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Single scattering theory is applied to the problem of ionospheric scintillations. The characteristics of scintilla
tion indices computed with two power spectra, namely, Gaussian and Kolmogorov, are studied in detail. Theoreti
cally computed scintillation index is compared with that observed at 327 MHz at Ooty. It is found that the scintil
lation index computed with the Kolmogorov spectrum is in closer agreement with that observed at Ooty.

2 Scintillation Theory
The single scattering is valid when

< Ef> k2 ro ~ 1 and the forward scattering is valid
only when <d> kL~ kro, where < £f > is the
variance of the medium fluctuations, k the wave
number, ro the scale-size of irregularity and L the
distance the wave has traversed in the irregularity
medium.

Under these conditions, Tatarski13 has obtained
the expressions for the amplitude and phase fluc
tuations of the wave as

um is assumed to be equal to that of the incident
wave in.free ...space.

Wernik and Liull have studied the scintillation

problem based on single-scatter theory summariz
ing the general properties of the scintillation pro
ducing irregularities.

In the present paper, we have studied general
characteristics of scintillation index over equatorial
region using the Gaussian and power-law spectra.
For an ionospheric slab model of 200 km thick
ness, at an altitude of 350 km and electron density
fluctuation of 10%, we have computed S4 (scintil
lation index) for nighttime equatorial scintillation
with the Gaussian and power-law spectra The
computed values of S4 are compared with the ob
served values obtained from the study of ionos
pheric scintillation at 327 MHz at Ootacamund by
pasrichal2•

)
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1 Introduction
When radiowave propagates through the ionos

phere, the random irregularities present therein
can cause fluctuations of the parameters of the'
wave. This is known as the ionospheric scintilla
tion phenomenon. F-region irregularities are the
cause of intense scintillations (irregular phase and
amplitude fluctuations) of signals transmitted
through the ionosphere over the VHF to 1 GHz
frequency range at high latitudes and VHF to S
band at equatorial latitudes. While the causative
mechanisms of these irregularities remain unre
solved and continue to be the subject of multi
technique experiments, their effects cause serious
concern to communication engineers. This is be
cause scintillations can degrade the performance
of high data rate satellite communication links ..

Scintillation of transionospheric signals has been
observed by many investigatorsl-7• The scintillation
phenomenon is confined to the region ± 20°
geomagnetic latitudes and high latitudes. The scin
tillation is much stronger in the equatorial region.
Signal fluctuations as high as 20 dB (peak-to-peak)
are observed8 in the .&band (1.55 GHz) and
14 dB (peak-to-peak) at 4 GHz (Ref. 9) during so
lar cycle maximum period. The layer of strong
irregularities is often 100-500 km thick ranging
from 200 to 700 km in altitude. The relative elec

tron density fluctuations are often of the order of
10% and may be as high as 70%.

When the scintillation is weak, the existing the
ory based on single-scatter assumptions seems to
be quite satisfactory in interpreting the observa
tional data10 as due to the fact that the irregularit
ies of' the size of the Fresnel zone contribute most

to the amplitude scintillation observed on the
ground. In the single-scatter theory approximation,
the field incident on the scattering random medi-

A
'11'1=In-+ i(S-So)=X + iS1

Ao
where

'11'='11'0+'11'1

'11'0= InAo + iSo

'II' =lnA+ is

... (1)
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and, therefore, X is the logarithmic amplitude and
Sl is the phase departure of scattered wave. Par
ameters Ao and So are the amplitude and the
phase of plane wave incident on the irregularity
layer.

Fig. 1 shows the geometry of a plane wave inci
dent on the layer of irregularities with the thick
ness L at a height z above the receiver. From the
knowledge of amplitude correlation function13 we
can derive an integral for mean square amplitude
fluctuations as follows.

is called the filtering function and cP N( K) is the
power spectrum which is assumed to be isotropic.

The scintillation index S4 is generally defined
by

where the angular bracket denotes ensemble aver
age.

For small fluctuations of the field, Rino and
Fremouw14 have shown that

... (3)

... (4)
... (2)(X2)=2'Jt2kL J F(K)+~K)KdK

o

where In the following, we choose two power spectra.

(i) Gaussian Spectrum:

.•• ( ). (e i) 3 ( 2 2)TN K = ----m a exp - K a
'Jt

... (5) ,

where a is the size of irregularity, Lu and 10 are the
outer scale and inner scale of the irregularities.

Spectral analyses of observed phase15 and am
plitude16 fluctuations have shown that the electron
density irregularities have a power spectrum that
may be characterized by a power-law-shape. This
result is not consistent with the description of
Gaussian correlation function used to interpret
much of the data. These scintillation observations

have been further supported by insitu measure
ments made by satellite-borne sensors that also
show a power-law dependence for the power
spectrum of electron density fluctuations 17. We
note that for
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Fig. I-Geometry ot the scintillation problem

(il) Kolmogorov Spectrum:

+ J.. K) = 0.033 C~~l/3 (1 + K2 ~) -11/6

X exp( - K2/K;,,)

with

C~= 1.9(ei) L;;213

and

K =5.29m --
10

1 1-~K~-
L..J 10

... (6)

lI

)
/

.-.

38

II III H 111'111' II ~ !I
I " 1'1



MOHAN & REDDY: SCINrn..LATION STUDIES OF 1RANSIONOSPHERIC SIGNAL

0.2

L·250km

Fig. 3-Scintillation index 5. versus z (krn) for 4J=3 km
when L is varied (Kolmogorov spectrum)
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the Kolmogorov spectrum reduces to the power
law spectrum; i.e. +~K) oc K-P with p lying bet
ween 2 and 4.

The Gaussian spectrum in Eq. (5) is character
ized by a single scale of the order of the scale size
at observing wavelength. The power law in Eq. (6)
is more realistic irregularity choice18,19. The basic
difference between power-law and Gaussian mod
els is that the Gaussian spectrum characterizes
electron density spectrum by one scale and power
law demands at least two scales, say, 10 and 4J.
Whether the observed spectrum is Gaussian or
power-law can be judged from the high frequency
limit in the sense that the Gaussian spectrum
yields parabolic distribution with increasing nega
tive slopes with increasing frequency on log-log
scale while power-law spectrum yields a straight
line distribution.

The filtering function in Eq. (2) is seen to in
crease until it reaches a maximum at

•
!

It is obvious that the major contribution to the in
tegral in Eq. (2) comes from the neighbourhood of
K = KF • This means that for a given frequency,
most of the scattered power comes from those
which are scattered by irregularities of the dimen
sion - 2n/ KF •

3 Results and Discussion
We have computed scintillation index 54 from

Eqs (2) and (4) using the power spectra Eqs (5)
and (6), respectivelY, for JIJp = 100 (/p being the
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Fig. 4-Scfutillation index 54 versus z (km) for L=250 km
when a is varied (Gaussianspectrurn)
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Fig. '2-ScintiliaiioI1 'index 54 versusZ (krn) for a= 100 m
when L is varied (Gaussian spectrum) .

Fig. 5-ScintiIIation index 5. versl~s. Z (krn) for,L= ~50 km
when L.., is varied (Kolmogorov spectrum)'
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Fig. 6- The diurnal pattern of 54 at Ooty
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plasma frequency) and «(~NIN)2)1/2=0.1. Figs
2-5 depict the behaviour of scintillation index 54

as a function of z (from slab bottom to the receiv
er) for the Gaussian and Kolmogorov spectra, re
spectively. In Figs 2 and 3, the curves 1, 2 and 3
correspond to irregularity slab thicknesses L= 150,
250 and 350 km, respectively. Figs 2 and 3 show
that 54 increases monotonically with z and finally
reaches almost a constant value for both the spect
ra. The results agree very well with phase screen
theory. As L increases, corresponding to a thick
random slab, the scintillation index 54 likewise in
creases. From a comparison of the results corre
sponding to the Gaussian and Kolmogorov spectra
(Figs 2 and 3) we note that at the bottom of the
slab the scintillation index 54 associated with the
Kolmogorov spectrum is larger than that for the
Gaussian spectrum. It is due to the fact that in the
former case, <X2) is proportional to pl6 and Vl/6
as z-+O. These powers (7/6 and 1116) are directly
related to the shape of the power-law K- 11/3. Figs
4 and 5 depict the effects on 54 of the irregularity
size a for the Gaussian spectrum and the outer
scale 1.0 for the Kolmogorov spectrum when the
thickness of irregularity layer, L, is kept fixed. Fig.
4 shows that as a increases, the scintillation index
54 decreases owing to the fact that the amplitude
fluctuations are caused, mostly, by the irregularit
ies of the size ,fi:i or smaller. Fig. 5 shows that
54 decreases as 1.0 increases but sufficiently large
values of 1.0 do not bring about much appreciable
change in 54'

Fig. 7-Scintillation index 54 versus z (km) for the Kolmogo
rov and Gaussian power spectra

a = 300 m, «~NIN)2)1/2 = 0.1,1.0 = 104m
z=350 km

Using these values of the parameters we have
computed 54 for the Kolmogorov and Gaussian
spectra from Eqs (2), (4), (5) and (6), which are
shown in Fig. 7. We note that the Kolmogorov
spectrum reports 41% of 54 which is in closer
agreement with the observed 54 (35%), while the
Gaussian spectrum reports 20% of 54' which is
lower than the observed value. Pasricha 12 has car

ried out the spectral analysis and computed the
power spectra, and concluded that the computed
power spectra follow the power-law with spectral
slope - - 4, whereas in the present investigation
we have used the Kolmogorov spectrum as a pow
er-law with the spectral slope - 11/3.

4 Comparison with Experiment
Pasricha12 carried out the ionospheric scintilla

tion studies with Ooty radio telescope located
near Ootacamund (geogr. lat., 11.4°N; long,
76.7°E) at an altitude of about 2 km in South In
dia. The operating frequency was 326.5 MHz with
a bandwidth of 4 MHz. The scintillation observ
ations were made at zenith angle ranging from 
0° to 80°. The ionospheric scintillations reported
in that paper12 span over the period 1975-77. No
observations were conducted during the June sol
stice (rainy) period of any of those years. Fig. 6
depicts the diurnal pattern observed at Ooty
through a mass plot of the entire 54 data, irrespec
tive of season, sunspot number and propagation
geometry condition. The occurrence of observed
scintillations reveals a dominant nocturnal maxi
mum (35%) at - 2230 hrs.

In the following, we mention the values of input
parameters as chosen by Pasricha'2

L=200 km,f=327 MHz,fp=9 MHz

40

0.01
b 300 350

.•

•

III ~,I "!'I' I'" r!! I
I II , I 11,1



MOHAN & REDDY: SCINTILLATION STUDIES OF TRANSIONOSPHERIC SIGNAL

7

References
1 Pope J H & Fritz R B, Indian J Pure & Appl Phys, 9

(1971) 593.
2 Craft H D & Westerland, Scintillation at 4 and 6 GHz

caused by the ionosphere, Paper presented at the AI
AA 10th Aerospace Science Meeting, San Diego, Cali-

fornia (USA),January 1972. 0 0 0 0 o.

3 Sessions W. B, GSFC Tech Rep X-810-72-289,Maryland,
USA, 1972. 0 o.

4 Taut R R, COMSAT Tech Rev( USA), 3 (1973) 145.

5 Taur R R, COMSAT Tech Rev( USA), 4 (1974) 461.

6 Liu G H, Wernik A W, Yeh K C & Youakim M Y, Radio
Sci(USA), 9 (1974) 599.

7 Rino C L & Liu C H, Radio Sci( USA), 17 (1982) 279.

8 Frank S J & Liu C H, J Geophys Res (USA), 88 (1983)
7075.

9 Fang D J & Liu C H, Radio Sci(USA), 18 (1983) 241.

10 Umeki R, Liu C H & Yeh K C, J Geophys Res (USA), 8Z
(1977) 2752.

11 Wernik A W & Liu C H, J Atmos & Terr Phys (GB), 36
(1974)871.

12 Pasricha P K, A study of equatorial ionospheric scintill
ations at 327 MHz, PhD thesis, Delhi Univeristy, Del-
hi, 197,7.. o.nTatarski V I, Wave propagatiOnina turbulent medium
(McGraw-Hill, Book Co Inc, London), 1961.

14 RinoCL & Fremouw, RadioSci(USA),8(1973) 223.
15 Procello L J & Hughes L R, J Geophys Res (USA), 73

(1968) 6337.
16 Elkins T J & Papagiannis M D, J Geophys Res (USA), 74

(1969) 4105.
17 Dyson P L, McOure J P & Hanson W B, J Geophys Res

(USA), 79 (1974) 1497.
18 RufenachCL,JGeophysRes(USA),77 (1972)4761.
19 SingletonD G,J Atmos &Terr Phys(GB), 36 (1974) 113.

41




