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& M REDDY

Choosing of operaticnal frequencles anc
transmiiter powers for a given HF-Link

The various steps involved in choosing; tae rijht operating
frequencies and transmitter power to cbtaln a uredetermined sigual
above the nolsze level {or grade of service) for any given oint-to-

point link are the following:

Step 1. astimate the probable mode:. of coumunieation for the

link depcnding on the vath lensth.
Step 2. Determinec the elevation angles for the chosen modes.
Use informstion on height of the layer * in terms of
™M {3000 )F2 in comuting the angles. -

Deter.ine the B-region (and E_ layer, if necessary)
penetration frequencies at thE points of E~-region entry
uafng foE at the point of. entry and incident anzle of
the chosen mode at 100km.

Step 3.

Step L. A redio freguency one each for day time and aight time

arz chosen from the computed #UFs for a mode based on
predicted parsmeters for a glven wonth and solar activity
Jevels. The chesen iUFs should be lower than lower
deciles but higher than LUPs if the mode avallaoility is

to oe atluézst for 90i of time. Care has to oe Laken

to eheck that chesen iUFs is higher than bereglon screening
frecuency {step 3J) in case of aay time freguencies.

Finalize a frecuency for day time l.¢. to e operated
between w0700 hirs (L.T) to ~~ 1800 hrs (L.T)
and “etermine the Time avallability of that Ireguency
for the enlire period using median (f J and lower
decile (fg7 LiUF values. &

Step 9.

Time Availability g = 13 - 8
(percentase ) 1 -1/,
O-rt/£,)
Step 6. Compute the 8ystem Loss uzing CCIR feormuwla

Ca) Calculation of System Loss L invoelves computation of seversl
loss and gain terms rinvolved.sin the prozagation.

b) Imortant loss and jals factors ol€:

i) free svace loss = Lbf

(ii; Tonozsheric Absorition Loss = lLa

{iii) rolzorization couyling loss = Lc

(iv? Ground r.fleetion loss for multiple-hops = Lg
{v) dorizon focus gain = Gp

(vi) Srangiitter oud ceceiver zuten.a zalns Gt and Gy

Syastem Loss :Lﬁ)z Ly + 1, + 1L +Ly - (Gg + G r G, )

cJ Lyp = 20 log,'10 {4 d./7L ) = 324 + 20 10;_—,'10f+Lf

S
i N = 20 4 R ip_d 1
where Lf = 20 1%‘0[3 Zﬁgﬂ—aﬁ/ Cos { AT+ %ﬁr_ ):l

Ty
Lo = *® (7 foE) A, (0,00¢ ) (140U672,5) Sec 1409

R ft)z
I = Irsortonl ror o st-.est clreulie
4
" l 2 2
LS = 10 log (RH 2+ P\rz) here RH - 8in &= { n°- cosa)
2

HESin L — <L(n2-cosab b

B © nSins + | 0 - cosa )
2 :! 13000x
f

2] =
sind +J7n ~cosh)

n Refractive index = ¥ -

1]

G‘f = Use the plot (COIR), iumportant for Llow elev.ileon angle
circults.

Gt and Gr = Dependg on tic Ly,.e of anitunnes
d,) Details of some of ithe Tarauweters usoa in these gomputations

d
X

great cirele path

Wave length (Km) of th. redic rCrejuency



I = Radio frequency in W,

B = Radius of earth, 6371 kn
dr= Hop distance
Av's Elevation angle of forjthehop

fv = Equivalent vertiecal freguency at the point of Jdeflection.
Caleulated using CCIR metnods.

foE = & region eritical frecuency at the point of Reflection.

foFy = F reglon eritical fregueucy at the point of deflection.
fL = Gyro f{requency ‘

&b (f¥/fcE) = & Tunction calculated using CCIR metiods

41(050) = A factor dependent on month and modified dip angle
i inveolved in Icnospheric absorption.

CF(U) = Cos® (9.831 X ) A function depending on zenith angle(XJ,
: modified dip latitude and month (CCIR plots to be used)

Rmz Zurich smoothed sunspot number
L,” = Angle of inéidence at 100 Im level ror a given 'circuit
Lo = M Sin (0.985 Cos A )

4 = Tlevation angle ‘

G~ = Ground conductivity aw Tnhes / ”m

'K = Dielectric constant

Step 7. Determine radio noise level at the receiver location from the

maps {(Saxena & Ghosh).. The values (E) read rrom the maps in

4B above 1W/m for 1 KBz band width at 5 FHz should be econveérted
into radic noise power Cﬁn) in dBW for required radic frequency
and band width. -

. o 2
a) R (aBwW) = 4¢ X E°

. n o

vhere 4y = 2 (7411

X = wavelength &f radio wave (meters)

and 7 = Impedance of receiving antenna (Ohm)
[-3 .

>

b) N =N, =-12 log (£1/£2) were Ny and ¥, ave noise levels at
' frequencies £1 and £2 for a given
1 1 , [ |
N," - N,' =10 log(B,/By) band width and Hy and 0,7 at

Band widtas 8, and 132 for a given

frequency.

Step 8, Determination of requirsd transmitter power (PT) for a

desired /N

Fp (aBW) - Ls (dB) = & (aBw) + S/y (dB)

b




fest Case

DELHT
(28.6°N, 77.2°E)

Great c¢ircle path -

August 312 -

Day Time Freguency

TRIVANDAUK

(B.55 N, 76,87 E)

2240 km
Lo

Step 1. 1F and 2F modes of propagation are considercd.
Step 2. iF 2F
(=
Elevation angle 11.85 28.82°
.58 59,65
i, - -
| 100 745 9.65
Step 3.
E-reglon penetr.tion 13.6 MHz 7.1 Mz
fregueney at nocn
Step k.
Lower Decile at noon 18,0 iz 9,0 HHE
MUF should bz between 1346 1z 7.1 bHz and
and 2.0 kHz
18.0 LHz

In addition the day time frequenecy in general is cupected to be valid

from 0700 or 0800 hours onwards upto to 3800 hours local time. The
link frequency for day time zhould be prefarably lower than the
lower dacile at 0700 or 0800 hours.

15.5 HEz 8.8iliz
(w0800 nrs) (w0700 hrs)

15,0 1Bz 8,0 iHz

Lower decile

Day time frecuency for
Delhi-Trivandrum link

Step § Time availability
0800 hrs
1000 "
1200 *
JRE
Step 6 )
(L) Bazic free space
Losu= 1bf =
=%
2olem (ﬂ.rr /)

a
o
X o
big
s (‘Yl.cn:n.)
critical frwgueney T Fz('rlm)
-]

£

1F _mode
15.0 Hz

91.70
9140
954 9
102k

1:34505

w5t

1% i5s

Seby oy

1Tenl i

L,72 piz

v
{fv/f EJ 1.25
o)
fi 1 «Hz
modifiec dip latituce 23.270
1.56
1100 755"
Ap 330
F()():Cosp(o.SS‘l X)) 0.9&%3
(1+0,0067%, B,) 1.265
La 7.604B

&F wode
8-0 bz

9555
9350
954250
-98. 2

119.0d8_

L = ¢ (;;E) A7 (0,0)F () (140.00675 ) 5"“1100/(,{'

- 5"

3 iHz
S.01 Liim

£.09 ihz

2,46 iz
0.90
1 iHz

o
12

1.6

Q
59465
275

go
0.9952
1.265

13.70dB
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WORKSHOP (M RADIO COMMUNICATIONS IN TROPICE

{ Trieste, Eovember 1982 )

The Comcept and Practice of Ioncspheric Predictions
& Glossary of Ionospberic Terminology

Absorption:

Absorption losses ars next only to tbe free spacs loss in
HF compunication and tbe large diurnal variability in sbsorption
is partly responsible for the large diurnal varietions in the
received field strength. I;‘mospheric absorption is of two kinds:
{a) Nonedeviative absorption: As the radic wave passes through
tbe ionosphers the ambilent electrons are set into oscillation by
the electric vector of the radiowsve. The electrons reradiate
secondary vmints and in the sbgence of any ccllisions, the total
strength of the wave is not attenuated. However, the oscillating
electrons do collidd with heavier particles, such as the ions amd
the neutrsl molecules snd there is irrstrievsble loss of eNergy.
These collisions are bighest in the lowest region of the ifonospbere
because of the dense neutnlr atmosphere and hence the non~ddviative
absorption occurs esgentially in the Dmregion. (b) Deviative
absorpticns In the procois of tbe radio wave undergoing a reflection
in tbe ionospbere, the group velocity of the waves decreases in the
region where the refractive index is much lesser than unity. Because

of tbis,conaiderable slowing down of the movement of the wave train

'occurs and henge the absorption increases. The deviative absorption

is important only wben the operating frequency is very close to the
MUF, Thus, in bigh reliability HF links, where the Ifrequency is

congiderably lower than MUF deviative absorption is not particularly
important.

Deregioni Thig region 1is the lowest layer of the ilonosphere
oxtending from about 60 km to 90 km, This layer is essentially &
daytime feature with a maximum electron density of over 10:33 per ¢,¢
{with orders of magnitude hlgher negative ion densities ). VWhile
tbis layer can reflect LF and VLF waves, it acts merely as an
absorbing region for the HF band because of the high collisional
frequencies of the electrons in the dense neutrsl atmospbere, The

Deregion cen also support VEF communications by forward scatter.

B-region, This layer extends from 90 k& to approximately 140 km
and undergoes large day-toestight variation. The daytime parameters
of the B region bear & definite relationsbip with the solar zenith
angle and are hence ea.sil.f predictable. This region is of utmost
importance for HF commmicetions over sbort and medium distances,
especially during daytime. The daytime electronr densities are arcund
105 per c.c.

Feregions The F-reglon of the Jonospbere formed by the phote
ionization of atomic oxygen has the most important layer Tor long
distance HF communication. This region extending from 140 km to
more then 1000 km bas a meximum charged particle concentration around
350 km though the production maxiwum is far below, st 160 km. The

1o



¥ region splits inte 1'1 and l'2 reglons cmng daytime especially
- during the hours when the solar zenith angie is low, eapecially
during high soler activity period,

Ly
22 e single most important ionospberic paresmeter in HF

communication is 1'01'2 T™his is the highest frequency that can
Just be reflected vertically backwerds from P reglon of the

ionospberes, The suffic %ot indicates that tha value refers to
the ordinary component of the composite wave, likewise I l and

q indicate the critical penetration rreqmuu (ordinary wave

eonponent) for the E and 11 Tregiong respectively,

hl!' : Tuis 18 the height of the peak density of the :l",2 layer,
in fact, of the ionosphere. This value may vary between 230 km
and ¥50 km depending upon the season, local time, latitude and
solar activity. This is tbe second most important parameter in
HY communications..

- Ionosphere: The ionosphere for practicsl nu'poles starts nt an
altitude of 60 km and extends to altitudes of more than 1000 km,
The :I.onolpbm iz formed by the interaction of the solar extreme-
wWltraviolet radiations and X-rays with the terrestrial nentral
atmospbers., In sddition, production by solar particles is alge’
important n‘t vory higk latitudes. The concentration of free
electrons or ions may vary from a few teng per ce at 60 km to more
then & million per co at about 350 lm, beyond which the charged
partioia density decreases sgain,

I

Megnetic Stormss Following a salar flare, high emergy particles,
also known as solar plasma emitted by the sun travel outward with
velocities ranging from several hundred to more thean two thousand
kms per soé, and are diverted by the earth's magnetiec field to

high latitudes. Through a complicated injection aechantsm, these
particles are trapped by the sarthis magnetic. fisld and form a loop
of current around the earth apparently decressing the terrestrial
magnetic field. Thess magnetic storms are associated witb absorp-
tion at polar latitudes because of particle precipitation and

algo with electroﬁ density changes in the ¥ region of the loncsphere,
During the main phase of the magnetic atorm, MUF values are
decreased at middle and bigh latitudes; the ahanges in MUFs st low
latitudes bowever, are only na.rsim

MUF: The maximum usable rrequane.r for any circuit, abbreviated
a8 MUF, is usually s function of rora. and u_rz. Ir the operating
frequency excesds the MUF the radiowave simply penstrates the
lonosphere and is totally lost into space. Hence MUF ia m
indication of the nax;lm frequency ioncaphere can support for

a given path, ' |

Mode s | The futh that & radiowave takes in its passage from
transmitter to the receiver can be described-hr the mode of
propagation. For oxample a 1% mode means that the radiowave
undergoes a single reflection st tbe E reglon between the trans-
mitter and the receiver while a 2B mode means that it undergoes two
refiections at the ¥ region with an intermediate reflection on tae

2.
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grommd, likewiss 17, 2T, aF wodes wean that the radicwave under-
goos single, double ind treble reflections at the F regiom with O,

1 and 2 reflections on ground.

B The optimum working frequency (OWF) of a cireuit is less
than the MUF of the circults because the MUF usually 1s based on

the medisn values of the F region paremetsrs and thus the ionosphere
can support the MUF only for 50% of the time. By reducing the MUF
by sbout 15%, the igonospherie support for comunication can be
assured for Atleast 90% 8f the time, This percentage support of the
ionosphere increases as the frequency is decreagsed further.

_ Pbotolonization: This is the proceas of removel of an electron

from a neutral atom or a molecwle by the action of a photon usually
of solar EOV on X~rays. For example, the strong Lyman~

produces ilonizatlon in the D region by interacting with the Kitrie
oxide while the B region 1s produced because of the action of
X-rays on oxygen and nitrogen. The F region is produced by the
action of toe 304 £ line from the solar belium ion on atomic oxygen.
Polarisation: In an ionised medium with an ambient magnetic field
a radiovave splits itself into two independent eireularly polarised
components. These two components are known as the ordinary {0)

and sxtraordinary (x) vaves. The partition of the wave energy between
these two components is a function of the angle between the directlion
of propagation and the earti's magnetic field, Tne differential
attenuation of these two waves and slso the polarization coupling

1083 are extremely relevant to radio communicaticnm. '

Radio Noiszet The raiilo noise 1s broaily classified into two
areass (a)} Internal npiso is generatsd in the antenna, tranamisaion
lines and in the receiver itself, This nolse has the characteristics
of thermal noise and can be determined mathematicelly to a high
degree of precision. (b) External noise consists of mainly atmos-
pheric, gelactic and man-made nolse, For HF communications, the
mos§ dominant external nolse source is atmospheric noise produced
by eloud discharges, while the galactlc nolse can for all purposes
be neglected, The manmade noise source 1s important only 1ln bighly
industrislised areas. The atmospheric noise, especially at the
Jlowest band of the HF spectrum can be tre deciding factor in
restricting the reliability in some ssasons al low latitudes,

Reflection: As redlowaves penetrate  pwards tirough the lonospbere

they encounter successively increasing Lactron densities. The
process makes the waves bend downwards, wuich could also be called
refraction. This refraction is a funct.on of the electren density
gradient in the ray peth. For a given electron density and angle
of incidence of the ray on the ionospnere, a particular frequency
can be totally reflected backwards. It is this quality of the
ionosphere that is responsible for the iong distance propagation of
the HF radlowaves,

Skip zons: For any particular operating freguency there is a
pinimum angle of incidence upon the lonosphere below which the wave
will not be reflected back. For example, for frequencies below

fF, this minimum engle is 0°. As the frequency of operation increases



beyond foF2, this angle increases and there is a distance called
skip distance beyond which the reflected aignals are received on
the earth, In the immediate vieinity of the transmitisr there is
usually a small circular gone within #hichk the ground waves amd |
the direct space waves are received. The annmlar link betwesn
these two sones is kmown as skip zone in which HF communication

is not posaible. )
2170 4 shortwave fadeout is caused becguse of enbanced solarflare
radintions at X-ray and extreme ultraviolet wavelengths which
produce increased ionization in the lower radiovaves. This
phencmenon which 1s limited to daylight hours only reatricts the
reliability of EF links, especially during high solar activity

poriod when sclarflares are more freguent.




