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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 methods 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. Iehayiourr

a) b) and c) as detailed on page 7 of this report.

The values of the product G) , 'Oo (collision fre-

quency) and oZ (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 -o is given as the order of magnitude

104 and is included between 1,4000 and 2,0048

Neper.

The Appendix (page 29) explains the method used by

us to calculate G , , and D .

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 November 1959.

The Report No. 1 spoke of the'experiments made from

January to 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 jelfmodulation (as said

in Report No. 1) consists in the increase and decrease

of $he percentage of modulation of a radiowave when the

wave 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 865 to 1500 Kc/s.

J.W. 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 Kc/s, 150 kW) kindly put at our disposal

by the ARDC Brussels. Experiments were carried out in

several cycles, one cycle for each season of the year.

The cycles performed are listed in the Table No. 1.

Experiments were always performed during the night,

from 01 h15' aom. to 03 h25' aom. 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

Expdriments Radio transmitting stationExpermentsAFN Frankfurt

flour q POWER I odulat.
V Date fre

2--19/ 7/1957 120.. 022 .9 150-50-5 8 000
3 9/7/195 20 150-50 2

4 '.1 7/195'10 0251 37 9 150-50-150 20 200
5 0/ 7/195 120 0220 0.90 150-50 80oo0
6 2/ 8/195 120 0209 80 150-50 120 400
7 98/195, 010 023 150-50 4 08 6/ 1/195 0115 0251 60 150-50-150 30 20009 1/ 1/195 0115 0222 60 150-50-150 30 000

81 / 1/195.0115 0252 60 150-50-150 30 2000
9125/ 3/195E 115 0248 1 60 150-100-50 30 000

100-150128/ 3/195115 0248 60, 150-100-50 30 000

100-15013 2/ 4/19510115 0248 60 150-100-50 30 000
100-150

14 3/ 5/195E 115 0236 60 150-50-150 30 000
15 3/ 5/195U115 0236 60 150-50-150 30 000
16 2 5/195E115 0236 60 150-50-150 30 0001 7 / 5/195)115 0236 60 150-50-150 30 00
18 6/ 7/195M115 0236 60 150-50-150 30 000
19 2/ 2/195 115 0313 60 150-50 50 00
20 9/ 2/195 11O 0313 60 150.50 50 000
21 7/ 2/195 115 0313 60 150-50 50 000
22 5/ 6/195 115 0313 60 150-50 50 '00
23 7 6 /195 115 0236 60 150-50-150 30 00024 1/ 7/195 115 0313 6" a 150-50 50 000
25 0/10/195 115 0236 60 150-50-150 30 00026 4/11/1951115 0236. 90 150-50-150 30 400
27 V11/1950 115 0325 60 150 300 250C
28 7/11/1959D115 0236 60 150-50-150, 30 400
29 1/11/1959)115 0236 90 150-50-150 30 400
30 5/11/1959 115 0325 60 150 300 250(
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In November 1959 reception was made not only in Nap-

les but also at the following laboratories :

1) Research Laboratory of Electronics, Chalmers Insti-
I?

tute of Technology Go-thenburg (Sweden)

2) Kiruna Geophysical Observatory Kiruna C. (Sweden)

3) Ecole Nationale Sup~rieure d'Electrotechnique d'Elec-

tronique et d'Hydraulique Toulouse (France)

The Naples receiving station consisted of a good an-

tenha and a superheterodyne rec-eiver. 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".

V max - V min 100
V max + V min

where V max and V min are the maximum and the minimum

voltage of modulation.

The receiver was calibrated by a signal generator

whose carrier frequency was modulated by a generator at

audiofrequency. The answering curve of the receiver was

obtained in this way and it was possible to keep count

of the demodulation provoked by the receiver at the high

frequencies of modulation for 60%, 80% and 90% of modu-

lation.
:I

The receiving stations operating in Gothenburg, 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 of 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.
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The modulation frequencies emitted by the AFN Frank-

furt were as follows

1) 20-30-40-80-100-150-200-300-400-600-800-1000-1200-

1400-1600-1800-2000 c/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 c/s0

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

6) 50-200-400-500-700-900-950-1000-1050-1100-1150-

1300 -1500-1 600-1 750-1 850-1 900-2000-2200-2400-2600-

3000-3300-3600-3800-4000-4500-5000 c/s.

Each one of these frequencies was emitted during one

minute for each power in progressive order according to

previously agreed on plans. 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 power of 50 kW.

During the experiments 60 or more oscillograph pic-

tures were taken for each frequency of modulation. Each

point of the curves shown in the diagrams represents the

average measurement of M" of the 60 pictures taken.

While in the Report 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

modulation during the minute of transmission. To avoid

any effect of selective fading 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 ones.



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 behaviours of the phenomenon

obtained from 1950 (first appearance of the selfmodulat-

ion) to 1955 (a percentage of demodulation increasing up

to 1000 c/s with the frequency of mdulation, or a per-

centage of demorlulation almonet constant from 30 c/s to

4000 c/s) were never observed during the yuar 1958.

The behaviours noted in 1958 instead were the follow-

ing :

a) Pcrcc:ntages of modulation greater than these trans-

mitted by the station were observed at the lowest

frequencies of modulation (fig. 26)

b) Appreciable demodulation was observed at the lowest

frequencies of modulation with a slow asymptotic re-

turn to the emitted mod ulation at the higher fre-

quencies (fig. 27)

c) Demodulati-on at the low frcquencies and overmodula-

tion were observed at the highest frequencies of mo-

dulation with a tendency to return asymptotically to

the emitted modulation (Report No. 1)

It was pointed out that in the case of those behav-

iours the phenomenon, in particular for a) and b) de-

pended distinctly (at the lowest frcquencies of modula-

tion) on the power emitted from AFN Frankfurt.

In the Report No. 2 the results are given of the ex-

periments mado in 1957 (July onwards) and in 1959 while
the figs. 1-11 report some obsorvations made in 1958

not published in the Report No. 1.

From the diagrams it is scen that th- behaviour of the

phenomenon during the year 1958 (figs. 1-11) is similar

to that of the year 1959 (figs. 15-19) and only slight-

ly different from that of the year 1957 (figs. 12-14).
As already statedthebehaviours found in 1958 are the

three indicated above with a) b) and c) with exception
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of the figs. 1, 2 an- 4 where, *n average, the perc-en-t-

age-of modulation remained practically constant for all

the frequencies of modulation and much the same as that

emitted by the station.

During the year 1958 only the three mentioned behav-

iours were observed but in the year 1957 (July and Aug-

ust) the behaviours of 1955 were also observed (see figs.

10, 12a, 12b, 12c.and 13; that is, the demodulation in-

creased with the frequency of modulation ; in fig. 12a

there is a slight overmedulatien at the low frequencies

of modulation). Figs. 15a, 16, 17, 18 and 19 represent

the observations made instead in Frbruary, June and No-

vember 1959. As can be seen, the behaviours are ident-

ical to those a) b) and c) observed in 1958 save for the

fig. 19b where a slight, almost constant, demodulation

is seen at the increase of the frequency of modulation.

Outwith this exception, verified the night of 21st

November 1959, the behaviours are always similar to

those of 1958.

As already stated, and as can be seen from the figures,

the phenomenon is studied in dependence of the power em -

itted ; for each frequency of modulation the power was

varied from 150 to 50 and back to 150 kW. This was done

for every frequency for period of five minutes.

In fig. 8 a variation of the percentage of modulation

received with the variation of the power is seen (from

150 to 50 to 150 kW) mainly at 300, 500, 800 and 2000 c/s;

that is, at these frequencies the demodulation is greater

at .150 kW than at 50 kW. In the figs. 9a and 9b it is

seen that at the lowest frequencies of modulation the de-

pendence of the phenomenon on the power is clear up to

500 c/s.
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In fig. 11 it is seen that the demodulation is greater

at 150 kW than at 50 kW at frequencies of 500, 800, 1000

.and 1500 c/s.

In fig. 12 a variation of power in net seen eutwith

these instants in which change was made from 50 to 150 kW

but net from 150 to 50 kW.

In fig. 14 a variation of power in not seen but in

fig. 15 it is noted that in passing only from 150 to

50 kW the dependence on the power is evident for all fre-

quencies with exception of frequencies 50, 1900, 2200,

4000 and 5000 c/s.

In fig. 17 the variation of the power in passing from

150 to 50 kW and from 50 to 150 is clear, at least up to

100 c/a, even although it was not considered worth while

tracing a curve for the fig. 17b because of the dispersion

of the points.

In fig. 18 the dependence on the power is not clear

and in fig. 19 it is evel less, so.

In figs. 8b, 8c, 12b, 12c, 17b, 18a and 18b the ex-

perimental curve is only partly traced owing to the dis-

persion of the points due to causes not fully understood.

In several of the figures some points are shown en-

circled. These points were thought to represent the

meas-urements whose percentages of modulation were altered

by mechanical interference and so these points were not

taken into account when tracing the qove.

In fact, if the difference of path between two rays

that have travelled different paths in the ionosphere

(one ray reflected in 2 layer ether in F layer) is given

by the formula &. < where C.

is the speed of light and f is the frequency of modula-

tion, it is found that in the case Frankfurt-Naples

(1216 km) the frequeueies affected by possible mechanical

interferencel may b- those kigher thaz, roughly, 850 C/so
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Receiving Naples?- Transmitter AFN Frankfurt (672 Kc/s. 960%, 150 kW),

Goo

ivE 60 d 1

0i.1 07197(r.s Fig0 31 1--15
99F%0 400k~ut 8-0% 150o k)40
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o I0 4'i

1. 40401
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Fig. 2 21-1-~1958 Fig. 3 24-1-1958

ZJPz. 4 24-1-=1958
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If, fior cg. tht . f-cqurncy 950 c/s is af focte-I by

cc lectivc; fa-'ding cvi cntly all the; n-ultiple frc-que-ncies

of 950 --i,.-ht w~l be- afft- ct(.; also.

Th)e: fig. 15a co)ulc confirm; this hyp- th isis. In fact,,
if it is sro;2that the frequcricy 950 is af ccte,.- by

c'a~ri .--- itr ccnc e it is founc! that also frcoquen-

ci-es 1900 an' 3800 (multiples of 950) arc.at) e by the

inte.rfeLrecce. Therse frfequoncics are. thar,.,fore shown in

f ige, 15 by c nc ircl e - p o ints.

3. - STUDY OF THE FADING

With thec air of studying the influecc o~f the farling

rn the solfncd-,ulation seimE experimecnts wcere organized1 on

twr. nigh. ts, as nlrw

Durin-, tlh.( nirghts of 7th an. 25t'- Novcribr 1959 the

AIJI Fran~kfurt Raifio ent~~its carricer at full power

r.,-Ilat,' at 3.-0% f-r a pc-io " forty £2iAnute s Dur each
.if tho fr _quericics rf n~uain 300, 1000 an." 2500 c/s.

Thec freqcu -ncy 300 c/s was transmitted fr! 0115 to 0155;

thec fr qucency 1000 c/s frcee 0200 tr. 0240; the, fre-quency

2500 C/o r 0245 to 0325.

Thec results o)f the - :bservaestions arc. giv.- ii i2-. figs. 20~

21, 222. 23, 24 an,,. 25. The perxcentages of i-odulation

rcceiv:!. ar - shown inY, the orO.inatcs while the tiimes, in

... inutes, aro. givcL in thc abscissac. The. point corrcs-

poning t . oh ;minute rcpres(ents the averago of roughly

60 rbseC.rvat icns made' (2uring , that minutkL,

Fr,,:.% these figures it is seeni that thc be-haviour is

ruEgular for fr.uen--cy 300 c/s (figs. 20 an,- 23) while

the2i~mos onincr%:.as :Cor frequencies 1000 and. 2500 c/s
ai12d especially so for the _ last frequency.

For fre qu;:noy 300 c/s it is found that on thtt nigh.Ilt

o~f 7th November th,-. pe,,rc(ntage eof modulation reccivi.d

remained-- bcelcw thnat enmitte cC while on the night of 25th
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Nr.vember the percentage was highcr than 60%. For fre-

queicy 1000 c/s it is foundl that, in gen,,ral9 the per-

centage is snaller than 60% for both nights even although

the behaviour of the phenomenon is not so clear for the

night of 25b Novmber. For frequency 2500 c/s the per-

contage is alternatively greater and smaller than 60%

(on average greater) for night of 7th November and clear-

ly s:ialler :)2' nieht of 25th Novemnbe- r. It is very inter-

e ,sting to :aote that the behaviour of tho phenomenon for

both nights and for all threfrequencies becoes slowly

sinoidal specially for frc:quency 300 c/s.

4- COOPERATION OF THE IONOSPHERIC LABORATORIES OF

GOTHENBURG, KIRUNA AND TOULOUSE

In the experiments made October and November 1959 the
following laboratories cooperatcd,as they did in the cycle

madc May 1958 (reported briefly in the REport No. 1).

The Rcsearch Laboratory of Electronics, Chalmers Insti-I,

tute of Tcchnoleg,-y, Gothenburg (Swc(eden) Director, Prof.

0. Rydback.

Th, Kiruna Geophysical Observatory, Kiruna c. (Sweden)

Director, Dr.'D. Hultqvist.
,"/ f

The Ecle Nationale Sup4rieure d'Eliectrotechnique, d'El-

ectrenique et d'Hydraulique, Toulouse (France) Director,

Prof. P. "Dupim.

The results obtained by the above laboratories are

very goend and coincide awong themselves.

We are at present holding, together with our collabo-

rators at GUthenburg, Kiruna and Toulouse, an extensive

examination of all the measurements made at each of the

laboratories. The results of the examination will be

given in a separate publication.
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5. - CONCLUSION

As stat'ed in tle;c- Rcp,7rts No.1 an.l 2 thc, cyclcs of exC-

Tperiincnts on i onosphe rio sc.,fnoc,,r7ulatiron at obliquo in-

ciilcnC(, b-,1guin 16th July 1957 an." cor.,pletek' 25th Noven-,ber

1959 wcrc 8 in nuinbcor witI,, a total, -f' 30nihsf -

T, .riia'-,nts ut with about 75 ho.,urs of observations. (,s

urec.ts aOdc totallced 101i Z73 of which, hnvever, un-

fLrtunatcly, nznly 70,581 wio-rO o f u s c; Vri us A.stur-

bane es (int~rcr,n-, :trcrr ~ e(rrpieoaild.

if cts -):c th ca.-2ra) afe'.224504 -Ln". t>-,. r,.-.aining

OlO cru1n. t us use bkjcauzc; *:d Citrt o u toth

ionosph. rc. A carkoful cxan;inslirws that theL rcsults

,r ve:ry gro'. a s thi.y ~.. -, ~ crfet':no

* -ne ral bchaviour ;-,f thc ooccrn

Fco, the :ir,-t tirac it was ascrtained7' that it is pos-
sibl1C to h.avu over: .i--ulatiien as ,)k-:l aL - o-'.lationan'

fc-,r this roas-n it was kiPdto call thac phr-n::monn

" i osperi sefatlation" ins t--ad o-f "imno sph,-eric

sclf 2.eaed-ulat i ;-il as it was callced in the past years.

In the cycles i-ade bcotiqecn July 1957 and! Novca-bor

1959 it is sc'-en that we had -at aliiost all tinaes the

three behaviours a) b) an.' c) indicated in Paragraph 1

as well as -'i-m'.lmltirm ireasing with-thc frequency of

inod ulation or odlnest constant dOvGodulatioil from 30 to

'-000 c/s. As the - cycle.-s werc r'Lac'c in three -ifferent
years (1957, 1950 an," 1959) an/I as they were spruad7 ove,-r

the various secas ons of the year it woul., appear that thelt

nhen1uc14ndupnd's nark;: d.ly on the cond'ition.,s of the

ion~osphcrci. In fact, in thc years 1956 andc' 1959 only

then belhaviours a) b) ani c) were ajbservec at Naples and1

nver those beh11aviours re-i-orted. in tl-e, prtvic-us works

(acriodulation inecasing oir almost constant with the

fre.qu c cy of a~uain. In the year 1957, ho~webvker,
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over and above the noting of the behaviours a) and c)

the behaviours of the previous ydars were observed.

During the year 1958 a probable seasoxal effect was

also noted (see the Report No. 1). The Laboratories of

Gothenburg, Kiruna and Toulouse took part in the cycles

of May 1958 and October-November 1959 andas the results

obtained in these laboratories coincide with the behav-

iours of 1956, it seems to us that the behaviour of the

Phenomenon depends on the direction of propagation of

the radiowaves as regards the direction of the lines of

force of the earth's magnetic field (see the Report Noe1

page 22).
From exarination of the diagrams published in the Re-

ports Nos. 1 and 2 it would seem that a dependence on the

power does exist but that it is not always evident as the

percentage of modulation decreases from 150 to 50 kW to

return to the primitive value when the power returns from

50 to 150 kW. On the contrary, it is seen, at times, that

the percentage of demodulation is greater at 50 kW than at

150 kW.Thin strange cvidence of tl.e depenfehnce of th6 phe-

nomenon on the power hikeers the affirmation that the self-

zodulation is explainable with the theory of interaction.

Only in the cases a) and b) is there a possibility of ex-

plaining the selfraodulation with the theory of interaction,

as is shown in the Report No. 1, and ai is briefly repeated

in the Appendix to this report.

When modulation and overmeulation are obtained con-

temporaneously or when the demodulation is almost constant

from 30 c/s to 4000 c/s or increases with the increase of

the frequency of modulation, the rachanism of the phenomenon

is very obscure. Pcrhaps only in the case of fig. 13 would

it be possible tollxplain it with the hypothesis of Tiberie

and with the thcory of Possenti.
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The determining, time by time, of the height of re-

flection of the radiowaves used and the numbez bf the

paths traversed- in the ionosphere by the. radiewaves in

going from the transmitter to the receiver could be use-

ful for the construction of a general tkeery.

A transmitter working alternatively in CW and pulses

has already been set up to determine the number of mul-

tiple paths.

There is also in course a series of experiments an

selfmodulation at vertical incidence with pulses to study

the phenomenon by day, to find the height of reflection

of the radiowaves and to eliminate any influence whatso-

ever of mechanical interference.

In conclusion it is shown how the method used by us,

that is, transmission in CW of modulated waves with dif-

ferent frequencies of modulation with rapid leaps of pow-

er and measure by the envelope method of the percentage

of modulation received allowed us to ebserve demodulation

and overnaeulation, to discard those measurements affect-

ed by selective fading and to note that at the changing

of the power there can be a passing from one behaviour

to another.

In the case of the behaviours a) and b) the frequency

of collision and the mean coefficient of total absorption

can be determined as shown in the Appeni-x.

I
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APPENDIX

1. - MEASUREMENT OF Gs

As stated in the Report No. 1, page 11, the behaviours

a) and b) can be explained ')y the the ry of M. Carlevaro.

However, as the English of the Report No. 1 was not

at all clear, we are taking the opportunity to repeat

here the manner in which the product Gi and the mean

coefficient of total absorption 6 are calculated for

the behaviours a) and b).

In the Report No. 2 the figs. 26 and 27 represent ro-

spectively the behaviours a) and b). In the fig. 28 the

theoretical curve only is traced as it coincides with the

experimental one. In the fig. 27, however, the theoreti-

cal and experimental curves are both drawn.

The theory of M. Cc.rlevaro, reported briefly in the

Report No. 1 has been published in the Supplement No. 4 to

"IL'XIUOVO CIMENTO" 1956, pages1422-1429. 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 electric field.

He arrives at the conclusion 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 :
t- 00-A £Q'f + i]

Q M, .)cl

Calling Wo the mean value of the work donc by the elec-
.t!r c ffcld on :n cI otron between two consecutive collis-

ions, Gisa -i eonstant that is, the mean relative loss; in

a collision, T the thermal equilibrium'of the electron,
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The: agreement between theoretical and experimental

Cye curves is satisfactory.
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Fig. 27 28-3-1958 (AFN Frankfurt, 60%, 150 kW)

The cxp-mrirnt1 curve is not drawn because it is co-

incident ,ith t],. th,' oretical curve.
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04 the mean coef-Licient of total absorption,

[3.3 , [4-

where ri is the frequency of modulation, 0 is the collis-
ion frequency of the electron and 'P is the thermal equi-

librium value of o ' 2
The derivative of with respect to*, and the de-
pendence of M on Q can be expressed by the relation

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

that its range of variation is from 0 to values greater

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

that for a given value of M there are four small intervals

of the value of Q for each of which there is one of-the

behaviours a, b, c and d of fig. 28. If M = 0,6 (as in

our exporimenta) we have the behaviour a) for 0 -- 0,82

the behaviour b) for 0,82 = S 0,90 ; the behaviour

) for 0,90;M Q( . 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 that the behaviour of fig. 27 is similar to that a)

of fig. 28, and the behaviour of fig. 26 is similar to that

c) of fig. 28. Therefore, for fig. 26 the value of Q must

be between 0,90 3,00 and for fig. 27 the value of

must be betwen 0 0,82.

To find the theoretical curve capable of explaining the

behaviour of each of our experimental curves it is necessary

only to put in the ...quation [1I , one at a time, the values'

of included in onc of the throe intervals indicated above,

corresponding to bach of the three behaviours a) b) and c)
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Fig. 28

M

0 030607 . .

The figure 28 represents the plane- MqC limited to the interval of
physical. significance of M. Three curve& divide the plan in four
regions.
The equation of each curve is resp-
ectively:

2
M =2(1 1 2C(1

= 2(1 -~~C

Mo.,
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so as to obtain the value of ( needed to build a theo-
retical curve closest to the experimental one.

Having found in this way the most suitable value of

it is easy to find yj by equation I3 since M and M"
are known. Having found ' weofind the product G, .

For instance, for the fig. 26 the theoretical curve

closest to the experimental one is obtained for = 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 c/s M" = 60,60 and as M = 0,6 (the depth of

modulation transmitted by AFN Frankfurt) we find from

equation [3j that t = 8,0 for which G, = 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

sen that agreement between theory and experience is very

satisfactory. The relative values of e and GV for every

diagram are found in the Table No. 2 of the Foport No. 1.

Some of those values are repeated in the Table No. 2 of

this report.

2t - MEASUREMENT Fp

We can also determine directly, by means of [2j , the

value ofe because all the parameters are known. As

'=3 (according ito Bailey 1937 4 (Huxley and Ratclif-

fe 1949) T = 4.10 - 14 erg and G = 0,9. 10-3 , it is only

necessary to calculate the value of We to find

To find We we use, the following equation by Bailey(1937)

W'P e E 52
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whe re -~is the ratio of the square of the charge to

the mass o~f the ele~ctron, wu is the angular velocity of

the carrier of AFN Frankfurt, a-nd E,, is the peak of tho

electric ficld in the ionosphere. The equationE[s ne-

r,,lcts the influence of the ea.rthls mantcficld, but

this influcece is small bec-ause w1Tfor Frankfurt differs

from the e-yrofroquency (1200 ko/s) by 27,00L.

To find the value of Eo we ha~ve sup-oscd that the, rte-

,,,ion~ of sclfmodulation is between 80 and 90 km high, tha,,t

is, in the lowier border of tuh,- E layer and that the pro-

pagaC.tion from Frankfurt to Na,,ple-s is along only one path.

So the region of selfmodulation would be located 060-90 kmi

above the3 uzrth at le'.t itudc 450301 N and longitude 1 201 E.

As the distanco betwee-n Fra~nkfurt -and Nr-ples is 1116 km

the midf~le point (reDprcntinf', the p'.rojection on the earth

of the sky zon6 wherce th. phenomcnon occurs) lies a 558 kin,

a nd cso the pea!-k value Ec of the filat thte end of the

radius vcctor of Ieng,,.-th 'r which makes an anLgle e wiAth the

vc:rticoal. is .:ivcn by:

where WV *- the- --mittcd power by AFN Franlkfurt.

Since 0,490 kint r = 558 kin, 30050? , we have;

for the power of 50 kW

Ec 0 524 x 0-2 volt/metres

Substituting, this vL-luL- in the-; equation[5.. ]o.nd kc, p-

int 1,1.105

e 2V54.10' (tT.B.S.) TrO21' 672.103 c/

wo have Wo = 1,43 x i14 e/ cond
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Substituting in [2] the; actual. value of Wo -and the

re..spectlve va-lucs of G, T -nd vt (Q-~ = 3) wej find that

Q= 1,49 so th a it is g reatelr than tho valuc-rissumed

by us, tha't is, lv = , The diffcrence bctw(_cn the

vxctalu.. of ,sttistio.-lly calculat,.d, ,.nd that

c,-lculf-ted lby us using-, [2] dluoends on su-n-osing ot 3

~S '). J~db,, th).i a.uthors mentioned -ibove, while we

dlid not us . th( rcr:l. va,-lue of W', Isince7, we could. rnot find

it c.xperimtaltjly.

In 'C'.t, if 1:e g~o in theC op osite Clir,,ction, that isg

if ?_ substitute thce valueCSOf Q ( Q 1,$0) W, G and T

calculated in thim [2j wle find bb = 2,005 and not Dt = 3

a.s ,wo had oupTposc-d.

Since it is posoible to dcterminc with a~ccuracy, and
also ai acltdwt su:' iciunt aproximation, tho

equa-tioni [2] ofL: krs a. nmthod of sufficint pr-cision to

dcetermine the- mea,.n coef-.i icie nt of tota,,l absorption. Na_ -

tural-.ly w(e su-.osc that the va-,lue-s ofL Gc f.nd T r.corrlct

,A the region of the. ionosphere. whe;re the. pjhenom-_non oc-

curs.

It would bQ possiblj to determin,.e the.- hci j:ht a-t which

the, phe-nonmnon occurs if we could transmitatrnty

on Cld a-nd pulses. A trrnsmittc:r for this purp.oc is now

in omration at the ionospheric station of Nol.> (Neples )
oand wiith this station we wiAll bo able to cralcula,.-to a

frow the :,rtrimcntcl. de;te'rminat ionls of Q ,.nd al2o the
true hA, ht for which o hrls the- va lue obtr~incd by us.

The Table f~u. 3t ivceS Solme values of 04 c;alculated by
,3.~

[2] ccording- to ulie method indicated ,.bove .

For ,, h-Ai.Jt of rcfl, ction b).A. n 75 and 95 Km the

varlue. of Eo chs.nrcs by a sal qua-ntity bcc-uso e9 in
(equatior [6] va-rie '.ml conse que.ntl, th'C yr -Aion of
g would b of the order of of, 10-t4d o
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TAble NO 2

Experiment Vraues of

Hour . Freq.of (G=0,9x
No Date I odulat. )

V2 0from to " Pi fr.' to
P kW c/s c/s Gv vV

1 16/1/195E 0115 0252 60 50 30 2000 300. 1,3 0 100.o10

$KO 6' 43 28/3/195E 0115 :'0248 " 100 30 2000 )jgQ 10001,1.10( 1 010

1/4/195 06115 0248 " 150 30 2000 0:1,5 .10o,2.o

5 17//195E 0115 0236 " 150 30 4000 0 ,4 .10 .10

6 21/1/195E 0115 0222 " 50 30 12000 1 ol i 1,1 .10t5 olO 4

7 24/1/195E 0115 0252 tI50 30 2000 It 5416.0 ,65.104

8 28/3/195E 0115 0248 , 150 30 2000O.,0 loOO 1,1.10 6  . 10 4

('1 Vo is o1btained from [4]

Table No 3

Experiment Mee-
- o0 of il

Hour d of total
NO Date~ ,,bsorpti=

from to C on
0p4

kW

16/1/1958 0115 0252 50 90020OO48

2 28/3/1958 0115 0248 00 ,90 1,5501

3 28/3/1958 0115 0248 50 ,70 1,4000

4 1/4/1958 0115'0248 50T,90 1,8032

5 17/5/1958 0115 0236 50 0,75 1,5000

6 21/1/1958 0115 222 50 1t0 2,0048

7' 24/1/1958 0115 0252 50 0,8 1,7427

8 28/3/1958 0115 0248 150 0,70 1,4000
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