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Analysis of controlling factors leading to the development

of R-T instability in equatorial ionosphere

LUO Wei-Hua, XU Ji-Sheng” , XU Liang
School of Electronic Information, Wuhan University , Wuhan 430079, China

Abstract In this paper the effect of the spatial gradients of the electric field and the neutral wind
on the linear growth of the plasma R-T instability and its growth rate are analyzed, based on the
quality and the charge conservation equation. The results reveal that, both electric field spatial
gradients and neutral wind spatial gradients can promote or restrain the growth of R-T instability
remarkably, which depends on the orientation of the electric field and the neutral wind as well as
the polarity of their gradients; and the degree of the influence depends on the magnitude of their
spatial gradients and the ratio of the parallel to Pedersen conductance and the ratio of the parallel
to transverse wave number for the transverse gradients of the electric field and the neutral wind.
Numerical results show that, for the typical ionospheric background condition, the electric field
gradients and neutral wind gradients can make the growth rate of R-T instability increase or
decrease 10% to 120% for different scale lengths.

Keywords Ionosphere, Irregularity, R-T instability, Linear growth rate, Gradient of electric

field, Gradient of thermospheric wind
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Fig. 2 Effects of zonal gradient for zone electric field
(a and ¢) and vertical gradient for vertical electric field
(b and d) on linear growth rates and their variations vs.
the height of the magnetic line apex

Scale size of electric field gradient is equal to 10 km.
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on linear growth rates and their variations vs.
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Scale size of electric field gradient is equal to 30 km.
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Fig. 4 Effects of zonal gradient for vertical wind field (a)
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Scale size of gradient is equal to 10 km.
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Fig. 5

Effects of field-direction gradient for parallel wind field on linear growth rates

and their variations vs. the height of the magnetic line apex

Magnitudes of field-direction gradient of parallel wind field are —0.1 m =+ s !« km '(a), —0.5m=+s !« km '(b)

and —1 m=+s '+ km !(c) respectively.

R A s 2.
5 REHIE

AR SC N B ek L A S 5 AR DA K Bl T A 7 AR
WA oM T P R S R TR R-T AR Pk
PESS R I 2 R R R 08 T B2 KURE 55 B ol
FL 77 114 2 DA BE X R-T AN AR R P 2 A 34 1) 2 i
FEVE M M A5 R 4B 7R L BZ I T SR 3 P R S
) X R-T AN A PE Ak 3 KA A A 200 1 fie
PE B VE A s % R-T SRR RE 1 e 4 16 IO fie 1 1
FH A S 3 400 6 P OB A2 X3 1 5 v 3 S
23 BB B 9 7 18] 3 % R-T N A A2 1R 2 K52 T 119
AR L R B T A Z X AT SR b Y s
(RIS 2 B R /N, RE PR 23 M 4 R GE 2 W1 i 3 FURUIZ Y
BT B BE X R-T AN B 7 4 49 A 52 i) 0 ~F
F7HL 5 A Pedersen B R Z H LI R YN A 1] 3 50
FU 111 P47 RS 1 S 1 B BE X R-T AN A Pk 4 1 4
KA EEA 517 # § 5H Pedersen AL 3 5
ZHERA e A 1 5 R e TG S R B D ) 4% 1 S
PERFAE. BT 5825 R R Bt ) R IO i L 14 344
1+ FEL 37 A0 X0 014 A6 JEE X 4 P 3 R S5 ) 2 T A1 28
HR.

AW A REW] TRV IR 8 71K R-T A
R PRI L 25 8 5 3 R XU 19 5 T A2 A AT g
Bl FSS Y 2 ) B A R B TR A TR
S ARIEY & F A SO B4 25 0 0 B0 51k o
IR 205 v T2 DAL 11 AN R U 25 g e A ] B ] 3t S 30
TCEERARA i fE Y.

2 2% 3k (References)

(1]

(2]

[4]

(5]

[6]

[s8]

[9]

(10]

Booker H G, Wells H W. Scattering of radio waves by the F-

region of the ionosphere. Terr. Magn. Atmos. Electr. ,
1938,43(3) :249~256

Dungey J] W. Convective diffusion in equatorial F-region. J.
Atmos. Terr. Phys. ,1956,9(5-6):304~310

Farley D T, Balsley B B, Woodman R F, et al. Equatorial
spread F. implication of VHF radar observations. J.
Geophys. Res. ,1970,75(34):7199~7216

Martyn D F. The normal F region of the ionosphere. Proc.
IRE,1959,47(2) :147~155

Kelley M C. The Earth’'s Ionosphere: Plasma Physics and
Electrodynamics. San Diego, California: Academic Press,
1989
Sultan P J. Linear theory and modeling of the Rayleigh-
Taylor instability leading to the occurrence of equatorial
spread F. J. Geophys. Res.. 1996, 101 (A12). 26875 ~
26891

Basu B. On the linear theory of equatorial plasma instability:
comparison of different descriptions. J. Res. ,
2002,107(A8):1199~1108

ChouS Y, Kuo F S. A numerical study of the wind field

Geophys.

effect on the growth and observability of equatorial spread F.
J. Geophys. Res. 1996,101(A8):17317~17149

HER, Kelley M C. B A R IEY R F 119 25 30 A2
HuER Y FE2E 37 . 1996,39(5) 1296 ~305

Huang C S, Kelley M C. Spatial and temporal evolution of
equatorial spread F generated by electric fields. Chinese J.
Geophys. (in Chinese),1996,39(5):296~305

TR, H O A AR R X R R R R 2 4 R A
XTI F XA B0 0] 25 4 1 52 . b BR P B 2% 4. 2000, 43
(5):589~598

Zhang T H, Xiao Z. Effect of the coupling of different

ionospheric regions on the nighttime F region. Chinese J.



858

H Bk ¥ B % R (Chinese J. Geophys. )

52 %

(11]

(12]

[13]

[14]

[16]

[17]

(18]

Geophys. (in Chinese).2000,43(5):589~598

Raghavarao R, Desai ] N, Anandarao B G, et al. Evidence
for a large scale electric field gradient at the onset of
equatorial spread-F. J. Atmos. Terr. Phys.,1984,46(4):
355~362

Abdu M A, Batista I S, Sobral ] H A. A new aspect of
magnetic declination control of equatorial spread F and F
region dynamo. J. Geophys. Res. .1992,97(A10) 14897 ~
14904

Meriwether ] W, Biondi M A, Herrero F A, et al. Optical
interferometric  studies of  the

nighttime  equatorial

thermosphere: enhanced temperatures and zonal wind
gradients. J. Geophys. Res. ,1997,102(A9) :20041~20058
Biondi M A, Sazykin S Y, Fejer B G, et al. Equatorial and
low latitude thermospheric winds: measured quiet variations
with season and solar flux from 1980 to 1990. J. Geophys.
Res. »1999,104(A8) :17091~17106

Friedman J F, Herrero F A. Fabry-Perot interferometer
measurements of thermospheric neutral wind gradients and
reversals at Arecibo. Geophys. Res. Lett. ,1982,9(7) 785~
788

Herrero F A, Meriwether ] W. The 630 nm MIG and the
nighttime

thermosphere. Geophys. Res. Lett. ,1994,21(2):97~100

vertical neutral wind in the low latitude
Schlesier A C, Buonsanto M J. Observations and modeling of
the April 10-12, 1997 ionospheric storm at Millstone Hill.
Geophys. Res. Lert. ,1999,26(15):2359~2362

Fagundes P R, Sahai Y, Bittencourt J A, et al. Observations
of thermospheric neutral winds and temperatures at Cachoeira

Paulista (23S, 45W) during a geomagnetic storm. Adwv.

(191

L20]

(21]

[22]

[23]

[24]

[26]

[27]

Space Res. ,1995,16(5) :27~30
Huba ] D, Schwartz A B, Keskinen M J.

Ionospheric

interchange instabilities and chaotic fluid
behavior. Geophys. Res. Lett. ,1985,12(1) :65~68

Fejer B G, Kudeki E, Farley D T. Equatorial F region zonal
plasma drifts. J. Geophys. Res.,1985,90(A12) ;12249 ~
12255

Martinis C,

turbulence:

Meriwether J, Niciejewski R, et al. Zonal
neutral winds at equatorial and low latitudes. J. Atmos. Sol-
Terr. Phys., 2001,63(14):1559~1569

Rishbeth H. The ionospheric E-layer and F-layer dynamos-a
tutorial review. J. Atmos. Terr. Phys. ,1997,59(15) 1873~
1879

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

Bilitza D.
Sci. , 2001,36(2) :261~275

Ossakow S L, Zalesak S T, McDonald B E, et al. Nonlinear

International reference ionosphere 2000. Radio

equatorial spread F: dependence on altitude of the F peak and
bottomside background electron density gradient scale length.
J. Geophys. Res. ,1979,84(A1):17~29
Raghavarao R, Gupta S P, Narayanan R, et al. In situ
measurements of winds, electric fields and electron densities
at the onset of equatorial spread-F. J. Atmos. Terr. Phys. ,
1987,49(5) :485~492

Hedin A E, Fleming E L, Manson A H, et al. Empirical
wind model for the upper, middle and lower atmosphere. J.

Atmos. Terr. Phys. ,1996,58(13):1421~1447

R34 o #o



