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IOPO6PUUZ SCIJTULATIOItS SATEILITE BEACONS

20. Abstrac Aeylitude scintillation records have been cbtain d of the 136 *s
~~ s.s siga4 of the polar orbiti ng satellite NIIS~~ 4. The r.cords have been
.Me at ~~rs.arssu~q, .OV.esland-, and cover the local tins interva l 22—02 of the
aurorel oval. Th~ averag. bwhavior of scintillation vsrass i t h  s.d as4~ ath
is co~~arsd to a thsorstical ieA z diducad using : week scatt~~ing thsoiy. The
i.~~~~ ertc irrsgelarities are rspresent.d by a’ povsr 1 P  sp.ctrus propo~~icsal• t ’  where k . is the irregelarity wAve ~~~~:r. The ea~~adaoe *mps that

ties ath elongated along the field lines witI~ am .lesgatiem facto r
• ) ~~~~ gt~~~~~~ tRam 2.5. Pibbably they are i~i.d .lØgsted Is be gmetic
/ s r o t  directio n with am .lcegatias factor. ili~~tl~ ~grester th one. - ‘1~s
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ABSTRACT .

Amplitude scin t i l la t ion  records have been obtained of the 136 MHz

beacon signal of the pola r orbiting satell i te NIMBUS 4. The

records have been made at Narssarssuaq , Greenland, and cover the

local tim. interval 22-02 of the auroral oval. The average be-

haviour of scintillation vorsus zenith and azisuth is compared to

a theoretical index deduced using weak scattering theory . The

ionospheric irregularities are represented by a power law spectrum

ak 4, where k is the irregularity wave number. The comparison

shows, tha t the irregularities are elonga ted along the field lines

with an elongation factor >2.5. Probably they are also elongated

in the iagnettc eastvest direction with an elongation factor
I
~~
I 

-

slightly greater than one. The night time scintillation corrected

for geometric variation shows $ marked increase when moving from

sub-auroral to auroral oval latitudes.

-—
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1. INTRODUCTION

Scinti l lat ion due to electron density fluctuations has been ob-

served on line of sight paths in the ionosphere. The polar orbit-

ing satel l i te  NIMBUS 4 has been recorded for 136 MHz amplitude

scint i l lat ion at Narssars suaq, Greenland. The geographic coor-

dinates of the station are 6l.2°N and 45.4’W. The invariant

latitude is 69’. The satellite is at a constant altitude of

1100 km. - These data are unique because most other observations

in the auroral zone of polar orbiting satellites have been made

at lower frequencies and the recordings at 40 and 54 MHz frequently

• indicate strongly scattered signals. The weak scattering theory (BRIGGS

and PARKIN, 1963), relating the scintillat ion to the ionospheric
- 

- irregulariti es, to a high degree can be applied a large percentage

of the time at 136 MHz. At 40 and S4 MHz strong, multiple

scattering theory should be used , which is much more complicated.

The NIMB US 4 records have been scaled manually to get the

scintillation indices. All the night time data have been averaged

to a statistical picture showing the zenith-angle and propagation-

angle varitsien of the scintillation . This variation is compared

to a th.or.tical formula as deduced from the weak scattering

theory (COSTA and KI&L!Y, 1176).

• In the dsductios of this feraula the ionospheric irregularities

have b s m  .sdeled by a power-law power spectrum , because recent in
1

iIsasSIreiieats (WVION it al. 1974 : PHELPS and SAGALYN , 1976)

bai’. she~~ this form of the power spectrum . Similarly ground

based aI**~~o M*S ef th scintillat ion power-spectrum (RUFENACH ,

117 g $IIGLIT0U, 1•?4 ~ C~~ I1 1176) i*dicats that the

f . 
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•
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•

~~ irregularity spectrum follows a power-law.

2. THE NIMBUS-4 DATA

The NIMBUS-4 records have been scaled using the aethod outlined

by WHITNEY et al. (1969).. Before averaging the index is con-

verted to the standard $4 index. This has been done using a

statistical relationship between the two indicei as discussed

• by WHITNEY (1974). Only nighttime paSses from the local time

period 22-02 have been included. The hypothesis is, that around

midnight the irregularities have a constant average intensity

over a broad range of the auroral oval. Thus the main v~iriation

of the resulting scintillation should be caused by the geometry,

which is expressed through th. theoretical formula to be discussed

later. Passes obtained during the period May-December 1972 have

been used . No discrimination between different levels of nagnetic~~~~ç

activity has keen made . This is primarily to get a large data

base, but further has the advantage , that the latitudinal variation

of irregularity strength is saoothed .b The indices are averaged

in boxes of 10’ azimuth * ~ s m i th angle (Singleton , 1973). The

variation of th. average indices is illustratsd in Figure 1. Data

are missing nertbwest and •ast of the station because the low elava-

U.n passes have not been racerded. Nstice that because of the

sun .syichrinevs orbit th. satellite is always moving from south
to au th dering the night

P0ev main Seater.. of the sc intilla tion variation sheeN be noted :

1) the high ssistillaelI*at lsr o zenith angles.

2) lbs $ppl~~isate syum~tvy eronS ‘SW magnetic meridian.

.~ ‘S~~~ ‘ ‘ ~~~ s,pss.tvy .S~~iSiti1$ati.a . 

• 

•



- 
- 4) the ridge of enhanced scintillation slightly south of the

station and extended in the magnetic east-west direction.

These main features are to be expected from the geometry. The

next step is therefore to make a quantitative comparison with the

theoretical index. But first this index is discussed in the next

section. - 
-

3. DISCUSSION OF THEORETICAL SCINTILLATION INDEX. 
- 

-
RUFENACH (1975) has described the mathematical evaluation of the

theoretical scinti l lat ion index. When representing the ionospheric

irregularities by a power-law power spectrum , he is not able to

find a closed for. for the scintillation index. However recently

COSTA and KELLEY (1976) have shown , that this is possible. Com-

bining their equations (4) and (5) the squared $4 index is as

2 • £N2 a ~ 8~-l 82+1follows : $4 I2ir (r0A) 2 ~~ -— (L Sec ~~ B 
( 1 - I a 

~2B2 
£) exp 

~~~~2 x)) (1)

~ classical electron radius • 2.8 $

A • wave length • 2.2 m (136 MHz)

LW • var iance (.~~ ) of ionospheric irregularities.

2r/L0(m
1), *~erè L0 is the .outer scale .of the ionospheric.

irr.gulariti.s.

L sec i - slant thickness of the irregularity layer.

i . zenith angle of radio ray at intersection with irregularity

layer . - •.

s • elomgati.n of irregularities along th. magnetic field

~~~~~ lines.. •

a cos2~ • ~2.i~2*. ~~~~ 

•

~~~~~~~~~~~ 
— p?.p$gat~~~~a*gle • angle b*tween the radio ray and the magnet ic

______  

field direction . -
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lo a modified Bessel function of first kind and zero order.

* •2k~~/k~ .

squared Fresnel wave number - 4w/Az.

z — reduced slant range to irregularity layer a Z1 (z2-21)/z2
wher e,

~l 
• slant range to irregularity layer;

z2 • slant range to satellite.

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

communication) has shown, that if x < 0.15 and 8>0.5, (1) may be

substituted by the first order term in a series expansion of S~
according to x. (The zero-order tera is zero.

Thus S2 reduces to: 2 ‘~ 2 3 1LN~ cz(l+B2)S •— r - A ‘—‘— (L sec i)- z (2)• 

- 
4 

jr~~ ~‘0 B3

To estimate x- 2iAz’ values of A , z, and L~ are inserted. With

NIMBUS 4, which i~ at a constant altitude of 1100 km and assuming
a constant tU-t~~ j ~ of 350 km of the irregularity layer zis at

most 966 km, when the satellite is at the horizon.

PHELPS and SAGALYN (1976) find that L
~ is not smaller than 100 km

in the altitude rang. 574-3523 km. Putting 1.~.1O km as a lower
estimate gives the value x—O.13 justifying the approximate formula
(2). • 

-

because of th. Presnel-dfffzactjon, irregularities with sizes
greater than the Presnei~ zoae 2w/h f do not influence the scintilla -

• 
tion. It is therefore surprising, that $4 is proport ional to M4,

____  which is the total variance iac1udi~g the large size irregularities.
Ms~vever when a fractional varianc , is computed excluding all wave-
e~~~.vs smaller than B5, the sq ar. .1 this fractional variance is.
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indeed proportional to ~1PO2/L0 in agreement with (2).
3/2S4 is proportional to A as verified experimentally by CRANE

(1976).

In the case the irregularities are elongated by a factor y in the

magnetic east-west direction, ~ (l+B
’
~’)/B~ should be 

replaced by

f(* $) - ~y (y 2cos 2
• • sin2~ • cos2~ji (cos 2$ + y2 sin 2 $)+ cz2sin 2

*)/

(y2cos2* ~~~~~~~ ~~
2 CO~~

2
~~ + sin2é))3”2 • 

()

where • is the azimuth of the radko ray in a local coordinate
system having z-axis along the magnetic field and y-axis in the

magnetic east-west direction .

Prom (2) and (3) the geometric variation of S4 is given by:

$4 jz/cosi f(*.~) 
(4) 

-

- 

z/cosi only depends upon zenith-angle. f(*,+) depends both upon

the zenith and azimuth angles through the two propagation angles

* and +. 
-

-

Assuming a fixed ionospheric height of 350 km and using the con-

stant height of 1100km of NIMBUS 4, z/cosi increases by a factor

3.6 from zenith to the horizon. However this sonotonic increase

of z/cosi is partly cancelled by the variation of f(*,$). If

the elongation of the irregularities i-s larger along the field

lines than perpendicular to the field lines u>~’, f(*,~) has an• 
absolute maximum for *-0 and decreases monotonically for constant

9, that is <0 for •o. •.o means , that the radio ray propagates

parallel to the earth ’s magnetic field. Thià happens when the

~~~~~~~ satellit, is so9thealt of the station and 13’ from zenith (com-

pare figere 1). $ecause~~rssehes larger values north of the

4 station than *0-tb. south liver scintillat ion would be expected

merCk of the flation. New.,,, at lmrgn zenith angles z/cosi takes

1 •- -~~~~~~~

‘ -~~~ -~~~ r • - 

~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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.~ 
• : • .- • • ‘~~~~~~~~ ~~ - - - •~~~~~~

••- — • - •
~~~- • -  •- -  ____________



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

0 flat plateau south of the station.

The effect of introducing y>l is to extend the maximum at ‘V-O 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 the 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 variation of experimental scin-

tillation (figure 1). However, the variance 6N (equation 1) that

is the irregular~ities themselves , may show some latitudinal depen-

deuce. To distinguish between this variation and the geometric

• variation, the latter is extracted from the experimental index
p

(using (4)), and subsequently the corrected index is plotted versus

invariant latitude. The positions of the invariant latitude circles

are shown in figuse 1. A fixed height of 350 km has been assumed.

Figure 2 shows the latitude profile of the corrected indices after

- applying three sets of a, y-va lues . To illustrate the scatter at

a fixed latitud. the upper and lower quartiles of the corrected

indices are drawn, in the upper pl~~ of figure 2 (a - y - 1) only
the zenith-angie variation J~~casi has -been extracted (f(*,~) -

constant, whim a — ~‘ -1). -

Th. profile is symmetric around a large maximum at 68’ 69’ invariant

H ‘ 
- 4

• ~~~~~~~~~~~~~ 
1- 7 ‘

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ 
-- - - - -•

~~
--
~~~~~~~

-
~~~ 

--
~

-
~

-
~
--. -

‘I - -~~ — —



latitude . This is not an expected latitudinal variation o~ the

0 
- irregularity strength as explained in section two . Further the

68’-69’ latitude interval includes magnetic zenith (*-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 f

versus * and $ only changes little when a exceeds 2.5. Here y is

assumed to be close to unity . Therefore the upper plot of figure

2 can not be used to dsrtersAn-w values of a, which exceed 2.5.

There is a cone around magnetic zenith , where the relative variation

of S4 depends upon a. However the resolution of the data in figure

1 is not good enough to analyse this cone.

Therefore the second 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, y - 1) shows a narrow maximum at

68’-69 , which is not likely due to a variation of AN.

— In the lower plot (a a 2 . 5 , y - 1.3) it is demonstrated , that it
- - is partly possible to remove this narrow maximum by putting p1.3.

This means , that the irregularities are slightly elongated in the

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

unrealistic latitudinal profiles of scintillation . Notice , that

the final profile (a — 2.5, ~‘ • 1.3) of which all the geometric

variation has bepn extracted shows an increase of scintillation from

60’ to 70 invariant latitude. This can only be interpreted as a

varistion of the irregularity strength (AN in equation 1) and Is

identified as moving from th. scintillation boundary to the auroral

$
— 

P— — ___ J w~~~ ~~~~

•~~~~~~~~~~~~~~ ~~~~~~~
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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.

5. 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 approximate expressions (2) - (3).

Since these expressions have been deduced (COSTA and I CELLEY , 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 aasume , 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

moving from polewards of the scintillation (or irregularity) boundary
— 

(AARONS , 1973).
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FIGURE CAPTIONS - 

-

Figure 1. 136 MHz 54 *cinti llation indices from night time

auroral oval plotted versus zenith. and azimuth-

angle of the transmitting satellite. Blank areas
- mean no data. The invariant latitude circles 62’-

74 refer to a fixed ionospheric height of 350 km.

Figure 2. Experimental upper and lower quartiles of S4
scintillation index corrected -for geometrical

variation and plotted versus invariant latitude .

Three differen t sets of elongatio n_paramete rs a

(along the field line) and y (in the magnet ic
- east-west direction) are used . To see the abi lity

of tb. theoretical geometrical factor to match
the relativ, variation of the experim ental index
a logarithmic scale is used.

Figure 3. Relative variation of the theoretig$*~geometrjcai

- 
factor versus zenith and asimuth . The best fit

values of the elonga tion parameters a s 2.5 and
y • 1.3 have been used .
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