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Ionospheric Disturbances Produced by
Artificially Chemical Releases
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Abstract Active experiments in the ionosphere, which give rise to artificial disturbances of electron
density, are usually conducted by the injection of chemical clouds at ionospheric altitudes. Their effect
has often been called an ionospheric hole simply to dramatize the localized nature of the disturbances,
which had been observed in many experiments. For example, the injection of rocket exhaust neutral
molecules into ionosphere, predominantly H,O and Hj, can result in ionospheric electron density
depletion. Main physical mechanism in these experiments is due to ion and molecule exchange
reactions, which enhance the effective rate of recombination of electron. Ionospheric disturbances
produced by artificially chemical releases have many applications in radio propagation and exploring
ionosphere and plasma physics study. In terms of diffusion process of neutral gas and relevant
chemical reactions in terrestrial ionosphere, the theoretical model of ionospheric modification created
by active chemical releases is investigated in this paper. The influences of injected HzO and SFg gas on
the ionosphere under exponential atmosphere background are theoretically calculated, respectively.
The results show that diffusion process of the injected neutral gas at ionospheric height is very
quick, and the two released chemical materials can produce localized electron density depletions in
F-regions, and those released materials, which have slow diffusion speed and large chemical reaction
rates, will substantially affect ionosphere, and facilitate formation of artificial ionospheric hole.

Key words Chemical releases, Ionospheric modification, Diffusion process

« h E R RS MR G ARR O FTIRBERE) (2401175)
2004-11-20 WB|EHY, 2005-05-08 WBIEE ER



FLIF: WFDRBRAALATCRE

1 5

({3

E T A P & 5 2 30 = () 27 B8 B R sh A A
RKEUMESRRIEE, AMIKFTEBHE
N, MERMBEZERE. XA REK SRR
B NBIVEF=FIER W RB A EW, mEEE
F, B8, BRBEEHEERENN, F. BES
Ak, 15 ICL B P AR AT B R R A AR A
% W TFXEREREEANEEEREA RS
33 0 W0 B 3 R PR s R, MR B PR RUR U SN
X, RERR/MRK. EEKR, BEBEALKSES
w3, AR s [EAEDE R M T kR, —LdER
REE XL HIFBEF AR W, 551 R T
EEWE. BAVEXEMFRZ A2 I8 E5)
ah, AEAERMERIRsh. Fln 1973 4+
BV XSRS REERE (SKYLAB) i, 7EH
EREERBUEKRES (FERS R Hy 7 H20),
B 300km EHMBEL~ET A EHR
5 1000km FE KB E “Si, XM EBTF
TR TIE 60%, FFEET LA/, 518 KT
JTARMIX. 7S - M £ P O, R B R 0N B A R
PEREE 2MHz 47, BAMEASH HEAO ST
B, U] AR E Y. dET I, X fd
EEROATHEERIEH5E A

EXEEERRATHEERWNE RYEE
T, EAMFIH XS LEMABRESET KRN
W2 R TP B e B SR B8 e PV s
PN ERNHEART R LG KB EX§
PRI Y, NS E P B R R
X, BRI T AMERZISEE. BNE] R
BRBRGHFETAE, TiLRLE TR LTITA

2 PHESERTE

2 ELE R B B FAE L B Ak,
—REWBRERBETEERMODE, NSHE
BRT, ERREIIEHBHT, IEWHRENE
HREFBBEMAZETF, HIRRLENEL

255

245 ) £E AR F B B 1) PA) #EL -  BE R KA o b — 26
RAPESESF, W Ha, CO,, SFe %, TEAEH
THERNF X, EATBREZH 8 EREFRS
O BRBAHFEFEHBSETRERRES,
THFETFSETFHNESEL OF WEHESESIILA
sk, NPT EEE P FEESH
TRAFEBERIBEAR, Ko™ A Fr 1 o o B 2] el 2 v
. —fIE, EARBEKZS S PR,
— B e 2 v [ ) P AR P B ) PR S S
E R EEE S HRAR, BEd s — iy
JEURE TS J55 940 o B 2 P S I R AR e
BKHEE, SVEMBMRESHEL, TRAX
18 B b BV B I 23 MR AV RE, BRI EARY
XA K, BN FHERYR (I H0) R
[, APHETEH BB REUARD, GEEmER
RE X, PAERRR AR, M H AR
BRI, BT CUAE A TR 2 (A S v i A .
WY BRI FFHRR B, B KM E 224k
AT, BEYIBRT Tl —FE A 0 S8 ik
FF, X - RELAFS S MR BEREAT, L2 R AR,
—BRAILE. REENERE, ENTLAHE
RS, BB B E FERTREA, MR
ZEY i, KR UL HEK MR E, &7
SRt ¥ SR A X — BB H T AR T 4
BAE— AW, EERUEEARETFE4ENE
B, WEYBEY RO AR R LU T RGEw ©,

Ny 3
nl('r?z!t) - (47“90_&)1_5 E:xp{ - (Z - ZO) (4Ha+
L) g HEI - el (c— )/ @H)Y
ZHt D[)t
ravnl—(» — > \/(9OH \]

e bl el Rl e R BVY Bt}

%%E)m%ﬁﬂﬁmﬁﬁ ﬁ%ﬁﬁﬁ%%ﬁ?
¥, Do AU HMFH. H.=kT/m.g AKX,
H; = kT/mig HERBSAGERE, Kb, & 3%
REREY, T HPHSEERE, ma, m 534
KPS F RG0S FR], o hEHm
BB, ot yHI T RN | AR .



256

3 ETrited

NTFHE LK PESAT S, ESR0E—EE
R, TEEHR B B AR T A RSORE RO R B 1 S AR X
FHBMLERRTS £NE, —BaTLZBA
it Bl FREHELL HoO #1 SFe X8, B4R
B Beh Y SRR A BT U
H,0 + Ot %45 H,0* + 0,
k1 = 3.2 x 10 %cm3/s;
H,O" +e 22 OH + H,
ke = 6.5 x 1077(300/T,)°*cm?®/s;

- ka —

Chin. J. Space Sci.

FlEAFFIR 2005, 25(4)

REDEEHIXEK 5 A6 (R PoHHESETHE
/. WMEHEA, BEaAR () dEREY K
BS540, REMAMMKEFETR &EH
HeEEEMEPHEX BB TN, BHE
A2, BEELEER, AP REERK
At = 1.0s, PR AHESE A No = 500N, H
1, Na = 6.022 x 10%3/mol % [l 4R 4 2% 3.
AT EMERH RS O8CR, R %
TEHEZEE R THE®MRE, &304 325km, H,0
BEMEH) 30, 60, 200s K3+ H 45 Rl 1— & 3 fr
R, BLIA cm~3,

B 1 MEREH, 500mol i) H,O 4T
325 km [ FERE UG MBI #. ZERIBUS ) 30s, &

Fig.2 Evolution of electron density at different moment after 500 mol H2O
released at ionospheric 325 km height, unit in 10% cm—3



FIIF: WFBRBFALKECEE

r = 0km
500
L — t=0s
-t =308
400F --- t=60s
e £ = 2008 hort
g e
200
IDO 1 " i L 1 .
4 8 12 16 20(x10°)
ne fem™3

B3 r=0km &b, EIRSZIHEFE#EHE
Fig.3 The profile of electron density at different moment
where r = Okm

t = 30s
350 |
g
=< 160.0
L)
250 L
—40  —20 0 20 40
I t = 60s
. 3501 50
F t = 30s
450 F 8.01
— - 124
350 8.Omm
4
g b"zc'f
= -
S, | ————
250 — 8.0
4.0
150 1 " L i 1 i 1 i L
—40  —20 0 20 40
t = 60s '
450 F 8.0
124
i 16
350 | 15 4.
k| S 19ed O
¥ OF - 16- —
L)
= 12 —]
250 8.0
4.0-
15[] ' i L ' 1
—40  -20 0 20 40
r/km

257

REAFVE R O HUE (> 5.5 x 10°em ™), B i [H] ()
R, BWEINREEBREA, HEREERAEK
wiR fEAFH L, HTHREXTFES RO
%, 8 Bod R IR O R B BT XTAR, {H4E
FHERE EHANRE, FEREREXSME LR
BAMREE, ERBERBRU EKEAZ R L
HHEHTF AT HER, B 1 HIEFRE TX—A

B 2 L HE R B FE R UG 9 30, 60 A1 200s
Ak, ATLLBBIBAE H, MTEEEARERN
Yiah, BERSEEHM, HUshiEE R A, &
FEIRE 1 2008, BLFEBEFEF L (r=0km) W/AF)
20%, £ r=20km Z)5/b 5] 70%, FEWIH) 2[RI LA
40 km x50 km, A] LI EL WA H i B R R EE AL B

t = 2008
350 | 2
i <—Qm—!iﬂoj‘>
250 i L L 1 1
-0 —20 0 20 40
! t = 600s
BOF 9070
i t — 2008
450 F 8.04
124

350

250

150

7= 6005 641
450 v
13 —1

350 fﬁ‘jﬁk«; 9.651

0. (2 4

250 5.4 9.6

A ‘
]50 L 1
-40  -20 0 20 40
r{km

5 SFg 4+ FR IS X B B E Y

Fig.5 The same as Fig.2 but for SFg



258

3 & r=0km b, JLBSZIK BFEBERIE, ATEL
BT H AR DR R R

B4, B 5HE 6 XS SFs HITHEL R, K
PSS E 13 ZRMER, BATRBRRLR LS
R. SFe r FXETHMBEIBRE S, 5 H0 &
FHILL, ERf AR BB, KRR, EHRE
T ERYRNREEMXEERE, X—4 R
UAARRR B 0% O . IERMHER, SFe tl
AEXBBRLR+ABRLOMRZ—.

— t=0s

500 r = Okm --- t=230s

200 r

100 n

4 8 12 16 20 (x10°)

ne fcm™3

B6 r=0km#it, BEEETFEEMNEL
Fig.6 The same as Fig.3 but for SFg

5  HZEAHE

AT 500 mol B FMEAYTAE 325 km
U T R R m AR, 45 RE
W, £BEERE PGS TR EEERRE, X
BN R THEARARENYHE, X H0 M5k
K& 5 5B TR, WXt SFe, BFABEMNA —IE
G LD, WEEHEEERGER BEY
et BB AN A ST R SR B K /N B>
SRR, A TREBEEREOAD, NiZEFER
SFe ¥ B, ¥ RNMBRIYWE, HEHTX
R F i CF.Br %, BN FREK, BEHEFR
M4 T8, MM ERE DENAHRA (F
3L 500mol ) HzO 1 SFe BIBTR 2514 9ke Ml

Chin. J. Space Sci.

ZRAFEFM 2005, 25(4)

73kg), SR N AT Ho i LA 58

AH BT H S RS — SR 45 RaE L
—3 DB it seh, T2 TREYROTIG
BEEMBEANG, XERXETBERREW, A
R ERROEALSARARR, BREHBEEM
AESHBA —EMRMW, BREMNASEWEE
HppEAYELE 55, RAESBARSHT
FETE, BT REREENEE, N TR E
(< 10min) 5, BHEBAKX ©, BERRNE
Frmt B —A AT LUARH L B E A, FRIE
R LURE/N RS, XERBY R £ O
FhsTE. AT RS B R R B T2 RO B e A G R e
RBEROE, BRIEET P TEPEE

BEH

[1] Michael Mendillo. Ionospheric holes: a review of the-
ory and recent experiments. Adv. Space Res., 1988,
8(1):51—62

[2] Holmgren G, Marklund G, Eliasson L et al. Ionospheric
response to chemical releases in the high latitude E and
F regions. Adv. Space Res., 1988, 8(1):79—83

[3] Choueiri E Y, Oraevsky V N, Dokukin V S et al
Observations and modeling of neutral gas releases
from the APEX satellite. J. Geophys. Res., 2001,
106(A10):25 673—25 681

[4] Kolomiitsev O P, Ruzhin Y Y, Egorov I B et al. Iono-
sphere plasma holes-modeling and diagnostic. Phys.
Chem. FEarth, 1999, 24(4):393—399

[5] Bernhardt P A. There-dimensional, time-dependent
modeling of neutral gas diffusion in a nonuniform, chem-
ically reactive atmosphere. J. Geophys. Res., 1979,
84(a3):793—802

[6] Mendillo M, Forbes J M. Artificially created holes in the
ionosphere. J. Geophys. Res., 1978, 83(A1):151—162

[7] Mendillo M, Semeter J, Noto J. Finite element simula-
tion (FES): a computer modeling technique for studies
of chemical modification of the ionosphere. Adv. Space
Res., 1993, 13(10):55—64

[8] Bilitza D. International Reference lonosphere-status
1995/1996. Adv. Space Res., 1997, 20:1751—1754

[9] Hedin A E. Extension of the MSIS thermospheric model
into the middle and lower atmosphere. J. Geophys. Res.,
1991, 96(A2):1159—1172



