
� � 27 K�� 3 . "�?�~�7�E Vol.27, � No.3 ��� 2009 ! 9 9 PROGRESS IN ASTRONOMY Sep., 2009 ��CQ���1000-8349(2009)03-0280-11

 O MGS ?�5MK����K�/
=(���Dyws 1,2 Æu�x 1,2 Ætrv 1

(1 �fUT�5�TZ#���TZ 200030 � 2 �fUT�5��D℄5�": 100039)PN�7>��2W|pjDY	�j�x|���neb0h	q" MGS �B3DY	S}�j�zw|~j	dE	u$� EDS {GV�C~j	dE|,K	>e(L| MSG 	u$�_Y|,Y<��=�|+t�s3,f~j	dE| Chapman �mbB|	u$�_Y��|~j	dE|~E��E,K|V�s
0Hh�b	(L|,Y	u$�b,Y<�'�!&|NQb TEC >A{G�e|(9	� # ��DY	�j�x� MGS �~j�	dETA�-��P185.3  P352.7 ��� CF�90�A
1 �����oiCX��iÆwn�BoiR|{h�s��|5oiGg�A{k�# V��CX�R|b
�H{mz{�LY-\{oim4ahtJgN�mdSn�${oiIJ�p!{CX��iÆw`�Aoi{m4��D�oiv�	eJ��89`{IJ�#{?!N�Æw�CX��i�AÆwU�5�Boi{m4W(��H�h�{m4�zgN�N�bV^ 2=oiSOGOr��H{�I�p!��S{(r� (M�TZX3 DSN, Deep Space Network) �X�&o25oCX�OA�%X�(rg`{[:�)��P0{AzU��Boi	/;i{m4a�D+J�2!'�Aoi�tJ�no�z�oiv�oim/�L��eJ�}��	jM�t5{R�[��a�tj�
T [1] ��� :�84�2008-05-05 � L�84�2009-05-12!$H1�U�=fT� 863 �r^� (2007 AA12A210, 2008 AA12A209)
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2 ��k�y}of1i�CX�b4{�BU�z�v 20l� 60 pW���1m|{ von Eshleman = 1962 tT�Y{Ng# �# da Cain �u{ JPL .x��r�OC{�=m4LX��,a�zpE��℄{�B�hd��V{p!�,a[:Az{�9r`�Boim4a�D{Uor [1] �g�a$MÆw{�Bm='n Fjieldbo �HOC{ [3] ��iÆwtT=
1965 Mariner 4`&X}ia4jb`�bV{�}i/��7�<�a}i�D�t#�{��gAz��Av}im4{**�Q�T�{}im4k�n# CO2 JO{�}i/�<��'�={ 1% �[℄&-AX{z�w�� [9] � Eshleman, Tyler, Kliore, Fjeldbo,

Lindal, Woo �HTm1V{ Voyager [10], Mars Observer [11], Mariner [9,12∼15] �^ 2{CX�R|b
�Nb
��oi (�i�3i�}i) a�moi (�i�-i� 2i�Y2i)[16∼19] {CX��iOA�yv{mzM'oi�D+Jam4xO{gN�oiCX��iOA{�%/gn���F(r�?^ 2=$�?oi (�/;i) K�5m{CX�g`�%XAzCX�g`{[:�P0{*s�!�g!	# ��R$aS^�i)�{m4LX�^X�Fm</�Y�Dm4{'tzÆ��<���7^Xa;Dm4{�t#���t�<�^X�h�{.oim4	/X�v�{$M:[�MVnoiv�i�wU�yvoii4v�{Gstma'8gN [20∼22] �R$�iOAa��}R�PRAz�i�}Rx�g`aX�DSDvkoi/�Fm$oiK��:5NS^�iOAa�#';i7�rv��Sog`�u�#iS9PYaI\Rog`���'qRAz�i�qRx�g`hoi/�aX�DSDaR?m4D�Vm}Rx�y3%g�
3 MGS 
eF�k|H`i*)M

MGS (Mars Global Surveyor)n= Viking �q�m 20  ��Tbo{e�p{}i�A�q��' 1996  11 8 6 L�X� 1997  9 8 11 L5Nv}iSx� MGS {k�IJn�B}i{/��m4DaeD{:[� 2001  2 8 1 Lm�5o{ 4 g℄CIJ [2] �h 1998 1 8Oh�MGS 5o{ 17 000�g�ib
��A{h}i/�v;�k 250 km_{m4�OA+V%X Abel *x!	LX�^X [3] ��5LX�Ddrm4a�Dd{o�t[M�_g+Vyv{yxzF [4] ��D�t#�zF (EDS, Electron Density

profile Standard) (100∼200 km m;"4) adrm4zF (TPS, Temperature Pressure profile

Standard) (0∼40 km m;"4) �Ny='{W'-��5 500 m [5] �CFNCX��izFU�OCh��BF|�&M��drm4{<�a�7zF<�S�m4�lEU��B�Dm4{+Ja�t|�Q [6] ��t#�zFU�!`�B�D{i *s�Q�drm4a�D{[p|!�	�Dd{MOV` [7,8] �%=dB#��5 NASA PDS(Planetary Data System)I8{�MGS CX�R| (RS,

Radio Science) �ib
yv{�D EDS zF [23] 5oW;{'K�R?zF{a�Z�
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3.1 MGS/RS EDS ;&��6*

MGS/RS EDS zF{'8:[M/ 1 �j�/d�Ggz[�MR�
(1) Sun Mars lon ���=}LPd{<����'�i�\aWa}iXd'�aWa}i)��vXV�{�%�h}LP{d'�Oh�z�_�5S�
(2) Sun lat ��i�\aW��=}LPd{7��_!5S�
(3) LTST (Local True Solar Time) ��i�\aW��{�#O��a�)LR�<���{tFXS{s���aÆ�5SF 12h �/�tFXS{aWU%Xx�yv��iO� 1 MGS/RS EDS <'"�<��7+

File name Date LTST SZA Sun Mars Sun lat Nm Hm c H0

profile num. /h /(◦) lon /(◦) /(◦) /1010m−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 12.2 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 12.3 75.9 155.5 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 12.4 81.0 173.4 21.86 11.4 152.6

mors 1036 05.03.11 12.4 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



� 3 . G�N���( MGS �B3�jPB|~j	dE{GX<(L 283�AaW{s�O��a{��Iin� (�iaWLR�=}LPd{<� − fa��=}LPd{<�)/15 h+12 h �
(4) SZA (Solar Zenith Angle) ��i�\aWs� �#_a��#_V�{�%���i�\aW��{ �I�
(5) Nm ��?^X�{+X�t#��
(6) Hm �+X�t#���{;�X��Q�p�{Ux�An 3396 km �
(7) c: Chapman �ld{�z�
(8) H0: Chapman �ld{�z�N5.;�

, 1 MGS/RS EDS {G
(a) ?>��8�T~*:� (b) ? LTST �8�T~*:� (c) -Z�v%�� LTST ~,u�
(d) -Z=�� LTST ~,u� (e) -Z�v%�� SZA ~,u� (f) -Z=�� SZA ~,u
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(1) �� �% SZA {*s"4� 70.96◦ ∼ 89.22◦ �
(2) �D+X;�{*s"45 120∼170 km �
(3) vz�iOA{<��>m65 55◦(mors 1007) � 28◦ (/�zF�) �
(4) Sun Mars lon n��=}LPd{<��U�! }iS{�**s�/C 0◦ a

180◦ XAn}LPd{d<'��C 90◦ a 270◦ A��'!�=S℄a�℄�U5�;#zF�J�*r'8q'5P='�
(1) mors 1007, 1010, 1011, 1019, 1023, 1027 {zF��{7�= 64.7◦ ∼ 77.6◦N V��

Sun Mars lon {"45�70◦ ∼ 120◦, /aW��'!�=S℄L58�83L��
(2) mors 1015 {zF��{7�"45 64.7◦ ∼ 69.1◦S, Sun Mars lon = 135◦ ∼ 146◦ V����=8'��
(3)/�zF��mors 1024, 1028, 1029, 1030, 1035, 1036{zF��{7�"45 60.6◦ ∼

85.5◦N, Sun Mars lon = 110.9◦ ∼ 227.3◦ V��!�='�58�+ 1BY{+X�t#�a+X;�
�#O��a��� �%{'8:[�h+ 1(a)U�PY[ mors 1015 �Av��={�D0�/�zF�'8=!�=�h+ 1(b) U�PY!�={zFk�'8=s���a 2.5 h
∼15 h ���={zFk�= 12 h {%�

3.2 MGS �U2�,G�R��>%�����CFS*� MGS/RS EDS zF{�*rq'�R�{C{xzF5o'K�BY{+X;�
<�{'8�2��!�={zF5o{�q{�&'K���/ 2 a+ 2�+ 3 �� 2 mors 1007, 1011, 1019, 1015 Æ<'��7+
File name Date LTST SZA Nm Hm c H0 Sun − lat

(Profile num.) /h /(◦) /1010
· 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/ 2 d�mors 1007, 1011, 1019zF��:'!�=3L�58�mors 1007{�� �% SZA *sha���{�#��a LTST = 3 h
∼4 h {"4�� mors 1011 n mors 1019{�?t��5M\$ 134 x^X� SZA {"4n 80.5◦ ∼ 82.2◦ �mM$ 448 x^X�r

SZA {"4�my�� mors 1015 zF�:'��=8'�58���'��dF�+ 2(a) BY{ mors 1015 {+X#�
 SZA {'8� Nm 
 SZA {B����N�V`nQs|*i{�?h�r [24] �+ 2(b) BY{ mors 1015{+X;�
 SZA {'8�
Hm 
 SZA {B�P'm{+��B�
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, 2 (a) mors 1015 |,Y$�� SZA |(9 (b) mors 1015 |,Y<�� SZA |(9
mors 1007, 1011, 1019, 1015 �zF�{+X;� Hm 
<�$&'�U{*s�U�!;�# �NzF5o�e_g�B?!{ 4 );��eIi�//ki5�

y(x) = a1e
−(

x−b1

c1
)2 + a2e

−(
x−b2

c1
)2 + a3e

−(
x−b3

c1
)2 + a4e

−(
x−b4

c1
)2 . (1)yv{�eBXM+ 3 �j�/dg�5 Hm zF��bX5�eBX�vX5_g��{-A(/�h+ 3(a, b, c) U�PY:'!�={ mors 1007, 1011, 1019 zF�{+X;

, 3 �<��f,W
(a) mors 1007, (b) mors 1011, (c) mors 1019, (d) mors 1015 �`h�6 90% �wZ0k.C~`hA�)0
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<�*s{?m&'(8�= 130◦ ± 10◦ a 0◦ ± 10◦ _$�U{+X�r*M+X;�$ km {H1�+ 3(d) d�:'��={ mors 1015 zF�{*s?m�U7&'!�={ 3 ?zF��+X;�
<�{*s)}im4{5��rn�^{��)�Dm4{'HarÆ[�� [7] � SZA a�*r$ n�O� �#r}i�D+X;�*s{k����<�{*sn�0�?5��� [24] �
3.3 ��J�.	�U2�,G|5�g�1��D=CX�5{b4d�	rh�{%R�}i�Da�=�D$h�7&V_��5}i��E3���/X&'��u^}i�Dd{�t�Æ��&'���=�Dm^U'5�D���J5}i�D\$�Dh 100 v�
km {�4���=�D$h7{oi�eJ�4�U��u��.{�℄�[&VR�}i#'
$NÆ�?7eJ{�o�W( �'��.d [9] �V=��=�D{y�V`w7n{.yh9\�N%Kn�5eJo`{�3;b��MYa5N{o�t��℄�D{:��̂ i;�t�HU�{�Ga�2��℄aYaaT�amT�S{�D�K����.{='$o���}i�D{�B�6$m'�'ag.�=�D{7&V`�E_�g.}im4a�D{nOa_�a	/Gg�r [9] �
3.3.1 �nYfWX Chapman go�}i�t#�� ^X{'K����n#+X�t#�aSD='^X) Chapman�l-A{o5�r5o&'�U�!�?g\{ Chapman D�

N(h)/Nm,F1 = exp
{

c
[

1 − z − sec χe−z
]}

,

z = (h − Hm,F1)/H0 (2)/j}i{SD�m4�6Dk�n#��.�t�a�l{9esoim4[p|!I\{ [25]�/d� Nm,F1 n}i�Dk�+X� F1 D+X�t#�� Hm,F1 n F1 D+X;��H0 n.;�χ n�� �%�!i (2) {�l5oza�Q �e�UBY+X;�58{�t#�BX�2yv�ld{y?�z c a H0 ���?zF�l{�zX>*M�+V=/ 1 d z zmy}BY�+ 4 n

, 4 MGS �Bw|~j	dE	u$�_Y



� 3 . G�N���( MGS �B3�jPB|~j	dE{GX<(L 287��l{}i�D�t#�^X (/d��5bAzF�bX5! Chapman�l�e{+V)��Du��:_{�℄'m�}i�D�t#�^X271DPVq�+X��nm='PV�U{}+��+ (M+ 5 �j) �Uj}i{�DU�i=yD��D+J�za�Q�ea�'xeg{C c a H0 {WX>�g>.rw�b�zF_gdTCF#Hza{/Ayv c a H0 {�xWX�Fm<pN5oza�Q�e>.��U{7rw{��

, 5 MGS �Bw|~j	dE	u$�_Y
(a) �-� (b) �-;\

3.3.2 �nYfWXiWb\We`
r}iOAzF{b�a;�{�;�mz{bA�D^X�7n�q{q+^X�PV{}+a�++J{���h+ 4 U�PY�= 137 km _$�?k+�(8 110 km _$�?2+� F1 +X_{tk�n O+
2 �6Dk�n��{s0/X�1{�2+{tk�n O+

2 a NO+ �6Dn#'O X XX��I\{ [7] �F1 +X{*sU|5vk}i{��s0/X�z*s{k�[.�[&VR�O X XX�z
��i-{*sE�U���2+{+X#�=��|�;+-*sEUl [7] � Bougher S.W. �H%X&' MGS/RSyv{�D+X;�
<�{5z 3 {Pta MGS Accelerometer yv{drm4Æ�
<�{*s��VyMV�{*s?m%K[��)�LM{)�n�^{�[Y F1 D+X;�n}i�Dm4a;Dm4�e{�?h�[. [8] �h+ 5(a) U�PY= 136 km a 146 km _$y?k+�+ 5 (b) dAi=y?k+a?�U{2+�}i�D�t#�^X{}+a�++J�U�n��.�J~*s{:[R��.)�D{[p|!�1{ [24] ��5�}i�D{Aza"�/�=m6
180 km �R{�D� 7i=W{a�*{tbv [24] �k�+X� F1 D+XnuQs|XRYa{� F1 D+X;�{'8n#��s0/Xa)m4{Z�LÆ{��f�&drm4{+J[M [7] �&a#'�/�gy Chapman �l7�1D.o}i�D{+JaGg�r�M#'℄Qa��u^m='�Dd{�=�bv�Ng<'&u^{�t#�^X74CL'�,{I\�a_��8CL'�7���t)drm4�t)t�	ta�t{(n)� [26] �
3.3.3 �^qh[b^q_[ljpkZdXam+X�t#� Nm a+X;� Hm )�� �% SZA V�i=MR\zMP [26] �



� 288 �������!�>�}�6�D������� 27 K�
Nm = N0(cosχ)k . (3)

Hm = H0 + H ln secχ . (4)/d�N0, H0 n�� �% χ 5 0◦ a{+X�t#�a+X;��H ndrm4{.;��'g\{ Chapman �l (k 5 0.5) ��D_'Qs|*i�drm4{.;5ÆX�}i�D� {+X#�a+X;�{*s�&'*A���|��ma� N0 U�kv
2.5×105/cm3 �[�{�/)�5 4.5 MHz ���|��aa� N0 m65 1.0×105/cm3 ��/)�5 2.85 MHz ��' 4.5 MHz {�5�%S7�a)}i�D�r}i�D� 450

MHz VS{�5nn)�{ [27] �p! MGS/RS EDS d{+X#�a+X;�zF�CF (3) a (4) i5oza�Q�eyv{�x�z5� k = 0.44, N0 = 1.7 × 105/cm3, H0=126.75 km, H=13.35 km �
3.3.4 �nYfWX TEC q℄V�}i�D�t#�^X�R� (5) i=;�S�'Uyvw�t[z TEC(Total elec-

tron content) m65 0.4×1016/m2 �6n�=�D{ TEC X (2.0×1017/m2) { 1/50 �
TEC =

∫

Ne(h)dh (5)

τ = TEC/Ne,max , (6)CFi (6) &U�yv[�{�Dk� τ 	7& TEC X��Dk�"4�{�t#�^X?z'8:[�+ 6(a) BY{ 6 ?zF�d TEC [z{'8:[�/[�{�Dk�M+ 6(b) �j�	F}i�D{+X;�a TEC X[�'�=�D�'��rKFU�g#`=}iS5o��%�O5U� [27] �

, 6 �6 6 y~j	dE EDS {G�|(9� (a)TEC Y (b) 	dEl�
4 �-��+h 20 l� 60  pOh�h�oi�AIJp!{CX��iÆw`�A��P�{�moi�yv{mz{oim4�eJ��t��oiv�h�gN�8 `T�S�zOC{oi�A�q$ Cassini, Cassini-Huygens, Rosetta, Mars Express, Venus Express 	d�ue}i�A�q��
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MGS }i�iOACy{q7{OV�yv{mz{}i�Dam4{zF�r#'i��idJl{Wa�\��Av�� �% 45◦∼135◦ {�,�=d�ue}i�A�qd�#p! YH-1 a Phobos-Grunt 5oi – i�iOA��A}idFat�{�D�N�}im4{D=��s�B#n$t{6V�%=W;'K{ NASA PDS I8{ MGS CX��i}i�DOAzF�2�q1V{oiCX��i{mda/g�+e}i�D{Gg�r�h�'K{+X;�[�'<��+X�t#�a+X;�[�'�� �%{*s���{}i�D{}Da�D+J���D+J�l{z|saGg#?{�BnR�;u�OC{IJ�[g%={F|#5BT�)d�ue}i�qd YH-1 a Phobos-Grunt �iOAIJlR�Æ{�℄�SI %�BwyvdTR|4
 =�=�t|#_��H�q�d�e|
�} −1 �}i�AFR VLBI AY'P(�SYpu^ÆSh�b
q{US��f^d��)BE�
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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 H0 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 Nm and peak

height Hm relative to longitude, LTST , and SZA in different datasets is discussed. The primary

electron density peak is under the local control of photochemical processes. The location of

the Martian ionospheric F1 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


