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AB$ThACT

Total electron content data (TEa) have been deduced,
by the Faraday rotation method, from the signals of the
spanish beacon satellite IiATA~AT for the period Feb.1975—
Sept.1976. The starting date of the period was establis-
hed after an analysis to determine the time when the ef-
fect of the residual spinning of the satellite was neg].1
gible as compared with the Faraday effect. Monthly mean
TEC values have been obtained from these data for eve±’y
latitudinal degree of their eubionoepheric points for
six half an hour intervals centered at 0900, 0930 and
1000LT in the mQrning and 130, 2000 and 2030LP in the
evening. These monthly values have been analyzed to ob—
tam seasonal and latitudinal TEC variations, and a mo-.
del has been deduced, that gives TEC values as a funo—
tion of the latitude and the month of the year for the
range of latitude of the Iber Ian peninsula and the intór
vale stated above.
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INTRODUCTION

Polarization angles of the signal of the Spanish bea-
con satellite INTASAT have been recorded at the Obseerva—

torlo del Ebro f or the whole active life of the satellite,
from Nov. 1974 to Oct. 1976.

Due to the fact that the satellite’s orbit was Bun~ein
cronous, the records correspond to a short period ifl the
morning (between 0830LT and 1100LT) and another short pe-
riod in the evening (between 1900LT and 2100LT). Before re
ducing the data, an analysis has been done to determine
the time when the satellite was properly etabilised in or-
der to obta in reliable data of total electron content(IEC)
by the i~araday method.

About 1600 passages of the INTASAT have been analyzed
to obtain seasonal and latitudinal TEC variations and B mu
merical model has been deduced, that gives TEC values as a
function of the latitude and the month of the year for the
time interval covered by the data.

SATELLITL$~ABILIZATIONO

As is well known, the accurate obtention of TEC by the
Faraday method requires a good stabilization of the eate].li

te that eliminates its spinning about an axis different
from tha transmitting dipole. ~.ihen this condition is riot so
compliehed, the Faraday effect appears in the records mixed
up with variations due to the orientation changes of the

transmitter antenna.
In the absence of Fa raday rotation, the signal trdnsmit

ted by a dipole tha t rotates about its center generating a
cone, is received in a fix antenna with the strength varia-
tions shown in figs. la—b , depending on the relative p0.1—
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1?ig. 1.- strength signal variation produced by

a rotating dipole on a fixed antenna
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Fig. 2.- Record of the INTASA L’ orbit 120 (25-ll.7~e)
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tion of the two antennas (of.  Roger and Thomson l960).When
the receiving antenna is parallel to a line inside the co—
ne generated by the transmitter, the received signal corree
ponds to fig. is if the receiving dipole is also inside the
cone and to lb if it is outside. Fig. be corresponds to the
oaae when the dipole is perpendicular to the previous cases.

• The effect of the interaction of satellite spin and Fara
day rotation is two—folds a) the number of fadings increa-
ses, and b) the variations on the receiving antenna change
from fig. la—b to fig. lc and the other way round, beca~aae
the rotation of the polarization plane due to the TEC is equl
valent to rotate the transmitting dipole. This effect is
clearly seen in fig. 2 where the record corresponding to the
orbit 120 of the INTASAT is shown.

The effect of the anomalous spin was gradually diminis-
hing for several days and finally disappeared.

Several authors (Aitohison et al. 1959) discussed the ef
feot of the interaction of Faraday rotation and satellite
spin to deduce aproximate values of TEO from records of two
separate frequencies (20 ~iHz and 40 IOlz). We intended to de-
termine a date from which the effect of the satellite spin

• was negligible as compared with the Faraday rotation in or-
der to obtain accurate values of TEC. With this pupose we ma
de a Fourier analysis of the signal amplitude, recorded f or
several satellite passes, between Nov.1974 and Feb. 1975.

• This analysis should give a period related to the satellite
spin and another one related to the Faraday rotation.Phe Fa-
raday effect shall not produce a unique period during a ea—

• teilite pass, since it depends on the geometry of the magne
tic field and on the TEC; nevertheless its spectrum is not

• 

- too wide so that on certain conditions, both, the Par9day
and the spin effects can be separated. Since the spin ef-

• feot depends on the relative poasition of transmitter and
receiver, we have only analyzed nearly overhead, N—S ( nor—
ning) orbits. In fig. 3 the periods df the analysed orbits
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are shown in a logarithmic scale. Ae can be seen, in the 
•

first orbits two clearly separated periods appear, the ahor
ter one being related to the satellite spin and the longer
one to the Faraday rotation. At the beginning, the spin ef
feot prevails and the corresponding period Is exponentia-

lly lnoreasing.till it reaches a similar value to the Para
day rotation period. When this happens (about orbits 496
or 521) the frequency spectrum widens and the determination
of the period of maximum amplitude is more difficult. After
these orbits, the Faraday effect predominates over the sa-
tellite spin effect, and the main period of the Fourier
analysis fluctuates about a more or less horizontal line,
following the TEC variations. A linear fit was made till
orbit 446 to show the exponential variation.

The results of this analysis indicates that, included
a generous security margin, the Faraday method to obtain
TEC values was applicable, at least, from Feb. 1975.

This analysis seems more accurate to determine the sa-
tellite spin than the measure of the temperatures in the
different oomponents of the satellite. In fact, according
with Santullano (1975) the satellite spin did not produoe
any anomalous change of themperature from December let.
In the Faraday angles records, on the contrary, irregular
rotations still appear after this date.

DETERMINATION OF THE FARADAY ROTATION.

To obtain the Faraday angles we used the two close fre
quencies (40 and 41 MHz) method. The determination of the
first coincidence of the nulls of 40 and 41 MHz has been
done by one or two of the three more widely used method.;
all of them are based, more or less immediately, on the
well known equation

~~~ ~~~— ‘~~~~~- - -~~~-~~~~~~-~~~~~~~~~~--~~~~~~~~~~~~~~ ~~~~~~~ —- - -
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that relates the angle rotated by the polarization plane of •

the wave of 41 Z~Hz( fl 41 ) to the difference of rotation
of the polarization planes of the wave of 40 1~~z and 41 MHz
(A f l ).

Me thod 1.

This is the most simple one . In some records with more
than 10 nulls of 41 thHz, the poiz t where the nulls of 40
and 41 MHz coincides, can be seen and de termined with high
probabillty.Besides , the null number 10 from the coinciden-
ce , that is recognized because of its equidistance from the
ad~ja cent nulls of 40 L~iz ,(cf .eq.l) ,  can also be determined.
If both results are coherent , the determination is valid.

Method 2.

Pr om eq.]., values of fl41 can be obta ined for several
successive nulls with the measured in the records. Prom
a null to the next one the value of fl~ increases by -rr
(or diminishes if the satellite goes to the N). Then,if we
aubstract rt (or add if the peas is S—N) to the value of

fl 41when we pass from a null to next one we shall obtain a].
ways the same value, the value that corresponds to the
first analyzed null. In practice we often obtain different

values with this procedure because of irregularities of the

ionosphere. In these cases the mean value is given as the
true one and the mean square error as a measure of the aoou

racy.

• 
Method 3~.

The validity of eq. 1 relies on the correctness of the
first order theory from which it has been deduced. Howe—

ver, it is found very often in praetice that the slope

, •‘~4 4 ~~~~~4 ~~~4 * ’  ~~~~
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of the straight line defined by eq. 1 in the plane (fl~1.
/~fl ) is different from 19.75. To correct empirically for
the absence of the higher order terms in the theory , Kers—
ley and Taylor (1974) propose to find the best—fit straight
line, of variable slope, for values of 

~~4i 
measured from

an arbitrary origin plotted against Afi . Extrapolotion of
this line to zero ~~flgives the null of 41 MHz that coinci-
des with the null of 40 MHz ( Af l :o  ).

In our analysis we used Method 1 when possible;other-.
wise we used the other two methods, that very often gave
the same results. When they did not, different external cr1
teria were used to determine the most probable results.
Among these criteria, the rejection of negative or null va-
lues, the comparison with results of a near pass orstoo
anomalous variation of TEC within the pass, were the most
useful.

DkTA O0NSIST1~NCY.

An indication of the accura cy of the data can be obtai
ned by comparing them with the TEO values deduced from the
signals of a geostationary satellite. An example of such a
comparison with data of the ATS—F satellite, is shown in

fig. 4. It oorresponde to TEC data from the 21st to the

24th Nov.1975. The TEC values are plotted at the latitude

and local time of their sublonospheric points.
We drew the variation of TEC obtained from the ATS—P

satellite on a plane at 372N and the TEC deduced from the
different passages of the INTASAT, in planes, perpendicu-

lar to this one,plaeed at the corresponding local time.The
re is a small variation of local time from the beginning

P to the end of each II~TASAT passage but we have neglected it
in order to simplify the I igure.The dashed lines in the Ii

• gure, correspond to extrapolated values. As it can be seen
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• in the points of the same latitude and local time,the TEC
values obtained from both satellites are very similar, ex
cept for one casesthe pass at 1930LT on the 22i~d,marked
with an arrow in the figure, where the value deduced from
the INTASAT is api~eoiably higher than that of the ATS~P.
This anomaly can be caused by the relatively strong TEC
variations during this period, probably due to a magnetic
storm that started the previous day with an SSC at 23051JT,
(corresponding to 23 3OLT).

Other comparisons were made on several different days
and similar agreement between the values obtained from
both satellites was found.

It should be notted that although these are TEC values
obtained at the same local time and at the same latitude,
they belong in fact to different universal time and are ob
tam ed at different longitudes.

Another analysis was made in order to determine if the
apparently anomalous variation of TEC for several passages
of the INTASAT was a real ionospheric effect or, on the

• contrary, was caused by a systematic error of the calcula-
tion method. The results seem : to indicate that they are
in fact real variations produced by irregularities in the
ionosphere.

DATA PROCESS.

• As we have already said the INTASAT orbit was sun—sin—
or onous, so tha t the satellite goes through every latitude
always at the same local time. Although the eubionoapheric
point does not follow the ~ame pattern (as It is obvions),
its position is also related to its local time.Por this
reason , an absolute separation of the latitudinal and diur
nal effect on the total electron content, is not possible
with the kind of orbit of the INTASAT. However, the diur-.

• nal effect can be diminished if a distribution of TEC data

________________________________ ________ •
__________• -
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is made in small intervals of local time. We have taken in
tervals of half an hour oentere~1 in the hours and half
hours of laos]. time. The data corresponding to each of the
se intervals,have been grouped by geographic latitude and
longitude in intervals of one degree centered on the exact
degrees. The monthly mean value of all data corresponding
to the same latitude and hour has been considered as the
representative monthly value of that latitude and time.

The restrictive space—time resolution that we have im-.
posed, causes the number of TEC values at some latitudes
to be small, with the result that there can appear son~e
spurious peaks on the variation of TEC with different para—
meters, that do not correspond with the true mean variation.
To avoid this difficulty a small smoothing has been perfor
med In latitude through a weighted running mean of three
values. In this way, a table of TEC monthly values have
been obtained between 302N and 442N for the period Peb.
l975—Sept .l976 and corresponding to the six different 10.-
cal time hours 0900, 0930 and 1000LT in the morning and
1930, 2000 and 2030 in the evening. Since several values
in these tables were missing, mainly in the low latitudes,
they were out to L~titudes between 362 and 432N for the
morning hours and between 382 and 432 for the evening in
order to obtain and homogeneous space d~istrIbution.

SEASONAL VARIATION.

The TEC data obtained in the way described above, ha-
ve been plotted as shown in figs. 5a—5f , in order to see

• the seasonal variation for each of the six half an hour
periods, at different latitudes.

As can be seen from the figures, a clear consistent
maximum in a”~~~r and a clear minimum in winter appear
in the evening hours. The TEC variation in the morning is
slightly different for the different hours. At 1000LT the

• ~~~~~~4- •.
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re is a double maximum at the equlnoxee with minima in win
ter ( the deepest one ) and in summer. This variation that
appears more clearly at the lower latitudes, Is also appa-
rent at 0930 LT although not so well deflned,and still lees
distinctly at O900LT.

These results can be compared with the seasonal varia-
tion obtained at the Observatorio del Ebro from the BE—B sa
tellite data (Cardds,1966, Gald6n,1970, Ga ldón and Alberca ,
1971). In these papers only midday values were considered.
The seasonal variation was similar to the one f ound in the
present paper for the morning hours i.e.:tw o maxima at the
equinoxea, a main minimum in winter and a seconda ry one in
summer. The amplitude of this variation increases with the
solar activi ty so that , at the lowest region of the solar
oyole, the equinoxes maxima are only insinuated. Since the
INTASA T data correspond to a period of very low solar acti-
vity, the small amplitude of the equinootial maxima is in

• agreement with the kind of variation found f or the BE-.B da-
ta.

• The different variation of TEC found for the different
hours can be due to the daily variation, mixed up with the
seasonal variation, The morning hours correspond to the pe-
riod of the rapid increase of ionization after sunrise.The
TEC at any time of this period depends on the time distance
to the sunrise moment ,and this dependence diminishes when
the time distance increase. From winter to summer, the pa—

• n o d  corresponding to the morning hours is further and fur...
ther away from the sunrise, so that the TEC should m ores .

• ~• se from winter to summer due to this effect. The increase
is greater for the oanlier hours. At 1000 the daily vania—
tion effect is not so strong and the curves are similar to
the curves found for the midday period with BE—B satellite
data.

Ion the evening hours, the daily variation also chan-
ges from winter to summer. In winter , they are far away

~ ~~~~ ‘gf ’ •~
• 

• •

~~~~~~~~~~~~~~ •
.•

•

• ~~~~~~~~~~~~~~~~~ ~~~~~~

w
~~~~~•I__ 

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~i 
w •-••-•- -~~~ —~ ~~~~~~~~~~ -~~~~•- !p1,iuI: ±



— 18 —
from the daily TEC maximum, that takes place at midday. In
summer the maximum occurs latter in the afternoon so that
in the hourly period of the data, the TEC is still high at
this season. The TEC variation due to this effect should
have a maximum in eumnier and minimum in winter.

!~ATITUDI~IAL VARIATION.

In order to obtain the latitudinal variation we have
plotted In fig. 6 the morning and the evening TEC values
between 309 and 442N .

The full dots correspond to all TEC values and the
open circles only to the homogenized values as described
above. We have fitted a straight line of the form

TEC a0 +a~ A (A  = latitude)

• by the least square method to the TEC homogenized morning
and evening values of f 1g. 6 and to the TEC values cor nea—

• ponding to each of the six half an hour periods mentioned
before . The coefficients of the lines and their most pro-
bable errors are given below:

LT ao e a4 e
0900 16.51 0.28 — 0.20 0.007
0930 16.33 0.10 — 0.18 0.003
1000 16.62 0.23 — 0.17 0.006

morning 16.45 0.07 — 0.18 0.002

• 1930 18.76 0.67 — 0.25 0.017
2000 18.84 1.33 — 0.27 0.033

• 2030 11.48 0.94 — 0.11 0.023

evening 16.39 0.97 — 0.21 0.024

As can be seen the morning hours have very similar values.
At the evening, the values for 2030LT are different from
the values corresponding to the other periods. The errors
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are within the limits of a good statiacal signifioenoe.Thè
difference between morning and evening errors can be due
to the fact tha t, depend ing on the season, the ray path in
the evening was sorie times in darkness , some times partia—

• lly and some times totaly iluminated.
We can say that the latitudinal dependence of TEC is

quite steady, changing a little from hour to hour in the
morning and that it is str onger in the evening than in the
morning hours.

NUN IOAL MODEL.

According with these results, a numerical model has
been deduce that gives the TEC monthly values for the men-
tioned six half an hour periods as a function of latitude.

• The model is valid for a period of low solar activity
similar to the one analyzed in this report (annual mean

• Wolf numbers 15.5 for 1975 and 12.6 for 1976) and for a la
titudinal range between 36~ and 442R for the morning hours
and between 380 and 432N in the evening.

A Fourier time serie f it  to harmonic 4 was made separa
tely to each latitude and hour fbi ’ the 12 months interval,
so that , for every hour and latitude we have

44
• ( TEC) . C0.E C~sin(t-2-!~ j .~ .) j :1.12 (1)

where ( TEC)j means the TEC monthly mean value of the j
month. This gives nine coefficients for every latitude and

• hour ( C0, • • • • c4 ?l. • .. •

• For every hour, a third degree polynomial was fitted
separately to each Fourier coefficient as a function of the
latitude through the equation

3
(cost ) :K • I K (I~~.4O.)m 1:0,8 ( 2 )

~ ‘0~~y~ 1 ‘m

••• , #t•~
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where
(C1 for 1:0,4

(coef )1 : ~lt t—4 1:5,8
Thus we have a set of 36 coefficients for every hour that
will give the mean value of TEC at any given latitude (bet

L ween the stated limits) at any month~
In table I we give the values of the Kim coefficients

for the hours we have TEC data. With these values,the Fou-
rier coefficients for any given latitude can be obtained
thr ough eq. 2, for any of the specified hours. With the
Fourier coefficients the TEC for any month of the year can
be deduced through eq. 1.

To give an idea of the accuracy of the fittings, we
show in fig. 7 several examples of the TEC annual varia-
tion directly obtained from the data, and the Fourier fit.
We give the ourvas corresponding to the three morning and
evening hours f or the latitude of the Observatory (419N).

• As can be seen the f It Is very good, although there is a
small amoothing of severa l peaks due to the fact that we
only took the first four harmonics in our analysis. Never
theleas, the highest 1’. m • a. PEG error that corresponds
to the 1930LP curve is lower than 0.5.1016 el

The quality of the fit of the third degree polynomials
can be deduced from table II , where the r.m.e. errors of
the fitted Fourier coefficients are given. The mean value
of the coefficients are also shown in the table to give
an Idea of the relative errors. All data are given in
units iol4 el j2, As can be seen the errors are rather small
and the higher one usually correspond to pha8ea of harmonics
of small amplitude, so that their influence in the TEC re—

• suits are still lees significant.
• Finally, in table III we give the differences between

the experimental PEG values and those obtained from the a.—
• 

‘. del. The monthly and latitudinal as well as the total, r, a.
a. TEC •ri’or for every hour are also given. As in the pre—
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F 
-

9h
Lat.N J F M A M J J A S 0 N D
43° 1 9 -10 23 -20 18 -8 13 -1 16 -17 14 14.7
420 -11 19 -15 23 -21 38 -32 26 -24 6 20 -2 23. c
41° -3 11--24 37 -35 45 -40 33 -13 -4 13 -10 27.8

• 40° 10 -3 -26 33 -67 44 -46 26 -7 -2 -1 -21 32.5
390 28 -2 -16 41 -55.. 57 -45 29 -8 -2 8 -12 33.2
38° 2 25 -38 58 -50 72 -50 36 -8 -18 18 -4 40.1
37° -39 39 -60 72 -89 72 -55 17 -2 -16 34 -ii 52.0
36° -27 59 -78 89 -86 71 -44 17 9 -12 -5 16 55.0

L 22 30 43 56 63 59 45 27 12 12 18 13 35.7

9’30h

43° 2 -16 6 2 -15 2~ -22 16 -9 -9 7 -12 14.1
42° 55 -24 15 6 -13 16 -18 11 -2 2 21 -29 23. 2
41° 47 -29 15 -1 -15 6 .17 17 0 2 29 -37 24.0
4Ø5 29 -34 19 -13 .9 31 -28 28 -17 -15 19 -32 25.2

• 39° -1 -41 40 -17 -1 42 -46 31 -32 -8 3 -20 29.8
38° 32 -49 43 -18 -5 26 -46 54 -51 44 -16 -12 38.3

• 37° 102 -55 43 -17 -13 25 -58 77 -65 69 -25 -16 56. 8
36° 22 -59 53 -31 -3 48 -69 75 -68 26 2 -28 49.0

~ ,,, 51 44 36 17 11 32 45 49 43 33 19 27 33.9

lOh

43° -3 -12 7 11 -32 52 -69 79 -89 83 -39 23 53.9
42° 5 -15 22 -13 -5 44 -71 77 -67 35 -57 25 46.0

• 
• 41° -2 -7 21 -23 -10 37 -58 83 -64 43 -46 20 43.8

• 40° -8 -10 1 13 -20 32 -36 56 -65 75 -16 8 38.6
39° 12 -13 -8 24 -20 19 -38 28 -46 52 4 -9 28.3
38~ 32 -10 3 7 -22 23 -50 31 -17 -28 17 .25 26.4
37° 22 -21 18 - 12 -19 58 -25 31 16 -43 21 -.24 29. 8

• 
. 36° 23 -26 14 -1 1 -19 9 -15 -4 13 8 -21 15.8

6.,. 18 16 15 16 20 41 52 60 58 55 34 22 35.8

Table III .- Differences between data and model (x10 1451.5r2 )
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19’30h

Lat.N J F M  A M  J J A S O N  D

43° 54 -35 24 -15 9 -10 22 -34 51 -61 61 -59 43.0
42° 25 -35 26 -17 28 -45 42 -52 53 -49 58 -53 44.0
41° 39 -16 25 -29 37 .49 55 -55 59 -54 48 -44 46. 1
40° 42 -12 -4 -13 16 -21 43 -41 52 -65 46 -38 38.9
39° 13 3 -34 37 -28 14 25 -62 64 -78 82 -47 49.7
38° 37 14 -46 71 -62 25 14 -62 110-122 112 -87 76.3

6.’. 41 25 32 40 38 34 40 57 75 83 78 62 49,4

20h

43° 23 -24 25 -24 24 -20 16 -16 15 -12 16 -18 20.7
42° 11 -14 21 -23 22 -32 34 -27 28 -34 23 -22 26.4
410 21 -16 9 -17 24 -24 35 -44 40 -32 29 -19 28.9
40° 29 -24 27 -19 21 -19 20 -30 38 -31 29 -22 27.5
39° 33 -38 36 -37 32 -37 42 -45 45 -51 49 —51 43.5
38° 64 -55 51 -49 55 -62 69 -75 82 -80 76 -68 69. 3

• 
~~ 38 35 34 33 35 39 44 48 50 49 46 42 38. 2

20’30h

43° 3 10 -17 17 -22 26 -16 4 4 -2 6 -8 14.2
42° 22 -13 -12 38 -31 20 -35 30 -8 -26 23 -13 25.4
41° 

• 

20 -6 -3 19 -42 . 49 -33 30 -11 3 19 -29 37.4
40°, 27 -4 6 -3 -39 62 -31 4 -16 11 22 -39 29.2
39 41 -38 -6 39 -25 23 -57 53 -6 -30 26 -28 36.0• 38~ 125 -49-110 84 26 31-147 72 86 -58 -54 -3 84.9

• £ 6 1 29 50 46 34 42 75 44 40 32 31 26 41,2
I’-

Table III.- Djff.reflces between data and model (x lOhL
el.5r2)
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vious table the units are ~~~ el As can be seen the dif
ferenoes and errors are very small. Only 7 from the 504 va-
lues reach io16 ei and the monthly r. a. s. errors remain
always below 0.5 1016 el 12. We can say that,in general, the
errors of the model are within the errors of the experimen-
tal data.

With PEG data obtained from the signal of the BE—B eatel
lite recorded at the University of Athens, Klobuchar (1973)
deduced a numerical model for the mediterranean area. The me
del gives the diurnal variation of PEG for the four seasons
of the year and for different solar activity levels. They go
from a solar flux in 10.7 cm of 90 in spring to 130 in win-
ter (all in units of 1022 w ~2 Hz~~) the r.m.s. errors for
the different seasons, that correspond to our monthly r.m.e.
errors, osoilate between 0.9 io16 el ~2 and 1.6 10~~ el
The results of this model cannot be properly compared with
ours because they belong to periods of higher solar activity
and are grouped in a very different way. Nevertheless, an
idea of the oomiiatlbility of the results of both models can
be deduced. The nearest conditions to our model correspond
to Kiobuchar’s Season I (Spring (march 21), mean 10.7 cm
flux equal to 90 io”22 w ~

2 Hz°~~). For this period the TEC
values obtained from his model between 0900 and 1000LT are
slightly higher than our values,as expected. Only at 1000LT
between 369 and 37211, the values of our model are a little
higher than Kiobuchar ’ a. On the evening, our values are
clearly higher than those of IClobuchar. These results, even
the last one that seems a little suprising at first sight,
are in agreement with the results èbtained by Gald dn(1968) .
)L finds tha t f or 9 and 10 hours, the TEC values on March—
April 1966 are higher than on March—April 1965 when the so—
lii’ activI*y was lower. At 20 hours on the contrary, the v~
1t.i of 1966 are lower than thoee of 1965. Also it must be
not.d tha t at 11 h~~rs, the values of 1965 are lower than
those of 1966. These data correspond to 41911. It is poeei— $
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• j
ble that the variation of TEC follows the same pattern at
lower latitudes, but the inversion of differences in the
morning hours occurs a little earlier. This would explain
the differenoes of the two models between 369 and 372 at
1000LT.

In fig. 8, the isocontours of constant TEC obtained
from the experimental data and from the model are shown.
Aa can be seen, the model fit is quite good. Only the re-
gions of greater gradients of TEC, appear slightly smoo-
thed in the model. As we said already, this is due in part
to the limitation of number of Fourier harmonics but also
to the fact that a forth degre. polynomial would fit bet-
ter than a third one some of the Fourier ooeffioiente.Thue,
for instanoe, the leoline of 10 x io16 

~~ ;
2 in the O900LT

map, that oover~ the months of March to June, appears saoo
thed in the model. Also, the two M*ima of April and June,
as well as the May minimum at low latitudes, do not appear
in the model. However, all the differences are small end,se
we said already, remain within the error of the expez’tmen—

• tal data.
Finally, we must point out the limitations of the models

first of all it gives only mean values of TEC, i. valid for
low solar activity conditions (mean Wolf number about 14) j
and fo~ the stated hours and range of latitude. 3.eids., the
model has been deduced for the Iberian peninsula and west • I
Mediterranean zone. The fitness to other region. of diffe .
rent longitude, is limited by the longitudinal a.y .try of
the ionosphere.
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Fig. 8.- T’L~C isocoritoure (un ite 1016 el. m 2 )
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Fig. 8. - ThC isocontours (unite iol6 ei. m 2 )
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