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2 ESORAY N S

X TR HAERE AR 5 T LA I 312 20 HE4E 60 R4, WitHAE K24 von Eshleman 7E 1962
SEEERE TXFI%. H da Cain GIFHY JPL FH WM HHF R T i BR RS Hr 5f %t 28 )
THEOERR BB TS, AT A B T ) 2038 3RE An 4 6 U R B AT B R SR R,
BRI U BRI BRI RIS 2 Fiieldbo 2 AFFRAT B R E BT
1965 4= Mariner 4 ‘5 K1 K B IPATIE 206, LI T X KRR FoR, TR B R IR
BRI — R, RIE] AR RS EAERE, EHT KERKEEEE CO, MR, A2
FEERERTHERE 1%, EERTMENRZLE O . Eshleman, Tyler, Kliore, Fjeldbo,
Lindal, Woo 28 A ZEJ5 /42T Voyager [1% Mars Observer 'Y, Mariner [9:12~15] &5 J 88 4 Jp 2%
HEMELR, XHLHRXNITE KE, €8, KE) MUKITE (RE., LB, REE, X
B9 gy BRI, R F T K TAT B B B AR RS A M FEE.

ITREITL AR B A JF . MU o Bl — M IRAER —MTE (B ILE) #
MHIE R RLRES, @R TL B E WA S IRIERN L, FRER BT R TR
M ETFHHEE D B R SIrHREL, REHEFHRBRSNSFEEE, BE, EREL
MEmBRRWEFIRE, FEFRIRERL, WM T T ERILH =SSR, W
REATEAMERE, BT ISETRE B2 N TR TR/ il B B0~ R B
X XL R B = R MR, XRS5 28 B B 2 LR BAAT B3R TH AR5 AT B HE
NI LA EMME, BT EEARIEIMME Li7EY, |EHRE LRIRER £ TG
Z, MM TEREENEERX, RREERGITINMTERAFEREE LBEMENRRZE. ZFEGE
KR LS.

3 MGS & Z R R 5t

MGS (Mars Global Surveyor) z&7E Viking THXIPLE 20 4, S&E 5247 #YHr— A8y BRI
R, BT 1996 42 11 A 6 HAS, 1997 42 9 A 11 HFEANRXEHIE., MGS M EZEIES
TR ARMER., KKEMBEENEN. 2001442 A1 HiE, #7577 4 Ry BES B
M 1998 4 1 AFF4R, MGS #4777 17 000 ZUHEE L, R T A K BRI 2] 5 Bk 250 km
AEESRAR, WRMILE R Abel A8 AT HTBRELR B . F bt R PR SR B R
B BTG, AbFERZE ISR T AR Y . R R IR ESIE (EDS, Electron Density
profile Standard) (100~200 km #EJEE) MRS EHE (TPS, Temperature Pressure profile
Standard) (0~40 km # L) , XPHSHEESFRAA 500 m B | ARFEXE I B
BREAT I RARZ O LAE, Han: X RS I R A R sR E0E 7 0 L — SR SRR
F ABFSRAR B R SR MR 3) S22 AE 1O 5 W VR BE S8 T LA D I 7 L B R 0 R AR A AL
iE. RSB EROA LU RBEETREyIg 79,

AR AT H AT NASA PDS(Planetary Data System) A4if), MGS T HF (RS,
Radio Science) # 2 SC5 /524 B2 EDS 4 25 3470125 B0, A B8 i B i) 55
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RN A A KESE, WL T K 2R E R AL,
3.1 MGS/RS EDS ##EHNDHER

MGS/RS EDS $¥iy o Afe i gk 1 fram, RSy s OnT.

(1) Sun_Mars_lon : RFHTEXE R ZEE, WA TR & L2 KR F 5 2]t
KEBHRMEXZ RS M. WKERIGES SITHHER, MANIE.

(2) Sun_lat « #EERAERZIKHTEKERFHEE, HILFIE.

(3) LTST (Local True Solar Time) : 5 & Az B ZIXF B 77 ELRFHES, 5 H T R&EEXT
S -7 48 L B 2 MR B 8 SOl IEZF 128 oAt /P48 BRI 2] Pl s 2], #EE N

&1 MGS/RS EDS HEKSHIHHER

File name Date LTST SZA Sun_Mars Sunlat Nm Hm c Hy
profile num. /h /(°)  _lon /(°) /() /101%m~3  /km /km
mors_1007  98.12.24 3.3 78.4 74.1 24.1 6.8 128.0 0.35 9.87
32 98.12.31 4.3 80.8 77.3 24.53 9.7 144.1
mors_1010  99.03.09 3.5 76.4 107.6 22.51 7.0 127.5 0.39 9.72
43 99.03.27 4.1 77.8 115.9 23.93 10.3 140.1
mors_1011  00.12.09 2.7 80.5 86.8 25.15 6.2 126.1 0.39 10.73
134 00.12.21 2.8 82.2 92.5 25.19 9.5 144.4
mors_1015  99.05.06  12.0 78.5 134.7 13.68 4.0 123.2 0.44 11.15
220 99.05.29 122  86.9 146.3 17.62 10.5 153.6
mors_1019  00.12.09 2.8 75.3 86.8 23.43 6.0 124.5 0.40 10.47
448 01.01.31 3.1 82.2 110.9 25.19 11.5 144.4
mors_1023  00.11.01 2.8 82.2 70.2 23.60 3.2 127.7 0.42 10.51
284 00.12.08 2.8 86.6 86.8 25.15 9.3 152.9
mors_1024  01.02.01 3.06 71.8 110.9 2.62 4.2 122.6 0.43 11.07
840 01.06.06 8.8 86.9 173.8 23.43 13.2 157.4
mors_1027  02.11.01 3.5 74.9 89.0 21.43 5.6 121.1 0.41 10.45
603 03.01.10 4.4 83.7 120.9 25.19 11.9 146.6
mors_1028  03.01.01 4.1 70.9 116.6 10.15 7.9 124.5 0.41 10.45
650 03.01.21 123 759 155.5 22.38 12.8 144.7
mors_1029  03.03.22 12.4 71.1 155.9 0.02 6.9 126.0 0.41 11.20
565 03.06.04 14.1  79.7 197.3 10.00 12.2 146.9
mors_1030  03.06.22  13.9 83.0 207.8 —11.4 5.4 133.7 0.40 11.60
76 03.07.02 14.1 84.9 214.1 —13.80 8.1 152.7
mors_1035 04.11.23 4.4 73.2 119.0 2.81 5.6 124.8 0.45 10.49
947 05.03.10 124 81.0 173.4 21.86 11.4 152.6
mors_1036  05.03.11 124  73.7 173.4 0.02 3.1 125.3 0.46 11.81

904 05.06.09 14.7  89.2 227.3 —18.24 10.7 171.7
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B 220 4 24 0 ECRFHE B AR R (BERZH T HEKXERFNEE — IR H7E K
B RFHEE) /15 12t

(4) SZA (Solar Zenith Angle) : 8B & A I 2] 24 # K T90 7 1a] A1 K FH 77 1] Z [R] A e A, BT
B R HE I 2 R FH A R TR

(5) N+ —DIBLNHIEE R FHRE.

(6) Hy : WEAEH-FIREX A& EE, S5 /KUEH M RIEERE 3396 km |

(7) ¢: Chapman AR 251,

(8) Ho: Chapman BRI SH, FRARE.
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B 1 MGS/RS EDS ¥4
(a) fEHE. 2605 BROSME; (D) 76 LTST . 41 BMIAE: (o) Wl TR IERE LTST 354
(d) VAR BERE LTST M9354k; (o) MEMHALTWRIERE SZA thAMk; (F) WR(HREIERE SZA MM
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MFE 15 KEHEERRSARRENT:

(1) KFHRT /i SZA WAL 70.96° ~ 89.22° ;

(2) M B B IE(E = B AR AT B 120~170 km

(3) FESEHE B M 2 FE TR K 2424 55° (mors_1007) B, 28° (HALKHELE) ;

(4) Sun_Mars_lon JERKMHTEXERFWEE, FUARECKRE BT A840, HEC 0° f
180° (B M| 2 K [ B P A B B4 B, B 90° A1 270° MIXF R AL R ERE ML R,

AL 3 — 20 R IR e BT 2 A 0 o =4

(1) mors_1007, 1010, 1011, 1019, 1023, 1027 FJEHEST Y H4 EAE 64.7° ~ T7.6°N Z [d],
Sun_Mars_lon BJFEEHR: 70° ~ 120°, HEFZIXT N FACEERE 2 H M, I H S

(2) mors_1015 HIECHEXT I 26 BETE Bl 64.7° ~ 69.1°S, Sun_Mars_lon 7E 135° ~ 146° 2
6], FEEERITI A

(3) HAbFIESE: mors_ 1024, 1028, 1029, 1030, 1035, 1036 FECHE XTI 925 B2 3 B 4 60.6° ~
85.5°N, Sun_Mars_lon 1E 110.9° ~ 227.3° Z[a], JtEBR5 S ML,

B 1 g5 T AR R B A e B Rl 7 B P . KBHR T A A fE L. A 1(a)
A RAE HBR mors 1015 R B RE Bk A0 B 241, HAbBdmat - A redvdesk. NE 1(b) 7TL2A
B HHACEERA R EE A Y O HES 2.5 P15t REEERER EEAE 12 £,
3.2 MGS BFREBE&NEESEMEZENSITIER

fR4E 147X MGS/RS EDS 3R TR, THEER T JLAKEF T, 4T
EEEREER AT, FHXTFEICERMBER T T RIS At 2R 2 I 2, B 3.

% 2 mors 1007, 1011, 1019, 1015 EEIESFHIER

File name Date LTST SZA Nm Hy, c Hy Sun — lat
(Profile num.) /h /(°) /100 .m—3 /km /km /(°)
mors_1007 1998.12 min 3.34 78.40 6.756 128.04 0.35  9.87 24.17
(32) (24~31) max 4.26 80.80 9.611 144.11 24.53
mors_1011 2000.12 min 2.76 80.50 6.170 126.13  0.39 10.73 25.15
(134) (09~21) max 2.78 82.20 9.486 144.41 25.19
mors_1019 2000.12.09~  min 2.76 75.31 5.985 124.49 0.40 10.47 23.43
(448) 2001.01.31 max 3.08 82.20 11.466 144.41 25.19
mors_1015 1999.05 min 12.0 78.5 4.014 123.20 0.44 11.15 13.68
(32) (06~29) max 12.2 86.9 10.494 153.60 17.62

F 2 H, mors_1007, 1011, 1019 FHRAEIAL T-IL2RERIT H S FIE.  mors 1007 A FH R TR
| SZA AR/, ST KPHET LTST 78 3 "~4 M fFEE . mors_1011 & mors 1019
M —AF4, ATE A 134 4L, SZA MTEERE 80.5° ~ 82.2° 5 JEHH 448 4L, H
SZA WTEEE KRG Z. mors 1015 BHEEN T FELERIT A ST, ST TF&FH4,

B 2(a) 45T mors 1015 RJIEEIRBERE SZA B AT, N B SZA B3R, X—31
ORI TR — AN E B 2, & 2(b) AT mors 1015 W IEE R R SZA B4 4,
Hy W SZA BB EHIH R 1% 5
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T 160
14 C Star Time: 1999 —05—06T09: 01: 34.88 E StarT?me: 1999 —05—06T09: 01: 34.88
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[ J S T T T T Y T [N B I B A B 110 B b o 0 1o n o 1y o p 1o a1y 0 0 ]
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K 2 (a) mors_ 1015 HJIEMEIRERE SZA #9434, (b) mors 1015 FIIE(ESEERE SZA WsAa
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T A X AR TS T, ATRA T 4 el a A=, HREAH:
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r—byg\2
o ( )

€1

y(z) = a1e” + age” + aze” + ase” (1)

PENR 2T 3 BrR. HFRAHN Ho BB, LEOVMEG MR, BLNEFXIHE
R 2 5. N 3(a, b, ¢) AT LAA Hi AL T AL BRAY mors 1007, 1011, 1019 X4 48 Y I {H &y
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_5 140
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BEREZ AR AL R A LRI, 7E 130° £ 10° F1 0° + 10° AbF B WA IEAE, (HT7- 24 i e B
AL km #yZ5]. B 3(d) H, AL TREEERET mors 1015 XHRE R AL EH I BA R THLfER
i 3 MRS, BEREEREERNEL S KERIWE IR —2, w5 RERHE
AR ARRS R (7, S Z A R M4 (s A 1 Rt e K P B 2 e e B AR b A 2
HE, ZENHELESI—HmMER P,

3.3 XEHEERNHEFRERLZ

VEN—FE BN R, BEBRELABREHEETIHEEENAE. KEREENHER
HEBRAREAFZL, HAXKEEKHEZ, KHES HEK, SEAEEEETHWEET
WM B AR, REEBERBE 2 ANUEZE, —RAHXEEERE A —ZM 100 2JLE
km B AA. HBREEZEEARRNITERRGEE, W RZ KRN, HEZT,
KB TRAXE— RN RS, HRERETRHERA O,

BAEXTHIER B B R F S BRE A T AR IE 2, Xl W R R ey — = 500,
InPERIREAN R BT, SR B B RRZ B, T RE R TR AL T RER IR B B, MR P
NEERR R ERY BB RS R IRA R B 3745, Xt K R BB S %A Bl - X 23l
PR BRE R MR TG, SRR IR K S B R A TR BRI B AU S e ek ©)
33.1 XZEw /&4 Chapman A

Xt KRBT HRE A RELH 2, — BRI (E B TR A LR 2 S Chapman
ML B 47 A R4 T B, ATUAA — 4348/ Chapman JZ:

N(h)/Nmr1 = exp{c[l — z —sec xe_z} } ,
z = (h— Hnr1)/Ho (2)
FORKER LRBBERA. %R EEE fRH RGBT AR L § R AT BRSO B T
iy B HAp, Nom RAREEREEEEEN P BEEETIRE, Hon &P BgES
BE, Ho 7&trm, x AKHKTA.

AR (2) WARRIRE T RN —IRIEM G, W4 IS = BE M Y s TR BE 4R, R B

HIPNESE ¢ M Ho o SN BORE RN SRERTY, SRIER 1 F 2 BJRPisln . & 4 %

T T ——
- Occultation time: 1988 —12—25 To 3: 11: 43.395 4
L =061 ]
200 Hp=11.98 -
B LTST =4.138
SZA=178.76
E 150 | —
Q =
100 [yopet! 3
50 | . . ]
B Location of the sun: (99 68, 24" - 22) b
Location on the Mars: (341" 747, 65°-167) J
(o)) AN I BN AT BT AT B AT EE TN T AT B A AR A A
0 2 4 6 8 10 12 14

BB /100 m
B 4 MGS Nz R X 2R FIRERL
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JLAY B R R R LTI A (R, RO SRR, SE409 ] Chapman BTG RYZER) |

HEEZ KM EREIER, KERERE TIRERSIFAE2EI A —IEE, MK
i 2P RAOBUEEZIE (WK 5 BrR) , BRXKERRERTRFEWERZ RSN, B/
AR, U EREL ¢ A Ho BIRIEA REBURAFICSL.  SERREUR AL A SeAR 6 T 22 5 /N
R AR E] ¢ M1 Ho B —4HWME, SRR PN TR/D UG R, A T AURCESHTLE,

250 e 250 e .
[ Occultion time: 1999-05-10 T16: 58:26.970 ] [ Occultion time: 1999-05-12 T19: 08: 26.001 1
[ €=0.56 J [ €=0.25 ]
200 - Hy=14.30 ] 200 - Hy=9.14 ]
- LTST =12.063 4 - LTST =12.046 4
E 150 F SZA-85.48 E 150 F > SZA = 84.73 3
~ [ ] ~ [ ]
100 fam 1 ® 00 3
& : 1 = s ]
50 ' Location of the sun: (123°.52 , 16.94) ' 50 ' Location of the sun: (98°98,16°16) ]
[ Location on the Mars: (124°.62, -68".34) ] [ Location on the Mars: (99°.67, -67° 93) ]
OLiaat oy s by o b oy o byyalos byl (R ETEE AEEE AR T R PR .

0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14

HTHEE/10° m™ BT HEE /10 m™
(@) (b)

B 5 MGS HIMEN KR H R TR B2
(a) X,  (b) ZEfFS

332 XEWREEGIWER S ELEN

Bt K B RS0 ) SR FRURINE B2 A 1, R B ST R 85 2 30 R A i TR B ) LD 28,
ST RUEMZIEEEM RS . B 4 FTRAEH, 76 137 km AbF — 30, 86 110 km 40F
—ANEE, Fo EELAHETEER OF , ZETREEKHKEIMESSIRN; BlEHETE
BJE OF M1 NOT , ZZERH Tk X & EmrAdg 1, F GEHA AT ENEE K BT
KHESM RS BT EEhr. M Z T, K X S ERKMHE B LEH R, Br
VA I 0 Py WS (L R B 7 K PH 75 Bh s i AR AL T @3 (7). Bougher S.W. %5 \ifiad H&Z MGS/RS
1S3 iy r B R I E = FERE 22 FE 5 8L 3 MR TR MGS Accelerometer 75 21 1 4 <055 BE Bl
ZEMEN, RAWEZ G RIETAL, SEHEMRES -8, HihF RgE
HEREAEMBREMNFHERSHEEN PR B,

NI 5(a) FTLAE HHFE 136 km AT 146 km 20HF P EWE, & 5 (b) FNUFELER A EIEHM
JUNE BRI, KB B R BT IR B 2R i DU T 2 06 25 4, W] RE 2 K FH XU 1 24 A8 46 1
T RHR G B EAAAEERSRR 29, DIRTxt kR B 2 i g R B 7E kg
180 km YU FHHEZARAFEZREHMNKTHE T 2, ZEIREN F 2ERERZ
Sotb2ER BRI, Fo REEEEN &R K ESME G EE R E SR, B
W RSB GRS 7, FlE i T3 E R #15 Chapman #RURRESE 2 MR K EHE
B WIS BRI, A i T BOR RS B 43 H B 2 A A PR B AR, X R A D
T HL TR B LR AR e T I 7 A R UR AR e T R . B S R
R, BTHETURETHE TR R 29
333 MAREAEMIZEFRKMRNAG XA

WEEHETHRE N AIEERE H, SKHERTA SZA ZEFFEWN FTERECR 29 .



288 X X ¥ # B 21 %

N = No(cos X)]C . (3)
H,=Ho+ Hlnsecy . (4)
Hdr,  No, Ho 52 KFHRTUMA x K 0° By E(E B Ik BEFIE(E & s H &P RS inm.
X THEAER Chapman #A (K 2 0.5) , HERL T0 P4, XSRS A EE.
KB LB 2 ORI VA VA B R ERAE r FE  RAL S LB AR . KPR TG SR, No ATLAIAH|
2.5x10°/cm?® , MM HIIEFIE N 4.5 MHz . KEHIESI/NET, No K€K 1.0x10°/cm? | Ifi
FHH Ny 2.85 MHz , Ik T 4.5 MHz fy B HEA FARESEE K EHEEZE, (HABRBRBEZEX 450
MHz 2z bfy s i LB u ey BT,
FIH MGS/RS EDS A (R ik B AR m AR, AR4E (3) #1 (4) kAT H/ D &
BRI —HSEHN: k=044, Ny = 1.7 x 10°/cm®, Hy=126.75 km, H=13.35 km ,
334 XEWHEY TEC )W
XK R LR R TR B AR T (5) A AEm LR A58 S & 1 TEC(Total elec-
tron content) K4 0.4x10'°/m? , 2 ZHBREEER TEC {E (2.0x10'7/m?) § 1/50 .

TEC = / Ne(h)dh (5)

T =TEC/Ne max , (6)

RAER (6) XATUGEIMM R EREE « IARF TEC HEHHREREEUENNET
WA LB, B 6(a) N T 6 DERET TEC SR AL, HAHME R
JZEEME 6(b) BiR. BRKERBEZNIEEREM TEC {HAAMN THEREEZEAHER, 2
5 R FT AR AE SR L3047 57 0 8 TS A wT R BT

400 300
. -~ F ———— mors_1007
E———— 250 oy T
300 v i — ——_ mors_1011 H - === mo 7181;
i} - mors _1015 200 i 1 —e—e—e-mors -
¥ ‘ i e mOTS _1019 % i e IOTS, 1019
¥ 500 o — —— mors_1023 ¥ 150 [ 1 ———mors1023
& P & !
- 100 S
100 i iw} — R S
R N o { 3
menh 50 _L_mtwt
0 -1-1’7‘7‘""'---'---' ob s vy e T 1 szl 11|
0 2 8 10 0 20 40 60 80 100
TEC /10" m? HE 2R/ km
(@) (b)

FG R 64KRBAIE EDS HURRHAM:  ()TEC (1, (b) AR
4 4 ik

M 20 tE28 60 TG, REATERNES A T JTCL AR HARRRRMKH RN &K
TR, B3 T REMITERS. %Y. FEFIR. ITEFFEERFE. EFREPR ERZ5T R
FTEZEM XA Cassini, Cassini-Huygens, Rosetta, Mars Express, Venus Express & FF{RIEEE K
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MGS & B RS T SR RCE, B2 T KR AEEEBEMASESE. HhT
B B LA AR PR, BB B R FH R IR A 45°~135° { X3, 7RIS KRBT
Xie, KA YH-1 fi Phobos-Grunt #8472 — BEMEEIM, HN A E PR R EEE.
XX K B RS EBR— AL 5 A JTRAh 7.

AXHIESH T NASA PDS AFif) MGS JoZ& i 2 k2 i B E X IEHE, FHR 3
TATERLHEBEN T EMFE, 455 KR EEBENYIEAEE, BT TIRESEANT
ZRE . WE TR AN E S B AT TR R A AL, #RiT T A BEEZRHZEMZE
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Preliminary Analysis of Martian Ionospheric Observation data
Based on MGS Radio Occultation Experiment
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Abstract: Investigations of planetary atmospheres, ionospheres, rings, and magnetic fields
using radio occultation techniques have been conducted by almost every planetary mission and are
planned for many future ones. Changes in the frequency, phase, and amplitude of spacecraft radio
signal, caused by passage through the atmosphere and ionosphere of the planet, were observed
immediately before and after occultation by the planet. According to an inversion method we can
get the refractivity, density in the atmosphere near the surface, the scale height in the atmosphere,
and the electron density profile of the ionosphere. Over 17 000 radio occultation experiments
conducted with MGS since early 1998 have derived two subset data products from the source
profiles. Using the data set EDS provided by the MGS Radio Science experiment, we get some
figures and tables. As the dayside ionosphere of Mars resembles the Chapman model, we use the
least square method to fit the EDS data set, get two parameters c and Hy in this model. Also the
phenomenon of double layers and multilayers of Martian ionosphere is validated and discussed.
This phenomenon may reflect the solar wind interaction with the ionosphere under highly variable
solar wind dynamic pressure conditions. The change of the peak electron density Ny, and peak
height Hy, relative to longitude, LT'ST, and SZ A in different datasets is discussed. The primary
electron density peak is under the local control of photochemical processes. The location of
the Martian ionospheric F; peak height is determined by how deeply the solar EUV radiation
penetrates into the atmosphere. The secondary electron density peak is controlled by soft X-ray
ionization, it should be more prominent at high solar activity. The heights of both primary and
secondary electron density peaks are regulated by the underlying neutral atmospheric structure.
But due to the restriction of spacecraft-earth occultation geometry, only areas in the solar zenith
angle of 45° ~ 135° can be detected in this way. In the future Chinese-Russian joint Mars mission,
spacecraft-spacecraft occultation will be utilized to detect the dayside and nightside ionosphere,

which will greatly complement the global exploration of Martian atmosphere.

Key words: radio occultation technique; MGS; Mars; ionosphere



