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AHERAINL 2 A 7 2 (Global Positioning System, GPS) #2725 34 ST\ b oDk

# L1 (1.5 GHz) L2 (~1.2 GHz) % Hh T3 L 7= BEOALAR 21T, FRRICID » CTHEBEEE 4%
% &4y L 7= 427 1% (Total Electron Content, TEC) % ML T\ %, GPS (ZX % TEC DFEfH]

2SI 22 b O FHANL . BB SR L (Saito et al., 2002). KBS BEFIZLE D TEC DA
B4 (Zhang and Xiao, 2005)<° H &2 9 TEC @&k (Afraimovich et al., 2002), 5 J=URF D
scintillation (Mitchell etal., 2005)72 & OB Z 38 U Tl E R KEHFOMFEICHBL TW D,

oy MERIC & D RN 2 R EE OB IR 1959 SED T 7 AT — R LTS IR0
FEHEPE sounding LI T & T R H S #u7=(Booker, 1961), 7= Mendillo et al. (1975)1%, & ik
WROEWR D7 7 77 — RIS | Skylab T H LIk 5 27 TEC Db 2 Rt L,
mh oy NMERFOKB L OKEG T LET L OMBEREGET LV TENETA LT, &
UTCliE Space Shuttle DELEESEH T ¥ v 2WEE L CEKIMIZIED H L 7= EHEE O RO
158 B2 D BRI T2 238 A 124 T 4L T 5 (e.g. Bernhardt et al., 2005),

IO OB, B A T X D RKIEHRES Incoherent scatter radar (2 X 5 515 B O &
IR DHEESE | FrEREEE & 2 W L 7o /R TiT v T& 72 (Mendillo et al., 1987; Bernhardt et
al., 1998), —77. Tﬁﬁ%ﬂﬁfﬂﬁux@jéﬁ{ﬁl o H YT GPS el /M2 B ALk ST
V. vl oy MR EBEES b RFE 2 MM+ 720 fiEREF KL OY coverage THEX Hiv
IR o7z, o Turry MTH EFICHE S BIKE I & # 2% Donn et al. (1968)(2 - TH#l
RS, Zh & Lo FIEEEL, TEC 24k & LT GPS T#lll &1 TV % (Calais and Minster,
1996)7%, AMFFEITZ DX 57 THPERY ) BEEL T30 < EEEE OB A LV D B3R
HBEEL & Hi % GPS M8 CRLUAI L 726l 283 2,
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Figure 1. Eight gray curves with time marks running parallel indicate trajectories of subionospheric points
(ground projections of intersections of line-of-sights and a hypothetical surface as high as 300 km) of
Satellite 3 from GPS stations in the Ryukyu Islands. The trajectories cover the period shown in Fig. 4.
Numbers denote the I1Ds of the GPS sites (locations shown as open circles). For 0738, an additional
trajectory is shown for Satellite 19 (open triangle is the 02 UT time mark). The H-11A rocket was
launched from Tanegashima, and ascended southward along the gray track (crosses show positions at
altitudes 100, 200, 300, and 400 km). The height and velocity of the rocket are shown as functions of
time in the inset together with the electron density profile drawn using the equation (1) in the text. The
three epochs in the inset show (1) the solid fuel booster stop (111 seconds), (2) first engine stop (399
seconds), and (3) second engine start (416 seconds).
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ICRERLTEBY ., FN60F —Z 1 www.terras.gsi.go.jp 7S BETX %, MIEED GPS
R 3 (BXOHEE 19) 2##E56IX. vb vy N EROBEMETICH Y . JERIZL D
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® TEC B 2RI HB L OB HOR UL O L0 L+ 5, ZhbEd ROZHEXTE
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Figure 2. (a) Raw time series of TEC on January 24 observed at 0738. Curves show TEC obtained with
different GPS satellites, and their concave patterns reflect changes of satellite elevation. Satellites 3 and
19 show unusual TEC decrease shortly after the launch at 01:33 UT. In (b) we show the anomalous
component of Satellite 3 TEC changes isolated as the difference from the expected curve, the average
of the curves in the same period on the previous and next days (c).
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Figure 3. The calculated densities of water
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Figure 4. Dark gray curves show anomalous

- changes in TEC at eight GPS stations (Fig. 1)

over two hours period including the launch

- time. Light gray curves show TEC changes

simulated by two different models for the

anisotropic water diffusion (Models 1 and 2).

In Model 1’curves, natural decay of the hole

with a time constant of 1.5 hour was added to
those by Model 1.
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