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Polar Patrol Balloon in 2003
By
Michiyoshi Navixt', Yukihiko Marsuzaxa', Yoshitaka Sarro', Akira Kapoxura’, Yusuke Epnars’,

Hisao Yamacisur, Natsuo Saro?, Masaki Eyrr’, Issei [IJIMA', Tomomi KawasaxT,

akamasa Yamacamt', Hajime Inour’, Harutou Hirosawa',

called this experiment as "Polar Patrol Balloon (PPB)" experiment. Onboard instruments are

ULF/ELF/VLF wave receiver, aurora X-ray imager, DC electric field instrument, 3-axis fluxgate
magnetometer, and the ionospheric total electron content measurement using GPS. It was planned
to launch three balioons with identical instrumentation from Antarctic Syowa Station with a spatial
separation of 150 km, in order to study spatial and temporal variations of the phenomena occurring
in the boundary regions in the magnetosphere such as plasmapause, LLBL, PSBL and the cusp. The
first balloon was launched on 6th January, but the flight was terminated 2 hours after the launch due

to a trouble in cut-down command system. The rest of the balloons were launched successfuiiy on

13th January. They reached a ceiling altitude of 32 km and moved westward at a speed of about 20
km/h. When they reached halfway of their circum-polar flight on 25th January, the wind system in

the stratosphere changed directions and the balloons were stagnated there, and finally moved
eastward. After 17~24 days from launching, balloons and payloads landed on the sea. During these
flight, the separation of the balloons changed from 150km to 1500km. Observed data were directly
transferred to Japan by Iridium satellite telephone system. In this paper, we describe the summary of

the housekeeping system, balloon operations in the Syowa station,.and results of balloon flights.
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18 14.312.0/2:010.0(2.6/2:0/20/1:016.8]2:0(3:0] 1214.3/1:0/3:2/2.0/2:0{8.8] 8 |1:014.7/0.0/2:7|1.0/6.5|3.4]3.2
2112017713319, 1| 5 |20[39]2:8/4.9]2:0/1019.1134120/1.0/2:8{2.0] 10 |4.310:0(3.8/0.0/2:0/0.0/3.1{3.0/38
24 10:617.215.7013 |4°0]1:017.7|3:5|2°80.014:0]7.6/5.7|1:0/2:06/30{20] 11 | 1 |2.716.4/2.010:0/{0:0{1.0]3:2]|5.4
1997 1998
316,91 710.0/1613:0/2.810.0{3°0/5.5 10[2:614.6]221161]2:7/276/2:0(4.812.010.,0/27820/37]21|13(7.7| 186
6 13407.3/20 14 1000(2.8/0.0/7.206.217.81 12 |4.2]1819.9/0.0{3:0]3:3{1.0/2.0{3.212.0/1.0/3.8]23/7.4{4.3] 17
o 110l 5102 8 [volzolao 10336212378 0/170|272:0/4.4\20/1.0[4.3131|1:0(6.8]21]7.1{32] 18
1215112015 7(3:312°0120/4.4] 11132/6.6] 14| 108 7/2:0/2:0/10]6.112.0/2:013:3140(1.0/8.7{ 1914.910.0] 15
150 5 15.214.213:0(1.0(0.0]4:0(8.7/304/4.2] 14 |34} 14 |1.0]1:0(2°0/5.4{1.0|2.0(5.4{4.5|2.0{9. 1 13{2.0{2.0]7.3
21 1570490 27 2035 ]10120|3128/4.9/4.9(6.7, 19 375/ 2.0/20(3.0/27010:014.5(2.:0{3.0/6.7{4.8/2.58{3:8] 10
24 120100 1310°0/3°811.0/00{2:0/4.6] 13 11:0] 16| 17 |4.3]0.0/2:014.7/1.010°0/3:8/06.0/1:06]16{7.4/88]12]|12
1998 1698
316.2126/6.1] 9 [00]7.111.0120]/4.311.0141168.7]1215.6/5.4{6.3{2:0{20(7.2]1613.9|12{1.0/8.8/0.0{1.0] 15
6 17.713:2]6.5/2012.017.7/00i20|28l26|1 0l 10] 13116 139/10/20120(9.2,16158]11{0:0/9.6/2.7({38] 16
9 18.84.6] 11120/ 1011.6/20120/2011.713:2)1118.7/19(5.5/5.7(2:0]2.0{7.5|16 |5.5|7.6/2.0/6.8/3.0/3.9| 10
12 56| 1113:7] 4 14.6/4.09/2.8/35/2.0(53/101]30]2014.9/5.510/0132]208.8/2.9136{36(49/44/38/2.8
1517.416.4] 1213614.9/2:6]5.2(35/3312:0/6.2] 16169231 10|1.0120126|214.5/1414.2/5.4]34/3614.2/2.6
1814.0156/0.3132/45120] 6 135133136154 18]0:0!1618.7(2.0/12.0]2.7/17/5.5{19]28|65/2.8/10.0|35/7.2
21 14.415.5/6.112.0(5.7/4.6(5.6/3414.3{2:8] 7 {16120/ 1316.3{36/20/35]1516.5]18{1.0{6.4/1.0/0.0{2:5]7.4
24 12816.5]7.502.0(4.312.714.1|5°813:0613:2\7.5]1612:0/4.515.4/4.3]2014.9]16 (5.4 14{0.0]7.7/0:6/1.0] 7 | 18
1999 2000

Olotio0 125 2425196027028 20130 3141/11 21314510617 181]9/|10]11]12,13]14 15
11211460 1017.5133]4.213:010:6]0:8/2815.8/3:3/4.5/0:3/2:1/35|1.5]4.114.6/1012:3/16(85/57/24/45/2.8
2 lrgla7ils4la0ias|Zoioslog2es5l20la3ligla228/18/46) 6 184118181 15144/3.7(0.1]30
31241850 1018 7/8.516. 1122 32/0:815.3] 7 |272|36|15|2.112001:3/377(7.218.5{832{21 |13 /3414118954
4 108 11 1119.619.815.2/1:011.8/08/6.6/5.5[35(2:8(2.4/1.8/2.712.014.4(6.2/8.318.7|21|14(7.4]2.5]7.4/9.3
5 113lo.1]e.500.710.2/30[0910:2| 1318 44 7118 1325181 7]2014.3/5.4/7.3/8. 721 [ 113.3]7.718.719.2
6 [1.810.719.010.116.2] 7 |0512:2{0:319.5| 5 |1:5{2.0(2.2/2.4]2:2/6.8(4.8(5.5/6.6| 11 |24(9.7]4.3/8.3{7.4]13
700071101 1210.818. 218 1] 3|17 tels 7146221111391 812716.3]4.218.3|6.1, 1012413146 88 |12
8 1141101 8 17510810 3116 18 1716.3146/1.210:0141/1/82.5/28(6.5/6.9/5.6] 1221 |1316.6/9.1(7.2 11
9 118! 818.6]6.218.8]7.7117|2:002:17.714.6/0712:2(5.2/3:2{33/2:0/5.8{8.7{6.719.4]21|14148/7.6{6.4/9.1
1022176173128 6.55 1110118138617.4{2012511716.8/2730{3016.6/4.9/5.6115 21 [1417115.4/6.7]7.3
1103208 216.8/1406.15.5/27112:3(5.3]6.6]1.8]2:9/2.016.3]35{4.0{3115.9{5.76.4115]21|16{6.216.3/5.7/8.2
1214.5]7.715. 7|18 5 |4.611:5312:2]5.9]36|1.8|3:2/2.614.7{3:6/4.7/2.3{4.8{7.6/7.2{14]18{15| 6| 6 {3.8]5.5
1313.016.8]5.7|3:1 4702218 7 (231 2leg|aol5ala 4300l 1704.208.3] 6 11516151 7 136/3:1]4.0
T414.116.714.2/4.6(6.3|3112613117.2/1:7(2:3|32/3.015.5/4.913:2|2.115.3| 9 |4.4| 141316 |6.4/2.8|2.5/3.0
1514.505.513:014.815.412112212/53(6.3/4.6] 2 |3:3]3314.113:9)226|2 114 4/8.2/3:8] 141315 27| 1. 5|1 8128
1615 114.4|4.114.5/3.8|16/28120] 6 [4.7]24|3613714.11224/1:8|1:4[45/6.2(3:5] 1411016 11.9/1.0|1.4 %0
171410 -1 5 14813513:813:112715.6/5.7/30]3:9140(3 7128/ 1:3|23[3316.3143] 141 12]11 |1.9]2.4/122.8
1814001:8]2°015.3/2701370]31|1.4/4.8] 5 [3:9146/33|27/1.6/1:8]2.1261/40/3.3] 151212 |1.5/4.6/1.5/3.4
1914213213014 7]3.2148/31|1014.2]2013: 1138133 |z6l 17182221428 1413 ] 11 |3:613.9]1.0118
20|25 9 j28la 20t 8l45|2:71:6/40]15132135(3812.014 111 4/1.711.0/05{20!15]1416.8{2:7/40/1.0(28
21 12:019.8]3:714.6|3014.4]2:21176/34|0.6|35140(24128/5.3/1.5/1.0/1:8/0.1]1.8l 18| 12(7.8|24[2.7 2517
22 11.519.6/24]4.5(33(4:0]22]1:813 0147|254 41810 5 [1812.6/161 11 (06| 15]9.7(8.6]1:2/1.8311.2]|2:%
2310818915012 713 1|2 712:211.212:814.9/2.65.3/10.8/2:3 2:312°010:8] 12 (12| 1611 (5.4/0.8|2.8{15/2.¢
24 1350 11 16.713:613°0(2:8117010:7|35314. 11334 4108|2014, 9] 108]2:0 22 11 1197] 15|7.6(7.6(1:6/7.9|2.7| 2.1
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3 2002 FEOEHEMESM FEE

2002 @ 2003 @

21 (22|23 |24 | 2526|2728 ) 293031 |1/1|2 | 3| 4|5 )67 |8]9]10]1112 }13]14]|15
1 15.0{18|4.2|8.0(7.0/6.7|7.1|4.0(2.8/2.8}5.7|10(7.3/5.2|/4.3|3.6/1.3}2.9|1.8(3.8|2.7|2.1(3.31.7]2.2]|4.5
2 [4.9/16]2.9]12(8.3|8.0]5.7(2.9|2.9/2.3|5.2(8.6/7.9/5.6{4.1|1.8)2.4/1.9]/0.8|1.2(2.1|2.1(2.7]|1.4|3.7|8.1
3 /10| 1915.6(8.4(9.0{7.4|7.0({3.8{2.6/1.2|7.9/8.9(6.7|1.9/5.0{1.5/1.83.1|2.4[0.8|2.1(1.7(4.6]/1.4]|2.4|6.7
4 11216 {6.1/9.5(8.1]7.6/8.0|{5.8(3.0/1.4]8.7(8.5(7.0/5.9/4.9|1.3|1.1/1.4/{0.4({1.5]0.7(1.4(3.0{2.9]2.2|6.7
5 |12]14[3.5(12]12]7.8(5.8(5.7({2.5/1.3]9.0]6.8]8.2{3.0{5.2(1.1/0.6/3.1(0.6({2.2({1.2/1.7|3.3]2.0]1.1]6.1
6 | 11|18 [1.1|12 | 11(8.6(3.3|5.3(3.2/0.1/8.5(9.3]9.0]|4.6(3.4({1.1|1.5({1.7({1.7]|2.7({2.3(2.4|4.3]/1.6/0.6(8.5
7 19.5/15(0.7| 11 (9.4/6.7(1.8/6.0[{4.3|1.4]8.2(3.3]8.6]6.0{2.2(1.4/3.0/1.0{1.3]3.3{3.3(1.6]|4.5/2.2]10.8/7.6
8 | 11|16 (3.0]9.1]6.2|7.2|0.7|6.7{3.6/1.8)8.2{1.1]|7.5|7.2|1.8(1.1]2.2/2.0/0.8|4.2|4.5|1.6]|4.7]1.5]10.9/6.9
9 [11[17]3.4(9.1]6.0{5.3({1.0/6.9]3.1|1.1|6.0(2.2|8.0{4.9/1.6/1.6/3.8/1.2]1.0(3.7]4.2]2.9(5.41.31.4|8.5
10| 10| 14]2.7]6.7(3.4{4.2(2.1/6.4]3.6/1.3/6.6|1.6[7.6]7.2{1.3|2.]1.111.9{1.3|4.2]3.7|5.4|4.3|1.4]|0.8/7.9
11 (3.8 15]2.7(2.9(1.0{5.2]|2.2|5.0(3.9¢1.2)4.3(3.2{1.7|5.8[1.5{1.6/1.1/2.8(2.3|4.8(3.8(5.8(3.4|1.6/1.3]6.8
12 12.2| 1413.9]2.3(2.3/4.4|2.4/5.5(3.8]1.7]3.1|12.2({2.3({4.6(1.4{1.6]1.0/2.7({2.9(4.4(2.7(4.4]{4.0)1.5|1.7|1.7
13 |1.4] 15(3.4]|2.4(1.1|4.5(3.5/3.4|3.7|1.8)1.6]2.1{1.2|4.8/1.2/1.4]|1.1|2.0|2.6/4.6|2.6(3.7|3.0]1.6]1.5[4.1
14 [1.6] 15]|2.4(1.2]2.5|5.9(3.7|2.8(3.2|1.4]1.9(1.7]2.7[4.3({1.3|1.4|1.8]1.7]|1.9]4.7|2.2{3.2(1.9/1.4/1.5|2.3
15(3.8| 1413.6(1.9(3.3|7.4]|4.2|2.5|4.3]1.7]1.7|1.6|1.8|2.3|2.8(1.4]1.1)1.2|3.4(5.2(1.6(1.5/1.3[1.6)2.1[1.8
16 [5.2| 14]2.3(2.7]2.3|6.2(4.1/2.7|3.0/1.2]1.6{2.0]3.6(2.4{2.7(1.1/2.0{1.3|2.8|4.3|2.0{1.5[1.2]2.4{1.8|3.2
17 15.2] 12/4.312.9]1.6(5.1|3.3|2.8(3.6/1.7]3.4/2.5|4.7]1.5[3.8(3.6/1.3]|1.7(3.0)4.1(2.2({1.8]1.0§1.8{3.7|2.1
18 |3.6| 13 (3.6/1.4|1.4/4.1(3.4|2.3/3.5{1.5/2.1|12.9]|4.5{1.5/4.2(4.1/1.5/1.9|3.2|14.0/2.0/{1.8{0.9{2.4)2.6/2.4
19 (3.8| 13(3.7/2.2(1.3|3.5/2.9|1.4|3.8/1.8/0.9(3.0(5.0/2.8/4.6/4.5/1.1/2.2|3.6|4.1|2.1]3.8(1.2{1.9]1.9]1.3
20 (2.9| 12(3.3(1.2(3.5(3.1{2.9(3.9(4.1]2.3|3.1]3.0[4.5(3.2(4.9|4.0]1.8]1.4(3.2|3.2|2.0(3.2|2.4|1.2|1.7|3.9
218.7| 12(2.0|1.9(3.2|4.4|2.6(3.9]/4.1]2.9/6.5[1.9(2.5|3.5(4.6|4.013.211.213.1]|2.2|1.2|3.0(1.9]1.7]1.2|1.9
22| 16| 10(1.4]2.1]|4.3{4.5(3.1(2.3(4.2]2.0/9.6]|4.4]|2.1{3.3|5.0({2.8/2.0/1.2(3.0(2.3(1.0/2.4/1.0/2.6]1.1(1.6
23| 16| 121.1[7.7(3.8/3.4|2.8(2.7|2.1]3.3/9.4(6.1]|3.0{2.2/4.1({1.3]1.8/0.7/1.8({2.0(2.9]|2.6(0.7)2.7|2.4|2.8
24 | 18(8.0(7.5/7.0|2.0(3.1]4.3/2.8(3.0/6.7]10]7.0/3.3]3.5/3.7|0.9]3.4|1.1(1.7(2.5(2.8|1.8/1.3]/2.2|4.4{3.4

OXFIIHEK L 1= FH4, R L T R 2 g

HIGAEE12H21 HA6 1 A 15 HE TOEMBHENIC K 54b EGE T — 2 PO — SRy,
B HEZ& L, ffid | HOBGEERT. BERST 2 PEO H I 6 ke T LGk 5 FERO W) & 2 i U
ZENEE ST, SEBICEL TEH 6 RO R THL LEGEA 2 m/sBL FTaEBEkalBEAH TH 722 &4
HAB, HERE T S8 (EaBEEEs) . 9 5 GhERyAEE) 8 S, 10 SO Tirbhiz, XUk
RERIZ 44 KR 11 8, 43:RBk3 BOMKE 14 b7, TR 2EICOESAMET - TEANELA
ENFBRALDOANELTH Y, BYIOTERBERTIZ B XL 30 30 72 &P LAz, KERBERE D ¢ O35 TIEH
ISV 2BEENE SRR, SHEHIZ 2RI 154, ARBR 2K IS A ER< LD, Mt FLah TETETH
A P S ) o b e

5. RERER

5. 1. &8

20029 12 H21 H2 oA a7 4 - K3 RBWEOMALE D, MEKGLE RS CAY K- FBEUZE
At BRTHE (0o b - FLA—28) FOBMBAEIITONE. SEMO%HEL LUKk, BllGEORk
e -7 12 ATANCIBRPIO 7 7 4 b (FEPEREHE) sirbhizy, a<vY FY 27 2OFHFENC L DK
HREHICUDELEESSELTLESI> T2V F Y M M5 D, [REROADSERES A, S6ICEFELIA6HIEC
BHREAMAZ-SER GUERMIEN) OBERET -7, B 15 kmizdE LR, BUIEHE TEE & b iR
WP 35 kmMilook#E L7z, Bl COR U =58 d il B s K U R HERSOMEL T > A RK EFFET 21
RES ko7,
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19 HIZIRBELHE L 72 XOKEROUE & B BBk %17 5 M
THISHIZE YK ERE B L DRI 7130 4

ERQ TP URYA

CAVFE— AR -7Z,

TRIQIF 404> 8

B 0K,

UTHBRL, 792 % —&EkE 422 BERE 5B L 7=,
#ZAICKREREREROBE 4T,

=4 RREREE

IZA o728,

SR RO 5
ERZARE /-5 LRI
ACEERE U2 AR A TR 15 I 00 4ric

BOH2MEE 12 H
1210 Eﬁé‘m

i 8 Hik 9 Bk 105+

R B EFE B 100,000 m® 50, 000 m’ 50, 000 m® 50, 000 m®
K OH o2 E 89.0 m 70.6 m 70.6 m 70.6 m

T F v — 20.5 m 18.5m 18.5 m 18.5 m

B Bk B (UT0) 2002/12/80 8:20 | 2008/ 1/13 6:49 | 2003/ 1/ 6 7:35 |2003/°1/13 12:15
BB E -1.8C 1.5C 1. 7°C 1.7°C

bz A - = = 991.8 hPa 990. 9 hPa 993. 4 hPa 989.1 hPa

e A i <) 1.9 m/s 1.5 m/s 1.4 m/s 1.2 /s
ook R 45 & 310 B 60 360 &

x = e BB B &
SO OE OB 270.0 kg 177.55 kg 179.0 kg 180.5 kg
g oW o oHE 2 230.0 kg 153.0 kg 142.0 ke 146. 0 kg
T2 N T (F D) 14.0 kg 53.0 kg 53.0 kg 53.0 kg
PANREZR S~ SN N 225.0 kg 204. 0 kg 200. 0 kg 200.0 kg
BoOE = 739.0 kg 587.55 kg 574.0 kg 579.5 kg

R I 5| 89 kg (12%) 71 kg (12%) 03 kg(llo) 75 kg (13%)
= 828.0 kg 658. 55 kg 9.3 kg 654.8 kg
BT T —7% 560. 0 kg 498, 0 kg 6.0 ke 488.0 k
NI N 160 7 116 & 2 PN 120 &
98T R E 5 133.5 kg/cm 1386.3 kg/cm 134.3 kg/cm 138.2 kg/cm
B R U RAEH 20.1 kg/cm 11.0 kg/cm 14.0 kg/cm 16.4 kg/cm
OBy 2 R E 0.7 C 6.0 °C 2.6 C 8.3°C

B g U 2R E -8.3 C -8.6 ° 4,4 °°C

B OE o E — 31.6 knm 15.2 km 31.8 knm

o @ OE ] — 10. 4 hPa 123 hPa 10. 2 hPa
%Z.EQBS%%%H%WQQ

20031 H6H, B 15km AR T O BRI R TY 35 kmD ik FICHR T AERR . SRR
DERNAED=D [Low] AIc~Y) I 72 —CTEAEEZELZ. [Lod| BRI ERBOER, ~ya7

DFELHIZ DTS84 2 P THESZEORD LT 2T F L a7 (BREEREK 180k, /YT 2
ERETILIZADBHBEEIR 142ket Z 0 ENERIZIIRER VDY, AN 372 —OEWESEEHOEO X
OB L ZITREE TH -7, 22 CEHEAA~N) I8 -~NIGRT A EE4FBITIT S 79, BTEHET
BUSHTH2UOELZ, TV P 70RE2ED 2GS 60cmZUDEEL, M 70 cn@P0O&E & & & - 7= T B
@&abéou§:~fﬂcuau27ﬁw®W%t%ﬁH#&n£5tﬁ%%éHHh.%@%%,«U:7

& — NANBLHES D UG 281

o7z,
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5.3. MIPHER
B2 9 22 — TRl L & 5 RO % 159

0 500 1000 1500Km

1:40500,000
[IE &4 &E]

E1l 75X 4-REAEL--85H, 10 S#OMBE

BRI A 1 H I3 A &ELS A, FEomFE,N 1 HO 24 HEIZE D> TL F4, 0 o rmi s gir
TAERRE LT

5.4. HKT7— 4 #%

HKF—#LLTIRGPS, KBRS, HEKEst, #8EE, 57 2 METOE, 37 2 MRS 40
BEEGEAEREN TS, 7, BHEEROT - 235 E1L - B EZ 2300bpsDHE T ) Uy AHEEIC
FOBEBHANRELZ, W11 2625 L ICilife & Bk & ZIELRL 2 CRRE I -2 244
TWwa, ZHIZ1058TIZ I H23H, 8S5HTIZ I H24 HIC@ilg& £/55 2 & HIOREL 220 Ic@E 2K
TL, BOWEHETORSAHAOREEIZLSE0THS. £, SIKVRMTHEE LT 2 P ELTT5HE
DFEETOmEPFL LD Z A FORTESA LS ADIHELLZLEbNS, 3 SBOME R, BEk10H
HO1H23HIZ57 A2 P &RMBOREL, 24 HPRERIRNOREZERIZ &L D XKD B3 PR LT2AEL L
DG, 29 HABHZSKERISICAEENIC I L =20 EORBEAEL 2D KRO EH MRS 2612k A0 2
7 HiZ# Y 300 kmifg LI FL 2.

B 121cik8 BB LU 10 SHMOGPS Ik aMAPORIEEERL, 131238 SMIZKIT5/35 2 O
WHs LRI BRL 2REOWT b b XEROBEEELEERT. VT2 FOETERE LTI EYTE
EFA% /" ATHD, 1992FKIcEIh-7-PPBEE [41] O2{FLa38A2HBE LI LIZAS,
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