CHAPTER VIIY

A0NCSPTORIC LATRG AMD FREQUEHOY SILEOTTCL

2=1, Irtroduction

Enirgzy rodiated in directicns abeove the horizen will travel
through spacc until it reaches the ionized region in the upper at-
musphicre, There, if conditions ars favorable, the path of the wave
will pg bernt corthvard. Sueh o sioy wave may return to earth at wvery
great distances from tha transmittor, and is the meons by which long-

distonee radic eoumunicotion ig achieveds

f-2, lIcnosphoric Lavers

In the day-tinc, the upper parts of the enrth's atnosphere absorb
large quantitics of radiont cnergy from the sun, so that considerable
lonization of its comatituent geses occurs, It is a generdl accopted
fact that the icnlzation is distributed in stratified Isyers., The D
layer oxists 2t helghts of 30-55 milcs above the sarth, The F rogion
extends from approximately L00-250 miles abowe the carth, with two well
defined layers cxisting during the day-time hours. The lower Trapgicn is
celled ¥y, while the upper rogicn is calloed F2 layer, The F, layer at-
tains the highest degroe of clectron density of any of thz ionospherie
laoyer,

In night—tine, tho Fy layer nnd F, layer coaleses to form a single

nightatine I"2 leger, at o helght of about 200 mdles abowve the earth.
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The E layer becones roduced in clectron density and allowed for the pas-
sage of sky waves with minimum attenustion. The D-region is also largely
abgent at night,

Scatiersd patehes or clouds of relatively dense ionization occam
sionally appeer ut height opproximately the same as that of the B layer
for reason not yot known, This Sporadic-E Ionization [Ea) iz most preve-
lent in the cquiterial regions, where it is substanrtially continucus in

both day- and night-tines.

8-1, Oyolic Variations in the Tonosphore

Sinee icmlsatlon dopends upon wWltraviolet radintisn, conditions
in the ionosphurv vary with changes in the sun's rzdi-tion. Yo addition
to the daily wariation, scasonal changes olso result in eritical frequete
¢y varictions, Very marksd chanscs in ionization alsc occur in sben with
the 1l-wyoar sunépot eyelao,

Typicol ioncspherle bebuvier is illusirated in Fig. 8-1, waich
shows the menthly median divrnal, virdiatios of wvirtual heights and eriti-
cal frequencies of the B, Fy, F,, and E g layors for the month of Junuary
1954, This data is taken at Bangkok, Thailand, and is typiceol of what
caﬁ be cxpeetod in the cquilatoral latitude near the pmindimum of the 11—
year sungpot cyele. It will bo noted that the critieal fraquenciea of
the repular layers decreage groately during the night as a result of re—
combination in the absence of selar r:diation. However, the By eritical
froqueney ghows irregular wariation throushout the dny and nizht, a Tact

which sugzestz that Es is aflfzeted strongly by factors obther than the
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IONOSPNERIC DATA
MONTHLY MEDAN CHARACTERISTICS
BANGKOK, THAILAND
JAMLUARY 19B4
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golar varicstion.

84, Loagz Digtance Short Wave Gommunication by Roflection

ALl long digtance short—wawve communilceations taks placce by wmeans of
ionespharic reflections., For any given sot of conditions thore is goneral-
1y a parvicular range of Troqnencics which can he used for such communicas
tions. Thoe upper limit is the maximunm usuable fregqueney (MI¥), whieh dee
pends on thz distance of transmission -nd tho heights and clectron densi-
tics at the woint or points of roflection in the ioncsphere, The lower—
frequencey limit depends on the icnospherie abgsarplion over the path, the
radioted power and tho neise level at the rocceiver, since the losaes in
the ionoesphere incrense with wavelongth., In gensral, the froguency which
pives the Lost signal iz the masdioum wsable frogquoney, In practicc, the
optivmm frequeney is taken at 15 poreent below tho maxémum usable fre-
quaney Lo zlleow for short-iime [luctuztion in the HI.TF3 « Thc MUF re-
lates to the erdtieal fraquency according to the sceant law:

MU = fcéﬂc=3 {8-1)

Since, as showm in the lomovspheric chart in Fig, 8<1, the eritical
frogqueney tends to be high durirg the day and low at night. So, the MIF
used for i4~hour sarvices siheuld follow the sawme voristicons, But conrmu—
nicition stations work in [ixed bands of froguencics, it is not possinle
to choose or chinge the MIF at will., Instead ons froquoncy that given
raiativaly good reswlt for comsmnicstion ir most of the day-timc is chosen
and Tixcd as a day-froquency, and another lower fregquency that zives an

average good recopiion for most night—time is chosen cnd fixed ag a nigiht
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frequency.

in long-distance eommaniceation, the optliun freguency is usually
deternined by the F? laysr. fdowever, at Internediate dist-necs, such anm
200 to IPGG I, and especdiodly in tho ceguiterial rugions, the lower
heleght of the E layer eausos the angle of incidence of the wave at the
layoer toe e muco ner: Zlenelag thon for the FE layer, tasn during the doy-
time, the E loyer nearly always detcroines the MIF.  In nighb—tine, the

3%
F2 layor detarnvines She MUF,

A thouph tho Es loyer exists a1l the time bath day and night, but
1t%s hizhly unprodietable, so it eannob be relicd uwpen for reguler trapns-
aizsion.

The ewtiswun froqueney ineircases with path distonco up te the mexdi-
nun distanes {or ono-hop transmission, which averages 4,000 ks, for the
F2 layer and 2,000 koo for the B layer. Iao waint—teo-point coirmnication
usging high froguency waves, it ls desipsble Lo cooloy o dircetive transs
aitting artonnz. The cnerpy should normally be dirccted ovar tho aront
cirele path and at e veriiezl toke-off a2nsle corrcaponding to the fowest
aunbor 0f hews possible botwsen transuiticr and receiwvar. The vertical
talie—=0ff anale corrisponding to o given value of virtusl helzht and o
dpeeificd onoc<hon diatomes can be found from Tranamissien Chart Fiz. &-2,
For intermediate distance 500 lm, wien considering the reflection at E
layer (virtual heizht = 100 Km), tho angle of dencrture = 21 degzroce nnd
th: value of soced = 2,5, but whon considering the roflaciicn ot FE laguer
(virtuol hoight = 300 Kz), the angla of depoartuva = 43,5 degroes and

gec o= 1,34,
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S=3., HUF Predictlong

There are several predietion mothods In currant usce, They aro de-
gigned to neet the particular need of different countrics and the neods
of different uscrs within a particuler country. Faor thé countries loecated
in high latitudes, or for leng distonee circuits, need en accurate system
for the polar and aurovral zenes by utilizing the predietisn chart such as
the CHPFL-D Series "Basic Hadio Propagation Prodletions", Scouc users are
orly interested in what conditions arc likely to be savaral yoars in the
future and so require logs neeurzey than othors who nzed predictions,
aay, throo months in advance.

Far intcrmediate range comrmniesntion in couitoriol latitude as in
domcstic cireuit; we need only an average ronge of Crequency which would
not fail o propagate {or 24 least 50 pereant of tho time, Typienl values
arc 5«10 Mo during the day and 3;5 ¥ during the night.

The following iz the typical woy of conpidering the MIF for 24 hours
gorvice by teking the ionespherie chort talewn ol Bongkok in Jarmary 1964
ag zn erxanple,

An the day-time, with B layor, the eritic-l freguoncy which covars
mora than 50 percent of the tine is zbout 3 Mo, In nipght—tinmc, with F2
layer, tho eritiesl froqueney whish covers sore Lhan 50 perecent of the
time is 3 Mo, |

From the Transmizsion Curve in Soc, B4, mecs for B layer = 2.5
and for F2 layer = 1,32, So the MIF for doy tine is given by

MIF = 2.5 X 3 = 7.5 M

dagy
and the MUF for night tinme is given by
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MUF = X = G5 Mo
night .32 % 3 3.95

Tha abov: waluca of MIT arce thaze thot it for January, 1964, Fao
athier months or obhor yesra, thoe varlutisas of the MUF should toke ploace
aceording Lo the boisvior of the lonosphore bul ornly slightly., As 2lready
gtated, we could net chonge the MUF at will, so we imst selset the MIF
definitely. Tha cireuit botwoeon Ubel and Bonglelt which is 500 Ka apart

gnt

uses the day Ifrequency at 7.4607 ¥ and nimed frequency at 3,370 e ig

an cxzeplo,
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