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ABSTRACT. ’ | :
Amplitude scintillation records have been obtained of the 136 MHz
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beacon signal of the polar orbiting satellite NIMBUS 4. The §
records have been made at Narssarssuaq, Greenland, and cover the
local time interval 22-02 of the aut§r31 oval. The aiora;o be-
haviour of scintillation versus zenith and azimuth is compared to
thtordtte‘l 1.‘0: dalnctﬂ u&ing weak seattortlz theory. The
iolospkaitc ltfcgul.titltx are rrpresoutcl by a power law spectrum

ﬂt". vhoro t isvtha trtﬁlﬂln ‘ y wave nunbor. The comparison :

i#dﬁtton;ttod along the field lines

- Probably they are also elongated

v it§;¢i~0i¢ug¢t£on factor

f%&ﬁi‘iéiit&llction corrected
"fiﬁriﬂﬁifiﬂiuﬁibving from
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- and PAthR. 1963), rtlltius tht sctntl!lltioa to the ionospheric

,og‘tettiaa tﬁ

1. INTRODUCTION

Scintillatioi due to electron density fluctuations has been ob- .
served on line of sight p;ths in the ionosphere. The polar orbit-
ing satellite NIMBUS 4 has been rocérdod for 136 MHz amplitude
scintillation at Narssarssuaq, Greenland. The geographic coor-
dinates of the station are 61.2°N and 45.4°W. The invariant
latitude is 69°. ” The iateliifc is at a constant altitude of

1100 km. These data are unique because most other observations

in the auroral zone of poist‘brbiting satellites have been made

at lcvor~frequcnbios and the incordiuis at 40 and 54 MH:z frequently
iadieato strongly scuttcrnd signnls. The ncak scattering theory (BRIGGS

R SRS SR PR

!ttv;utcrlsidi. to a'&igh ¢?¢r¢¢5cin bc upplioﬂ a large percentage
of tht*tiuo-lt xxi'ul:. ‘_' 0 and 54 uﬂz strong, multiple

tory sht!%iptb‘uiéi ﬂh&ck is much more complicated.
‘z&toi manually to get the 3
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irregularity spoctrﬁu follows a powoi-lcw.

2. THE NIMBUS-4 DATA

The NIMBUS-4 iocords have been scaled using the‘iothod outlined
by WHITNEY et al. (1969). Before Sebrsping 1hs Index is cod-
verted to the standard S, index. This has been done using a
statistical relationship between the two indices as discussed

by WHITNEY (1974). Only imuu-e. passes from the local time
period 22-02 have been included. The hypotkcsis is, that around
midnight the irroguiaritios have a eon!tait-averago’intenéity
over a broad :uu;n ¢£ tht anroral oval. Thus the main variation
of the tcsultiwg seiﬁ%illlﬁ&‘liihatld be caused by the geometry,
'tﬁotdtieal farnnla to be discussed

later. _?iia&g é&fﬁf ﬁ. Oriﬁd Hay-beeoubar 1972 have

tdnsjgiéigw;}iy,iia’ ”‘4&££Otdut lcvnls of magnetic

_1y~§gg§itta large data
| ‘>¥x}nyt'1mmu variation
‘ _§;gi&l'l'0?‘gtd
_i%@i;ﬁiiisj; The
V:l'ﬁiiitd*tad Dnti

the low elsva-
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4) the ridge of cnh;ncod scintillation slightly south of the
station and extended in the magnetic east-west direction.

These main features are to be expected from tho‘geo-otry. The

next step is therefore to make a quantitative comparison with the

'tbooreticAl index. But first this index is discussed in the next

section.

3. DISCUSSION OF THEORETICAL SCINTILLATION INDEX. "

RUFENACH (1975) has doscriboé the mathematical evaluation.of the
theoretical scintillation index. When representing the ionospheric
irrognlsritits by a povor-lan pouor spectrum, he is not able to
find a clotodffori*tb&‘t&u l@iﬂtillation index. However recently
COSTA and KELLEY fi!%ﬁ}»hlvu thavn. that this is possible. Com-

bin&nsAtbmigﬁ '(5) &ht sqntrod S, index is as
; 2 2 z
B

"sn :‘lJ i {! !a},t—-—x) exp (-

layer.
ction with irregularity

:tlé‘italotle field

(1)

AU




o ® modified Bessel function of firit kind and zero order.'

x =2k27/ k.

kf = squared Fresnel wave number = 47m/)z.

z = reduced slant range to irregularity layer . il (z22-23)/z2,
_where, . '

Z; = slant range to irregularity layer:

z2 = slant range to satellite.

Expression (1) depends upon the parameter, x. COSTA (private

communication) has shown, that if x £ 0.15 and B>0.5, (1) na} be

substituted by the first order term in a serie;‘expnnsion of sf

according to x. (The zero-order term is zero.

2 B . L :
Thus S, reduces to: e : =

2 (2)

nafjiiﬁ@fﬁﬁ;iad‘assﬁnin;

_,§?~'1Viljtr':nis at
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indeed propertional.to @Nﬁllo in agreement with (2).

S4 is proportional to 13/2 as verified experimentally by CRANE
(1976).

In the case the irregularities are elongated by a factor y in the
| magnetic east-west direction, a (1+6%) /8% should be replaced by
£00,9) = ay(v2cos?¢ + sin?¢ + cos®y (cos2¢ + y2sinZe)+ oZsinZy)/
(v2cos?y +a?sin®y (y? cos?y + sin?0))3/2 - (3) ;

where ¢ is the azimuth of the ra{io ray in a locni coordinate
system having z-axis along the magnetic field and y-axis in the

magnetic east-west direction.

From (2) and (3) the geometric variation of S, is given by:

Sy =Jz/cosi £(v,9) (4) ' ‘

z/cosi only depends upoh—:cutth«cn:lo. £(V,9) depends both upon
the ttuttb ati ctt-uth cﬁ;ﬁtﬁ thrvu;h w&o tvo propagation angles
B tui &.

; G! 350 il and using the con-




over, such thlt~a valley is created north of the station and a

flat plateau south of the station.

The effect of introducingv?>l is to extend the maximum at ¥=0 to

a ridge, which is oriented in the direction of the perpendicular
irregularity elongation.

This ridge may be misinterpreted as a latitudinal maximum of the
irregularities themselves. This is analyzed in the final chapter
where th§ relative variations of the experimental scintillation and

expression (4) are compared.

4. COMPARISON WITH DATA
By changing the two elongation factors a and y in equation (4) it
is possible to model the relative variution of experimental scin-
tillation (figuro 1). How@vor. the variance AN (equation 1) that
is the irrogularitias thoﬂselves, may show some latitudinal depen-
dence. To dittingu%th_botwgcn'this variation and the geometric
vcristiti.'thi—iiﬁti?‘iaécxtractid'fro- the experimental index

.

(using (t)}. and lhﬁ%'ﬁu(ntly tho carractod index is plotted versus
m”hut mam;.‘*

ihc‘gntiﬁ&out af ‘the invariant latitude circles




latitude. This is not an expected latitudinal variation of the
irregularity strength as explained in section two, Further the
68°-69° latitude interval includes magnetic zenith (v=0°), where

the propagation angle factor f (equation 3) has its maximum. The
profile is therefore identified with the propagation-angle variation.
From equation (3) it may be seen, that the relative variation of £
versus ¥ and ¢ only chaﬁges little when a exceeds 2.5. Here ¥ is
assumed to be close to unity. Therefore the upper plot of figure

2 can not be used to d:ngzzzzg'values of a, which exceed 2.5.

There is a cone around magnetic zenith, where the relative variation
of S, depends upon a. However the resolution of the data in figure
1 is not good enough to analyse this cone.

Therefore the Qecond plot of figure 2 gives a profile identical to
profiles using larger values of a. It means the data should be
interpreted.as follows, that the irregularities are elongated along

the field lines with an elongation factor a>2.5.

- However even this plot (a = 2.5, Yy = 1) shows a narrow maximum at

68°-69°, which is not likely due to a variation of AN.
In the lower plot (@ = 2.5, y = 1.3) it is demonstrated, that it

is partly possible to remove this narrow maximum by putting y=1.3.

"This means, that the irregularities are slightly elongated in the

magnetic east-west direction. Using larger values of y create

-'uitvaltoctc latitudinal profiles of scintillation. Notice, that
;  tU$*l!li},Lf;V$xO (l =2, S.‘Y =1, !) of which all the geometric

ted shoms an increase of scintillation from
':, ti&iiaﬁn‘onty'bo interpreted as a
1gth (AN in equation 1) and is



The observations,at Narssarssua mthh work by one of us (I.S.

oval (AARONS, 1973). For convenience the relative variation of
the geometric factor (4) with a = 2.5, y = 1.3 versus zenith and
azimuth is shown in figure 3. The factor has been normalized to
unity at zenith. This may be compared directly to the experimental

data of figure 1.

S. CONCLUSIONS

The 136 MHz experimental scintillation data shows a relative
variation versus zenith and azimuth which can be matched by the
theoretical index (1) or the apyroximate expressions (2) - (3).
Since these exﬁressions have been deduced (COSTA and KELLEY, 1976)
using a power-law ionospheric irregularity spectrum, this is fur-
ther evidence, that the power-law spectrum is realistic also in the
auroral oval. To get agreement it is necessary to assume, that
the irregularities are elongated along the magnetic field lines by

a factor greater than or equal to 2.5. There is also some in-

-dication, that the irregularities are elongated in the magnetic

east-west direction, however at most by a factor 1.3.
When all the possible geometric variation has been extracted, the

scintillation in the local time interval 22-02 still shows an in-

crease from 60° to 70° invariant latitude, which is identified as

noviﬁ; from polewards of the scintillation (or irregularity) boundary
(AARONS, 1973).
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FIGURE CAPTIONS

Figure 1. 136 MHz S, scintillation indices from night time

auroral oval plotted versus :cnitho and azimuth-
% angle of the trcus.ittiu; satellite. Blank areas
'é . mean no data.v The lnv.riaut latitude circles 62'

74° rofar to s fixed inuospberic height of 350 km.

Figure 2. Bxpori-tntal npper aud loucr quartiles of S,
:eintitlcxiun !ndox eorroctaﬂ for geometrical
variation and plutznd vcfsua invariant latitude. ]
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