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SOLAR ACTIVITY -SUNSPOT NUMBER- EFFECT ON HIGH FREQUENCY
ELECTROMAGNETIC WAVE PROPAGATION
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Heliopolis Cairc Egypt

SUNMMARY

In thie paper & brief description of the different types of
+the ionized lavers, their msltitude, density of free electrons is
presented. The physicel spurvey of the sun, ite solar activity,
sunspot eyecle voriestions ere mentioned. The propagation of the
electromagnetic eignel in the ionized atmosphere and maxdmum
useble and critical frequencles aere discussed. A globel programme
is prepared for selecting the optimum frequencies in order to
propagate ®r high frequency plectromegnetic vave (HF) mnd the
various parameters which affect them. It is found that there are
certailn optimum frequencies are necesgary vhich depend on solar
activity, time, day, month and the propagated dlstance. It ias to
be noticed that during the next years (53-1998) ve are in the
falling period of the solar activity, i.e. bad high Zfrequency
propagation vhich needs more transmitter output pover.

INTRODUCTION

Despite the epectacular developnent of satellite
tranemission, 8 large number of long-dietance radio links still
make use of the reflective properties of the ionosphere. The
phenomenon of long-distance wvave propagation by reflection i1s
exploited both in telecommunications and short-vave radio
broadcasting. In telecommunicaticona these Jlonospheric links
require only a aimple, low cost infrastructure for transmisslone
with e ‘lov deta transmission rate. They pre vwidely used for
communication with mobile receivers: eeroplanes, eships or land
vehicles. : .

For short-wave radio ( High Freguency electromegnetic wvave),
this type of propagation makes it poseible to broadcaast over
extensive geogrephical areas and to a very large number of
listeners, mometimes up to ceverasl thousand kilometers apart. 1t
iz en effective means to transmit undeformed gand uncensored
information rapidly and simultaneously to s very wide audience.

The effective use of lonospheric links is hampered by the
very large varistions in propagation conditione over +time and
gpsce. Reliasble {forecasts nuet be established, bassed on a
complete knowledge of the characteristice of the medium croseed
and of the propagation lawvs. The lonosphere la the ionized regilon
of +the atmosphere aituated in the area betveen 50 and 200 km
above the Earth’'s surface. It is a2 zone comprised of neutrsl
molecules, donized molecules &and iree electrona, present in
different proportiona according to altitude. The main ionization
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sourcee are ultira-viaolet, X end particle radiation from the sun
and meteor traila. These ilonization processes esre counterbalenced
by opposing phenamene such as the recombinsetion of negative and
poritive particles, the &sttachrent of electrone to_ atoms or
neutral moleculea. The electiron density in the upper atposphere
resulte from the equilibrium betveen these varioug processes.

Starting at ground level B8 certein numbér of leyers can be
defined . according to their altitude end their denaity of Ifree
electrons per m?,

D-Loyer between 50 end 90 km: the electron density of the D-
layer i3 lov ( H=l1l to 2+10% electrons per m?¥ ) and variles
congiderably throughout the day. It reaches B8 maximum just after
the local color midday. After sunset, ionizetion fells rapidly
and tvo to three hours later the layer cen be considered
trensparent for HF. We thus have a D-layer vhich appears only in
the daytime end vhich iz characterized more by its absorbent than
by 4ite reflective eifects. This sbsorption increases gs the
Zy =ne ovw ‘znrzae-c.... lt, 3ir. - Zfuorciiin. (7' w <% fapro, iawal 1o
due to shocks between the air moleculems and the free electrons.

E-layer betveen 90 and 130 km: <the maximum electron density
in this 1region 1sc at an sltitude of amrcund 110 km with H=1 +to
2210" electrons per m°. The icnization of the E-regicn is mainly
photoelectric (Ultra~violet) so this layer is only algnificent in
the daytime, with a2 maximum around middaey. At night, ionization
ie low.

Sporedic E-lesyer: UOver wehort periodse (lessa than one hour)
Pcloude* of electrons in high concentratione mey occur at &an
altitude correoponding to the normal E-layer. Theae clouds spread
through the ilonoaphere wvim +the poles and disappear hefore
reaching the equator. Their electiron density mey be as high as
10'% . Thie layer becomes reflective for waves vhich crosa through
the normel E-leyer. Though the layer’s presence ie irregular and
unpredictable, reflection o©n +the sporadic E-layer can be used
with a 20 to 70 % probebility of success to esteblish links of
tinea of day, times of the yeasr and in pleceg where they would be
impossible with the normsl lsyesrzs, The 41onizetion of this
irreguler, pstchy &and generslly thin layer appeara to be ceused
by metearites.

F-layer s&bove 130 km : +this iz the icnospheric region most
wvidely wused for ioncepheric links. In wvinter : (lerge zenpthei
angle )} there is an F-layer vith high electron denaity (10'%
electrons per m¥ ). It 4p situated at an altitude of betveen 200
and 300 km. At night the electron concentration drops. In summer:
by day the F-layer splits into two layers, &a lover one called Fl
end an upper one called F2 (the split occurs vhen the zenithal
angle reaches around 45° ). The Fl-layer is due mainly to ultra-
violet ilonization, lts properties are similar to thoes of the F-
layer (vhen the two layeras are combined}.
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The donizatilon of the F2-layer is caused by ultre violet and

particle radiation. The degree of ionization, betveen the day-

night cycle, is related "to solar activity (11 year cyclel. Unlike
Fl, which has r otable electron density, F2 haa tvo maxima (the
firat just before midday and the second just before sunset) and a
very lov wmindmum just hefore -unriae {(davn crevasse), F2
ionizetion is very high (10 1o 10 }

THE SUN AND ITS ACTIVITY

The Sun 4ieg clesesified by astronomers and is thought to  be
about 5 thousand million yesra old. The Sun is made up of rnughly
75 percent Hydrogen and 25 percent Hellum. Ite diemeter. is ahout
1,400,000 km, &and over 1 million planets the @ize of Earth cauld
fit ingide it. The distance between the Sun and the Earth 18
roughly 150 million km, 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 tines stronger thanm Earth’s, and the Sun takes
about 26 days to rotete at ite equator, but its polar regions
take around 33 days.

The Sun is a8 large thermonuclear reactor burning avay in the
Bky. Current modelas of it ssy that it is made up of 3 regions:
the core, where the temperature is thought to-be about 15 million
degrees celasius, and is where the thermonuclear reection take=s
place; the’'radiative zone, where the temperature slovly decreasaes
dowvn +to sbout 1 million degrees celsius. X- ray end gamma
radiation from the core is carried through this region out to the
Sun's puter layer, the convection zone. Thig zone is thought to
range from B million to & thoumand degrees celsius, and is a very
turbulent region.

The photosphere ig the lovest leyer that we can see, and it
is a very turbulent region wvhich is thought to be 500 km deep,
with a temperature of asround & thoussnd degrees celaius, The
photasphere eppears to have a bolling granular structure, and
each grain is typically 1000 km in diameter. Sunspots are formed
in the photosphere. They ere cooler regiona that ax¢ ceused by
stronger magnetic fielde breeking through the purfece. A typical
spot hes a dark centre called the umbra, surrounded by = lighter
region celled the penumbre. Sunspots algo usually oppear in
groupa, end the boundary between them and the photosphere ia
quite irreguler in shepe. :

The Sun’s lover atmosphere is called the chromosphere, and is
ebout 3,000 km., deep, with s temperature of approximately 4,300
degrees celeiua. The chromosphere can be seen as 8 red ring
Beround the Sun just before end after totality during a solar
eclipse.

In thie regien irreguler bright sarees mppear called plage.
(Plage i8 +the Ifrench word for beach). Sunspote are alvays
eccompanied by surrounding plage areas, hovever plage regions c€an
occur without sungpots. Plage regions ere where ogolar flares
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erupt from, which in turn can cause a short wave fadsout or a
geomagnetic storm.

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

Agtronomerso have observed +thet solar sactivity veries
periodically. Varietions in solar ectivity manifest themselves in
the wvarying number and size of sunapcts, facules {(sometimes
called torchee), prominences, and flocculi, and changes in the
intensity of solar radiec emiesiona. It ie customary to evaluate
golar activity in terme= of the eunspot (Wolf) number.

The wmenner 1in which the sunspot number variea can be
visualized from Fig. (1) which shows changes in the sunspot number
bet¥een the years 1750 and 1964, During the intervening peried,
the minimum sunspot number was 0.0 (in 18iC), and the maximum
number ves 190.2 (in 1957). The shape ef the curve bearg put that
solar activity ies not a etrictly repetitive pracesgsa. Yet, in the
two hundred years covered by the plot, solar activity had an
overage period of about 11.3 years with a devietion of plus or
minua four yearc from this averagse.

Yariations in solar activity ars sccowpanied by changes in
the gtrength of the short ultra-violet radietion (shorter than
2200 Angatrom units?), X-ray, raodio emisslon, and corpusculer
streams, thot i3, in the types of radiation that are completely
nbsorbed by the upper atmoophere and have no chance of reaching
the earth’s surisece.

An iIncreese in soler sctivity roises the eleciron dengity in
all layers of the ionosphere. This rise is most pronocunced in the
aouter reaches of the atmosphere, that ia, +the F2 layer, and is
least noticeable in the E region. Reliable deta on the D region
are lecking .

Heagurements had been done in the period between 1933 and
1537 vhen the gunapol number varied betvween 5.9 and
114.4, Fig.tl). The measurementas showved +that the higher
frequencies experience a8 lover attenustion in the D &and E
regions, therefore +the advisability of using higher frequencies
is obviocus. This means that during the incidence of increased
solar activity the “night-time", "twilight" end "day-time"
frequency bands should be shifted in the direction of higher
frequencies. There ie aleo &n overall improvement in short-wave
propagation oving to a greater lonizeticn of the upper
atmosphere. :

NMAHIMUM USABLE AND CRITICAL FREQUENCIES
The propegetion of the electromagnetic waves (radioc waves) in

the jonized atmosphere, follev curved pathao becauge thig ionized
atmosphere 1ia inhonmogeneous. Given certain copditions, these
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vaves tan be fully reflected from the lonosphere and come back to
the Earth. If the maximum electron density, for the ionized layer
at given haght h, Fig. (27, 1= fixed,._the ray can be_naede to

return to Earth by suitably arranging its angle of incidence +o
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 point A ) the
maximum angle of incidence is given by:

Sin = a/{a+h) {1y
% max
Because of thie limit, not sll radic waves can be reflected from
the ionosphere - some vill pass through it wunder certain

conditions. 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:

-------------- Hz (2)
max ainzp +2h/a _

1 ha the Rooth fpdiac { et6.37106F oo

N is the electron density in cubic meter.

From Eqn. (2), for fixed mngle of elevatian,ka greater electron
density is required te reflect & higher Ifrequency. For fixed
eledtron denaity, a rEmaller elevation angle allewve higher
frequency for reflection. When the elsvation angle is zero, the

Vao.a N(l+2h/a}

- maximum uzable frequency will be maximum (horizontal radiation):

80.8 Ni{a+2h)
F = e e e Hz {3)
max O 2h

¥hen +the elevaticn eangle is 90o + 1.e. Zfor a ray radiated
vertically uwpwvards:

F s F = V 80.8 N Hz {4}

vhere F, is the critical frequency. This 18 s maxinum frequency
for wvhich a wave radiated verticelly upvarde can be returned +to
Earth by the ionosphers. From Eqns.(3 & 4), it followa that the
maximum usable frequenzsy in 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 vwvave does not

exceed the maximum frequency. Otherwige, the wave will paga
through the ionoaphere.
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CALCULATIOCHS AND RESULTS

In order to transmit a pregramme carried by an
electromagqnetic short wave from certain point Lo cerizin arca, it
is important to search for an optimum frequency in the short wave
band (3-30 NMHZ!) for this transmission. Thilis optimum frequency
depends on many factors: +transmitting and receiving coordinates,
month, day, time and the sunspot values. - A global programnme is
prepared for selecting the optimum frequencies as discussed
above. Four months (January, April, July and Oc¢iober), are chosen
to cover the four seasons. Three different sunspot numbers are
used in the calculations { namely 10, 100 , and 160 )} as a low,
mediun , and high values. The optimum frequencies are checked at
dififerent distances 250, 500, 1000, 2000, and 3000 kn. The
broadcasting +transmitter i=s gupposed to be in Cairo and the
direction of transmiesion in the east direction towvards the Gulif
and Asian countriea.

The curves in Fig. (4) are the results of these calculations.
As noticed from these curves that the time is in GNT ( Grinech
Mean Tiwe Jis laid eoff along the X-axis, as abscissa. Cairo local
time dis GHMT + 2 houra. The frequency is laid aff &3 ordinate.
From Fig.{4) the following phenomena are noticed:

1. The optimum usable Irequency, which sSecures the least
attenuastion for radio vaves in the ionosphere, 1increases ac the
sunspo:i nunher increaases. Also the rate of increasing is

proportional to the propagated distance. As mentioned before, the
higher frequencies experieance a lower 8attenuation, therefore
during the incidence of increased solor activity, the <requency
bands should be shifted in the direction of higher {requencies.
In this case, there 13 an overall improvement 4in ©ehort-
wvave propagation owing +to a greater ionization af +the  upper
atmesphere. tim

2. The maximum optimum usable frequencies increase as the sunspot
number increases and also increasse by increasing the propagated
distance, Figs. (5 & &),

3. Generally +%he optimum usable frequency is low at night and
risee t0o the meximum values at noon as shovwn in Fig. (4). This
phenomencn 4i= redrawn in Filg. (7} wvhich shows that the values of
aptimum Irequencies at times 6,10, 12 GHMT (daytime) is very bhigh
s compared to times 18,0 GMT (nighttime).

4., The maximum optimum usable frequency varies according to the
Ecasan. During autumn and wvinter, this maximum 419 at times 9
and 10 GHT. During spring and summer the waximum ise shifted ta
about time 14 GNT, Fig. (7).

CONCLUSION

It ie concluded thet it is better te use higher frequencies,
in the short veve band ( HF ), because the higher Ifrequencies
experience a lowver attenuation. Increasing the solar activity,
there will be possibillity to ehift the HF frequency bands in the
direction of higher freguencies, which means better propagatien.
Also 1t is noticed that for long propegation distances, the
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cptimum frequency is high as compared to the short distances.

The optumum frequency used during daytime is kigh than +the
cne uecd during the nighttime. - o

Since ve are in the fmlling cycle (93 to 19898), with respect
to the solor activity, we are expecting to have, in general, =
laver repeived signal to noilse ratio es compared with the last
four yearn. Therefore it is important to use a hipher transmitter
output power and higher antenna gain.
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