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|
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When planning a new HF station (Broadcast, AFTN, Costal station,
etc.), the frequencies, transmiter power, and antennas, must be
.selected to supply the required -service during 10-20 years.

!
Consequently, previsions for the signal-to-noise ratio must be
calculated for maximum and minTmum solar .activity, for various months
.of the year, for various hours of the day, and for the available .
frequencies, hence being interesting that the computation time be
short. : i

After discussing most of the proposed computational methods,
"and evaluating the influence of various parameters, a simpl fied
program has L2en developped, for the case of Brasil, und for short
and medium ranges, till some 4.000 Km. In this case, in Brazil, the
geomagnetic latitude is low, simplifying the problem.

Computational time, including signal-to-noise calculation, and
- for a complete solar cycle, is 3 = 3% minutes for three freguencies,
with the B-6700 Burroughs computer,

|
l

1. INTRODUCTION
The program described in this paher is intended to supply the
necessary informations to the designer of HF radio stations, such as
v tropical wave or HF broadcast stations, airport stations, costal stations,
etc, _ ' ~

An analysis of this type of problem has been made by Haydon and al.,
: 1969, in a qualtitative way. Our aim will be to transform those ideas in
“numerical values, to allow the designer to select frequencies, transmitter
. power and antenna types.

As the main factor of the service grade is the signal-to-noise ratio,
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the program must compute the signal received power as well as the mean
atmospher1c noise power, ‘which in Braz:l is very high and is, generally, the
.dominante type of noise. i

The tramsmitting stations will remain in operation during 10 to 20 years,
|therefore, calculations must be made for the extreme values of the Wolff i
thumber, stated in Ry = 10 and Rys = 110 respectively. For both values, the
imonths of March, June, September and December are regarded as typical ones
for the grade of ionization and for the atmospheric noise. Each of them is i
;examined, and for each of the referred month calculations are made for each
reven hour {UT). If we study the circuit in 3 frequencies, we will need 288
‘calculations, hence the interest in having a fast program

t
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From ancther side, sophisticated programs are rather disapointing ;
i (CCIR, 1978b), so we can question the advantages of such sophistication, l
iwhich requires a very extensive use of "'loops'!, due to "cut-and-try"
iprocesses. This 1s peculiarly put in evidence in the 2nd CCIR Method (CCIR,
1978a), and increases the computation time very much.

Based on the above considerations, we attempted to build a program
retaining only the strictly indispensable calculations to reach a reasonable
taccuracy, and without '"loops'. For this purpose, we have discussed the
rpossible influence of the parameters lnvolved, as will be explained later
H(item 2). ! }
‘ : .

I

—Ancther important consideration-has been that more than 90% of the HF -
lcircuits installed in Brazil are less than 4,000 Km lona, and, consequently,
1rema|n in low geomagnetic latitude. A curcunt of rather short iength means
iless propagation mddes to be exam:ned, and a low geomagnetic latitude
permits the adoption of a constant ''system excers loss'' (CCIR, 1970), thus’
saving some computation. Consequently, we deciced to limit our program to a
length of 4,000 Km.

2. BASIS FOR OUR PREDICTION TECHNIQUE

The next point has been to discuss the actial importance of the

1 computational processes used in the former methods (CCIR, 1970; Haydon and al.
11976; Laitinen and al., 1962; Lucas and al., 1966), and the grade of ?
i influence of the parameters involved, taking into account the limiting values
‘ they can have.

: - i

5 ~2.1. The deviation of the rays by the E-layer

; In CCIR, 1970, an account is given of the deviation of the rays when
|going through the E-layer. (Figure 1).

With the geomatry of F:gure 1, usung Ry = 6,371 Km, h E =110 Km, and
+making o = ag, as suggested by Rawer, 1960 we flnd

!
i ' . i

sin o = 0,983 cos A . (1)



Yt ——h €

MIDOLE  POINT  OF

f < .
‘ /f/p THE TRAJECTORY
- a

Fig. 1 - GEOMETRY FOR THE DEVIATIGN BY THE E-LAYER
Putting Z for the percent difference betwzin the used frequency f and
the maximum _frequency that the E layer can ref ect, we can write:
‘ foE sec o _ 1 ' : (2)
f 1+ 0.001Z

U=

é |

We can now calculate B versus A and Z, The result of this calculation is

given in Figure 2. _
As it is very difficult to use departure angles A < 50, and as for Z < 1

we are very fear of the reflexion by the E-layer, we conclude that B will be

. always very small, and that we can neglect it in subsequent calculations.

1

It seems that the CCIR has reached the same conclusion, as CCIR, 1978a,
I does not more mention deviation by E layer, any more.

2.2, Influence of h'F,Fy on the calculation of signal received power
! The virtual height of reflexion by the F,F; layer depends on the
frequency and on the geographic position of the reflexion point. If we take
~into account the variation with frequency, the resultant computation is
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Fig. 2 -~ DEVIATION B VERSUS A AND Z

| rather -complex {CCIR, 19703 CCIR, 1978b). On the other hand, as we 1imit our
jcircuit to a length of 4,000 Km, the reflexion points in the case of the

2 x F mode, cannot be more distant than 2,000 Km, which limits the variation
of h'F,F>, betweer these points. { '

The variation of h'F,F, has two consequences: a variation of A, ad
hence of the gain ¢f the antenna and, correlatively, a variation of the
incidence angle on:the D-layer, modifying the absorption. We shall examine
the possibie valuzs of both effects.

2.2.1. Influence of h'F,F; on A
With the geomctry of Figure 3, we obtain, for the case of 1 hop on
the F,F2 layer, '

dA 1 sin © (3)

' . h'F2y2 h'fp _
dh'F2 Ro [1 + R ]' -2 [1 + R ] cos 6 + 1

If-we take Ry = 6371 Km and h'F, = 350 Km, we have

b _ 1 sin | ()
dh'F, 6371 (2.1129 - 2.1099 cos B )

Diferentiating for 8, we find that the maximum of dA/dh'F, is reached for
8 = 3,08° (680 Km, value in agreement with the already published graphs) and

| B
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Fig. 3 - GEOMETRY FOR 1 HOP ON THE F-LAYER

-_that - . L ) . S - - - . . e— =

1
B

da = 0.0799° per Km
dh'Fo} Max

This gives us * 8% for a variaticy of + 50 Km of h'Fs.

. In the case of 2 hops on the F,F, ]ayer we shall have the geometry. of
Figure 4, : .

Let us put hy = (hy + h)/2 and h' = (hy - nl)/Z, and assume that
i h' << ho, usung the subscript 0 for the values o the variables when h' = 0,
~and making A' = Ap - A, : '
1
Ater some approximations on the trlgonometrlc functions, we find the
following equations:

i
(Rg + hg - h')(¢1 - ¢0) cos ¢0 - h' sin ¢g
(RO + hy + h')(¢2 - ¢p) cos o + h'! sin ¢g (5)

- Rg Al sin AU

By means of these equations, and u5|ng again the geometry of Figure 4, we
can calculate the difference A' between the true angle A and the angle Ap

‘caleulated using hy = hy = hg. For Ry = 6371 Km, hy = 350 Km, h'= 25 Km
- and for a total distance of 4,000 Km, we find A' = 0.0049°,

In the same way, we can calculate the displacement 2Ry (6, - 8g) of the

i
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Fig. 4 - GEOMETRY FOR 2 HOPS ON THE F-LAYER

~reflexion-point- on- the-ground. With the same values of -the data, we find
55 Km. - B
I

In view of these results, our conclusion is that we can use the mean
value, hg, of the virtual heigths on both ionosfheric reflexion points,
instead of the true values hy anc hp.

2.2.2. Influence of h' F,F, on the absorption _
The angle of incidence on the D layer is a function of the angle of

departure, which in turn varies with h'F,F;, as seen in the preceding

' items, The figure 5 gives the geometry involved.

We have immediately:

Ro §
sin ¢D = —— cos A i
Ro + hD )
: '(h'F?_ + Rg) cOs BF - Rg (6)
‘ tan A = 2
; ' (h'Fz + Rg) sin ©
i . FZ !
D=2 Rp BFZ
A = sec ¢D

These equations have been solved for hD = 60 Km, énd 250 € h'Fp < 500¥n.

mﬂ#md
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Fig. 5 - GEOMETRY FOR THE ANGLE OF INCIDENCE ON THE D-LAYER

_ The results are drawn, on the graph of the Figure 6, where sec ¢D
. given as a function of D and h‘F2
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From this figure, we can conclude that, for a variation of h'F; of 2
50 Km, the variation of the absorpticn will be of the order of £ 15 %. As
the calculation of the absorption is the weak point of all the methods, this

inaccuracy is certalnly tolerable, ;

2.3. Conclusions for our program
t .
from the preceding discussion, we can draw the following conclusions:

a) The deviation of the ray by the E layer can be disregarded.

b) Due to the broad radiation diagram of the HF antennas, the values
found for the error on A cannot substantially moedify the gain of these
antennas, for a variation of 50 Km of h'F,, '

¢} In the case of 2 hops F,Fy, we can use the median of both values
of h'F,F> without appreciable error.

d) The error on the value-of the absorption for a variation of 50 Km
of h'F, can be tolerated. |

e) As the variation of h'F, with the frequency will be, in the
worst case, of the order of 50 Km, we can use,without unacceptable errors,
a fixed vatue of h'Fa, IrreSpective of the freguency.

3. OQUTLINE OF OUR METHOD

As already mentionned, our method is intendet to calculate MUF,
signal received power, and mean atmospheruc noise power for the following
conditions: !

- Rl2 =10 and RJZ = 110 !

=~ Months of March, June, September and December

~ Even hours in UT '

: 3.1, 'Propaéation modes
We consider oaly the following modes:
- for 0 << 2000 Km : 1E, 1Fy, 2F,

~ for 2000 - D < 4000 Km : 2E, 1F,, 2F,
The possibillry of existance of each mode is determined by the

conventional methcwu, examining the position of the used frequency in
relation with the MUFs of the layers of interest, occultation of the

. Fo layer by the E layer is also examined.

We dont consider the probability=of existence of the various modes,

i however we calculate FOT and. HPF The signal received power is calcu]ated

for the strongest mode.
~ 3.2. MUF

3.2,1. E-MUF _
First, we calculate the MUF(2000)E by the formulas proposed in Lucas
and Haydon, 1966,

MUF (2000)E = 3,41 + 38.431 - 68.0712 + 89,9713
- 70.971% + 29.5115 - 54,9916 MHz : (7)

H



‘with:
= J{1 + 0,0037 Ryz) (cos 0.881 x)l'a : (8)

Where X is the solar zenithal angle

I
|
I
I For ¥ > 1020, we take | = 0. We take J=1,
1 The MUF(2000)E is transformed in MUF(D)E by means of the well-known
nomogram (CCIR, 1967). No allowance is made for variations of the E-MUF
iwith time.
13.2.2. Fp-MUF .

The calculation of the monthly median value of Fp-MUF is made exactly
as explained in the CCIR Report 340 (CCIR, 1967}, except that the
nomogram of page 396 of the referred document has been transformed into
algebraic formulas. !

Later, allowance is made for the statlstlcal distribution of the MUF,
by celculating the values of the deciles: FOT, with a probability of 90%,
wand HPF, with a probability of 10%. This is made by multiplying the monthly
‘median values of the MUF, as calculated above, by the coefficients given.in
.the Table 5.1 of CCIR, 1970.

3.3. Angles of departure
The virtual heigths of reflexion used are:
- for the E layer : 105 Km
-— =~ for the F, layer : those given by (Laitinen and Haydon, 1962),
" itranslated from a geographlc map to a numerical matrix, for + 50 < o <~ 350
iand for the even hours in local time. i

" Using these data, simple geometrical reasonings givé‘the cngle of
departure A for the various modes

The angle A, for the modes Fz, allows us to caICUIate the skip- dtstance

| for the E layer and for this angle. The frequency of occultation by E is now -
tdeduced in the same way as in item 3.2.1.
? . 3.4, Attenuation

The attenuation suffered by the waves is the sum of the free-space
rattenuation along the geometrical paths, the ionospheric attenuation, and
i the reflexion loss on the ground.

3.4,1. Free-space attenuation
We use a method suggested by Laitinen and Haydon, 1962, First, the
attenuation Ay, in free space and .for the distance on the great- c;rcle, is
.calculated. After this, the following formula, deduced from Figure 56 of the
above reference gives the complement of atenuation due to the actual path

A, = 0.823733 1071 + 0.808697 10724 + 0.243386 107742

- 0.470163 10-"a% + 0.566952 1076A" (9)




"sea'" and ''ground''. - , .

3.4.2. lonospheric attenuation
- This attenuation is calculated for each hop by ‘the following formula
(CCIR, 1970; Lucas and Haydon, 1966). .

A = 677.2 sec ¢ (1 + 0.0037 Ryp) [cos(0.881x)}1-3 (10) |
(F+f,) 138 + 10.2 | 1
! 3

Where ¢ is the angle of incidence at a heigth of 100 Km. For x > 1029, the
product of the two last factors is taken as 0.1, _ i

3.4.3. Reflexion loss on the ground
This loss is calculated as indicated in CCIR 1970. A matrix covering
the ranges + 15% < & <- 55% and - 900 < A < - 340 discriminantes between

3.4.4, Excess loss l :

As indicated by CCIR, 1970, an excess loss is added. For low geomdgnetic

latitude, this loss is given in 9 dB8 by the referred document.

) 3.5. Noise j

The atmospheric noise factor, Fam, is calculated according to

Zacharisen and Jones, 1970, and corrected for the actual passband
of the receiver, b, by the formula: i

= Fam + 10 logigb - 206 dBy' (11)

f

3 6. Slgnal to-noise ratio !
As a ru]e, the discrimination gain of the receiving antenna can be
disregarded, so the received power will be given by
i -
Co ' :
Pe = 10 log P, - TA dBW (12)

Where P_ is the EIRP of the transmitter, in Watts, and IA is the sum of

; the attenuations. This gives

S/R = Pp = P, dB i : (13)
Provision is made for calcuiatlng the gain of the transmitting
antennas by the formulas given in Lucas and Haydon, 1966, thus deducing

the power of the transmitter, PT. ‘
: !
4, CONCLUSIONS

Limiting the range to 4,000 Km the area of utilization to the
Brazilian region and discussing the type of calculation strictly needed

© to remain within a reasonable precision, we have developped a straigth-
. foward and fast program for the calculation of the performance of the HF

circuits throughout a full solar cycle,

Comparing our results with those found by Barghausen, 1969 and by Lucas
and Haydon, 1966 we have not found any significant difference.

ol



5. SAMPLE CALCULATIONS
{ Figure 7 shows the MUFs for the path Rio de Janeiro (23.00%5, 43,500W)
| to Belém (1.50°S, 48.50%W) for Ry, = 10 e Ryp = 110 on December.

Figure 8 shows the signal-to-noise ratio for the same path, Ryjp = 10
yvand Ryjp = 110, same month, for transmitting antenna-gain of 1.8 dB,
| transmitting power of 1 Kw, receiver noise bandwidth of 100 Hz and
'operating frequencies of 13, 15 and 17 MHz. Those curves are interruped for
operating frequencies greater than the HPF and also for negative values of
the signal-to-noise ratio. In this figure the symbols "+'" represent points
‘where the curves would be  interruped for operating frequencies greater than
| the MUF and "O" points of interruption for operating frequencies greater
~than the FOT. The continuous line corresponds to 1F; mode and the dashed
line the 2E mode. ' .
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