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Table 1. Parameters for the simulation.

e HUE (BUESRIR)
TR [ 201509301800LT
BEUR (19.3°N, 109.8°E)
PRI B 300 km
REIA SFg
PR 40 kg
BERy = it IRI2012
KA R ATMOSNRLMSISE00
TR TG R M SRR 1000 K
kg% 45%x107°T
AT 20°
Tk Al 11 —0.5°

Mo v 2 4 31
BT FERE Y HUR B (52

2.0 x 1077 em3/s
1.6 x 1010 cm?2/s

p/10° cm =3 350 5s p/107 cm =3
9
15
300
10
5
250 0
—50 0 50
30 s p/106 cm—3
350
8
300 6
4
2
250 0
—50
p/10% cm~3 550 120 s p/10% cm—3
10 3
8
6 300 2
4
1
2
250
50 —50

Horizontal range/km

2 BRI A B N TR (K A2k

Fig. 2. The distribution of release density varies with time.
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B FOKCP. ERUG 2 min P, H B R AR
JEE BTG N, BRI 5 s B o0 A V8 L N B4R
2910 km 3RAE, BHUE 120 s B 0 BARIE
70 km LA, [ AR 2 I B RE 2 TR S 18 PR A,
BETBUG 1 s U2 100% #6725, BIRE 120 s HL
B EAFE IR E 2N 95%.

BT 7 BT B 1R T AR B0 280 v A
T, R EIB BRI 7L T S S E LB X 1
FERRIERE. GLRIE R 9T F S 2 M AR R I A 2
iz —, R AL EAE S S, SRR
R 7V RE RS I R Lk AR PR R AR, P RIB R T
L3 9 B 2 S 1 B R AR T v S 2 e P e, A
Wrid S B B A RE R TR S LB 2, LR
Z R 5 R BUEE S 2B ER v DU TR 51 e
JZ, AR e SR BT I T RS S AR
BIX AL FE RN, BT S 2R IB BRI+ i, TR
PEANTREEIR ) VRN i 8 SCHR [33, 34).

Bl 4 DLBETBUR 10 s P3N X 1 7 %5 B 40 A N

5, WA T 1215 MHz RS SR 3h X Atk
PR, BESUS 10 s HLES 2R B4R 2 30 km, HL
T R AR X JELFE 410 km, B K HL T3 L
1.82 x 10% cm 3.

M AT LAE Y, 11 MHz TG 2k B 9 4= 350 H
T RO (X S, 1214 MHz o4& F IR &8 7 o
PR R SR X, R R R X SR
FRHE T R X R E S AR T BEME
FERUE, B A RN I FL e A0 (1) sl /N T S . SRR
BN TR XA R T ERBEEN
H R E™ AR 1, AR PR 2 LB B R R 1, AR
/NPT FELJBE A P R SO IR K, SRR AR R A I

5 LURBEIUE 120 s $L3h X B ML 7% B2 40 A N
5, WE9 T 912 MHz LS S 76 W T3
X ERFLRE. FRUG 120 s B2 ERZ
70 km, LTI 5R X R 2 50 km, e K HLT%
FEZ11.12 x 10% cm 3.

019401-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 % 3R Acta Phys. Sin.

Vol.

Altitude/km

Altitude/km

Altitude/km

Altitude/km

600

11 MHz

50

[=)

AN i,
AN i

\ /
N Vi,
Wik Vi
AN Vil

400 5

3001

200F

100

9300 —200 —100 0 100 200 300

Horizontal range/km

600

77
77— FHi7
T

500 1%

400

300}

200E

100

—300 —200 -—100 0 100 200 300

Horizontal range/km

Altitude/km

Altitude/km

67, No. 1 (2018) 019401
NN w777
500 AN | I
AN | L
200 NN O

Horizontal range/km

600

500 f

400 g

300 F

200 E

100

14 MHz

0 L L L
—300 —200 -—100 0 100 200 300

Horizontal range/km

4 FLPAE SRS X e R

Fig. 4. The transmission of short wave signals in strong reflection areas.

10 M\ \ \L 1]

A

000 9 MHz \\
500 F
400 =
300 < O &
200 F =
100 \
(1300 —IQOO —I100 0 lIOO 20IO 300
Horizontal range/km
600
N\ /
co0 77 7 7
400 [
300
200 F
1001
11 MHz
(i300 7I200 7I100 0 IIOO 20IO 300

Horizontal range/km

Altitude/km

Altitude/km

600

UL S
iy

[/

500 F

400 [

3001

200

100

100

0
—300 —200 -—100 0 200 300

Horizontal range/km

600

500

400

300

200 F

100

0 . . . .
—300 —200 -—100 0 100 200 300

Horizontal range/km

K5 JEPART 5L X % 4k

Fig. 5. The transmission of short wave signals in strong reflection areas.

019401-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 % 3R Acta Phys. Sin.

Vol. 67, No. 1 (2018) 019401

M5 0] LR, 9 MHz 645 H ik 76 HL B 2 TR
W& 2 Ik Gedt, T 55 2 M & 2, 5 E
5 RS IR LT, T A 9 ) PR P R X (TG R vl
e, Bl E T R R X BT BT 10—11 MHz
TC 4% FL T FRUBS SRR P AR T SRR AL, T S 2R R
FL 2, 7 A 7 I R T R A SR X 1 TG 2k L
WG T F IR, 57— 5 5 RS [l T
12 MHz JG 28 By 7F B 55 2T 4 SRR, fE il T4 B
38 X BCEE S5 A R Bl X

TE — U R 25 K i o e i) 25 ) 4 3 A 58
o TR X ) H S 2 BRI ASCTE KA R G
ERU R T i B S MR ) & i
R A R, KB B B PR R Ha O AT C O,
& FEONETEERS BN EYE. KRS
B HL B 2 I AR N 7.3 MHz, K415 154 s{EF
J2 v B — 2% R S R Y, A v RO AR
12 MHz (4086 (b) B2 FioR). AR el ol 21 3
SRR TT RE SR BEICWT I, BRI A PR K
FEET RSB TR, g1k S % & TR T
FEA .

800

(a)

700

600

500

400

Altitude/km

300 i

200

100

0

2 3 4 5 6 7 8 9 10 11 12
Frequency/MHz

K6 N5 S X7 20 HL g P A0 St v 155 Pl v B
Fig. 6. The comparison between the simulated iono-
gram and the measured ionogram in the artificial

strong reflection zone.

AR e 2 LI 7E FEL S VR 110 80 DX ) A% LR A
ASOREAN BRI 5, K S LB R 5 VA ) 15 2
TREIUE 30 s BN LR B (W 6 (a) FTo). =
A 2 ) P 1A L S R B TR ) S R, DD SR
7 S S AR TR 01 1 6 %k I ) A R S I
k. Tk a] 3 Bl A Sl Bt A S0E
T FR BB B ZE 2R 5 S 45 2R i VR LT
Wt I 22 1) E Bl T e, AR ALK 20 e
Rt

5 REHIT®

T W 2 JE R R M SR R 0 5 i F B 2
L2 P FE S, TERR I S PR T A e i 2 0 T
B, RO PSR PR K, R R
TR, TE BB 2T I A0 7 A <5k BT
W R AR, H S IR R 4 A 45 ) R A A
& BRI R 06 R N Y B B AR, A ORI T
B2 PR SRR R R A N, ST T R
RIS SRR BT RO W T
2L R B 1 s 150 X B KL 26 A
2.46 x 10° cm™3, N1 S T E R 2.8 £, [
S5 10 540 1 T R B BRI RIS 30 s, FeK
T B E241.58 x 105 cm™3, 2N 5l 7%
1) 1.7 ff; B 120 s, 35R IX 1 e K LT 235 2 4
1.12 x 105 em ™3, 2P RHTFHEEMN 12465 17F
FETBUE 2 min N, HL B 2 (1 R I 34, ik
J& 5 s B o AT VE B N B AR 29 10 km RIERIAR, B
UG 120 s B /3 A BRI 70 km BA b, [FIES HE
25 2R R RE S R P AR BRAR, B 1 s HLE 2R
100% ¥E7%, FIRTHUS 120 s B2 EIRFE T IR E LN
95%.

7 300 km = FEREL 40 kg SFg, LUBUS 10 s
F1120 s (19 RS BL45 RO 73 5, RIS 2B
ER TR T T A R AT B A5 5 TE IR Bl X I 1% R
ROBL, BETRUG 10 s L7 26 FE R sm AN 14 B3, 3
0 X JEFE 210 km, e Al R 14 MHz [ TC28
WAS5. BEISUG 120 s ML 125 FE 3G 9 30 50855, 1Y
SR X 5L R 386 I, % v AT RO 11 MHz 1) T8 28 HL
9—12 MHz L B AET BN X KA T H 4G5t
RAEAHUE AL RN, AR 22 T AR R
R LB BRI, RIS E] T RS 30 s (U HLES
JE T F 2 P B T T B T B e s A

019401-8


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I8 % 3R Acta Phys. Sin.

Vol. 67, No. 1 (2018) 019401

¥, B OIS 11.6 MHZ. R4 R 5 — 0k
IS P S B A0 0 B ) A AT, W15 IRAIE T AR
R IE R E.

HLS 2 mP PR ORS8N AR Y

H AT TR 2 min P HLES R PEBN RN T AL T
FE, A2 HL B JZ A PR MR T B AR AR ) i
SEOAHERHAIE TR U 2 min WIRBNIX T
I 2 AL R

SE 3

LN B O

Booker H G 1961 J. Geophys. Res. 66 1073

Mendillo M, Hawkins G S, Klobuchar J A 1975 Science
187 343

Mendillo M, Hawkins G S, Klobuchar J A 1975 J. Geo-
phys. Res. 80 2217

Zinn J, Sutherland C D, Stone S N, Duncan L. M, Behnke
R 1982 J. Atmos. Terr. Phys. 44 1143

Mendillo M, Jeffrey M, Forbes J M 1978 J. Geophys.
Res. 83 151

Mendillo M, Forbes J M 1982 J. Geophys. Res. 87 8273
Mendillo M, Smith S, Coster A, Erickson P, Baumgard-
ner J, Martinis C 2008 SPACE WEATHER 6 S09001
Anderson D N, Bernhardt P A 1978 J. Geophys. Res.
83 4777

Paul A, Bernhardt P A 1979 J. Geophys. Res. 84 4341
Paul A, Bernhardt P A 1979 J. Geophys. Res. 84 793
Bernhardt P A 1982 J. Geophys. Res. 87 7539
Bernhardt P A 1984 J. Geophys. Res. 89 3929
Bernhardt P A, Weber E J, Moore J G, Baumgardner
J, Mendillo M J 1986 Geophys. Res. Lett. 91 8937
Zhao H S, Xu Z W, Wu Z S, Feng J, Wu J, Xu B, Xu
T, HuY L 2016 Acta Phys. Sin. 65 209401 (in Chinese)

29]

w

w
)

W w W www
R L A =)

019401-9

PRI, VFIESC, RIRAR, B, RAE, W, R, SHH
2016 ¥HAR 65 209401]

Hunton D E 1993 Geophys. Res. Lett. 20 563

Koons H C, Rocdcer J L 1995 J. Geophys. Res. 100 5801
SchunkR W, Szuszczewicz E P 1988 J. Geophys. Res.
93 12901

Schunk R W, Szuszczewicz E P 1991 J. Geophys. Res.
96 1337

Drake J F, Mulbrandon M, Huba J D 1988 Phys. Fluids
31 3412

Zalesak S T, Drake J F, Huba J D 1988 Radio Sci. 23
591

Zalesak S T, Drake J F, Huba J D 1990 Geophys. Res.
Lett. 17 1597

Ma T Z, Shunk R W 1991 J. Geophys. Res. 96 5793
Ma T Z, Shunk R W 1993 J. Geophys. Res. 98 323
Gatsonis N A, Hastings D E 1991 J. Geophys. Res. 96
7623

Shuman N S, Hunton D E, Viggiano A A 2015 J. Chem.
Rev. 115 4542

Schunk R W, Szuszczewicz E P 1991 J. Geophys. Res.
96 1337

Doles J H, Zabusky N J, Perkins F W 1976 J. Geophys.
Res. 81 5987

Zhao H S, Feng J, Xu Z W, Wu Z S 2016 J. Geophys.
Res. 121 10508

Zabushky N J, Doles J H, Perkins F W 1973 J. Geophys.
Res. 78 711

Lloyd K H, Haerendel G 1973 J. Geophys. Res. 78 7389
Bernhardt P A 1984 J. Geophys. Res. 89 3929
Bernhardt P A 1987 J. Geophys. Res. 92 4617
Haselgrove J 1955 Proc. Phys. Soc. London 23 355
John M Kelso 1968 Radio Sci. 3 1

Zhang R F 1986 Proceedings of the International Sympo-
stum on Space Physics Beijing, China, November 10-14,
1986 pp5-100


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1029/JZ066i004p01073
http://dx.doi.org/10.1126/science.187.4174.343
http://dx.doi.org/10.1126/science.187.4174.343
http://dx.doi.org/10.1029/JA080i016p02217
http://dx.doi.org/10.1029/JA080i016p02217
http://dx.doi.org/10.1016/0021-9169(82)90025-3
http://dx.doi.org/10.1029/JA083iA01p00151
http://dx.doi.org/10.1029/JA083iA01p00151
http://dx.doi.org/10.1029/JA087iA10p08273
http://dx.doi.org/10.1029/JA083iA10p04777
http://dx.doi.org/10.1029/JA083iA10p04777
http://dx.doi.org/10.1029/JA084iA08p04341
http://dx.doi.org/10.1029/JA084iA03p00793
http://dx.doi.org/10.1029/JA087iA09p07539
http://dx.doi.org/10.1029/JA089iA06p03929
http://dx.doi.org/10.1029/JA091iA08p08937
http://dx.doi.org/10.7498/aps.65.209401
http://dx.doi.org/10.1029/93GL00804
http://dx.doi.org/10.1029/95JA00066
http://dx.doi.org/10.1029/JA093iA11p12901
http://dx.doi.org/10.1029/JA093iA11p12901
http://dx.doi.org/10.1029/90JA02345
http://dx.doi.org/10.1029/90JA02345
http://dx.doi.org/10.1063/1.866906
http://dx.doi.org/10.1063/1.866906
http://dx.doi.org/10.1029/RS023i004p00591
http://dx.doi.org/10.1029/RS023i004p00591
http://dx.doi.org/10.1029/GL017i010p01597
http://dx.doi.org/10.1029/GL017i010p01597
http://dx.doi.org/10.1029/90JA02618
http://dx.doi.org/10.1029/92JA01552
http://dx.doi.org/10.1029/90JA02249
http://dx.doi.org/10.1029/90JA02249
http://dx.doi.org/10.1021/cr5003479
http://dx.doi.org/10.1021/cr5003479
http://dx.doi.org/10.1029/90JA02345
http://dx.doi.org/10.1029/90JA02345
http://dx.doi.org/10.1029/JA081i034p05987
http://dx.doi.org/10.1029/JA081i034p05987
http://dx.doi.org/10.1002/2016JA022425
http://dx.doi.org/10.1002/2016JA022425
http://dx.doi.org/10.1029/JA078i004p00711
http://dx.doi.org/10.1029/JA078i004p00711
http://dx.doi.org/10.1029/JA078i031p07389
http://dx.doi.org/10.1029/JA089iA06p03929
http://dx.doi.org/10.1029/JA092iA05p04617
http://dx.doi.org/10.1002/rds.1968.3.issue-1

32 % R Acta Phys. Sin. Vol. 67, No. 1 (2018) 019401

Early time effects produced by neutral gas ionospheric
chemical release”

Zhao Hai-Sheng" Xu Zhao-HuiV" Gao Jing-Fan"? Xu Zheng-Wen" Wu JianV
Feng Jie! Xu Bin® Xue Kun" Li Hui” Ma Zheng-Zheng"

1) (National Key Laboratory of Electromagnetic Environment, China Research Institute of Radiowave Propagation,
Qingdao 266107, China)
2) (School of Physics Optoelectronic Engineering, Xidian University, Xi’an 710071, China)

( Received 14 July 2017; revised manuscript received 19 September 2017 )

Abstract

The artificial release of electron adsorbing material can cause electron density to be depleted in the ionosphere,
forming the “ionospheric holes” rapidly. At the same time, the “shell” structure of the electron density enhancement
around the hole is produced, owing to the extrusion of background plasma caused by rapid expansion of the release.
The coexistence of ionospheric hole and enhancement structure is the significant characteristics of the early time effects.
In this paper, the early time effects of neutral chemicals released into ionosphere are studied, and a physical model of
spatiotemporal evolution about early time electron density is set up. At t = 1 s, the maximum electron density in the
enhanced region is 2.46 x 10° cm ™3, approximately 2.8 times as great as background electron density, then the electron
density at the boundary gradually decreases. At t = 30 s, the maximum electron density is 1.58 x 10° cm ™3, which is
about 1.7 times the background electron density. At ¢t = 120 s the maximum electron density in the enhanced region is
1.12x 10% em ™3, which is 1.2 times the background electron density. Within 120 s after release, the size of the ionospheric
cavity increases gradually; at ¢ = 5 s the distribution range of the released chemical material is of a sphere of about
10 km in diameter; at ¢ = 120 s the distribution diameter of the released chemical material is more than 70 km, and
at the same time, the depletion depth of the ionospheric hole decreases slowly. At ¢ = 1 s, the depletion depth of the
ionospheric hole is about 100%, and at t = 120 s the depletion depth of the ionospheric cavity decreases to 95%. The
effects of different-frequency radio waves propagating through ionospheric disturbance at t = 10 s and ¢ = 120 s are
simulated by the ray tracing. At ¢ = 10 s, the effect of electron density enhancement is remarkable, and the thickness
of the enhancement is about 10 km, and the electronic density enhancement area can reflect the radio wave signal at
a frequency as high as 14 MHz. At ¢t = 120 s, the phenomenon of electron density enhancement becomes weak, the
thickness of the enhanced area continues to increase, and the radio wave signal that the electronic density enhancement
area could reflect decreases to 11 MHz. The radio waves at a frequency range between 9 MHz and 12 MHz each have
a complex diffraction, focusing and dispersing effect in the disturbed area. Furthermore, according to the working
principle of ionospheric vertical measurement instrument and ray tracing theory, the vertical ionization detection figures
are obtained through inversion. The results are consistent with previous experimental results of rocket exhaust, which

testifies the correctness of proposed model.
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