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TABLE VII

The heights of maximum rate of electron production for strong emission lines in the solar spectrum
for some solar zenith angles and model atmospheres

cos ¥ 0.98 0.80 0.50

CIRA 1965 Model (12 hour) I VvV vim O VvV vil I vV VI
Tdentification wavelength (A) {km) (km) (km) km) (km) (km) {(km) (km} (km)

HL,-# 1025.7 103 103 103 104 104 104 107 107 107
Cm 577.0 109 108 109 110 110 110 113 113 113
On, m 835-833 124 122 121 127 125 124 134 133 132
Orv 790.2, 790.1 157 163 169 162 169 177 174 186 200
Ov 629.7 162 1692 177 167 176 186 180 195 212
Mgx 610 161 168 176 166 175 185 180 195 211
Hei 584.3 161 167 175 166 175 184 179 194 210
O 555.3-553.3 162 169 177 167 177 187 181 196 214
Sixu 300 161 168 176 166 175 185 180 195 211
Hen 303.8 148 150 152 152 156 139 163 171 179
Fexv 284.2 143 144 145 147 149 151 158 163 169
X-ray 68.0* 107 107 107 108 108 108 111 111 111
X-ray 44,5+ 101 11 101 102 102 102 105 105 105

* These wavelengths are selected only because absorption coefficients are available for them, it does
not necessarily mean that selar X-rays of these wavelengths are strong,
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TABLLE | Spectra for Impulsive Flare Conponent

Model Impulsive Compenent Specira,® W W m=?  [ano-

Waveleripth, ——  gpheric
A Ton or Line A B [ o E Regian
ns.7 HLy§d i 0. 1% 0.& 05 E
4 Group ™ L1 1.5 1.0 31 1.4 1.0 E
w7 CIl E3 8 ua B4 3.6 I3
9715 HLy 0.5 04 05 05 .3 F
Q457 HLvd 0.3 0 03 02 ol £
378 HLye 2 0.1 1N 02 i E
0107, 9262 Hlylq b2 il 0,2 0.2 ot E
A1E= 027 Minor .7 1.5 2l 3.7 1.8 F
GA0=90 | H cantinuum 7.6 5.2 4.5 7.5 50 FE
A3 Grraup O L (1 0% s i3 4 {6 EF
ToiE-911 bliner nz 0.2 [0 n2 0.2 E F
750 Group O IV o7 03 F ] [ 03 F
T o 3 0.2 0,2 0.3 0.1 F
TELE Me VI 0.l 1 a.l [N} 0.1 ¥
T4 e WIIL [ 0.1 0.2 0z 1 F
Th3 I R 11 0.1 0l L] LR N F
Tl Giraup OV L 0.4 b 6 0 F
BTG Minor 04 0.6 n7 b4 i1 F
29T oy kN 1 1.2 5D 4.5 F
615 Mg X 1 0.l ol 0.4 ] F
L Mg X 0.4 3 3 a7 0k F
SHid Hel 1.4 1.1 (i1 25 13 =
G54 Girgup O 1V b 0.4 4.2 ne 0.5 F
4505044 He | cantinuum 1.2 0.8 0.4 10 [ F
4i55,2 Me VI a4 03 0.3 0.6 & F
6054 Minor 1.2 .3 LA 20 [ F
W3R Hell Ly e G5 53 1 B.2 3.6 ¥
150460 Minwr, Fo XV, XV1 a0 [l 1.4 44 13 F
I2B-280 He 11, Fe XII1, X1V ] b q 3 T F
WM 228 He 1 comtinuuis, Fe 1] 14 S ] 13 “F
B0-200 Fe [X<XI1 23 1 7 25 £l FE
a0 Fa XI=XW] 5 a 3 5 o E
}-60 51 1=KV V1 3 4 2 3 4 £
I-1] Minor L | < | o L <l o E
| Hard X rays =] 2001 =0l <0l 01 n

The Her fare lor spectra A and B is of fmportance 18, logation 237N, 23°W, and time of socurrenos
14 LT March 27, 1967; for C, 3B, 257N, 63%E, March 22, 1967; for D, 2B, 127N, 80°W, March 12, 1965,
and far B, 3B, 247N, 325W, Apil 21, 1969, Event relierences are as follows: for speetra A and B, Danaeliy
and Balf (1973 for C, Hall and Hinreregger {196%]; and for 0 and E, Kelfy end Sense [1972]. Gereral ref-
crences on the impulsive component are Hall [1571], Meugeer er al. [L974], Nopes [1973), Themar [1975],
Woad er all [1972], Doenelly [L970, 1971, 1973], Dewselly ef al. [1073], Kane [1974, 1971), and Kabler
[1973].

*The enecgy Nlux is normalized o Adix < 1027 A) = (07 W m-=
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TABLE 2, Spectra lor Slow Flare Components

Model Slow Component
Spectra,® [0-% W m-? or

ol Tetal
Wavelength, lonospheric
A Major [ons X Y i Region

Q11-1027 1 2 5 E

T9a-911 2 ] i EF
280-T96 Fe XY, Fe XV, Mg X, He [l 3 & L4 F
200250 Fe X1V, Fe XV, He 1l 5 b ) F
1702010 Fe XI-XIV, Ca X1V, Ca XV, Ca XV1I 4 7 7 F

a0-170 Fe X¥III-XX111 5 k) ] EF
G0-50 Fe XI-XII1, Fe XV, 5 VIII 3 10 9 £
dd-60 Fe XW1, 5 [X=-X11, Wi XV 4 11 1% £
-4 Fe XV, 5 XIV, CVI] 1] - I E
20-31 vl [ 4 2 E
5-20 Fe XWII-XXV, Mg X1 26 k] 4] £

4- SEXKHI-XVI Fe XXIV, Fe XXV a2 6 1 oE
-4 Fe XXII-XXV, Ca X1X 1] 1 o

The soft X ray classification for X s ~X25; for ¥, X1 and Z, ~M 1 The He flare for X is of importance
2B, location 12°N, 80°W, slow component peak time 1742 UT, and date March (3 1969 for Y, 2R,
TN, e WL 1T3T UT, Aug. 1, 1967, and for Z, SB, 03°N, 08°E, | 342 UT, Sept. 18, 1971, Event references
are as follows: for X, Kelly and Rense [1972]; for Y, Kreplin et @, [1970] and Castelll and Richards
[1971}; and for Z, Dere et o [1974]. General references on the slow component are Sreeckner [1975],
Catalana and Fan Allen [1973), Chembe and Sain [1969], Cowan and Widing [1973]., Daglawe et al,
[1974], Doschek [L9T2], Daschek er al. [1973], Drake [1971], Holl and Hinteregger [1963], Heatk [1973],
Horan [1971), Kasirer er @l [1974], Kakler er al. [1970), Kelly and Reuse [1972), Kreplin er al. [1%96%,
1970), Linsky er al. [1976], Newpert (19710, b], Newpert er all [L967, 1973, 1974), Nopes [L973], Posnds

(1970, Purcell and Widing [1972], Thomas [L975], Walker [1975], Walker and Rugge [|969], Hiding
[197 58, b], Widing and Cherg [1974], and Wood er ol [1972]
*The total energy Aux iz normalized o [0 W m-2
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Figure 1. Tempormal total electron content (TEC) curves derived from GPS data observed at six different

GPS sites during the flare on 28 October 2003. The dashed line is the profile of the X-ray flux observed
by the GOES (1~8 A) during the flare. The GPS sites involved are shown in each panel. (a—b) Sites ankr
(39.89°N, 32.76°E) and gras (43.75°N, 6.92°E). (c—d) Sites bogt (4.64°N, 285.92°E) and ntus (1.35°N,
103.68°E). (e—{f) Sites davl (—68.58°N, 7T7.97°E) and trol (69.66°N; 18.94°E). It should be noted that
some negative TEC values occurred in the figure because the instrumental biases are not removed during
TEC calculation.

N6 %4AH_ ™¢( ép é 61-2 E&E { &/ I =2 & n
& 80»> %4A"8 l-opP9n a4  aA ( 9n CBAN éyé #" @
$- adu D U ™"e2 é{ ewal@oU Az 12 =éC |,
Céba¢ éa &DF»o0é%u ¢g yUade & 9 ™
N6 &j apP Aac U%4AH (& 61-2 (&IE { a¥% <™ és" C}~
& -1 édu ac U 12 G -+04a¢ e & $- a-0u b U ™e2 ¢
{ 1-2 G A(&E ¥Aa 0.0Uyéal, <pP n &'22 é80» %AA"'a eel-
¢pr " n é@ U A7a épr " n é@ U °| éB”M é:02 a¥% +Kaé
bt a12 éFC& 12 Cy#NaedUD a,  $a %iAS5A-0 & 5 .5
CED ¢ &AA"a el-¢'pP n é 12 @& 1) 12A asViAa"E¢ <$5A-0 é"E¢
4 aé 12 é n >80 a4 EPE")12A $Y2a% .0U ra’'ya @&»A 12
é yAE& U a4 y-x e n éBN ®Agay 12 e#bDzag +$y> &é
& é°Bpr € 12 &"1-2A @&»04& é|Bp” C?212A &-¢ @®&"E¢Payv .



Local time, hr
06:10 08:10 10:10 12:10 14:10 16:10 18:10

latitude, N, -
= W & o =~
T v ¢ T o ¢ &

=

-3H

-GiH

75

Longtitude, E, » *

Figure 2. Distnbution of the TEC enhancement on the sunlit hemisphere caused by the flare. The
position of the dots indicates the latitude and the longitude of ionospheric penetration point (IPP). The
open triangles represent the locations of the GPS sites selected. The dashed contour lines represent solar
zenith angle (SZA) at 1110 UT. The upper axis shows the local time at 1110 UT in the dayside.
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Figure 1. Instantancous occultation geometry for the Global
Positioning System (GPS) amd low Earth orbiter (LEO) satcl-
lites defining variables for the derivation of ¢ and a from Dop-

pler shift, spacecraft positdon, and spacecraft velocity meas-
urements.
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