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Fig. 1. Geometry of a thin layer model.
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Fig. 2. Link-arrangement of test and measurement.
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Table 1. The threshold and total average error under the average error § between measured power and

simulated power based on reflecting process less than 2%.

RS 1 Bk 2 BB 3 -
Ah _ — = O
fr o fr 0 fr o
110 0.14 0.0057 0.21 0.0104 0.25 0.0126 0.0118
115 0.14 0.0064 0.21 0.0146 0.25 0.0126 0.0112
120 0.14 0.0064 0.21 0.0182 0.25 0.0102 0.0116
125 0.14 0.0097 0.21 0.0182 0.22 0.0063 0.0114
130 0.14 0.0133 0.21 0.0227 0.22 0.0063 0.0144
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Table 2. The threshold and total average error under the average error § between measured power and

simulated power based on scattering process less than 2%.

BERE 1 B 2 BERE 3 _
I - - - 5
fs 0 fs 0 fs )
170 0.10 0.0111 0.15 0.0064 0.12 0.0201 0.0376
180 0.11 0.0081 0.15 0.0085 0.13 0.0160 0.0326
190 0.11 0.0061 0.14 0.0117 0.13 0.0126 0.0294
200 0.11 0.0075 0.14 0.0160 0.13 0.0119 0.0354
210 0.11 0.0102 0.14 0.0201 0.13 0.0119 0.0422

119401-6


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

¥ 12 Z R Acta Phys. Sin.

Vol. 66, No. 11 (2017) 119401

0.20

¥ —©—L,=Ly=80m
¥/ —8—L,=L,=120m
—*— L1 =Ly=160 m
—+—L;=L,=200 m4
+L1:L2:240m
Li=Ly,=280m

0.05

o
B

0.08 0.10 0.12 0.14 0.16 0.18
s

(b)
—e—L1:L2:80m
—&— L1 =L;=120m

0.15 —+— L;=Ly=160m

—%— L1 =Ly=200 m

—%— L, =L>=240 m

L1=L,=280m &

0.05

0.10 0.15 0.20 0.25

0.20

—— L1 =Ly=80m
—=—L1=L,=120m
—— L, =L>=160m
—%— L, =L,=200 m
—#— L1 =Ly=240m
Ly =Ly,=280 m

0.05

7 (MTIR ) AREKT REE N TR ZE G fs KA
(a) BERE 1; (b) #ElE 2; (c) HElE 3

Fig. 7. (color online) Average error § under different scale
changed with fs: (a) Link 1; (b) Link 2; (c) Link 3.

WARAEREAN BB R Es TR R Ly, Lo, L
AR, FREIRRY]: IR VHE
A EsJZ, 2 fors/ FARTRATIRER, Slini%
W B 15 5 EESR A T Es B X VHF L 195U
BRI Es B i BUR] LSRR N

4
o =1.42 x 1015)\9<‘)}V>

x [(120sin 0)2 + (3.5X)%] 7, (12)

A fors/f KT ZITTIRAA RS, 7 T 5K A ML HI %
iR

3.3 HEBEEEsBKELIBIER

CEE ML M3 2N B4R, RIE
BB 1 Y fope/f E0.11—0.14 [X 8] B, 4 B 2
H fops/f £ 0.14—0.21 X8I, BE8% 3 7 foms/ f £
0.13—0.25 X [a] i, F1) FH s 5 4 B AL il ARG AR A
WL A Be AT SR RE S &5 SR AR 9% /i i (199 23 At
HL 22 Es XN B 00 sV BE A S SHE AL, X
BT E FR B, PR E A B H 25 2 108 SEAR R R
A ARk B ML 5 O VR FIATLA] E ) 4 %
Nk, ks, Hk + kg = 1, M SEE UG VHF 55
PRPE P A RN A

P.=kHP +kHP, (13)

Hh, P& VAFE S EH K, H,, H X Es
JZ X VHF 5 5 5 5 15 FRER 565 4 AL 81 (0 1% 46

R Ll A, SEXTEBIA fo < fors/f < frs
P UL, Y fors/ fAEREAS X AT HUE I, BT RE A X
S ML AT EC AR AL SE R RVE . AR X
BIA fors/fIH—H, & F = (fors/ = f)/(fe—f5)-
e % X 8] N S /B0 2 B, T = 2% 0 &
B AR FPLI B &y S AR B A R LA
Kl 8 FT7s.

1.0

0.9F  —— %1
0.8l —HERE2

0.7f
0.6
0.5f
0.4
0.3F
0.2
0.1f

W ZE ’ s s s s
0 0.2 0.4 0.6 0.8 1.0

K8 (MR ) I X Ik P SR BT ol LU PR 5 485
Fig. 8. (color online) The fitting result of coefficient

reflection process in transition section.
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Fig. 9. (color online) The result of simulated on the
proposed model of radio wave propagation under Es

and the result of measurement.
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Abstract

The sporadic-E (Es) layer is a thin layer of several kilometers existing at an altitude around 100 km and features
extremely dense ionized irregularities, which can reflect or scatter high frequency (HF) and very high frequency (VHF)
radio waves. The most popular theoretical explanation for mid-latitude Es formation is the wind shear theory. Mea-
surements by rocket souding have shown that Es has high electron density and relatively sharp density gradient in the
vertical direction. The one-hop propagation of VHF signal in Es can even reach as far as 2000 km. In this paper, we
consider incident radio waves influenced by Es via both reflecting and scattering processes at low and middle latitudes,
the coefficients of which are related to and vary with the critical frequency of Es (fors). Firstly, with a supposed parabolic
density distribution and the autocorrelation function of the electron density given by Booker, HF and VHF radio wave
propagations in Es are analyzed according to the reflection and scattering theory. Secondly, a numerical model for the
combined reflecting and scattering processes is developed in the form of piecewise function, the contribution of which
can be distinguished by the portion factor of reflection (k:). According to the model, there are two threshold ratios of
the critical frequency to the wave frequencies f, and fs respectively. The incident radio waves are totally reflected by Es
when fors/f is higher than f, and mostly scattered when fors/f is lower than fs. A transition zone exists between two
critical points, with the combined processes working together. Thirdly, HF /VHF radio wave propagations in low and
middle latitudes of Es are are in the north-southern direction and east-western direction separately. The experiment
link in the north-southern direction is from Kunming to Xi’an at distance of 1065 km, and the ionosonde used for Es
observation is located at Chongqing. Two east-west links are arranged, one of which is from Dehong to Huaihua and the
other is from Dehong to Chenzhou, with the ionosonde located at Kunming and the ground distance as far as 1240 km
and 1590 km respectively. The measurement data are treated and parameters of the above mentioned model for wave
propagation in Es are experimentally determined. Finally, our model is verified by comparing with ITU-R model. Our
results are consistent with the results from the ITU-R model when the fors/f is high (i.e., the reflecting process plays a
main role). When the scattering process dominates, the attenuation value of VHF signal is far less than that predicted
by the ITU-R model, which is closer to actual measurements. It is concluded that our model is more preferable for HF

and VHF radio wave propagations in Es at low and middle latitudes.

Keywords: sporadic-E, radio wave propagation, International Telecommunications Union model
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