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Abstract

Cross helicity measures the correlation between fluid motion and magnetic
field. In a topological sense, cross helicity describes the linkage of magnetic flux
tubes with vortex tubes. The small-scale cross helicity can itself lead to large-
scale dynamo action. Such a mechanism is quite different from the « effect. It
corresponds to an inhomogeneous term in the dynamo equations and could play
the role of a turbulent battery term. The purpose our research is to investigate
some useful information by the combination of the magnetic and velocity field

on the solar surface. The main contributions are as follows:

1. A possible correlation between the magnetic and velocity fields has been
analyzed based on the SOHO/MDI magnetograms and Dopplergrams. It is found
that the observed large-scale weak magnetic field (weaker than 50 G (gauss)) is
correlated with the velocity statistically. The curves of cross helicity (h, = u-b)
with latitude, where u and b are the line-of-sight velocity and magnetic field in
a rectangular region (£15° in longitude, £45° in latitude) on the Sun, show the
same patterns in the years 2000, 2004, and 2007. The patterns indicate that u
and b are positively correlated near the equator but are anti-correlated at the
middle latitudes. For a strong magnetic field between 50 G and 3000 G, the
curves of with latitude show the same tendencies at the middle latitudes. Near
the equator, however, the slope of the curve is positive in 2000 and is negative in
2004 and 2007. In addition, we give an estimation for the amplitude of the cross
helicity inferred from the MDI data, which is of the order of 103G'ms™~! near the

center of the solar disk.

2. We analyzed the correlation of the solar magnetograms and Dopplergrams

by SOHO/MDI and SDO/HMI respectively. The fulldisk correlation coeffcient of
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magnetograms is about 0.73 and it is more than 0.95 for active regions only. Then
we analyzed the distribution of the cross helicity (line-of-sight component) based
on the data of SDO/HMI, the results indicate that the latitude distribution of
cross helicity gotten from SDO/HMI accords with that of SOHO/MDI. At last,
we analyzed the cross helicity in the active region by the vector magnetograms of
SDO/HMI and the velocity gained from LCT method. Its distribution shows the
similar pattern with the magnetic field and the vertical component domains the
distribution of cross helicity in active region. However, the amplitude of mean
horizontal components of cross helicity in solar active regions is about two times

of line-of-sight one.

In recent years, in particular, the interest in cross helicity has been increas-
ing. There are a number of theoretical results and conjectures on cross helicity,
but nearly no reliable observational results yet. Our study gives the cross helicity
determined from observations. It deals with a problem that is important in solar
physics, and presents interesting and substantial results. The results need to be
confirmed and extended by further observations. It establishes the foundation

for further research.

Keywords: Magnetic field, Photosphere, Solar activity, Cross helicity
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O FERMBVER, AT DA T LT (Bl W[46-48]). XA N7
TS, WA AU T BOR IUAC SCIRE RO, 1 2 B AT/ R
LRI R JE ) 22 Gt T AT B8 BOPATI, AT IR R A 2 e, 2RABLIX
FiPATBSATATHES,  LEAEHT WL AR A7 AE T IR BH A, T BH U ) R b 3
W HHORYR T KB, iy 4R8I A LA = A BEAE A HLERAR IR
Jig, SRR RALEE DA T RS E MR RMESE, R T VR 2 KB TE3)
DG, RITEAT BRI ANBE SE SRR PITAT (0 ) AL, & A LB I I R A7 ik
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F5Ed. AR, HE o WU ENLRIIAT TGRS AR, A8 OB 2N 18
W 15 R T PR A A

E BRI WE 5T, Sharanya Sur Ml Axel Brandenburg 43 #T T Archontis
KHEHLH ¥ Yoshizawa (L W[7]. Archontis A HL AL I ¥t 34 3 T ABC Wi ik (
Arnold,Beltrami,Childress ifA), {HAEWE T RIZI, & ] FHAR AL THHRIH
R ML FE )i 50 B e G KR [49). IR B AR S SRR BETE G, AAELE o 3K
I, AREAE AR 25 R R I, L B 7 A AT BUSCEAT T 4 )
Wi [6], MEAXFPILG A Yoshizawa RN HH ik i AZ SR BE (R 350 AH— 3. 4R 1M
Archontis JAKHIRIUE N B R AL S, 72 AR R A b i A i
SN E. YRR NS, A BH RS 3B R A 1) 2 8] o9 A A U T K R
RPN, /N R AL A G % KR BE & B LIS B T4 500 i 7 R
ABFFE(L]

Yokoi (2010) Jy A8 SCMRSE RNt 1 fif i) ) B R, BIAE A7 AE K R i
it Q= V x U) MR, i A8 SO B 25 3 80™ 4 — A 5 K R
Jie S0 5 2R A (K 2 i B e BB B A T I B S g IEAH G, R
(W' -b’) > 0B (Yokoi (2010) SCHLL (...) FInFIE, Bl Edx " Rk
8D, WA TCAE A SR SRR R 2 H T MR R A e, AR
BNV du'[= 7u’ x Q] (7 2R, IEAH SRR NGETH 45 2R
G, ATLAVH BRI o SPAT TIKVE R B, XIS T 0 3 F Bl i sk A
ou' x b =7 - b)Q A HILEF AR R EE R e SRR (I 28 O
BE, i AT ORPAT) T g sh 48] i KR s figds sh e KA
S i) 50 I A R CELT ), D] RS, 6 A8 SO B2 20 ) 56 i xof T ¢ Je
56T K AL b 22,

A SOMB S FRIF 5 AT LLB I 3 Wolfjer (1958) Fll Moffatt (1969), Aihfi14f
T T B WATCA BB IR BARRE, A8 SOBRBE ) SR e A 50, 45]. TR IR
W Moffatt (1969) MIJ7iE, &5 H T A8 SRR~ 1) ff ZEAfE o

XEFELL N ARG R AR, WERPT24 ) (it J) Body force) fH,



- 5lE 11
fEIEETEDL ( barotropic condition ) Fp= f(p), BNEITFEALLE L
DU 1.

Hrbth = [dp/p, Q RABSFIRUTE B, (5640 PAMF, BRI
i

DB B
Diy =, VU, (1.11)
¥ RE(1.10) S B/p, J7RE(1.11) 53 U JERF, nl A3
D U.B. B
E<—p ):; v( @ —h—Q), (1.12)

H @2 =U U, Wik S Kooy sk, Aooklmiizs), 4
I:/B-UdV. (1.13)
%
AR o B Sy e A] LA )
df D B-U
i [,Dt( p )pdV

- /(B : V)(1q2 —h—Q)dV
v 2

_ /(n B)(2¢% — h— Q)dS. (1.14)
< 2

Rl A e 52 A BRFIAEAR TN, BIEEI VM i E ERT (B -n = 0), 38 XIZ
AR
/ B - U = const. (1.15)
g

EAAEENZ, FIREERE S E KA BAR MHD R ™A% oz, BIVRAY iR A
Ry ZBO™ RS T P RRE S E R DR, SR R T
B R AR AL, DR K R A F LI Bl A A E R (1o AR i A iR
J& GEahFIREE, WHRIREE, A SRR AEXS I 1 e O MUK iy 2R A0
F AR PR AN BE DR UE S5 1, A b R AR AE AU L Pl A8 SR JE 428 11 140 A FEL AL 2
FAEA (Archontis A HIHL[7]) L5 i1 M8 42 W6 (¥ A LI B B AT (o 1B
KB AHEBNRAHEL,  EIASGE ] S AT A, AT SOBRE B~ 147 i Jmd et
FEFEH[52]
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1.3 mEh R IZEREL

B i 5 A8 SCUREE R AL, A7 Bl 1 R A0 IR R B N AE - 1 3 i HL WL
FEIPE R4, 7, 10). AT XCURJE B4 Oy B, ) DU R BEAR R AR sl ) i (
magnetohydrodynamics (MHD) ) /BN J7 BBl 2 77 B LU A oy HuAS 21l VA4
ffrizzh ke A

pD—Ij:pF-‘r-V-P, (1.16)
Hp F BRI mEE (v i, df = pFdV), P N k(53] B4R
TR TN AR A AT PR, I P = —pd;;, p & BARGAAR ).
HARRARR)IE 3 TR
DU

—— = pF — Vp. 1.1
Ppp = PF—Vp (1.17)

MHD 1§00 &, RS LU fE L Q Hesh e 4k, s huiEs1 o —pVy,, #
BBAT —2p(Q x U), 818%N I x Bo HuazhJifen] LS K

oU B) x B
po (U V)U+25(2 x U) = % PV, —Vp.  (L18)
0
X AR Bl TR AU R, AT LUZS FERLI, g RN T RN
OB
rTi V x(UxB), (1.19)
¥ RE (1.19) - U + (1.18) - B
atgt'BHQ-(UxB) - U-(B-V)U-[U-(U-V)B
+B-(U-V)U] - B -V,
B
—=.Vp. 1.20
VP (1.20)
CIRDSNRE|
_ I
U-(B-V)U = Uy(Biy?)
1_0U?
2
~ B.vL (1.21)
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B 0B; oU;
U-(U-V)B+B-(U-V)U = UJUza—xi +B]Ula—$i
_ ., 9U;B;
N UZ 83:2
= (U-V)(U-B), (1.22)

X B R AR N 2 K E SR AR, RE. N V-B =0/ V.U = 0 &40 1%

1 , 1o, - _ UB
SB-VU 4 JUV.B=V.——, (1.23)
(U-V)(U-B)+ (U-B)(V-U)=V-[U(U.B), (1.24)
V- (By,) =B -V, . (1.25)
IR AT A4S 2]
. 2
a%tB+2Q-(U><B) = V- [U(U-B) + By~ )]
—/—iv . (Bp). (1.26)
@ﬁp:/ﬂ’ ij
-B-(Vp) = B-(p"Vp)
ol 1, 1
- B. L j1-2)pV
7_1[( 7)p p]
_ v 1-1
= B _1Vp
_B. I vP
y=1 »p
_ v
= V(2B (1.27)
i 24 ] LAAS 24T YOS R34 7
oU-B B J U?
G +20-(UxB)= -V [U(U-B) + Bl + £ 5 - ). (129)

FEBPER T, Q =0, WEmaXRAEL G ot [,B-UdV =0, X5
Wolfjer (1958) Ml Moffatt (1969) (WAL X IR ~FIEAHTT o
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B B2 )ik v T LA IS ANTE, SRAPRESAPEVTEL (anelastic approximation)
54], VU = V-pu = 0. KF7 KR U =TU +u fl B=B + b HAisz)
JiFE (1.18) FUER TR (1.19), SREXEA TR e, T LR E1E
Wy )3E 8l 77 FEARE LY J7 1

46— — V xB) xB
P +7(0-V)U+750-VU + 252 x U) = —mz;g—vm%
0
+M, (1_29)
Ho
B _
%—t:Vx(EM—i—UxB), (1.30)

Hr Ey = u x b &g FRwsh . #I5FE 1.29- B + (1.30) - U 4

c

oU-B = 2

5+ 20-(UxB) = —V:[UU:B)+ B(, = 7)]
+U-VxEy+—-(b-Vb—-Vb?)
Hop
—B(u-V)u (1.31)

AR (1.28) 3543 21

oUu-B — —  du-b - 7oA T
g P (UxB T = —VIUU-B) Bl + 5o =)
~V-[U(u-b) - Eu;]. (1.32)
B RE(1.32) 0 & (1.31) 73
du-b —
l(lat — —Ey (20+V xTU)
~V-[Ey xU+U(u-b) - %Buﬂ
B 1 1__
+5 [p(u-V)u — M—O(b Vb — Vb)) (1.33)

A Ty = Pty —pig - (bib; —0:,02/2), FFRH LAV =0, Vou = 0. J57%(1.33) 1
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i

i ]

AT AL R

N D [p(uy 0z, +u2@xj) Lo i 817] + 350])] 2 pop 0x;
B; 1 b2
= V. [puu b;b; — 9;
E ;P MO( j i )]
D
X I ] LS 2 2 A8 YO BE AL 7 72
ou

S — 1
~V-[Eas x U+ Uu-b) - ;B

B;

Pipin &8 AX IR T7RRHEAT T WA 20 7 [10],  AATTSR H S5 /N ot B2 1 A 2T LA
( Minimal tau approximation (MTA)), Hf—MIUHIT] GeArAE 1) HAb 1 I1EH
I FE(LA8) R AN I AR J1) LA A g Bh AL SCHRJEE AL MTA J5 ik R AR N
B RS WEFEB5, 56, 37, 38, 57], S, IXRR TR SB AR i
A =B U S DR E R LA B BL— A TR REROUR & 7. R 5 R (1.35) Y
I R R K —(a - b) /7., /\EF' Te SIS AERS 8], i shal EFE )
AL TR

b _ _
a“at — _V.FC_Ey-(20+V x0)
B; u-b
=v.T,, — —, 1.36
HV T - (1.36)
Hrp
- o 22
F :U(u~b)+BiuTu—B%. (1.37)

FO [y R SO AT SR (Rl i, 2 AU A5 DR IR 7T AU Ay 38 SR JE2 i 1
BRoLw, KNG ASATIE BAAAE. insh N K E T HANE E R



16 K BH AR T A8 SRR PR 5

RN, I B AN RE AL T ok, AR (99 RSP IE A Wl
PLE A [58]

Ty ~ =6 (pu + —). (1.38)
i SN ) ik AR YR bR R AR S AR BRI () T [59), W R AN
R REIA, i B0 AC OB FE IR A 7 R ] LAgE— 2B ik A

du-b _ —Ey - 20+ V x 1)
ot
1 — B2 u-
— (B -V)0u2 + —) — . 1.
+3ﬁ( V) (pu +2MO) - (1.39)

AL A ORISR R R, ke, PRI ah B P
WIEREAT G, R B ARG B RE N B .

Kuzanyan A /5 F2(1.39) A4 3 55— SREAT T PEANF (0] Al A0 i i
) LB I ST 5 17 B R U i 20 5 SR I P £, 9 30 i
A8 SCURFE I 53 AR AP A8 SRR, 30 SCURRE (/97455 BT 14 K P 39
A%, AT MMRFE ) RE KL N2 Ghms™

77 F(1.39) 55 UK A P AT LUk 7 20 (KAt e 4 B R A B 1
7. SN TP 30 P SIN, Z J7 F2 (1.30) (RN TV 5%, L4075 300 75
F2(1.39)Fi6 K B
e i ooy, P
(B-V)(pu? + Q_MO) : (1.40)
BBk B e T LTI N RO 22 = epu?, JiFEL(1.40) 1T BAS

\]

u-b~

w
I

o PP
B-V)(pu+ —
(B V) + )

1 — — —
= gTCUQ(l +¢)B - Vin(pu?)

_ TC

u-b

Q

= nr(1+e)(B-G+B-U), (1.41)

Hf G =Ving 2% E )2 %K H (density stratification), U = Vinu?

BN 7 <5 (turbulent intensity stratification)s
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i

i ]

SR 145 5L T Rudiger (2011) AMBTEAH, AT T7E A ER -5 ) 7 P e
PER i 5078 AR E 2 [52]

ETTS::7h((;-i§)4—(%§-+-%?)a4-i§), (1.42)
Hh &%

- /“/ f;f%fﬂm, (1.43)

o= /hu/ klﬁf;ﬁerfﬁmﬂv (1.44)

XH = 1/(poo) ZMFERLRE, E &hshaeil. MA7id AR & KTl
(mixing-length approximation) flith J A8 XUREHIAE M 738 w,bye FEKBHXS
P IO BTG BRA T, %5 B0 J2 R TR K T 81 5 X 23 J2 ek [60], BRI Ok %
FEREFARIE g, G < 0 Wy DU BS H AL HERT Y, A8 IR RS (AR 1] 4 i 5

BT SR BE—Hh, Ridiger 45 Hi AT LLEH: ML I AT XU ) 45 5
il TE T R B B REFE LR [61)

Pipin (2011) @45 T AT AMISEE, RGH BT T 0 30 28 BB 13 ) 2%
ﬂ%ﬁ%ﬁﬁ,%ﬁﬂ%@T%%@X%Eﬁiﬂ@%%ﬁﬁ,ﬁ%T%E%
B KRGS 72 VG R SO RN A8 SOMR BE AL R ik, 480 T 48
SCABPERT A LS (75 L[10])o AT &5 R0 P (1.9) BT

1.4 ZFAXHBEBFMEX

KPR 3 — VIR BHAG S A AL [62], 1M K BHAE B A1 4 28 e R B
Pk, X FARRIRA, s, NREFARESAE RN Kk, KHE
ARG s B S BT, iR, B e Madr ki e RwAER[63]. AR AR
PIs b, I A e e S5 1 AR ER 2 DX N A AT A (TS, R LIRS 3 U1 A
PHASYERE: 2 FLEARE JsUn ki A3 0 A RE M SRR LR Se 86, 2k T
VIS IRE M S A LR (4] )5 B AR N TR EAN TR LA R AP 1
RN, BN SR o ROV, i B REAE RSN A AR SO RIS I AL SCIR P 5
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o A% SUMEFEE A0 N 2 P38 3 R WO UL ) — 0 B AR 78, A8 SR B2 RIS %6 K
BH & ML (15835, 04 HA SROK BIRESS 1) 20 A S S AL A, SR 20 B K B
BN IS B A A A R

Ko AT S FEE 2 N FRIATE T SR A Bl AR R T, 488 T R EH IR
AR I, KR R S5 R DI B, A8 YO R AU A (R A 5
IR T3 = e ASCI TAR 2 AT R A 2 TR 9% 8L (SOHO/MDI A1 SDO/HMI
KD, e I IECE 2 A, H B2 R AT e 0 K BH T RS SR FE oy A 5
AT R, SHESHITUN S RAHEIE, BEAHLREHWATE R E .

WIS — A 4 T A OGRS R FE WA SN, A8 SCBRRE (R e 5 B
W FERAH SIS ZE R AT TR VP 55 R R0 8 — % A - 3 ) 56 B 11
AR, 55 5 H] SOHO/MDT 4 [ [Hi i V=1 A0 22 325 8y P&l AR I b 23 B T i 17 R ek
FE VT BeAFAERIAR DG, 43 IAE 9 I R0 55 4 20 15 D0 B 19 31 77 40 17 A8 SCHERFEE 1Y)
R0 . o =T AFSY T SOHO/MDI A SDO/HMI Hd (AN e, St EL 7 3 %k
& (SDO/HMI i) A1) H A m) A8 SOBERE Zp A a4 5 58 — 2 (1) 45 L 2 [H]
(F e lE, JRiid sDO/HMI J< i WE 49 B T iE Bl X AE IR E = AN 43 = 52 1K 40 A0
FIFE. SEDURREE TRV LR, V390 TR0 E 28 A e A2, IF R
BT H Gt PR AR ROZ B0 e R %% 7 5 )
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B 1.8 NREER RN K R K2 |B| > 4B, AT HALHL R
BOICHLIA SR SRR 2 TAEROR . v LU 217 AR I B R 3 454 3t A 44>
BRAU DI, AEARBR PR A RS R 22 T KRR IR 4. B

KA, H5lAN]
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Kl 1.9: Archontis K FIHUEINAT . RO & A ki BE I [E L, RO KN ™
G, BB, T LG - Bk A e e ad B 3 A R P A AT
BCPAT R RN 37, 2K 1 Dorch and Archontis (2004)[6]
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Ba By

By
0.5

0.0

-0.5

-1.0

4 1.10: Archontis WtIALEAN ] R T AR, SRR BIIZ 2 — Bl RS
BUEBN. Lo s REE, LW R . w LUE 2R G FERU R A sl RO
FHAIN S BV 4l R A R W] S (0 A SR P N B AR R R, 7
A PR 2 3 A3 it i SE /N ROBE R 5k 2K 1| Sur and Brandenburg (2009)(7]



292 K PH 2R HAS MR FERF T

b7 >0

B 111 R R E I E RS, SR A Yokoi et al. (2010)[8]

hy, [Gs m/s]
(x16%)

50- o~

-'ﬂ-’ﬁ-'
| — — -

o

o

0 10 20 30
Time, [Yr]

Kl 1.12: o EHUET, KBTI X R4 SRS 1) 424k, >k H Kuzanyan,
et al (2007)[9]
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LATITUDE

5.4

LATITUDE

—0.2

bl (6 b7

—0.8

LATITUDE
B3 8 8 8 3 4 8 8 <2

LATITUDE

g, (ke

= |3

Kl 1.13: i 8048 IR EE (1) 90 Ao

I KRR, (b)) (c), (d)=2&

(2011)[10]

faxay
=¥

=5
TIME, [vr]

B2 2R X A I i3, (a) KFHER
A SXMRFE ) = A 4> 5. K H Pipin, et al

/|






EoE  BUAREE AN A TR

il

2.1 73

FESCFANLERR AR, A0 SCRRFEE IO [V 5 0 08 5 N AR G I T i 5
D NAZAFAE R GUIIAORNE[4, 7, 8o 1M A SIS < {5 15t W Rty 28 AIORT W FHL
TR, AL SRR —MERAN AR (9, 10], XU X RS IR A8 SR FE 43 A1 5 i
e, AEHTHRZAT R IS W PRI BRATTIZ L AT il A MOV 2 A D R
TGS A S I PR A R A

SOHO/MDT o i 47 AN 17 (A UL DN AR 22 17 K v i I 2l X
ohy Tl Sy RV 5 3 A G M I I 23 B $ 4 T 4% #F. MDI (Michelson Doppler
Imager) +&: SOHO (Solar and Heliospheric Observatory) BEBERIES
s B H bR K BH iR R G ER (1 R DRI S BH A #45 E.  SOHO/MDT
I 7K > ( per pixel in 1 minute ) X34 H [HIAW ) 225 il BEU /2 20
ms~, T4 AR ) 37 0220 G, 2 R R 198 AL RS AR [64]. FRATTHY
TAEHIE 2000, 2004120074 () 42 H il SOHO/MDTHE KA1 2 ¥ 8K ( Levi.s
1-min ) AT SR,

2.2 HEAE

£12.1°% SOHO/MDT #2 ik 1) 4 [ 1fl 22 35 A ], 1 v ] LA 35 R OK BH 1 3615
B W, A RIS 3l 0 BN TRATRIE ST A Y W ] R Ak B 2
— 3 T AE N KB B A, PR FRAT S A B 5 — 2D R, T
SOHO/MDI (1) 1-min 4 H [ 237 ¥h &, G052 0 i R, M &K 2354
19 2 F00 R (R 2 38 e W LRI iX —Ab ¥ )5, JUIAE H T b0
W] PR BEBERE A B R T, 2.2, REAFRATMWIFASH FE i G X 4k, 3X
T B i A B 7 X AT LA 2 10, 1-min 4x H I 22 580 B 1 20 MR 2 1.98 b
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P 2.1: SOHO/MDI Hy4s H i 2235 5

BB, AR H 72537k, BT LABATT 0~ RO KL b Ko 45 74
INEISEVNE KPR P ¥ 3 iSE TS EA S SIVAPA 7SI b S s e DAY e

R 2. 357 T LB 2 B A4k, TR () — 203 S5 b AN R F5 ) T LA 1
V) GXHERAMEIE BO MM, AL 125 8] IR 29 030 M, TMiix
LR KL AR PR R e AR TE BN T BEAR AN, NI — X3 12 3 3
FLA L RIERE AL R 7 kg T oK sl B0, DR A A g i 242 )
RS T 3RA TR ANTS 573 2 Jm R B A R KRR A

ZWE P S MG BRIk, KRG AT Z R0, B i 1
72 J A1 290 R0 1K) 10 Bl . 11 K BH I (10 R RR A, 6E 24> AR
S35 DL BRI 5 0 - B e A 1) K RUBE I AR 5 IR R BB RV i ) )
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P 2.2: SOHO/MDT )4 H 1 2 3 4l Pl 25 0 B R 31 P2 71 5t Ja (R 45 AL

PSR EATERZ, I T ORI SOHO/MDT £ i 2V vk Aq B fR Uk, PRtk
ATEFEL05 B R I [RS8 RUEE . FRATVEHR AR B 2 — 200, X LB P )
BRI 2w, HHATE S AR08 7. SOHO/MDT 4 H 1 2 % )
PRI I (] 23 2 1o B, RIS S8 75 B R S 11 105K 2 3% 1K,

Tk 3 B 3 AT 2% A soHO/MDT 42 fi i) 1-min 4= H 00 AR A 4 . XS T
SOHO/MDI [#) 1-min % &l 547 45 25 W 5 /K °F- 450G, 5-min i P10 I e 5 4
15G (X Ff 5-min 4 &30 5 2 58 AATH K 96min W4, & 2 BEAHBGI67 1K)
HELESTK 1-min BB IOF38D. AT WSS 8, SRR IET S5 7
(1 R EH B9F D5 i DM FRATT S A B 28 =20 2 610 43 i 4 H T RR 1n)
WA AT 88, X BEFA 4 T 22 305 ) B (R AR B AR R — B0, SRR T 57K P
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100

50 — —
o

N

\gj L

> o 7
= |

O

)

>

100 vy

—40 —-20 0 20 40
Latitude

& 2.3: ML RELL AL,

FATIHcHhs A B0 565 DU 25 5 K5 107 b1 239 )3 158 P RORT I (15 1053 b1 40 ) e
Bk, BN D PRHREARIC u- b, RIS RIVEEA G
u - b E S A I TR B AT P . XGRS TR AR
NI TR B B AR BRI R BRI RS, AT TR FEIX P R4S/ NN A AR/
I (AT 10 23 Bl TS AEAN SEA BT - be BRJE T4 W HUFE I TR] 24 R ¥ — R 41
u-b TP —E PR by, = u- b TG BIXE IR, R
JH B P AN 22 5 e B 25576 05K, DR R M5 K1 B L+ 2 551 B (K MR SO H 1
JIMs I AR [P B 45 R A g S K 28 2 B AR.

TR N e, BRATIERE T H T O BT i — AN R X 38 (—45%]
+H45245fE, —15BI15L ), X — IR sl B L E2.40 FReAT 10 A B 2 T
MR EIP Y B R by, BREIE TR XN 2 Ja, BT
PSRBT — A e A B, S RGN I BE D SRABRE B IEASRELR B, R 1) 1)
PR EATR], FEARIE A2 P30 & B Bi fE, e AL B W a5, T ik
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B 2.4 Pk ity oL B A R X s s 2R —45° B +45°, 4
—15° B +15°, 5 5104 H i g R 22 3% B 1] 27 (1 720,97 K BH 42 LA X
I

ST AEBADI AN B 17 () B FEREAT G0 FRATTAEN 1) L LATOJE 25 5 Oy 2
A, oy T —RIIE T, DUONERIRIBGE R, AR 246 10 Bt b (148 5%
HAF, DX R AR R ERAWSN, wEE K25 26 A
BRI — RN G T WIREEREAT T, Jf e SO X DAL E R u - b
REFRNZ A Yl AURE u- b B4 AL,

2.3 R

AT gt LS00 S, F i3t B X e 7 AN X8 5035 LR 1Y)
55 1 375 1 LA 50/ 14 2113000 5 7 (K 5B 7 1 . FHT SOHO/MDT WLl 1) #1710
HIFE 30006 Ze4(65], FRATIRIISEHC T 3000G 15 4 ik 7y 1 (L i L P

2.3.1 S3HIATER

T R, 506 LR R BB A W2 1, AH A BRI (73 2
5 WA 2 ST W e 4 2 B P b T 0T 107 0 4 W7 7 4 3 3 35 16 A
S LA MILER, XN E TR BRI =), 4R (2.6) T
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© 3B 45 Box”

5 B 45 [F "Box”

P 2.5: AR AT IR B RO B LOBELRIE, RS
% LRI R BB AT T R FURR), ARBTG5 2.
A DR FFAT 5 R TR P 04 14D et 0 26 S R P2 O M

e AT LR BN P E AR SCHE AR 58, R s g NIRAID NG e — A
oA, BARCFEMEMN T AT €M RS E. E2.6 (b) T Bas it i i
100G £ 100G HUVEH, X-—VEE KA AESE, (HIXBANE S AL B 5k )
10 VBT R XA L B REAE e X I3 WA, Al BA— B RESE 3L
T VE . Rl RE M st RO RYR Tk S s R R e e, 4 Levell .8
LACIEDIEE | UL b E /T e o R IE 37k E I N AR eb e e A [T = NI A | IO

PSRRI AL,

FANIAE AT AN [ B 3 5 S PRGBS S AR 178, [ It e i b i
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Correlation Correlation
T T

2000 2000

1000 - 1000~

Velocity (m/s)
[S)
T

Velocity (m/s)

—1000 —1000

—20000 . o v 1w -20000 . o v 01w .
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