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Theory of sporadic E formation by atmospheric waves

Windshear theory:

The mid-latitude Es is a result of neutral-ion collisions and Lorentz force  
acting on the metallic ions (Axford, 1963). In the case of horizontal neutral 
wind with a vertical shear , the thin layer of converged ions could occur in thewind with a vertical shear , the thin layer of converged ions could occur in the 
vicinity of the horizontal plane where the wind velocity (Vn) changes direction 
(zero wind nodes). 

z

Tk

Vn=az o

    0 BE ini VeVVMN
N

Tk
inii

i

iB 

neutral-ion Lorentz force
collisions

f





Ions vertical convergence by AGWs
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For simplicity the 

Z isothermal model (Hines, 
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f ll i f

λz

following form: 

4
1

2
1)( 2

222
sonx H

cuk 





  k

λ
)(

4
1

4
1

42

2222
2

2
24

yxsbs kkc
H

c

H







 



k

λz
H is atmospheric scale height, 
kx,y,z=2π/λx,y,z are the 
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Ions vertical convergence by AGWs

Z
For simplicity the 

Z

Ions  convergence

isothermal model (Hines, 
1960) of AGWs is used and 
dispersion equation have the 
f ll i f

λz

B

g

Ions convergence

following form: 

4
1

2
1)( 2

222
sonx H

cuk 





  k

λ
B

Ions  convergence

)(
4

1
4
1 2222

2

2
24

yxsbs kkc
H

c 





  k

λz

B

Ions  convergence H is atmospheric scale height, 
kx,y,z=2π/λx,y,z are the 
horizontal and vertical wave 
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Ions vertical distribution under an 
influence of AGWs and background horizontal windg
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Evolution of  the ions/electrons density height 
distribution in the case of absence of AGWs

The initial distribution of the ions is described by the following Gaussian 
type function:
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Nm is maximal ions density (104cm-3) at the height z=zm=100 km. The scale 
height Heff =20 km. The initial distribution of ions is described by 
Gaussian type function:



Influence of AGWs on the ions/electrons density 
height distribution

H=10 km, λx,y =120 km, λz =12 km, uon=0  (Didebulidze et al., JASTP, 
2015).



The ions vertical convergence by AGWs in the 
presence of horizontal background wind

H 10 k λ 120 k λ 24 k 40 /H=10 km, λx,y =120 km, λz =24 km, uon=40 m/s.



The formation Es layers by AGWs in the case of 
presence of horizontal background wind withpresence of horizontal background wind with 
Vphx=-uon

uon =-87 m/s



The formation of quasi-periodic echoes like structures by 
AGWs evolving in the horizontal inhomogeneous (uo=ay) o
background wind

H=10 km, λx,y =120 km, λz =12 km.



CONCLUSIONS
We have shown that the declined propagation (kx, kz ≠0) of the AGWs can
influence on ions/electrons vertical convergence. The condition that the value
of the AGWs horizontal phase velocity (ωg/kx) is close to the value ofp y ( g x)
background horizontal wind velocity (-uon), is convenient for ions
convergence into horizontal thin layers and formation multilayered sporadic E
(Es layers).

The distances between Es layers formed by are about AGWs vertical
wavelengths λz.

The ions/electrons density oscillations with shorter AGWs periods in the
Es layers, accompanied by their declined motions, is similar to quasi-
periodic echoes observed structuresperiodic echoes observed structures.
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