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SUMMARY

In thig paper 8 brief description of the different types of
1he ionlzed layvers, their eltitude, denmeity of free electrons is
presented. The physicel survey of the sun, {te sclar activity,
sunspot ecyele varietions are mentloned. The propagation of the
electromagnetic eignel in the ionized atmoaphere and maximum
usable and critical frequencies ere discussed. A globsl programme
ie prepared for selecting the optimum frequencies in order to
propagate m high frequency plectromagnetic vave (HF) @nd the
various parameters which affect them. Xt is found that there are
certain optimum frequencies are necesgary vhich depend on soclar
activity, +time, day, month and the propagated dletance. It is to
be noticed that during the next years (53-1998) ve are in the
falling period of the solar activity, i1.e. bad high <frequency
propagation which needs more tranemitter output power.

INTRODUCTION

Despite the gpectacular development of gatellite
tranemission, 6 large numbzr of long~distence radio linka atil]l
make use of the reflective properties of the Llonosphere. The
phenomenon of long-distance vave propagation by reflection 1is
exploited both in telecommunications and short-vave radio
broadeasting. In telecommunications these ilonovapheric links
require only a 2imple, lov cost infrastructure for fransmigeslone
with e lowv deta transmission rate. They are widely used for
communiecation with mobile receivers: aeroplanes, ehips or land
vehicles. .

For short-wave radio ( High Frequency eleciromagnetic wvave),
this type of propagetion makes it possible to broadceat over
extensive peogrephical areas &nd to a very large npumber of
listeners, mometimes up to cseveral thousand kilometers apart. 1t
is en effective means to tranamit undeformed and uncensored
information rapidly and simultaneously to s very wide audience.

The effective use of lonospheric links is hampered by the
very Jlarge variations in propagation copditlone aover time &and
apsce. Reliable {forecasts nust bhe eadtablished, based on a
complete knowledge of the characteristice of the medium crossed
and of the propagation lave. The lconosphere ia the ionized reglon
of the atoosphere aituated in the area between 50 and 200 km
above the Earth’s surface. It i1 a zone comprised of neutrsl
moleculens, i1onized molecules and free electrons, present in
different proportiona according to altitude. The mein ionization
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gourcee are ulira-vialet, X snd particle radiation from the sun
and meteor trails. These ionization processes are counterbalenced
by opposing phenomena guch as the recombinetion of negetive and
poritive particlegz, the attachrent of electrone to_ atoms or
neutral moleculea. The electiron density in ihe upper atmosphere
resulte from the equilibrium between these varioug procegses.

Staerting at ground level 8 certain numbér of leyers can be
defined . sccording to their altitude and their denaity of free
electrons per md,

D-Layer between 50 end 90 km: the electron density of the D-
layer is lov ( H=1 +to 2#10% electrons per m? ) and varles
congiderably throughout the day. It reaches e maximum just after
the locel color midday. After sunset, dlonization fells rapidly
and tvo to three hours later the layer cen be conaidered
trensparent for HF. We thus have a D-layer vhich appears only 1in
the daytime and vhich 1o charecterized more by ita absorbent than
by idte reflective effects. This ebsorption increages as the
£y wne cv ‘saroe-c. 1t,2r. - fuocgizn. ( " r <1 Zapcn, i0vwal 10
due to ghocka betwveen the air moleculems and the free electrons.

E~layer betwveen 90 and 130 km: <the maximum electron den=zity
in thies 1region 1o at ap sltitude of mrcound 110 km with HN=1 +to
2210" electrons per m®’. The ionization of the E-regicn is mainly
photoelectric (Ulira-violet) so thig layer ie only significent in
the daytime, with 2 maximum around middaey. At night, ilonization
ie low.

Sporadic E-layer: Over wohort periode (lesa than one hour)
fcloude” of eleciraons in high concentratione mey occur &t an
altitude correoponding to the normal E-layer. Theage claouds spread
through the ionoaphere wvim +the poles &and dieappear hefore
reaching the equator. Their eleciron density mey be as high as
10'% . Thie laye#s becomes reflective for waves vhich croasa through
the normel E£-layer. Though the layer’s preeence is irregular and
unpredictable, reflection on +the gporedic E-layer can be uged
with a 20 to 70 % probebility of success to establieh links of
tinea of day, times of the year and in pleceg where they would be
imposesible with the normel leyers, The donization of +this
irreguler, psatchy end generelly thin layer appeara to be ceaused
by metearites.

F-layer above 130 km : +thie iz the icnospheric region moat
wvidely wupsed for ioncepheric linka. In vinter : (lerge zenkthei
angle ) there is an F-layer vith high electron deneity (10'2
electrona per m¥ ), It 4is situated at an asltitude of betveen 200
and 300 km. At night the electron concentration dropg. In summer:
by day the F-layer splits into two layera, a lover one called F1
end an upper one celled F2 (the split occurs vhen the 2zenithal
engle reaches around 45% ). The Fl-layer is due mainly to ultra-
violet ionization. 1lte properties are similer to thoee of the F-
layer (vrhen the tvo layers are combined}.
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The donization of the F2-layer is caused by ultre violet and
perticle radiation. The degree of ionization, betveen the day-
night cycle, is relsted "to solar activity (11 year cycle?. Unlike
Fl, which has m otsble electron dengity, F2 haa tvo maxima (the
firat just before middmy and the second just before sunset) end a
very lov mindmum Just beéfore sunrige (dayn crevasae). F2
ionizetion 1is very high (10'% 1o 10"

THE SUN. AND ITS AGTIVITY

The Sun ig cleegsified by astronomers and 18 thought to . be
about S thousand million yesrm ald. The Sun ia made up of roughly
75 percent Hydrogen and 25 percent Hellium. Ite dismeter. is ahout
1,400,000 km, &nd over 1 million planete the size of Earth could
fit ingide 1t. The distance between the Sun end the Earth is
roughly 150 million kni and the light emitted from it tekes just
over 8 minutes to travel the distance. The Sun’g surface gravity
is known to be 27 tinea stronger than Earth’s, and the Sun takes
Bbout 26 days to rotete st ite equator, but ita polar regionsa
take around 33 days.

The Sun is B large thermonuclear reactor burning avay in the
eky. Current mnodels of it say that it i4a made up ef 3 regions:
the core, where the temperature is thought to-be about 15 million
degrees celsius, and is where the thermonuclear reection takes
place; the’'radimtive zone, where the temperature slovly decresaes
dovn to ebout 31 million degrees celsius. X- ray and gamma
radintion from the core is carried through this region out to the
Sun’s buter layer, +the convection zone. Thie zeone is thought to
range £from B million to & thousand degrees celslua, and 1is a very
turbulent reglon.

The photosphere ig the lovest leyer that we can see, and it
ie @& very turbulent region vhich ia thought to he 500 km deep,
with o temperature of around & thoussnd degrees celsius. The
photasphere esppesrs to have a bolling granular structure, ond
@ach grain is typically 1000 km in diameter. Sunspots are formed
in +the photosphere. They ere cooler Tegions that aXs caused by
stironger magnetic fields breeking through the surface. A typicsl
epot hes & derk centre called the umbra, Burrounded by = lighter
region celled the penumbra. Sunspots algo usually appear in
groupa, and the boundary between them and the photasphere is
quite irreguler in shape.

The Sun’s lover atmosphere is called the chromosphere, and is
ebout 3,000 km, deep, with m temperature of approximately 4,300
degrees celeiua. The chromosphere can be-geen as 8 red ring
around the Sun just before end mfter totallty during e solar
eclipse.

In thie region irreguler bright aress mppear called plage.
(Plage i85 +the Ifrench vord for beach). Sunspote are alwaye
accompanied by surrounding plage areas, hovever plage regions can
occur without aunspots. Plage reglons ere where solar flares
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erupt from, which in turn can cause a short wvave fadesout or a
geomagnetic storm.

THE SUNSPOT-CYCLE VARIATIONS 1IN HIGH FREQUENCY (SHORT-WAVE)
SIGNAL STREKWGTH

Agtronomero have observed +thet solar activity veries
periodically. Variations in solar ectivity manifest themselves in
the wvarying number and size of sunapots, faculee (sSometimes
called torches), prominences, and flocculi, and changes in the
intensity of splar radic emigsions. It i custowmary to evaluate
soler activity in terme of the eunspot (Wolf) number.

The menner 1in vhich +the sunspot nuwber variea can be
viaualized from Fig.{1) which shows changeg in the sunepal number
betwveen the years 1750 end 1954. During the intervening peried,
the minimum sunspot number was 0.0 (in 1810}, =aad the maximum
number ves 190.2 {(in 1957). The shapne ef the curve bearg out that
solar activity is not a atrictly repetitive praocezsa. Yet, in the
tvo hundred yeers covered by the plot, =olar activity had ar
overage period of about 11.3 years with a devietion of plus or
minug four yearc from this averags.

Variations i1in golar activity ars accompanied by changes din
the etrength of the short ultra-violet radistion (s8horter than
2200 Angatrom unite}, X-ray, radiea emission, &nd corpuscular
streams, thot i3, in the types of radiation that are completely
obhzorbed by the upper atmcophere and have no chance of reaching
the eerth’a surisce.

An  Iincrease in soler ectivity roises the electron dengity in
all layers of the ionosphere. This rise is most proncunced in the
outer reochee of the atmogphere, that i1a, +the F2 leyer, and is
least noticeable in the E region. Reliable dsata on the D region
are lecking ., ’

Keagurements had beecn done in the period between 1933 and
1337 vhen the gunapol number varied between 5.9 and
114.4, Fig.(l). The measurements showed that the higher
frequencies experience o 2lower atienustion in the D and E
regions, therefore +the advisability of using higher frequencies
ie obvious. This meang that during the incidence of increased
solar  activity the “night-time®, “tvilight® end "day-time®
frequency bends ghould be ghifted in the direction of higher
frequenciese. There i1e aleo sn oversll improvement in short-wvave
propagation oving to a greater Jdonizeticn of the upper
atmasphere. )

MAHIMUM USABLE AND CRITICAL FREQUENCIES
The propegetion of the electromagnetic vaves lradio waves) in

the ionized atmogphere, Zfolleov curved pstha because thig ionized
atmosphere 1ia inhonmogeneous. Given certain copditione, these
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waves can be fully reflected from the ionosphere and come back to
the Earth. If the meximum electron denailty, for the ionized layer
at given haght h, Fig. (21, 1is fixed,._the ray can be_made to
return to Earth by suitably arranging its angle of incidence to
the ionosphere.

Because of the spherical Earth, there 13 an upper limit to
the angle of incidence that cen be used. As follows from Fig.(2>,
even for a ray tengent to Earth’s surface (at peint A ) the
maxkimum angle of incidence is given by:

Sin = a/{a+h) (§]
% max
Because of thie limit, not sll radic wavea can be reflected from
the ionosphere - some vwill pass through it wunder certain

conditiona. Referring to Fig. (3}, the relationship between the
angle of elevatixn:ﬁ r the electron density N, +the ionosphere
height h and the maximum usable frequency ig B3 follows:

______________ H=z (2)

80.8 N(l+2h/a)
- 2

max ain +2h/a

1 he bthe Booth fpdiac § wtd 374168 @

N is the electron density in cubic meter.

From Eqn. (2), for fixed wmngle of elevatian,ka greater electron
density is required te reflect ® higher frequency. For fixed
electron denaity, a rmaller elevation angle &lleve higher
frequency for reflection. When the elesvation angle is zero, the
maximum usable frequency will be maximum (horizontal radiatien):

80.8 Ni{a+2h)
F N [ Hz {3)
max O 2h

-]
vhen the elevation engle 18 90 , i.e. for a ray rediated
vertically uwpwvardg:

F s F = V 80.8 N Hz {4}

max c

vhere F, is the critical frequency. This 18 2 maximum frequency
for which a wave radiated verticelly upvarde can be returned +to
Earth by the ionosphere. From Eqns.(3 & 4), it followa that the
maximum usable frequensy is 3(a+2h312h timee +the critical
frequency. At h = 200 km the ratic of max. frequency to critical
frequency is 4.1. From Egqn. ( 2 ) it follows that a wave will be
reflected 41f and only if the frequency of the wave does not
exceed the maximum frequency. Otherwise, the wave will pasga
through the ionoaphere.
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CALCULATIONS AND RESULTE

In order to transmit a programne carried by an
clectromagnetic short vave fram certain point Lo ceriain arca, it
is important to search for an optimum frequency in the short vave
band (3-30 MHZ) for this transmission. Thie optimum Ifrequeacy
depends on many factors: iransmitting and receiving coordinates,
manth, day, time and the sunspot values. - A global programme 1s
prepared for selecting the optimum zfrequencies aes discussed
above. Faur months {January, April, July and Oc¢tober), are chosen
to cover the four =easons. Three different sunspot numbers are
used in the calculations ( namely 10, 100 , and 160 ) as a low,
medium , and high values. The optimum frequencies are checked at
different distances 250, 500, 1000, 2000, and 3000 kn, The
broadecasting transmitter is supposed to be in Cairoa and the
direction of transmission in the east direction towards the Gulf
and Asian countries.

The curves in Fig. {4) are the recults of these calculaticns.
As noticed from these curves that the time ie in GMNT ( Grinech
Mean Timwme J)is laid off alcng the X-axis, as abscigsa. Cairo local
time is GHT - 2 hours. The fregquency is laid off &3 ordinate.
From Fig. (4) the fcllowing phenamena are noticed:

1. The optimum usable Irequency, which secures the least
attenuatign for radio waves in the ionosphere, increases ec the
sunspot number increases. aAlso the rate of dincreasing is

proportional to the propagated distance. Ae mentloned before, the
higher frequencies experieace a Jlawer attenuation, therefore
during the incidence of increased solor activity. the <ZLrequency
bands should be shifted irn the direction of higher {requencies.
In this case, there 12 an overall improvement in Ehort-
vave propagation owing to a greater ionizatlien of the upper
atmosphere. -

2. The maximum agptimum usable frequencies increase as the sunspot
number increases and also increase by increasing the propagated
distance, Fige. (5 & 6).

3. Generally +he optimum ueable frequency is lov at naight and
rigcee %to tne maximum values at noon as shown in Fig. (4). This
phenomenon 4= redrawn in Fig. (7) wvhich shews that the values of
aptimum Irequencies at times 6, 10,12 GHT (daytime) is very high
85 compared to times 18,0 GMT (nighttime),

4, The maximum optimum usable frequency variesg according to the
Eeasan. During autumn and winter, +this maximum 19 at timeg 9
and 10 GHT. During spring and summer the waximum ia shifted ta
about time 14 GH7T, Fig. (7).

CORCLUSION

It is concluded that it is better to use higher frequencies,
in the =short wave band { HF jJ, Dbecause the higher frequenciles
experience a lowver attenuation. Increasing the solar activity,
there will be possibllity to ehift the HF frequency bands in the
direction of higher frequeacies, which means better propagation.
Also 1t is naticed that for long propagation distances, the
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Gptimum frequency ia high as cempared to the ehort distantes.

The optumum <Lrequency used during daytime 1s high than the
cne ueod during the nighttime. - —

Since ve are in the fmlling cycle (93 to 1998), with respect
1o the soler activity, we ere expecting to have, in general, e
lower received signal to noilse ratic as campared with the last
Tour years. Therefore 1t ie important to uee a hipher transmitter
ouiput power and higher antenna gain.
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