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ABSTRACT

During the years 1957-1958 and 1959 some thirty ex-
periments were made on the phenomenon of ionospheric
selfmodulation at oblique incidence.

In the Report No. 1 of 1959 the theoretical and ex-
perimental metheds used in the experiments were descri-
bed and the results given of the experiments made in the
year 1958.

In the Report No. 2 the results of the experiments
made in the years 1957 and 1959 are given.

In all three years the phenomenon showed the Behaviours:
2) b) and c) as detailed on page 7 of this report.

The values of the product G¥ , V¥, (collision fre-
quency) and p2 (mean coefficient of total absorption)
for the carrier frequency of AFN Frankfurt (872 kc/s)
have been calculated from the measures made and from
the theoretical method applied.

These values are given in the Tables Nos. 2 and 3
of page 36.

The value of \% is given as the order of magnitude

% and B is included between 1,4000 and 2,0048

10
Neper,

The Appendix (page 29) explains the method used by
us to calculate Gy , V, and X .

Some experimental observations on the study of fad-
ing are given on page 22,
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1. - PURPOSE AND DESCRIPTION OF THE EXPERIMENTS

A long series of experiments on the phenomenon of
selfmodulation at oblique incidence was made between
1st July 1957 and 30th Nevember 1959.

The Report No. 1 spoke of the experiments made from
January %o December 1958. The Report No. 2 deals with

the experiments made 'in the second semester of 1957 and

during the whole year 1959. ' |
The phenomenon of ionospheric selfmodulation (as said '
in Report No. 1) consists in the increase and decrease
of the percentage of modulation of a radiowave when the -
wavé passes across the ionosphere. In other words, when
a radiowave is emitted from the transmitter with a per-
centage of, for e.g., 60%, it is received, by way of the -
ionosphere, at the receiver with a greater, or smaller,‘
percentage (by several percent) than the emitted percen-
tage . '
The band of frequencies studied to date by authors
concerned with the phenomenon (M. Cutolo, S.N. Mitra,
G.J. Aitchison and G.L. Goodwin) is from 863 to 1500 Kc/s.
J.V. King, however, used frequencies of 200 Kc/s and
647 Kc/s frequencies far removed from the gyrofrequency.
in the experiments discussed in the Report No. 1 and
in those described in this report we used a frequency
of 872 Kc/s emitted by the American Radio station AFN
Frankfurt (872 Ke/s, 150 kW) kindly put at our dispesal
by the ARDC Brussels. Experiments were carried out in
several cycles, one cycle for each season of the year.
The cycles'perrormed are listed in the Table No. 1.
Experiments were always performed during the night,
from O1h15' a.m. to 03h25' a.m. Mean Time Central
Europe. Reception was always made in Naples, at the

Laboratory of the Technical Physics Institute of the
University.
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Table No 1
Experiments Radio Xi{%ng‘?i;ﬁ%ﬁgtstation
Hour fo | POVER  Modulat. |
Date N freg.
from to '?d e g kW
16/ 7/195M0T20 [0 TETZ T30 TT50=50-150
19/ 7/195790120 | 0220 » BO-90 | 150-50
23/ 7/19570120 | 0209 * | 80 | 150-50
R6/ 7/19570120 { 0251) o | 90 | 150-50-150
30/ 7/19510120 | 0220| * B0-90 | 150-50
2/ 8/19590120 | 0209 * | 80 | 150-50
9/ 8/19570120 | 0223 » | e | 150-50
16/ 1/19580115 { 0252] * | 60 | 150-50-150
21/ 1/195¢0115 | 02221 » | 60 | 150-50-150
P4/ 1719580115 fo2s2| = | 60 150-50~150
25/ 3/19540115 1 0248 = | 60 150-100-50
100-150
28/ 3/19540115 | 0248 = | 60 | 150-100-50
100-150
1/ 4/195¢0115 | 0248] » | 60 | 15Q-100-50
100-150
13/ 5/195¢0115 | 0236| * | 60 |150-50-150
17/ 5/1958p115 J 0236| » | 50 | 150-50-150
22/ 5/19580115 | 0236] » | 60 | 150-50-150
23/ 7/195¢p115 | 0236 * | @0 | 150-50-150
26/ 7/195p115 Joz36| » | @ |150-50-150
12/ 2/19590115 | 0343) « | 60 | 150-50
19/ 2/1959p115 | 0313| » | 60 | 150-50
27/ 2/19590115 | 0313| « | 60 |150-50
25/ 6/1959115 [ 0313] » | 60 |150-50
7/ 6419590115 | 0236 » 60 | 150-50-150
1/ 7/1959115 |0313] » | e |150-50
50/10/1959p115 {0236] » | 60 150~50-150
4/11/1959115 [0236) » | 90 |150-50-150
7/11/1959p115 {o325) n | &0 150
N7/11/1959115 §0236| » | 60 |150-50-150-
21/11/1959115 J0236| * | 90 |150-50-150
P5/11/1959p115 {0325( » | 60 150
4




In November 1959 reception was made not only in Nap-
les but also at the follewing laberatories :

1) Research Laboratory of Electronics, Chalmers Insti-
tute of Technology G;thenburg (Sweden)

2) Klruna Geophysical Observatory Kiruna C. (Sweden)

3) Ecole Neationale Supérieure d'Eﬂectrotechnlque d’ Elec-

; tronique et d'Hydraulique Toulouse (France)

The Naples receiving station consisted of a good an-.
tenna and a superheterodyne receiver. The output of 2nd
I.F. (intermediate frequency) was connected to an oscil~
lograph so as to have the envelope of the modulated wave.
A movie~camera recorded the line enveloping the instan-
taneous percentage of modulation M",

MY = V max - V min % 100

V max + V nin

where V max and V min are the maximum and the minimum
voltage of modulation.

The receiver was calibrated by a signal generator
whese carrier frequency was modulated by a generator at
audiofrequency. The angswering curve eof the receiver was
obtained in this way and it was possible te keep count
of the demodulation provoked by the receiver at the high
frequencies of modulation for 60%, 80% and 90% of modu-
latioen.

The receiving stations operating in thhenburg, Kir-
una and Toulouse will be described elsewhere. The method
of the envelope was used by these stations, as was by us,
for the measurements bf M,

" The AFN Frankfurt radio station emitted its carrier
frequency (872 Kc/s) at 150 kW (full power), 100 and
50 kW at 60%, 80% and 90% of modulation.




The modulation frequencies emitted by the AFN Frank-
furt were as follows 3
1) 20-30-40~80-100-150~200-300-400-600-~800~1000~-1200~

1400-1600-1800-2000 ¢/s.

2)  80-200-400~1000-2000~2500-3000-3500-4000 c/s.

3)  40-80-200-500~1000-1500-2000-3000-4000 c/s.

4) 30-70-150-300~500-800~1000-1500-2000-2500-~3000~
3500~-4000 ¢/s.

5) 30-70-150-400-800~1000-1500-2000 c/s.

6) 50-200-400-500-700~900~950~1000-1050-1100-1150~-
1300-~1500-1600-1750-1850-1900~-2000~-2200-2400-2600-
3000~3300-3600-3800-4000-4500-~5000 c/s.

Each one of these frequencies was emitted during one
minute for each power in proegressive order according to
previously agreed on pilans. Variations of emitted power
by the AFN Frankfurt were made for each frequency going
from 150 to 100 kW, 100 to 50 kW, 50 to 100 kW, 100 to
150 kW ; each variation took place in one minute. Some~
times a whole band of frequencies was emitted with power
of 150 kW and at other times the same band was emitted
with pewer of 50 kW.

During the experiments 60 or more oscilleograph pic-
tures were taken for each frequency of modulation. Each
point of the curves shown in the diagrams represents the
average measurcment of M" of the 60 pictures taken.

While in the Beport No. 1 the point was shown to-
gether with a vertical segment that represented the
error of reading, in the Report No. 2 the vertical seg-
ment represents the fluctuation of the percentage of
nodulation during the minute of transmission. To avoid
any effect of selective fadihg we considered only sin-
oidal oscillograms, as judged by the naked eye, and
when the percentage of these (85%) was much greater

than the distorted onecs.
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2. .~ PRESENTATION OF THE RESULTS

In the Report No. 1 the series of experiments made on

selfmodulation during the year 1958 was described.
As stated In that paper the behavieurs of the phememenon
obtained from 1950 {(first appearance of the selfmodulat-
ien) to 1955 (& percentage of demodulation increasing up
to 1000 ¢/s with the frcquency of medulation, er a perw
centage of demodulation almost constant from 30 ¢/s to
4000 ¢/s) were ncver observed during the year 1958.
The behaviours nofted in 1958 instead were the follow-
ing
a) Percentages of medulatien greater than theosc trans-
mitted by the statien wers observed at the lowest
frequencies of medulatien (fig. 26

b) Appreciable demodulation was observed at the lewest
frequencies of modulation with a slow asymptetic re-
turn to the cmitted modulation at the higher fre-
quencies (fig. 27)

¢) Demodulation at the lew frcquencies and overmodula-
tion werc observel at the highest frequencies of mo-
dulation with a tendency te return asynptotically to
the emitted modulation (Repert No. 1)

It was pointed nut that in the case of those behav-
iours the phenonmcnon, in particular for a) and b) de-
pended distinctly (at the lowest frcquencies of modula-
tion) on the pewer emitted from AFN Frankfurt.

In the Report Ne. 2 the results are given of the ex-
periments made in 1957 (July enwards) and in 1959 while
" the f£igs. 1-11 report seme obsorvations made in 1958
not published in thce Repert No. 1.

From the diagrans it is scen that th. behaviour eof the
phenomenon during the year 1958 (figs. 1-11) is similar
to that of the year 1959 (figs. 15-19) and only slight-
1y different frem that of the year 1957 (figs. 12-14).

As already stated, thebchaviours found in 1958 are the

three indicated above with a) b) and ¢) with exception



of the figs. 1, 2 ané 4 vhere, en averags, the percent-
age-of medulation remained practically censtamt for all
the frequencies of modulation and much the same as that
¢cnitted by the station,

During the year 1958 only the three mentiened behav-
iours were observed but in the year 1957 (July and Aug-
ust) the behaviours of 1955 were alse observed (see figs.
10, 12a, 12b, 12e.and 13; that is, the demedulation in-
creased with the f;equency of modulatien ; in fig. 12a
there is a slight evermedulatien at the lew frequencies
of nodulation). Figs. 15a, 16, 17, 18 and 19 represent
the .observations made instead in Fsbruary, Jume and Ne-
vember 1959. As can be seen, the behaviours are ident-
ical to these a) b) and ¢) ebsecrved in 1958 save Tor the
fig. 19b where a slight, almest constant, demodulation
is seen at the increase of the frequency of noedulation.

Outwith this exceptien, verified the night of 21st
November 1959, the behavieurs are always similar teo
those of 1958,

As already stated, and as can be secen from the figures,
the phenemenon is studied in dependence of the pewer em-
itted 3 fer each frequency ¢f modulation the power was
varied from 150 to 50 and back te 150 kW. This was done
Tor every frequency for peried of five minutes.

In fig. 8 a variatien of the percentage of modulation
received with the variatien ef the pewer is seen (frem
150 te 50 to 150 kW) mainly at 300, 500, 800 and 2000 c/s;
that is, at these frequencies the demedulation is greater
at 150 kW than at 50 kW. 1In the figs. 9a and 9b it is
seen that at the lewest frequencies of modulation the de-
pendence of the phenemenen on the power is clear up %o
500 ¢/s.
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In fig, 11 it is seen that the demedulatien is greater
at 150 kW then at 50 kW at frequencies eof 500, 800, 1000
.and 1500 c/s. _

In fig. 12 a variatien ef pewer is net seem eutwith
these instants in which change was nade frem 50 te 150 kW
but net frem 150 te 50 kV.

In fig. 14 a variatien ef pewer is met seen but in
fig. 15 it is noted that in passing enly frem 150 te
50 kW the dependence en the pewer is evident fer all fre-
quencies with exception of frequencies 50, 1900, 2200,
4000 and 5000 ¢/s.

In fig. 17 the variation of the pewer in passing frem
150 to 50 kW and frem 50 te 150 is clear, at least up te
100 ¢/s, even altheugh it was net censidered werth while
tracing a curve fer the fig. 17b because of the dispersien
of the peints.

In fig. 18 the dependence en the pewer is net clear
and in fig. 19 it is evel less se.

In figs. 8b, Be, 12b, 12¢, 17b, 18a and 18b the ex-
perimental curve is enly partly traced ewing te the dis-
persion of the peints due te causes net fully understeed.

In several ef the figures seme points are shewn en-
circled. These peints were theught te represemt the
measurements whese percentages ef medulatien were altered
by mechanical interference and se these points were not
taken inte acceumt when tracing the g&@ve.

In fact, if the difference of pathci between twe rays
that have travelled different paths in the ionesphere
(eme ray reflected im E layer etlWer in F layer) is givex
by the formula 0L<""W-‘é- -E-;— where C
is the speed of light and § is the frequemcy of modula-
tien, it is Iodnd that in the case Frankfurt-Naples
(1216 kn) the frequeneies affected by pessible mechanical
interference may be: these khigher tham, reughly, 850 ¢/s.

PR TN W
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Receiving Naples:; Transmitter AFN Frankfurt (872 Kc/s. ,60%, 150 kW),
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If, for ¢.g. , the froquency 950 ¢fs is affoected by
srlective faling evilently all the rultiple froouencies
of 950 nmight woll b aficcted also.

The fig. 1%a couldl confirn this hypathesis. In fact,

if it is suvposnd that the frequency 950 is affocted by

o,
[

wnical intoricrence, it is feund that alse froquen-
cizs 1900 an? 3800 (multiples of 950) arc altered by the

intertorenes. Thes

M

frequencics are thercinre shewn in
fig. 15 by cacirelel points.
3., = STUDY OF THE FADING

With the aln »f studying the influcnce »f the fading
en the selfnolulation seme experiments were erganizcd en
twe: nichte as Znllows o

During the nights of 7th anl 25tk Novenber 1959 the
AFPN Frzvkfurt Radin ermitte? its carricr at Full powaer
retulate ? at 30% oy a perind of forty ninutes fer ocach
' the froquencics »Ff @olulatien 300, 1000 ant 2500 c/s.
he froqueney 300 cfs wae transmitteld from 0115 to 01553
he frogucney 1000 ¢/s from 0200 to 0240; tlie frequency
500 c¢/s fro 0245 to 0325.

The results of the vbservations arc givin in figs. 20,
21, 224 23, 24 and 25,

rceceive are shown in the ordinates while the times, in

N o H

=]

he percentages of rodulation

sirnutes, are given in the abscissac. Thoe peint cerrcs-—
o cach ninute represents the avorage of reoughly
60 ebscrvations madce during that minute,

Frii: these figures it is secn that the behaviour is
regular for frogucncy 300 c¢/s (figs. 20 and 23) while
the listersion inercascs for Proquencies 1000 and 2500 c/s
and cspcclally so for the last froguency.

For frequency 300 ofs it is found that on the night

of 7Tth Novembcr the perceantage of nodulatien received

remained belew that emitted vhile on the night of 25th
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Nevember the percentage was highcr than 60%. For fre-
quency 1000 ¢/s it is found that, in gencral, the per-
centage is snaller than 60% for beoth nights even although
the behaviour of the phenorenorn is nolt se c¢lear Lfer the
night of 25th November. For frequency 2500 c/s the per—
centage is altcrnatively greater and smaller than 60%
(on sverage preatcer) for night of 7th November and clear-
ly smaller oz night of 25th Nevenber. It is very inter—
cating to ncte that the behaviour of the phenonenon for
both nights and for all threc Lrequencies becones slowly
sinoidal speciaslly for froquency 300 ¢fs.

4 o« COOPERATION OF THE TONOSPHERIC LABORATORIES OF

GOTHENBURG, KIRUNA AND TOULOUSE

In the experiments nade October and Noverber 1959 the
following laberatorics cooperatedy,as they did in the cycle
nadc May 1958 (reported briefly in the Report No. 1).
The Researech Laboratory of Electronics, Chalmers Insti-
tute of Technology, thhenburg (Swcdcn) Director, Prof.
0. Rydbock.

The Kiruna Gecphysical Obscrvatery, Kiruna ¢. (Sweden)
Dircctor, Dr.'D. Hultgvist.

The Ecele Nationale Supéricure d'éiactrotechnique, d'él-
ectrenique et d'Hydraulique, Toulwuse (France) Director,
Prof. P. Dupin.

The results ebtained by the abeve laberateries are
very gond and coincide ansng thenselves,

We are at present helding, tegether with our coellabeo-
rators at G8thenburg, Kiruna and Teulouse, an extensive
exaninatien of all the neasurcments made at each ef the
laborateries. The rcsults ef the exanination will be

given in a scparate publicatien.
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5. - CONCLUSION

As stated in tle Roperts Nos. 1 andl 2 the cycles of eXe
perincnts on ionospheric sclfnodulation at oblique in-
cidlence bogun 16th July 1957 an? coupleted 25th Novenber

s

1959 were € in nuabsr with a total <f 30 nights nf oxe
r.rinents and with about 75 hours of observations. Meas-
urciionts made totaller 101@?73 nf which, hnwever, une
fertunately, »nly 70,581 were of use. Vari us listur~
banees (intorference fron ralistolepraphic stations, o=
.ot of the carera) affuctel 22504 an?l thw roraining
€166 cnull no t e use T bucauss of “istorticus Tue o the
ionoeph.ro. A carcful exaninetion shows that the results
are very goold s tlhuy givu a betbur clorificaticn of tle
peneral bohaviour of the phonencinon,

For the first tine it was asccrbaine’ that it is PO G
gible to have overnadulation as well os lecoulation anl
for this reas-n it was deeildcld to call the phenonenon
"ionospheric sclfmolulation® iasteal of “iosnnspheric
sclflenolation as it was called in the past ycars.

In the cycles nade between July 1957 and Novenbor
1959 it is scen that we had at alnost all tines the
three behaviours a) b) an! e¢) indicated in Paragraph 1
as well as Jcnpodulation irercasing with 4he freouency of
nodulation or alnest constant derocdulation from 30 to
4000 ¢/s. As theo cycles were riade in three 2ifferent
years (1957, 1958 and 1959) and as they were spread over
the various scasons of the year it weuld appear that the
shensuonmm dupcﬁ%s nark:2ly en the conlitiong of the
ionogphere, In fact, in the years 1958 and 1959 only
tha behaviours a) b») and ¢) were observed at Naples and
never those bohaviours reporte? in the proevious works
(Zenodulation incrcasing or alnost constant with the
froguency of medulation). In the year 1957, however,
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over and abeve the noting of the behaviours a) and ¢)
the behavieurs of the previous ycars were observed.

During the yecar 1958 a prebable scasomal effect was
alse noted (sece the Report Ne. 1). The Labsrateries of
thhenburg9 Kiruna and Touleuse teek part in the cycles
of May 1958 and Octeber-November 1959 and,as the results
ebtained in these laberatories coincidec with the behav-
iours of 1956,1it scens to us that the behaviour of the
rhenomenen depends en the direction ef propagation of
the radiowaves as regards the directien eof the lines ef
force of the earth's nmagnetic field (see the Report Nooi
page 22).

“Fron exanination ef the diagrams published in the Re-
ports Nes. 1 and 2 it would seem that a dependence on the
poewer does exist but that it is net always evident as the
percentage of nodulation decreases from 150 te 50 kW te
return te the primitive value when the power returns fronm
50 te 150 kW. On the centrary, it is seen, at times, that
the percentage of dencdulation is greater at 50 kW than at
150 kW.This strange cvidence of tle dependence of thé phe-
nomenen on the pewer hihkders the afiirmatien that the seli-
rodulation is explainable with the theory ef interaction.
Only in the cases a) and b) is there a pessibility of ex-
plaining the selfuedulation with the theory ef interactien,
as is shewn in the Report Ne. 1, and asg is briefly rebeated
in the Appendix to this repert.

When modulation and overmedulation are cbtained cen-
tenporaneously or when the demoduiatien is almest censtant
fron 30 ¢/s to 4000 ¢/s or inercases with the increase of

the frequency »f modulation, the nichanism of the pheneuenon

is very ebscurc. ?crhaps only in the case of fig. 13 would
it be possiblc tn %xplain it with the hypothesis of Tiberie
and with the theory of Possenti.
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The determining, time by time, ef the height of re-~
flection of the radiewaves used and the numbexr of the
paths traversed in the ienesphere by the radiowaves in
going from the transmitter te the receiver could be use-
ful fer the constructien of a general theery.

A transmitter working alternatively in CW and pulses
has already been set up te determine the nunber of nmul-
tiple paths.

There is also in course a series of experiments on
selfmodulation at vertical incidence with pulses te study
the phenemensen by day, te find the height of reflection
of the radiowaves and te eliminate any influence vhatso-
ever of mechanical interference.

In conclusion it is sheown how the method used by us,
that is, transmissien in CW of modulated waves with dif-
ferent frequencies of medulatien with rapid leaps of pow~
er and measure by the envelepe method ef the percentage
of modulation received allewed us to cbserve demodulation
and overnodulatien, to discard thoese neasurenents affect-~
ed by selective fading and to note that at the changing
of the power there can be a passing frem one behaviour
to another.

In the case of the behaviours a) and b) the frequency
of collision and the nean coefficient of total absorption
can be determined as shown in the Appe’nd'ﬂ.'z°
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APPENDIX

1. - MEASUREMENT OF Gv

As stated in the Report No. 1, page 11, the behaviours
a) and b) can be explained “y the theory of M. Carlevaro.
However, as the English of the Report No. 1 was not

&t all clear, we are taking the opvortunity to repeat
here the manner in which the product G¥ 2and the mean
cocfficient of total absorption & are caleculated for

the behaviours a) and b).

In the Report No. 2 the figs. 26 and 27 represent re-
spectively the behaviours a) and b). In the fig. 28 the
theoretical curve only is traced as it coincides with the
expcrimental onc. In the fig. 27, however, the theoreti-
cal and cxperimental curves are both drawn.

The theory of M. Czrlevaro, reported briefly in the
Report No. 1 has been published in the Supplement No. 4 to
"IL 'NUOVO CIMENTO" 1956, ﬁages1422-1429. Carlevaro de-
velops his theory beginning from the equation of V.A. Bail-~
ey Phil. Magazine S7 - 23 No. 157, 929 (1937) relative
to the movement of an electron in a gas under an alternat-
ing e¢lectric field.

He arrives at the conclﬁsion that if M is the percent-
age of modulation in the transmitting station (in our case
AFN Frankfurt) and the percentage of modulation received
is M" there is obtained : .

<W )‘_ f~4e (1-Q) cos? ¢ - _ A=A costw [1]
T (4 MPeos?y )t T (A-Beos? v )
A=4 5 B>0

Calllng Yo thc meun value of the work donc by the clec—

'ftmic ffeld on n 1 otron botween two consecutive eollis-
ions, G.is d constant, that is, the mean relative loss in
a collision, T the thermal equilibrium of the electrom,
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8 ~ the mean coefiicicent of total absorption,

0 =3 = Le]

W+ GT
»_ (3] V=l + X [‘?.l

gy = 5 5 ' eT
where m is the frequency of modulation, V is the collis-
ion frequency of the electron and v, is the thermal equi-

-

librium value of V- o
The derivative of (7q") ‘with respect towy, and the de-

pendence of M on ( can be expressed by the relation
" 2y .
thﬂgi*A:2B+ABwsvﬁém&2?
dy ( -8 60'52'*)3

In doing so, Carlevaro finds that Q depends on M and

that its range of variation is from O to values greater

than one. That is, from Carlevaro's thcory it follows

that for a given value of M there are four small intervals
of the wvalue of ¢ for each of which there is one of- the
behaviours ay b, c and d& of fig. 28, If M = 0,6 (as in

our exporlments) we have the behﬂkur a) for 0= ¢= 0,82 ;
the behaviour b) for 0,82= (Q = 0,90 ; the behaviour

¢) for 0,90 == C = 3,00 . The behaviour d) of fig. 28
has not yet been found experimentally and so has not been
considered by us here,

From the experimental results of the figs. 26 and 27 it
is seen thot the behaviour of fig. 27 is similar to that a)
of fig. 28, and the behaviour of fig. 26 is similar to that
¢) of fig. 28, Thercfors, for fig. 26 the value of ¢ must
be betwecn 0,90 = { = 3,00 and for fig. 27 the value of
Q¢ must be botween O£Q< 0,82.. ’

Tc find the thnorct1cul curve capable of explaining the
behaviour of cach of our experimental curves it is nccessary
only to put in the .quation [1] , one ot o time, the values
of ¢ includud in onc of the throe intervals indicated above,
corresponding to cuch of the three behaviours a) ¥) and c)
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The figure 28 represents the plane M,(l,limited to the interval of
physical significance of M. Three c%ﬁvem divide the plan in four

regions.
The equation of each curve is resp-
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so as to obtain the value of { necded to build o thco-
retical curve closest to the experimentol one.

Hoving found in this way the most suitable value of
¢ it is easy to find y by caquation {11 since M and M"
are known. Having found y we.find the product Gv .

For instance, for the fig. 26 the theoretical curve
closest to the experimentsl one is obtained for e = 1,0.

Using this value of Q we choose any point of the fig.
26, for instance, the point corresponding to n = 800 c¢/s.
For n = 800 ¢/s M" = 60,60 and as M = 0,6 (the depth of
modulation transmitted by AFN Frankfurt) we find from .
equation [3] that tyy = 8,0 for which GV = 100 .
In this way we can draw the theoretical curve of the fig.
26. The theoretical curve of fig. 27 is obtained in the
same manner.

Studying the theoretical and experimental curves it is
seen that agreeﬁent betwveen theory and experience is very
satisfactory. The relative values of Q and Gy for every
diagram are found in the Table No, 2 of the Report No. 1.
Some of those values are repeated in the Table No. 2 of
this report.

2, - MEASUREMENT OF o

We can zlso determine directly, by means of f2]:, the
value of ¢ because all the parameters are known. As
°&=’“§' (according ito Bailey 1937)4 (Huxley and Ratclif-
fe 1949) T = 4.10'14.erg and ¢ = 0,9, 10~3 , it is only
necessary to calculate the value of Wo to find ¢ .
To £ind Wo we use the following equation by Bailey(1937)

Wozezv E.2 , [5]

2 w?
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2

where {%— is the ratio of the square of thc charge 6o
the mess of the elcctron, w is the angular velocity of

the carrier of AFN Fronkfurt, ond E, is the peck of tho
¢lectric ficld in the ionosphere.  The @quationl:§]:ne—
flects the influence of the cnrth's magnetic ficld, but
his influcnce is small hecouse uy@1rfor Fronkfurt differs
from the gyrofraquency {1200 ke/s) by 27,34%.

To find the value of Eo we\have sup-oscd that the ro-
sion of sclfmodulation isg between 80 ond S0 km high, that
is, in the lower border of the E laycr and that the pro-
pegetion from Fronkfurt to Noples is along gnly one poth.
So the region of sclfmodulation would be located €0-90 km
above the corth ot lotitudc 45°30' N znd longitude 12°0' E.

As the distonce between Froankfurt and Neples iz 1116 km
the middile point (repriscating the projcction on the carth
of the sky zone whore th. phenomcnon occurs) lies ot 558 km,
cnd so the penk velue Eo of the ficld, at the snd of the
radius vector of length ¥ which makes an angle ® with the

virtical, is piven by @

Bo = W0hW cos(mhconB)  (m.x.s. Units)[6]
r s ©

whcre W s the cmithed powcr by AFN Fronkfurt.
Since o% 90 km, ¥ = 558 km,e = §0°50' , we have
for the power of 50 kW

Bo = Q. 524 x 1072 volt/mctres

Substituting this volue in the equatioﬁ[éﬁ]and ko pe-
ing ¥ = 1,1.107

&

m

{1

2,54.10°  (U.E.S.) ; WfIT = 672,107  ¢/s

14

we have Wo = 1,43 x 10 arg/sccond




Substituting in Eéj the actunl value of Wo cnd the
rospective valucs of G, T cnd ® (% = 3) wo find thot
Q = 1,49 so that it is greater thon the value assumed
by us, thnt is, ¢ = 1,0 . The diffcrenee between the
oxnet velu. of @ , stnbisticelly ecleulatud, cnd that
ecoleulntod by us using [27] depends on sunnosing o = 3
o5 su, vsbod br the cuthors mentioned rbove, uvhile we
did not usce the rael volue of ® , since we could not find
it cxperimentally.

s z0 in the op osite dirvetion, that is,
if we substitute the valucsof Q¢ (@ = 1,0) W, G and T
coleulated in the [2] wve find o = 2,005 and not ® = 3
o8 we hod supnoscd.

Sincc it is possible o dutermine Q with rccurncey, ond
also Wo is crleulated with suf: icicnt op roximcmiion, the
cquation [2] offurs « muthod of suffici.nt pr.cision to
determine the mecn cocf icicnt of totnrl nbsorption. No-
turcdlly woe sunnosce thot the velues of G cnd T are correct
ot the region of the ionosphere whore the phonom:.non oc-
curs.

It would bu possible to detecrmince the hei ht ot which
the phinomunon occurs if we could tronsmit nltornately
on CW rnd pulses. A trrusmitlter for this purpose is now
in opurotion at the ionospheric station of Nolo (Weples)
ond with this station we will be oble to erlculatc &
from the capirimentel determinctions of @ «nd clgso the
truc hed ht for which o) has the volue obtaincd by us.

The Table Nouzjfgivcs some viilues of @@ cnlculoted by
[2] wccording to Jhe method indicated chove,

Tor a heisht of vefliction b.twe n 75 ~nd 95 Km the
volue of Eo changcs by » smull quentity heconusc 6 in
ceution [6] vorics rad conscquently the vwriction of

2 vould be of the ordcr of mi., wiludce of 1074 .
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Table NO 2
Experiment : Values of
k= )
Hour g Freq.of (G=0,9x
No Date BEl & |modulat. x10"3)
=8 =
nul| o . (*)
from | to ‘*5'5 & lfrito
, e kW c/s|c/s Q Gv v Vo
1] 16/1/195¢4 0115) 0252 | 60| 50130 (2000 {1 400 3003,30.12’1,00.10’*
2 | 28/3/195¢ 9115‘"‘0248 " |100 [30 {2000[049Q 1000{1,1.10" [ .10
3 | 28/3/195d"011500248 | 150 [50 |2000 579 1000 11,1, 10% fi .10*
4| 1/4/1954 0115|0248 | 150 |50 {2000f0,99 450,5 .10%,2.10*
5 | 17/5/195¢ 01150236 | " [150 30 [40004,75 4000‘4,4 0% .10t
61 21/1/195d 0115|0222| | 50 |30 ,2ooo1.w°<i 100f1,1 .10%,5 .10
7 | 24/1/1959 0115}0252]| | 5030 |2000P,87 144[1,6.10° 9,65.104'
s | 28/3/1959 0115|0248 | * |150 [30 120000,70 1000 1,1.1_()5J g 104
. 3 ‘ 1
(%) wo is obtained from [4]
Toble NO 3
Experiment y [Mean
$ Yjcoettic.
Hour Erijof total
No Date s | 5 >labsorptiq -
from to = ~lon
| Feo E-}a
kW Q o .
1 | 16/1/1958] 0115 }0252 | 50 |t,00 [2,0048
2 | 28/3/1958] 0115|0248 foo p, 90 |1,5501
3 | 28/3/1958]| 0115|0248 fi50 P, 70 |1,4000
4 1/4/1958] 0115|0248 p50 p,90 |1,8032
5 | 17/5/1958] 0115 0236 50 |0,75] 1,5000 \
6 |21/1/1958}0115 222 |50 | 1,04 2,0048
7 | 24/1/1958 0115|0252 |50 | 0,871 1,7427
8 | 28/3/1958] 0115 |0248 150 [0, | 1,4000
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