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succ.satVS day. in Octobet, 1972 • V.rttc*l

lines across the curve indicate the prese~~e

of scintillation.

• . 7I~~ J 2 • Wean aonthly occurre~~e tine of WI everag.d 4~

over six y.mas.

PIGaE 3. Th. seasonal variation of WI. Weekly neans 78

over six consecutive years . The curve is a

plot of the constant tsra and th. first three

Pourt.r terna.

PI~~~E 4. The sunspot cycle dependence of WI. The 88

- main WI for 28 day periods (13 per year)
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£ 1 8  T R A C T

A aLaL~~~ in the total electron -content of the equatorial

tonosphar. frequently app ears shortly after sunset in asurs nts

of Pa~*day rotation aid. at Legon, (Thans (latitude S.63°I,

longitud. -0. 19°E, aignetic dip 8°S). This paper describes the

phanosenon and investigates its occurrence characte ristics over a

period of six years. ft concludes that th. effect is du. to a

transport phenonenon described as a “circul ation cell” which

follows the sunset line. This circulation is not considered to

be the pri mary case of the production of irregularit ies in the

4 night tine P region, but the mechanis m is thought to contribut e

both to the intensity and tb. duration of the resulting scintilla-

tion . 



_

1. 
~~~~~~~~~~~~~~~~~~~~

Soon after synchronous satellites b.aring radio beacons

became available for observation at Legon, and Faraday rotation

measurements began, it became obvious that somethi ng unusual nes

happening in the equa torial ionosphere in the period following

s~~~.t , and attention mas called to this in a number of publica-

tions, (Xost.r , 1971; Koster, 1972 ; Yebo h-AaiokwSh and Roster ,

1972; Foster, 1973). Several interna l research reports gave

farther informatio n about the phenomenon, (Koster , gorft er and 
—

Y.boah-Aainlmah (1970), Roster a~d Beer (1972), Roster (1973b)).

The pheno .Thon in question is the rapid disappearance of tonal-

pheric ionisation shortly after sunset , evidenced by a shar p

drop in the valias of the Faraday rotation angle. After passing

through a mini.’~~ th. value of the angle often recovers again

quite quickly, leading to a maxiasas an hour or two later bef~rs

the angle decays to its diur nal ainia around th. time of sut tee.

Sometimes the behaviour is mere irregular , and several aixiai can

appear. Typical ly, severs scinti llation sets in shortl y before

th. 4~ii~~~ in TIC is r achsd. Init ially the large amplitude

variatio ns in signal stren gth characteristic of scintillation

aids accurat• polarimater readings ec what difficul t to obtain.

The problem vea overcoss to a larg. ezt•ut by wdtficatioai in

the Legem equipment in 1969, and gaod records have been obtained

_ _  ~~~~~~~~~~~~~~~~~~~
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since that time. Further improvements were aide in the

equipment early in 1972 , and a large collection of reliable

da ta is nov on hand .

In previous ar t icles we have referred to this phenomenon

as the Equatorial Evening Miniim~m (WI) , and we shall use the

same nomenclature in this paper.

The importance of a further study of WI is emphasised

by the recen t publication of two newly observed phenomena in the

equatorial ionosphere.

The first of these appears in the digital power maps

published by Woodiwn and Lab s (1976). The reai rk*ble “plumes”

appearing in these maps gives striki ng evidence of regions of

intense ionospheric irregularities which rise rapidly with time

over the equatoria l site at Jicamerca. Th. same maps occasion-

ally also show patches of irregu larities that have a domtwsrd

mevemant wi th time.

The second discovery is the detection by “in situ”

satellite observations of plasma bubbles in the equatorial

ionosphere as described by WeClure, Weneon and boffain (1977).

It se~~~ highly likely that WI is but another aspect of this

observed “bubble” phenomenon, and a study of WI can throw

further light on the mechanism behind all thss. new manifests-

• tions of irr.gulartty production and iesvemant over the equator.

- - - ————-— 
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3.

2. A BRIEF D~~CRIP~ION oF TIE ~HEtO~ *)N

Quite a nusber of plots of total electron content (TIC)

vers us time have appeared in the litera ture . We here reprod uce

only one figure to illustra te the general characteristics of the
- - equatorial evening mininmi. Figure 1 shows a plot of TIC as a

funct ion of time as observed at Legon on seven consecutive days

in October, 1972 . Electron content is norma lly at its daily

mininun at sunrise, so the plots co~~~nce at 6 a .m. local time

on the days in question and continue till 6 a.m. on the follow-

log day. The vertica l scale of the plots , in terma of TIC per

unit distance , is shown on the figure. The outs tanding feature

in the curves La the sharp decline in TIC aft er ionospher ic

sunset , leading to a miniiann around 21 hours local time. The

considerable variabilit y of th is feature from day to day is

well illustra ted in the figure. The periods during which

severe amplitude variations (scintillations) occurred are

indicated by shor t vertical lines across the curve.

____________________________________________ —~~~ - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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3 , WI AND TD~ OF ~~Y

The actua l time of occurrence of the squstorial evening

minim’~~ was initially treated in an interna l scientific repOrt

(Roster , 1973b) . This tre ebimat is here brought up to date,

making use of da ta up to April , 1977 - six effective years of

observation. The equatorial evening minlimin is, as has been

mentioned before , a fairly regular phenomenon , in tha t it shove

up in the monthly moan plots of TIC against time in all months

except those around the June solstice. Figure 2 was produced

by finding the time of occurrence of the evening mini~mmL in the

monthly mean curve for each of the 68 months investigated.

Thea. were grouped , by month, as shown in the figure. The error

bars indicate one standard deviation in either side of the

• plotted point. We note that the miniiiun ,ccurs around 21 hours

in Janua ry. It app ears progressive later until the effect

disappears in )~ y. It reappears in September , becoming progres-

sively earlier till it again occurs around 21 hours for the

months of October through January.

~Lj
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5 4. DflflIui NG A )IAS~*E OF WI

• Before we can discuss WI in quantitative t.rma, vs meet

define some (preferabl y simple ) way of measur ing it. A nwaber

of different definitions have been used over the years - each

with its advanta ges and limitation s . For th. purposes of this

• paper, we shall adopt a measure that is sisçle in itself , and

easy to implement.

We have on hand TIC values, taken at 10 minute intervals

on a continuous basis. E~ 1 for a given day is defined in ter me

of the maximen slope of this TIC versus time curve between the

hours of sunset and midnight. Our actua l definition i the

following:

)~XD~~I SLOPE OP THE TIC VE~~I$ TD~ CURVE BETWEEN 180 AND 240
— — VALUE OF TIC AT 180

On days on which TIC decreases continuously, WI will be -

negative . Days of progressive ly larger rises in TIC in the time

interval under consideration will have progressively larger and

positive values of WI.

Division by the TEC value at 180 is done to make our

• msa ur~ of EEM a relativ e one , rather than an absolute one. Any

definition that uses absolute values of TIC will almost certainly

produce equinoctial maxima in the annual curve of WI, since TIC

_ _~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~
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• is known to have maxims at those t imes (Koster, 1972). Such

a definition would also produce a maximum in the sunspot

cycle variation of EEM, since TIC is also known to be at its

• • greatest near sunspot maximum. We are interested in knowing

whether the relative effectiveness of the mechanism producing

WI has a seasonal and a solar cycle dependence.

• 

--_ _

- - - - - - 
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5. TUE AMII*L BEHAVIOUR OF E(~~

To investigate the variation of WI with season , the year

was divided into 13 28-day periods. Just over 8 years of da ta

entered the anal ysis . The mean value for each of the 13 annual

periods was taken. If we express our ta bula ted function as a

Fourier series in th. form:

• 6 6
P(x) Ao + ~ A.~ cos kx + T B k sin kZ

k 1  k 1

the coefficients A and B can readily be calculated. Their values

• are given in the table below .

0 1 2 ( 3  1 
5 6

Ak 1.98 -17.38 -10.20 6.07 0.91 -1.24 -0.74
_ __ __ _  — —

B,~ 
0.00 15 .99 2.71 .2.92 —5 .11 -0.23 5. 52

TALE 1. Fourier components of th. annual variation of UN.

The curve described by the constant and the firs t three

harmonic terma is sketched into Figure 3.

We note that the annual term prsdo.instes. The second

harmonic is dawn by a factor of 0.64, and the ether ha rmonic s

have values less than this . Ths mszi occurs in October ,

and the broad jn i~~~~ in *7, June and Jmly. ~- -

L. )
L - -
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6. THE~~ RI&TIOP OF E(~~ WITH S~I~ POT C~CLE

Figure 4 is a plot of the mean value of ~~~I for each

4 week period (13 paints annually) from July 1969 until August

1977 inclusive.

V. note that the same general shape repeats itself

annual ly with essentiall y the same amplitude over the eight

years covered . Since thi s extends from sunspot maximum to

sunspot minimum, we conclude that there is no appreciable

sunspot cycle variation in the phenomenon. We must mention

again , however, that it is the relative change in TIC that

remains nearly constant. Absolute values would differ by a

factor of two or three .

- - 

- — 5 - - r  ~~~~~~~ 
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9.

7. THE ‘~~&TATION 01 WI DURING )~~~ !~IC STOH*

To determine this variation, continuous periods of 200

days were taken , extending from 16 September to 3 April, on

each of six consecutive years . This procedure was resorted to

in order to avoid including the th ee of year during which the

value of UN is exceedingly s ll . Values of UN for each of

the 200 days were correlated with the corresponding s~~~ of

the daily I~, values. The corre lation coefficients turned out

to be

YEAR C4]HR~LATION CO8FFICUNT (CC)

1971/72 + 0.001

1972/73 — 0.098

1973/74 - 0.083

1974/75 - 0.060

1975/76 — 0.120

1976/77 + 0. 108

)RAN Cc - 0.042 ± 0.084

V. conclude that ther. is no significant correlation

between the two parameter..

~

--

~

‘ —
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8. SCINTIlLATION All) THE IQ1*TOP.IAL EVENING MXNDSJM

Figure 1 depicts the usual relationship between the

occurrence of the equatorial evening min1~~sn and severe

equatorial scintillation. On most of the days depicted,

severe scintillation commenced near the bottom of the initial

fall in the value of the TIC, and continued for a iuamber of

hours thereafter - often throughout the night. On the very

f irst day however , (19 October , 1972) a rather large magnetic

storm (z5 a 33) occurred , on that day, although the value of

UN was relatively large (59.8), the value of TIC at the t ime

of the evening minimum remained high (above 300 x l0~~ e1sc~
tro ns rn 2). Mten this occurs , scintilla t ion at Legon is

normally absent or gr eatly reduced (Icoseer, 1972). As

Figure 1 shows, scintilla t ion occurred for only an hour during

this night , and the value of the scintilla t ion index remained

modest, on all the other days , the scintil lation tma severe,

• both as re gards intensity (as evidenced by the scintillatio n

index) and duration .

Here we wish to note two things :

(a) The onset of scintillation normall y coincides in time with

the occurrence of WI on days on which UN is pr esent .

• (b) Scintillation is normally severe when ZEN is large unless

the TIC value r~~~ios abnor lly high, as it doss frequently

during severe magnetic disturbances.

• 

--

~~~~~~~~~~ 
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11.

• To obtain a more quan titative measure of the relation-

• ship b~twsen ZEN and scintillation the nightly wine of WI,

as defined earlier, was correlated with the sue of the scm-

tillatton indices (SI) for the same night. Data were taken on

a yearly basis. The correlation coefficients obtained are

tabulated below.

YEAR NO. NONI1~ DELUDED CONEEL&TICU C~~FPI(~UNT

1. 9-71 to 8-72 0.314

2. 9-72 to 8-73 0.293

- • 3. 9-73 to 8-74 0.247

4. 944 to 8-75 0.299

5. 9—75 to 6 -76 0.420

6. 7-76 to 4-77 0.208

TABLE 2. Year ly correlatLon coefficients between WI
and the sum of the nightly scintillation
indices .

The abowe results are significant on the 0.l7~ level, so

we mist concind e that there La s~~~ connection between scm-

tillation and the equatorial evening min4~~—~ bt determining

the above correlatione each of the 6 years was divided into

13 28-day periods, and the correl ation coef ficient was calcula-

ted for each period as veil as for the elitire year. The 13

• values for a given ysar fluctuated wildly, and their mean value

- t_n_______ - -
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vs. statistically ii~ ignificant . Vs conclude that the

significant correlation between ZEN and SI on an annual

basis is due largely to the similar seasonal variation of

the two phenomena , and not to a close day to day corres-

• pondence over a period as short as a month .

t

- t 
• -.• .-5 - - -~

_
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9. ~~~tA ~~ MTEU TTE ~~ZVATIOI1

The results reported above were made from the analysis

of records obtained from the observ ation of th. satellite £r$-3

during the 6 year period in which it was kept on station at 700

vest longitude . The elevation angle fry Iagon was 12°. • 
-

Observations St higher elevation angles were also desired, and
• - observations were mmdc on 1S2P3 from )~ rch 1973 through April

1974, during which time the satellite yea at an elevation of

app roxii tely 65°. A number of difficulties accompanied this

venture,

(a) At Legon, as a synchronous satellite moves to high elevs-

t ions, the N values become progressively smeller. Should the

satellite also have In inclined orbit (152F3 bad an inclination

of between 4° and ~ 0 at this time) the value of N becomes even -
-

smaller when the satellite moves to negative latitud .

Eventually the valve of N becomes so small that the quesi-

longitudinal (QL) approximation on which most of the Paraday

rotation reductioi~ depend becomes inapplicable. Because of

this problme, only the )ørch and April records of 1973/74 had

sufficiently large values of H throughout the night to make

their use reliable .

(b) Pbr a period of aroimd 6 weeks near the .quimomas, a

synchronous satellite is eclipsed each night at an hour that
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depends on its longitude. This eclipse is of just over an

hour ’s duretion at its ~~~~~~~ Durin g an eclipse, there is

• likely to be a coiisiderab le temperat ur e change in the satslltte,

with corresponding frequency dr ifta on the part of its oscilla-

tor. A loss of power from it. solar cells normally lead. to a

• - drop in signal intensity as well unless on-board ba t teries are

able to provi4e energy during the eclipse time. Hence, care

must be taken in utili sing results obtained around the

equinoxea from a synchronous satellite .

In spite of the above , records of good quality were

obtained during )~ rch and Apr il of both years . Value. of KEN

for these periods are sunmertzed in the table below.

ELEVATION 650 12°

SATELLITE 1S2V3 ATS-3

MEAN KEN

)~r/Apr ‘73 38.5 ± 3.0 16.3 ± 2.3
— - — -- ~~~~~~~~~~~~~~~~

— -

i~r ‘74 33.6 ± 3.3 13.1 ± 2,1

Apr ’74 13.1 ± 1 .7 5.7±2 .3

TAELE 2. Mean values of WI for simsitansous
observations of two satellites at
differe nt elevation angles .

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

- - --~~~- -—-
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We conclude from the above that ons observes larger

values of WI when looking at a high elevation satellite than

when simultaneously observing a low elevat ion one. We would

further like to remark tha t the correl ation betwsen the pairs

of day to day value, of ZEN is relatively low. The signifi-

canoe of these observations will be cosmented on below.

When one draws pairs of curves for a given day on a

co~~~n coordinate system, there is snob a diversit y of smell

features on the two curves that detailed comparison is diffi-

cult. However , a few general conclusions can be drawn.

(a) Th. T8C curve derived from the Faraday rotation of the

signal from the high elevation satellite shows more and

larger features of shorter dura tion than does the curve

from the low elevation counterpart. This merely veri-

fies what Table 2 above shows in a more quantitative foam.

(b) A minimum in TIC uo~mlly occurs sooner on the curve from

the easterly satellite than it does on that from the

westerly one. This was true for 58 of the 76 daily

records ~v*vined. This suggests a westward velocity.

only occasionally is there a feature that suggests a

possible eastward velocity.

(C) Th. monthly mssn curves for the months of *rch ‘73 and

Merch ‘% both show a definite though sáll evenf’ig

.inlxnua for both satellites. In etch case the ai~(—~

I 
-
~~~~~~~

--
~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- -
~~~

-— -
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in the curve from th. easterly satellite precede. in

ti that for the westerly one. The actual .epsration
I of the ionospheric points (i.e., the points where the

two lines of sight penetrate the 420 km level in the

ionosphere) is 1200 km. The mean time lag between

the minin* is 40 minutes, corresponding to a velocity

- - 
of 500 ma’1, We recall that the velocity of the s~~~et

line at this height at the equator is 493 a,~~.

We conclude that the tim. of the min1~~~ on a TIC curve

is closely associated with the local time at the ionos-

pheric point,
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10. S1I*ØRY

We here s’~~~rize the findings thus far mad. coccerniug

the behaviour of the WI :

(a) KEN has a seasonal ly variab le occurrenee time, appear ing

around 21 houra from October through Jsn’-ary. It occurs

• progressively later from Vebrimry through April, and

disappears entirely from the monthly ~~sns from Mey

through August . It reappears at 23 hour. in 8epte~~sr,

and moves forwsrd to 21 hours again in October.

(b) Th. amplitude of KEN has a predo~d.n~nt annual component,

with a second harmonic down by a factor of 0.64. There

is a broad minia~ around the June solstice , and a

maxiuu~ in October.

(c) Th. relativ, measure of ZEN adopted in this paper shows

little dependence on the sw~ pot cycle.

• (d) Th. amplitude of WI is unoorrel*ted with gnstic

disturbance..

(.) WI is greater for high elevation satellites than for

low ones.

(f) IDE occurrence times generally follow the s~~~et line

appearing first on an easterly satellite, later on a

westerly one. The tIme difference corresponds to the

velocity of the sunset line (Ca 495 i.~~~ at 420 he).

___  -— —-~~~~~~~~~~~~~~~~~~~ --~-- -• .—~~ -—-~ -‘ -
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11. ~ISC~~SLON Cl flhI)IIGB

• Our ~~~pose in this paper is to investigate the

behaviour .f the equatorial evening minju with a view to

understanding the physical cbaniaa which gives rise to it.

We specifically wish to see whether we can throw any new light

- - 
on the mechanism giving rise to equatorial scintillation. With

this in view, we consider each of the above findings.

(a) Does the o*met time of IDE b a r  sny relationship to

scintillation? Scintillation ha. an onset time that varies

by about an hour during the course of the year. The monthly

mean onset tIme in October occurs about an hour earlier than

at the June solstice. A considerable fraction of the onset

time change in scintillation disappears if we use apparent

(i.e. eundi*l) time instead of mean time. Th. small r.maioing

change in scintillation onset dma is In phase with the onset

time changes of KIM, but very different from it. It will be

r.meml ered that WI disappears coupletely at the June solstiae,

We conclude that WI cannot be a pd ry came. of scintillation,

• since the latter occurs at all months, even those in which no

IDE is visible. Th. most that our evidence can suggest is that

KEN y in some way be usocia ted with an ethanc..snt of acm -

tilistion. At Legon th. average nightly duration of scintilla ’

don as obtained fro. the monthly ans is s~~~ 7 hour s at the

- — 
- - —
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June solstice , arou nd 10 hours in Octob er throug h D.c~~~.r.

• It is quits possible that WI is associate d with th. rias of

“bubbl s” throu gh the ionosphere , giving rise to very intens e

scint illation which persists for a longer tims, while sctnti1la~
don occurring Lu the absence of IDE is du to irregularities

confined to the bottom of the V region, These sctctillmtions

might well be of lesser intensity and shorter duration,

(b) The .nm*l component in the amplitude of WI agress quite

veil with the annual variation of scintillati on. This observe- -

tiozt is consistent with the hypothesis that scintillation

accompanied by KIN is more severe than that which occurs during

its absence

(c) Th. lack of dependence of KEN on sunspot cycle variations

does not contradict our hypothesis. If one uses a definit ion of

KIM that measures the absolute chang. in electron coute.t rather

than its relativ, change, IDE would show a s~~~pot cycle vane .

• tion similar to that exhibited by scintillation. The indepea-

deuce of the relative measure of WI from sunspot cycle warM-

ttot suggests that WI depends on a~~ physical parameter of 
-

the sun which change. a~~~~lly relative to the earth, but which -

does not depend directly in the solar ~~Y tIme, s~~~pst ameber

or any other parameter which would surely show an 11 year

variation. V. swSgeu.d before (testes, 1973) and wish tO

suggest again, that this psrameter la th. direction of the
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solar rays relativ, to the megnetic field lines at Lsgort .

(d) V. next consider the lack of significant correlation of

IDE with E~ ~~~ing severe gn.tic stormo, scintillation at

Legon is often suppressed. At such times we often hews large

• valuse of WI (sse curv elth ?igu re l). Hmoce, thers is

• • surely no ole-to-one relationship between scintillation a*d IDE.

*at it does suggest is that , when the conditions for scintilla-

tion (wha tever they are) are right , the scint illation will be

mere severe and lasting when a large WI is present than when

it is absent . Ilien the conditions are not right, there cay be

no scint illation in spite of the presence of large IDE.

(e) The enhancement of KEN for high sl.wtion satellites is

interpreted as mosning that the region of electron deplet ion

(the “bubb le”) is often of 1i~ited extent relative to the total

path length of the -wave through the ionosphere. If vs tahe a

simple case vhsre the vertical E-W section of a single “bubble”

is circular, th. relative depletion along th. path to an ower-

bead satellite would be moth larger than that to a low elsestlon

satsUiee, whose total path thro ugh cbs ionosphere cay be sowai*l

times Louger. V.nce, the bighsr satellite would display a larger

WI - as is the observed fact.

Ct) ~~ the jonity of oocasions when stmoltaneous Psr.day

rotation ~ssults have been availabl, from two satellites, the
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WI baa appeared first on the satellit e that is further east,

later on the one that is to the vest of it. -~~~~~~~ time dUfe.

r~~~ e agree recarhebty well with he velocity of the a~~~et

line (493 m 4 at the equator), This suggests a basic

dependence of KIM on the apparent time at the .ubionospbsrtc

point . WI se~~ to be triggered by ionospher ic s~~~et , with

• - a tine lag that is a function of season.

_ _ _ _ _ _  - - - -  -~~~~~~~~~~~ - - - -- -- --  
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12, CQNCU$IONS

The evidence found in this investigation s e  to

be entirely consistent with the pic ture of a “circulation

cell” previously suggested (roster , 1973), and we shall

repeat its essential features here.

A large “circulation cell” moves westward along

the equator at the speed of the sunset line. V. are

thlnktng here in tore of circulatin g cagnetic field lines

which bays ionization “frozen” on then. A vertical I-V

section of this cell would show an upward velocity on Its

leading edge, an eastward velocity at the top, s dow~~~rd

velocity on the traili ng edge and a westwar d velocity at

the bottom. These upward and &m~amrd velocities are

consistent with the mess~~.ai” of ~~1s1ey and Woodmen

(1971). As the leading edgs of the cell passes over an

observer at the equator, he observes not only a large

upward velocity of the V region ionization above him, but

also a sharp drop in the Var aday angle he i. measur ing,

since the electrons are moving upward and eastward, out of

his line of sight. The field lines moving in from below

are largely devoid of electrons, since they ~~~e in from the

I region or lover where the electron content has fallen

drastically due to recoublnation.

- 
_

_ -
~~~~~~

;. 
-
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ilien the trailing edge of th. cell passes over the

observer sometime later, he measures a Large dovm.srd

velocity of ionization, and his Faraday angle increa ses

sharply due to the movsemnt of electrons into his tins of

sight from above sod from the west.

This circulation can only begin after sunset at the

~~~s of the field lines to which the F region ionization is

frosen. The gnetic field tines at Legon hay, a westward

declination of 9
0
, while those at the subionospheric point

of AIS-3 have a declination of 140 If one adds to this the

fact that the dip equator at the longitude of Legon (00) is

•~~~~ ~~ o LIortb of the geographic equator , it becomes obvious

tha t the controlling factor will nozmelly be sunset at the

northern end of the field lines in question. Circulation

should , ther efore , be delayed at lagoc around the June

solstice , when sunset there is very late . This agrees

extremely well with the observations reported above.

~~~ observations force us to conclude that the circula-

tion cell is not the primery cause of the formetion of irre-

gularities , and hence of scintillation . ~~ have evidenc , of

a large WI, and hence a vigorous circulation during gnetic

• disturbances, when there is no scintillation . Lad during the

J~~~ solstice vs have quits frequent scintil lation, but no

evidence of circulation. 

-
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But the circulation, of which the WI is a measure,

can easily enhance scintillation in two ways. The circuls .

tion cell can lift irregu larities , initially formed near

the botto. of the F region , into regions where they vi ii

persist moth longer . It can in tac t , fill the whol.

- 
- 

- - 

region with irregularities , thus etha ncing the intensity

of the observed scintillation . And the circulation cell

can cause scintil lation to persist for a a~ b longer time,

by lifting irr.gu ~ar ft ies to great heights, where rscoehiaa-

tion times are moth longer , The 7 hour duration of scin-

tillation during the June solstice , co~~~r.d to the 10 hour

duratio n in October, could best be explained in this way.

Our picture would suggest diet the seasonal behaviour

of scintillation at Legon y depend to a largs extent on

the peculiar orientati on of the earth ’s megnstic field lines

at this longitude . Other longitudes uii.ght well observe a

very different seasons 1 behaviour .

We conclude that the WI, thou gh not a pri esry cause

of the production of irregularities in the equatorial

ionosphere , is an important coutrib*~ting factor in increas-

ing the intensity of equatorial scintil lation b~ lifting

• already formed irregu lar ities to great heights, and in

increasing its duration by enabli ng these same irregulari-

ties to persist for a longer time.

_ _ _ _ _
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-

‘

It se quite obvious that the WI is but another

nifestation of th. rise of plasme bubbles through the

as measured in situ by the explorer satellites

(*~Clure et ci, 1977), and appearing as dra tic pli s in

the VHF radar range-tine-intensity naps produced by the

Jtc~~~rca group (Woodnan and La Hos, 1976).

_ _ _ _ _ _ _ _  - -~~ —- - --- -- - 
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