + 0-0002| + 00009 — 0-0004| — 00003 0-0000 | — 0-0004

-values largely consist, as is well known, of parts that are of internal
origin, and the residual part of external origin, we take here, follow-
ing the opinion of Dyson and Furner, those g7 and h; as being due
to internal origin alone, because a reliable estimate of the external-
origin part is very difficult, chiefly owing to observational errors as
well as in computation, and also because the part of external origin is
very small compared with that of internal origin, the former, accord-
ing to L. A. Bauer,'" being only a few percent of the latter.

We shall now try to assume that the direction of the centred

10) F. DysoN and H. FURNER, Geophys. Supl. N.N.RE. A.S., 1 (1923), 76.
11) L. A. BAUER, Terr. Mag., 28 (1623), 1
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dipole, corresponding to the earth’s primary magnetic field, coincides
with the earth’s axis of rotation, the dipole pointing to the earth’s
South pole. This assumption is derived as a logical consequence of the
theory that the primary geomagnetic field is caused by an electric
charge rotating together with the earth, or by gyromagnetic effect,
the former proposed by W. Sutherland,® G. Angenheister,” W.F. G.
Swann and A. Longacre,” T. Schlomka,” and H. Haalck,”® and the
latter by S. J. Barnett.™ If so, according to our calculation, the
sectorial terms g7, h*, (n=1), in the expression of geomagnetic poten-
tial on the earth’s surface ought to disappear, whereas g7 and k. in
Table I are not zero, nor are they small compared with the other
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Fig. 2. Distribution of geomagnetic potential, for which the
earths crust (magnetizible layer) can not be responsible.

W= a?‘Pli(cos 0) (gcos np +hsinng)  unit=10%

terms. We may thus say that the secondary magnetization of the
earth’s crust, polarized by the primary magnetic field set up by the
model at a centred dipole that is coaxial with the rotation axis of the

12) W. SUTHERLAND, Terr. Mag., 5 (1900), 73; 8 (1904) 167; 13 (1908), 155.

13) G. ANGENHEISTER, Nachr. Gesel. Wiss. Gittingen., (1924), 229. Phys. Z. S.
26 (1925), 307. :

14) W. F. G. SWANN, Phil. Mag., 3 (1927), 1088; W. F. G. SWANN and A.
LONGACRE, Journ. Franklin Inst., 206 (1928), 421.

15) T. SCHLOMKA, Z.S. Geophys., 9 (1933), 99.

16) H. HAALCK. Z.S. Geophys., 12 1936), 112; Gerl. Beitr. Geophys. 52 (1938),
243.

17) 8. T. BARNETT, Phys. Z.S., 35 (1934), 203.
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earth, cannot be responsible for the whole of the regional anomaly in
geomagnetism, athough the former may be responsible for part of the
Iatter.

By substituting Dyson and Furner’s values of ¢ and h} in eq.
(21), that part of geomagnetic potentlal on the earth’s surface for
which . the earth’s crust cannot be respon51ble was obtained, thh results~
as shown in Fig. 2.

In this result, the term corresponding to Pj(cosd) is naturally
the most important.

Assuming, next, that the residual potential given by eq. (22) is
entirely due to induced magnetization of the assumed earth’s crust,
it is possible to calculate the distribution of ©#xd in the erust from
Dyson aud Furner’s values by means of eqs. (19) and (4). Putting
a=6360 km, a—b=380km, and J=81x10% e.m.u.,, we get the actual
values of a” and b}, as shown in Table II. The distribution of & xd

Table II. Values of coefficients of spherical

a; harmonic expansion of xd

~ m ’ 0 1 0. a 4 5
1 —9142 +8320
9 +1371 —92937 +9199
3 + 832 + 663 + 862 — 571
4 - 169 + 194 + 143 + 37 - 109
5 + 54 |+ 67 + 6 "o 133 — 48 4+ 33

b

\,‘z‘{ 1 2 3 | 4 5

1 —3450 f
2 — 6927 + 216
3 + 243 - 164 . —~ 186
4 - 113 + 8 ! + 10 - 159
5 - 13 + 57 - - 7 - o 0

(unit=10° e. m. u.)

in the assumed permeable shell, obtained by means of synthesis of the
values of a;; and b} with the aid of eq. (4), is given in Fig. 3, where
the constant value independent of position (i. e. the coefficient of zero
degree harmonic) is omitted, since it is impossible to estimate its mag-
nitude by the present method. It will be noted that, in this result,
the earth’s upper layer under the Pacific Ocean has a much lower
permeability compared with that under Europe, America, and the
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Atlantic Ocean. Further, it may be while worth 1o note here that al-
though the omitted part of the geomagnetic potential, shown in Fig. 2, is
positive in the Pacific region, it is negative in the other regions. How-
ever, whether there is any reasonable relation between these two or not,
is a question for the future to answer. As to the magnitude of & x d, shown
in Fig. 3, it must be mentioned that the difference between its maxi-
mum and minimum values is remarkably large, amounting to about 2 x
107 e. m. u.; that is, taking d=50 km, we get #,,.,—F.,,=4 e. m. u. Needless
to say, such susceptibility is far beyond the magnitude of the rock’s sus-
ceptibility that has been experimentally obtained so far.”” It is also much
larger than the “ magnetizibility ” of igneous rocks, i.e. the sum of
the susceptibility and thermo-remanent magnetization, expressed mathe-

i
maticaly™ by IG+L P(t)dt, so far as data* obtained by experimental

S
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Fig. 3. Distribution of xxd under the earth’s surface.
Unit_——-:l(\‘i e.m. .

measurements at ordinary atmospheric pressure go. However, it will
be again noted that the intensity of magnetization corresponding to

/cF=Ja X bi“/ 1+3cos?d (032 £~064 £ e.m.1n.) is fairly smaller than

18) H. ReicH, Handb. d. Exper. Phys., XXV, 3, pp. 28~31, Leipzig, 1930.
T. NAGATA, Bull. Earthq. Res. Inst., 18 (1940), 102; 19 (1941), 304; 402.

19) F. NAGATA, Bull. Earthq. Res. Inst., 19 (1941), 49. :

20) J. G. KONIGSBERGER, Terr. Mag., 43 (1938), 119; 299. T. NAGATA, Bull.
Earthq. Res. Inst., 18 (1940), 281.
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that of average saturation magnetization of the igneous rocks compos-
ing the earth’s crust, even if the maximum value of © were 10 e.m.u.

Table III. The distribution of xd on the surface
of the assumed spherical shell.

Laens o | 20m | 40 | 60 | 80 | w0 | 120 | 140 | 1608
0N |+ 231+ 160+ 54| — 70— 18| — 264 | — 305 | — 302 | — 270
50 4409 | + 969 | + 65| — 255 | — 413 | — 580 | — 714 | — 576 | — 464
30 £ 540 | + 371 | + 115 | — 214 | — 561 | — 809 | — 872 | — 778 | — 622
10 4+ 745 | + 541 | + 249 | — 107 | — 510 | — 826 | — 956 | — 900 | — 753
10 | + 955 | + 769 | + 489 | + 127 | — 287 | — 658 | — 872 | — 976 | — 824
30 +1081 | + 939 | + 705 | + 384 | + 1| — 375 | — 641 | — 759 | — 749
50 41009 | + 917 | + 745 | + 501 | + 206 | — 992 | — 333 | — 473 | — 524
*70 4 701 | + 655 | + 561 | -+ 427 | + 269 | + 108 | — 32| — 133 | — 184
polone 10 | 160w | 10 | 120 | 200 | s | 60 | a0 | 20w
70N |—oo|—168|—113| - 53+ 18|+ 98|+ 178 | + 236 | + 258
50 — 355 | — 79| — 229 | — 172 | — 70| + 88 | + 267 | + 408 | + 460
30 — 479 — 356 | —311| — 255 | — 172 | + 71| + 340 | + 553 | + 623
10 — 609 | — 485 | — 386 | — 276 | — 102 | + 164 | + 473 | + 721 | + 818
10S | — 698 | — 558 | — 406 | — 225 1 + 15| + 324 | + 650 | + 903 | +1011
30 — 661 | — 530 | — 361 — 145 | + 133 | + 455 | ++ 767 | +1000 | +1105
50 — 490 | — 398 | — 253 | — 54| + 195 | + 469 | + 723 | + 913 | +1010
70 185 | —172| — 53|+ 70!+ 218 | + 374 | + 518 | + 628 | + 695

(unit=10* e.m, u.)

4. Summary and Conclusion,

In this note, under the assumption that the primary main field of
geomagnetism can be substituted by the centred dipole that is coaxial
with the earth’s rotation axis, the distribution of subterranean magnet-
ically permeable mass, which is responsible for the regional anomaly
on the earth’s surface, was calculated. It was also shown that accord-
ing to the above mentioned model, the actual geomagnetic potential
contains the omitted part for which the subterranean mass cannot be
responsible. However, as another approximation to the earth’s main
magnetic field, we can take the lastnamed as being due to the centred
dipole that is coaxial with the so-called magnetic axis of the earth, so
long as we assume a priori that it is so, although it will be devoid of
any physical meaning.

If we use this model, the term corresponding to Pj (cos?f), the



Part 1.] Regional Anamaly and Secular Variation in Geomagnetism. 119

dominant term in the omitted potential W” given by eq. (21), natur-
ally disappears. c
A very similar method of analysis is applicable to the case of

secular variation in geomagnetism, in which case the field of the centred
dipole, coaxial with the magnetic axis, will be a sufficiently good approx-
imation to the earth’s permanent magnetic field.”® The model of
secondary magnetization of the earth’s upper layer will probably be
used rather in the case of secular variation in geomagnetism, seeing
that the origin of secular variation may be traced to the upper part
of the earth from the fact that the coefficients of higher degree terms
in its spherical harmonic expansion are relatively large. as J. Bartels’™
has pointed out.

" The geomagnetic co-latitude and longitude being taken as the coordi-
nates, the actual computation for the regional anomaly and secular
variation under this assumption is now in progress.

In conclusion, the writer wishes to express his sincere thanks to
Prof. C. Tsuboi for his advice and encouragement in the course of
this study. His hearty thanks are due also to the Department of
Education for the Science Research Grant received.

21) In the‘rough approximation that the permanent field is given by that due
to the centred dipole that is coaxial with the earth’s rotation axis, we get

2 .

% (kd)=— {16-9 cos f+sin §(—22-4 cos ¢ + 698 sin ¢)} X10-3 e.m.u./yee_u',

9 .o .

Q(W”) =49 cos f+sin #(—9 cos ¢+ 12 sin #) +sin?0 (11 cos 2¢ —7 sin 2¢) T/year,

from the actual values of secular variation during 1902-1920, which was analyzed by
J. Bartels, the spherical harmonic coefficients obtained by him being

a° o' hy! go' ga' ha' g9° he
+42 -9 +12 -7 +8 -25 +13 —8
(unit=r/year).
29) J. BARTELS, Veriff. Prenst. Mcteor. Inst. Abhandl., 8 Nr. 2, (1935).
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7. HBERBEIG O 5 TR R T Sk AR R T i C

MR Em O s 9K 58} i

HEFRD IATEBORE E RIIEA &3 HRBDPPANT, PRSI, WRPT i
FRICHEN HERPY L RFS 2 I X DTt ST h 2 CERT 2 LB s h Th 254
D\ RHZIESE Haalck fn & XFRRES DIH HITE DG & KEED A L DN
BERLS LIRUTD S . M IEREORETE T L IO AT b, HER o
BHRIEDEHUC R D THEEH LA ET 5 L W AW ERTE AR S TH 5.

PR LHEERSRTNT AT 2 U5 (B SRS (D BTG &, 2 R~ & MERPY BT
HREED AR & OO R L SEIITe sk L AR RS S AVETh 5.

O TIE, B OHIRRIE TERDRIICL S, HWIRERIZ I LTE S 0fn—D2D
R LT ARE LY, FOIREOWNEEE ¢ LIZE d LOWOSIEI T OREDIRT
G L LTERALILDHAIL, —D9D Centred dipole DM DTHALIL LHIERD FRELA
FOWREFUEAT S L L, FOBRONEL X DINPINORERAR T v & v b3 SIS

C ROz, £ DR, RIS DREER R T v Y YA OSEEIA BIL L, iR
D kxd OB —FENTRD BHAHAS | 8 UEGRDPRIEING I F5E L Q Tl b7
U,

S DR ENRE L OMTHHEZ RO DY DN, BOUFNEIEE L CER DA~
BRie =SS E T DA I BRI ST BT F IR & SR D B 5158 L [ USEy TNC IF6E
LIITBE 2.

DR HIERD RARRS OMBICTER LTl % &, L3R8T BIFE+%  Centred dipole
HHEROTII L GF L HRRFHO LT 50 bk,  (BOBSE, HERDEREA IR &bz iT
T 2RO S &35 Sutherland, Angenheister, Haalck #Eo:#5<>, Gyromagnetic zg
RIZA D LT 2B ZHATLIHROBARDIEATH S3,) WIREESE X 7 v & v VR BRIENE 0§55 ¢
B0 TERMEICER Lk, —fic Pa(cos ). (m=1) DEIIITETH TR bR
5. RO eXd PUMT 552 LT, MERF vy vk Prsm=n-1) Hmiok

S BEIZ L OTRIINBETH S, RAHICEROEIGESAS , MWERREEMSLIT D R 5
¥ YR BB LIHESUC AN T Pl OfFRIZA " 0 RE . HEDCHE IR D5~ Ch 20
2 X DR DOTRKATEERMUCER ¢ LD 5IIFFENA . exd O KERIATHEY B0
FHCEERE T v Y MG OMERRTET RN T B ATEIRARST 2 s Em T ne Th 5.

mN, P, sk eRa v Tia A0 DEERETF vy v

n—1
W/ =a 2 3 P,(cosh)(g;cos me +h™sin mp)

n=2m=0

Ms

I

WCEIET BERRD £Xd Z3RD HIAMIACDHT, Dyson F 1y Furner D AFEERA FIO, «d (0, 6)
TERDIAERITAIEL 3 BRI, RTWER TP & KEHEHTTAE ., d=50km
LEET D Fmax—rmin=4 €M ITHET B0, TOMIRSEHONTH S . BREDIRE,
BRI LTHE L CRE, (8 URERIT 3% % ST AR DMFIRIE O X (2 15 e.mu, G
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BB, COMICECTTERD £ OUTEAEE 12 RTIE &\ 2 K & Cldfe W T B

T5. ;
FAEEHEIZEROC S TR DUTUIIL S L B L S OB EIRERE & L OUIREN e T3
«Centred dipole DR FHO 5525k b HEICE- L BN SO TH TR TS,

— e

-}

g ess g 1s e
g T XSRS, PELTHNRYET D,

—NTIT A INTINTT N S LT
s )Ln"Jx./),,‘_;’nruwAs:.)f}f'if.fmjb"él-v\




