TEN#BZSNE

FERRIAT2, AR, GBRH 23, XUPL 2, ARAEHS 23, ERER!
1. PEREERAR R =R A 2= [R5, &8 230026
2. RAEIRINE fSEe =, A JIE 230000
3UIRTHRIM L =, WAL, S8 230088

* JEINAE#, E-mail: ymwang@ustc.edu.cn

BT TR 2 RN S 315l R R L A G S 4. A
Dy I E T = A ZE R AR R R 28 2 OSILI ,  E T) JERA I  SEELRR KM
J& T BATS KA AR B RGN HUERAEON — T A SR DT IR &, )= 547
EBrEEARE, MK TR GE RIS KA . KB R S$AT ERS AR, WK E K
M tkIn BIRE KR, B RRE R R M m R, 2R R AT A
TS AR 2 REIE . AR SCONERRAT BRI IR Sl . S ENI TR, T
iR - R AR AT R ATIR AR A L I 2 ) R R AR AN S DY A TS T, VR A 1 AT R
7RV R O a1 o8- v T P 1 N (10 7770 X U = S SRV 0 N o N i
F N P T & TR A SR BET, LRI ) K AR BRI SR RAR 55, BT K
Je BB SR A5 S A FE RO S R D R BOR . B, R T ARRFTRERI R T 1Al o
R X B A I S B o ERRIRYE, BATVON R AT B RS AR IR & (U
FESRNN T ARE) BUSCAR R —ADEETT A, KA BILIRAT B =4 s S
AR RPEZ I, HEEAT R R R U R .

XA AT, ERHENEA, RGN E A

BB EX ARG E A H HHMES: 42130204) , [ E BB 5L G LAl

LI H (HtdES: 42188101) , EFKHEARIAHE S FUIH (RS 42474204)


mailto:ymwang@ustc.edu.cn

il's

1 5|

AT B RESIZ H8 KA I FRTHT S AT S A LE R, S RAEAT B S S i A Bl g 2 i
P2 B AIAERRES B OIS &, R T IRAT IR RO s i L 0. b
o B AT BRI T TR AT RS R . SRIEAT B I ERAER AR K BH KB R A L 2
HAEAT AR 1E R,

NFENHAT B W3R 7B KMIERE, MBI X — AR I FE MRS A e E
3, FREE AT A R R R B, R A R A S AR, (E B X R
Wi e THID . EHE 1600 4, JEEYF 5K Gilbert /£ (De Magnete) 1 R H Hb
PREGBARR TR, A HE S 5 ER Py 3k Rtk FBEH¥ K Gauss 76 1832 FERIA T
MR Tt IR, SEIL T W s AR E , A MR A BT 5T\ E I A N SE AL
B,

TER MO BRIE I T BRI FN IS, AT B REIA PR BEET O AR R (1 J7 1) - 1908 4,
BRI Hale ST I8 2N IS KH B PR, 200 T A8 Vot Hh A i 1l
B, UESE TR REF MG, 1955 45, EEFI K Burke 5 Franklin i i i 5 # 22
TEAR TR AR RGR S, A AT R FRER A AT, 1958 4R, RTINIBOR S
¥) Sputnik 3 PEHAEMBRTT, LI T H KA BRI R, Hik, AEIFE T A
1T BRI RZ W AR, St NI AL, SR 2 80T B ERNES (KT 4 5. kAT
H15&2 5. RIS WS TSR, RPRBZIRNN THERT 2 AL S MR
73 5

FEHENZE (ARG ARG H AT G4, SR F BB R RRER R JE, 520 T A Sk 3 W
DU 7 [ SR AT BRI, AL i 3 =y B, MRS 2 B R P, MHI AU & 31 4 Bk
2. TRMETE B A W E, NRIINUR S LG Y; 7 ORRH &R 8 — AR R AR A5
T, ST AHEEREIRRE. AR ATE T ZR KB RUFRH T Z R0

WA VE AT RN S @ M, KPHRI\RAT B R, SULH 2R, a2 H Al A
R TCEIRNIAT B2, L35 1 9 BRI S e e TR G 1 = 7 1), RS DK 2 b sk 22
R 7 1) ) HE A ) B EE DR R FE %S B o WFFE N AR 0 HARAT B RS I, A S R4
Fe. fERMAT b, &R SHBRERBIM BT R, B 5 S 4 0 2 B AT S0l R 1) 3
FFAER100, R JEOK T 2 57 “GRINE” HRPERIFAFELIREN S, 250
Hrim Ny, 4 BRGNS AT L T R 1 PR BALEL AR B A7), LRI MRS



5 AT BE O ER 2T 1/430 BE T/ HUBKA 75— MER——KE, BAMEE AR
A B, (HHM5E A0 DR B 1 9 R W 0 8 AR BRI AL, (H AT REAE KL 41.3
fCEERTE CAZ LY KB R, SEOXBUT R R E T RUMERIEZ K <frRI 4, B
WHIE KB R IRIRIF R 2 B i — D SR P KRR RN PR s, HE 218,
FEREAT H VR ETOE AN 52— B e v R C e s L), HOKT 10 57 55571
DAL SS TN A SR R BRI 1), X A] B R K BH 2 vh CTA A B 89 ARG
MIRA, 9L A HBEREG 1%,

MHEZT, [AESEATEEEMA BN SRR . AR KA 2 RS f 5
7RO, CBR R AR 2 T3 R, R 1955 47 i i i el B e SR B FURL TR
WE s s LR AR GRS, O AR ER Z 5 R A AT 2 o 353 Juno T
IR A R, AR RN A (W% A %+ 5 R . S EkCUENI A T M
KRS AR, AR B AR S DR 25 1) R A B 22 S5 DA S iR T IR 30 PO Tl 7
X AR B AN 10 AN R ERIE B, AR B RTE AL T Sk
FHEEAFMEERE. KERTES, LRAERBRREE EAFE ., e R
AR5, ER B B EES, 8T EhRM T,

TERUK B R T2 Sl 2 o AOR/INHIE R R WS . AR 2 4k
&, HEARNE S B A AR NCR R CRER Ly 59°, WERZN 47°) B, Hil
R AR EAT R UG, XS EAE R BIE R 7 AR BRI T B E Y
1k, P EATHE ME— SEHLIOR B “iRAT# 2 51,

1T IR S 72 e S AR K BH A e A B SRV T 4 RS ) 22 TR A S s AL
Ao KB RAE D A H 35 ST HS 0 L R S5 8 B KRG, ekt et &5
IR BH 2R B RAR Z 1) e A2 R 2R AR LA FH Y, AT BT IR0 2R ¢ REMRE 2 3 0 2 AR 3k
AL FERO,

BANEHSATE KR ik, KRE. L2, REEMETE) 5KMNXAHLAE
P2 TR 1 5 B - - )2 ) = SR 5 28 (O] 1a o) o by, W2 RAT B 1 SR
Ao DLHBRONY, 2K B XS T 2 IO S, 4 M BRI 37 5 4T B PR 2 ST AT 264
H R AN IR, OBk FIAT BRI, T O 1262, A3 s ER BN — AN
TBURIAT B 2R Gt o KB XS BT IS0 U ERT% 7 M 16 B 15 355 BE AT 8, A B UKL 338 2o I T )
RIENHE)Z, SRBh R Mot A as (8] RAHFAFPO . B 5 KPR B AR N, WEEHRA

RERIZE AR FEARZA L EALL, KFHXAEL)Z (AR BAE R Ve 55, 4558 5 1B K-H A
3



R VR, BUARE S I O AT B2 A B B R R E AR 1) B URAE >,

B Magnetosheath
topause

Ionos here Escaj

Escaping
Atmosphere

Precipitating ions

Jupiter (x1) N Saturn (x5)

Pick-up lons

B1 (WEREED TEREWR. ) MHKE (EL) . B (B . LB (B
™) MARE#E (BT, ZRAREEHADZEIR; (b) KEXSKEXRS. BEE. R
FIAHEYER (Fran Bagenal and Steve Bartlett)
(https://lasp.colorado.edu/mop/resources/graphics/)

Figure 1 (Color online) Comparison of planetary magnetospheres. (a) Comparison of the
magnetospheres of Mercury (upper left), Earth (upper right), Saturn (lower right), and
Jupiter (lower left), arranged in order of increasing spatial scale. (b) Interaction of the solar
wind with the Martian atmosphere, ionosphere, and crustal magnetic fields.

SEMIEG D EIRNERL), KX EE S EEMEEN, 172 el
SRR R I R AR AR, TR RN, JF S EUR B bR B 1227353,
KEIFE R 2 A AL R AT R gy, XSRS TS SCPAT AT B BRI R AR
FFEREIRCT, T 547 B PR TE O HEE DT IR G (B 16 Fios) .

AT, BT RIS IARICLI RS, 17 BRI 51T B sh & ES,
RFHERBE AT R II B BIR R LP R T P05 fiE & DL BEE B A Rdimis . RERATIHE
XK 2R SAT RS BN A YR, (HRIEAAETEE . A RAT BRI BLAR)
AW ZARL, WZREF B AR . HH AT FNESS 5L 5 T 56 V2 IR ok 2
frEnn A . RE B RARST, DLROKE BRI AR A 55 BEARRA REh X AT
WA, RPN RV NS RCE RS A I & .

2 fTEHIZIRABMEEN

1T REE RN B A EERARAE L, BEAIME: (D BT 2N s R,

MR AT R 7 U 5 RS R AR s (2) Sl R A JE H= DK 12 1 A B 45 4

WIWAENL T (3D TR @ SO THASE R, PP AT B AL 1Y
FasEMEs (4D MM B — G A ELAE LR, ST 2 8] R AU R e L0 R SR RE 7



2.1 HRAT BRI RIESEN

BRAT R RE EIR S AL RAT BRI R ORl 2 AR — AT RN BRI 4 S T
Fe A B LA B F7 A AL B OGBS 2 o AT AR UL A A= BRTERE S S R AR A R AR AEAT
RN R JIESER . AT R A LR, 3 IRASEAT BN RIXHE sh 2 DI B
L, PRSI R BN R, G AT R, AR FUR R IR IZ S I B e A v e

TERPH &, #hER. KA L= (Ganymede) J& A I RN TR R LIS H R
PRI, HUER R L RSB AT 1 34 2R, P22 T — AN DU AR 5 HARXTEGR K
EREEAH N, H AR T T 2 R S = ARSI LR SRR (AR s LU
TERW (i 2 P, a NHIERAERI =2 8504 b 9 el 200 N AZ AR K BR B R0
c AHRAEMLY) (MgO B Si0x) HriSRBIRIXS L d oy CHEH) B fEm iR — > 5 hig
B #2000 AR R GRS iefe, hTRARARRIE, 27T HIREIAR (FaEsik) ;
e YT LA A A BT 51 RS PR — i R 2 RA— RO FA e A i T A, AT 5 3 P 3R i 3 )
I 2 il 3k 2 SR B PR 81 55 B FT BEAN A2 DA SRS Il U ER A FUATL T3 4 X s AN 0 1) B
PREZME I AN TG I . AT E A 215 A AR R IR B ), Sl DL TTER (ATt 1, )
SRR I P REAERF IR R FI LA e (L 5 SR b, bR oAy 30 i RGBT
2 775 REA S R ARSI CASE O SRS A R 203



a The geodynamo

Magnetic field lines

;
- f 5 - ~
. A\
o 77 / -'
3 > s =
A /i Lah: 2
P N a
/‘A; A \ X R /
\ Inner core

Outer core

N\
Flow

b Inner-core growth ¢ Exsolution d Precession e Tldes

Heat loss q Heavy fluid sinks q e , Fluid e
Q a N motion -J &_
/ r\ Earth—— [‘ ",
fluid rises . — £ spin /

Fluid spin axis —

B2 (MEREED HERKR SRR AT R s = B 1S

Figure 2 (Color online) Geodynamo Model and Candidate mechanisms for driving the
geodynamo within Earth’s outer corel*!
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Figure 3 (Color online) Relationships between the planetary dipole magnetic moment and
the mass for seven solar system bodies with intrinsic magnetic fields. Mars and Venus, which
lack intrinsic magnetic fields, are indicated by arrows at their respective planetary masses
[52l(adapted from Durand-Manterola, 2009)
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Figure 4 (Color online) Solar eruptive activity drive disturbances in the Martian space
environment, leading to significantly enhanced ion escape. (a) Schematic illustration of the
Tianwen-1 orbiter and MAVEN spacecraft in orbit around Mars. (b) An apparent depletion
of the observed nightside ionosphere with a significant decrease in ion densities at the time of
the ICME passage [1°11,
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Figure 6 (Color online) Magnetic field measurements from the Tianwen-1 magnetometer.
The upper and middle panels show the raw magnetic field data from the inner and outer
sensors after removal of rapid spike-like disturbances, respectively. The lower panel presents
the calibrated magnetic field data.
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Planetary magnetic fields are key physical parameters for characterizing the internal
structure, dynamical processes, and space environments. The exploration of
extraterrestrial magnetic fields began in the early twentieth century with observations
of the Zeeman effect in sunspots, while the subsequent development of in-situ
measurements greatly expanded our understanding of magnetic field systems
throughout the solar system. Earth possesses a strong intrinsic dipolar magnetic field,
and its magnetosphere is connected to the interplanetary magnetic field, forming an
important channel for the transport of mass and energy. The magnetic fields of solar
system planets exhibit remarkable diversity, ranging from Mercury’s offset dipole
field and Jupiter’s extremely strong magnetic field to the highly tilted magnetic axes
of Uranus and Neptune. Such diversity reflects the different formation and
evolutionary pathways of planets. This paper systematically discusses the scientific
significance of planetary magnetic field exploration from four perspectives:
understanding the origin and evolution of planetary magnetic fields, searching for
potential subsurface oceans, investigating ion escape and atmospheric evolution
processes, and predicting space weather phenomena and their effects. On this basis,
the paper reviews the mainstream techniques used for in-situ space magnetic field

measurements, highlights technological innovations developed to mitigate spacecraft-
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generated magnetic interference, and discusses the urgent need for next-generation
high-precision weak-field measurement technologies, such as optically pumped
magnetometers, for future missions including heliospheric boundary exploration.
Finally, future development directions are discussed. In particular, considering the
intrinsic limitations of in-situ measurements in spatial and temporal coverage, we
propose that the development of high-resolution remote sensing techniques for
planetary magnetic fields—such as applying the Zeeman effect to observations of
Jupiter—may become an important future direction. Such approaches could enable
global characterization of the three-dimensional structure and dynamic evolution of

planetary magnetic fields, thereby promoting major advances in planetary science.

Planetary magnetic fields; space magnetic field measurements; weak magnetic field

measurement techniques
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