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Magnetic field models of the Earth’s magnetosphere
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Abstract A half of a century has passed since the Earth’s magnetosphere was discovered by satellite Explores in
1958. Studies on space physics cover a wide range of topics: electromagnetic fields, electric currents, particles, plas-
ma waves et cetera. Various models have appeared for describing our electromagnetic environment. This paper re-
views the progresses of magnetosphere modeling, their basic principle and methodology. More than one dozen of mag-
netospheric models are discussed and compared on their characteristics, limitations and validity.
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Fig. 1 Satellite observed magnetric field in the magnetosphere
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Fig. 2 (a)Deffereces of the satellite observed magnetic field and the IGRF,

(b) results from Tsyganenko model, differences of the total model field and

the purely dipolar one are represented by color—coded plots: red for negative and blue for positive
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Table 1 The Chapman-Ferraro principle model and the Mead-Fairfield

empirical model for magnetospheric magnetic field
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Table 2 Seven boundary surface models of semi-empirical

model for magnetospheric magnetic field
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Table 3 Four mirror dipole models for magnetospheric magnetic field
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Table 4 Two physical models for magnetospheric magnetic field
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Substorm Current Wedge Model:
" Density of Electric Current Across Y=0 Plane
| Warped Configuration with Tilt Angle 20 degs
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Fig.5 A few results on the basis of Tyganenko models

(a) diamagnetic effects in the cusp region, (b) magnetotail twisting,

(c) substorm current wedge, (d) magnetic reconnection.

8 52 e i) 00 T B3 )22 b B — AR R B G 3 A 1G-
RF 1437 A6 [6) b 1 15 S AR 28 T 38 35 0 ) 26 1 i
W2 TEAR G R 45 B 1R i 3l g 25 AR AR R
T VIR T OA B W A N H 37 1) BT e e Kl 5
25 LA B AR B 5 45 0

Ca) B 3L DX ) 202 280 7 B 2 T fE8 0 e 1 4 A L
ZE A Bt DX T R R T K PH X 3 L ) 0 3 )N B
X7

(b J78 14 JF2 1 37 W . /il 2 4 5 R 8 8 vl
Ry WS AT s R D IMEBy 4756 5

(o) 2% I b, 1 oty 00 AR R 2 W 3 L 2 ) 1) S0 2
HA, I A8 5

() IMF b [m] B ) i 37 76 Bk

M Tyganenko BRUA] DL o # )2 8RB 92 1Y

S D5 o) S B — (RS IR R ) R SR 2
IRE B AR B J7 1) K i VF 2 B EE UK AL
TE R ) _E R Al (I T k5

(R R7INCIRINCIR R AR A R U R R
Yy R AR N GRS B AT BE I
S5 2% S I N S R M R TR L ) L X S J]
PN — A~ PR QBRI A PR32

& # X B (References):

[1] Chapman S, Ferraro V C A. A new theory of magnetic
storms. Part 1. The initial phase[J]. Terr. Mag. Atmosph.
Elect. , 1931, 36.77~97.

[2] Gold T. Motions in the magnetosphere of the Earth[J]. J.
Geophys. Res., 1959,64.1219~1224.,

[3] Dungey ] W. Interplanetary magnetic field and auroral zones

[J]. Phys. Rev. Lett., 1961, 6.47~48.



24 ok ¥ W o g R 23 45
[4] Axford W I, Hines C O. A unifying theory of high-latitude ge- simulation of the time-dependent magnetosphere[J]. Geo-

(5]

(6]

(7]

(8]

(9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

(171

[18]

ophysical phenomena and geomagnetic storms[J]. Canadian
J. phys. ., 1961, 39.:1433~1464.

Mead G D, Fairfield D H. A quantitative magnetospheric mod-
el derived from spacecraft magnetometer data[ J]. J. Geo-
phys. Res. . 1975, 80:523~534.

Willianms D J, Mead G D. Nightside magnetospheric configu-
ration as obtained from trapped electrons at 1100 kilometers
[I]. J. Geophys. Res., 1965, 70:3017~3029.

Alekseev 1 1, Shabansky V P. A model of a magnetic field in
the geomagnetosphere[ J]. Planet. Space Sci. , 1972,20:117
~133.

Voigt G H. A three dimensional analytical magnetospheric
model with defined magnetopause[J]. Geophys. J., 1972,
38:319~331.

Choe J Y, Beard D B. The compressed geomagnetic field as a
function of dipole tilt. Planet[]J]. Space Sci. , 1974, 22.595
~608.

Choe J Y, Beard D B. The near earth magnetic field of the
magnetotail current[]J]. Planet. Space Sci. ,» 1974, 22:609~
615.

Walker R J. Quantitative modeling of planetary magneto-
spheric magnetic fields. In: Quantitative modeling of magne-
tospheric processes, ed[J]. Olson W P. AGU, Washington
D C,1979,7~34.

Olson W P, Pfitzer K A. A dynamic model of the magneto-
spheric magnetic and electric fields for July 29, 1977[J]. J.
Geophys. Res., 1982, 87.:5943~5948.

Tsyganenko N A. Numerical models of quiet and disturbed
geomagnetic field in the cislunar part of the magnetosphere
[J]. Ann. Geophys. , 1981, 37.381~391.

Voigt G H. A mathematical magnetospheric field model with
independent physical parameters[]]. Planet.

1981, 29:1~20.

Space Sci. ,

Taylor H E, Hones E W. Adiabatic motion of auroral parti-
cles in a model of the electric and magnetic fields surrounding
the earth[J]. J. Geophys. Res., 1965, 70:3605~3628.
Willis D M, Pratt R T. A quantitative model of the geomag-
netic tail[J]. J. Atmos. Terr. Phys., 1972, 341955 ~
1976.

Walker R J. Modeling planetary magnetospheres[ J]. Rev.
Geophys. Space Phys. . 1983, 21:495~507.

Leboeut ] N, Tajima T. Kennel C F, Dawson ] M. Global

[19]

[20]

[21]

[22]

[23]

[24]

[26]

[27]

[28]

[29]

phys. Res. Lett. » 1978, 5:609~612.

Leboeut J N, Tajima T, Kennel C F, Dawson J M. Global
simulation of the three-dimensional magnetosphere[ J]. Geo-
phys. Res. Lett., 1981, 8.:257~260.

Brecht S H, Lyon J G, Fedder J A, Hain K. A time-depend-
ent three-dimensional simulation of the earth’ s magneto-
sphere: Reconnection events[J]. J. Geophys. Res., 1982,
87:6098~6108.

Hu Y Q, Guo X C, Wang C. On the ionospheric and recon-
nection potential of the Earth: Results from global MHD
simulations[J], J. Geophys. Res., 2007 (in press) .
Tsyganenko N A, Usmanov A V. Determination of the mag-
netospheric current system parameters and development of
experimental geomagnetic field models based on data from
IMP and HEOS satellites[ J]. Planet. Space Sci. , 1982,30:
985.

Tsyganenko N A. Modeling the inner magnetosphere: The
asymmetric ring current and Region 2 Birkeland currents re-
visited[J]. J. Geophys. Res. , 2000, 105:27739~27754.
Tsyganenko N A. A model of the near magnetosphere with a
Mathematical structure[]J]. J.

CA8), doi: 10. 1029/

dawn-dusk asymmetry, 1.
Geophys.  Res., 2002, 107
2001JA000219.

Tsyganenko N A. A model of the near magnetosphere with a
dawn-dusk asymmetry, 2. Parameterization and fitting to ob-
servations[ J]. J. Geophys. Res., 2002, 107 (A8), doi: 10.
1029/2001JA000220.

Tsyganenko N A, Mukai T. Tail plasma sheet models de-
rived from Geotail particle data[]J]. J. Geophys. Res. ,
2003, 108 (A3), doi: 10.1029/2002JA009707.

Tsyganenko N A, Singer H J, Kasper. C. Storm-time dis-
tortion of the inner magnetosphere: How severe can it get ?
Jl . Res., 2003, 108 (A5), doi; 10. 1029/
2002J A009808.

Tsyganenko N A, Fairfield D H. Global shape of the magne-

Geophys.

totail current sheet as derived from Geotail and Polar data
[J]. J. Geophys. Res., 2004, 109 (A3), A03218,doi; 10.
1029/2003J A010062.

Tsyganenko N A, Sitnov M I. Modeling the dynamics of the
inner magnetosphere during strong geomagnetic storms|[ ] ].
J.  Geophys. Res., 2005, 110, ( A3): 10. 1029/
2004JA010798.



