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FREQUENCIES BELOW 10 IMHgz
(Quostion 3/7)

(1956~1963-1970)

- In the ground-wave nropagation curves in Recommendation ...
(Go1.1(V)), as is explained in its Aunox, no account is telen of
troposvhoric-refraction, whereas in the C¢,C.I.R. Atlases of ground~vave
propagation cwrves for froquencies above 30 iilz /71, 2 7, the effect of a
lincor decrcase of refractive index with hoight has ben allowed for by the u
use of an eouivalent radius of the earth cqual to 4/3 times the real radius.
ven at these higher freouencies, it ic important to remomber that the
refractive index of the troposphere docus not decrease lincarly with height,
but eventually approuches the value of wnity for free space., Thus, although
it is justifiablc to assume a 4/% carth radius as far as the rate of aittenuation
attonuation with distance is concerncéd, with increasing height the curves
overcstimate the field strength, and instructions are given in the second -
Atlas for finding the correction factor for a given profile of refractive
index, in particular for an exponential law of the type assumed for the
bisic refercnce atmosphere in Recommendation 369-1.

At frequeucies below 10 MHz, the height-gain effects become amell
at moderatc heights ond it was partly for this rcason that the ground-wave
propogation curves have been made to pefer only to the case in which both
torminals are on the ground. On the other hand, below about 3 MHz, the
range of height ontoring into the determination of the rate of atteauvation
of fiold strength with distonce arcund the earth has extended to the rogion
vhere the refractive indox ol the troposphere begins to depart seriously
from the value correspending to & lincer decrcase with height appropriate

* This Report replaces Report 235,
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to the use of a 4/3 earth's radius. Thus the ratec of attenustion of field
strength with distance around the earth no longer correspcnds to the use
of an atmesphere in which the refractive index decreases linearly to
incefinitely great heights.

While at the upper limit of 10 MHz for the ground-wave
propagation curves in Recormendation ... (G.1.b(V)), it is still nearly
correct to use an cquivalent radius of 4/3 times the real radius of the
ecarth for both terminals on the aground, the troposphere car have very
little effect at the lower limit of 10 kHz, where the range of height
entering into the d:termination of the rate of attenuation of field
strongth with distance around the earth extcnds to meny kilometres above
the carth.

There is thus a trangition that becomes marked at about 3 iHz and
almost complete at 10 kHz, from the use of a 4/3 earth's radius at 10 MHz
to the use of the real radius oi the earth at 10 kHz, It has long been
realized that this transition must occur, as is shown by the existence
of tho appropriatc Question 3/V.

Progress in this study has, however, been slow for two rcesons :
first becausc of the difficulty of handling the mathematical analysis
whon the relevant cigen-value cquation contains a law of variation of
refractive index such as the exponential form proposed, and gecondly,
because with decrcasing frequency, the ionosphere becomes a dominant
- factor in propagation to great distances, ns is pointed out in 8 6 of the
Armex to Recommendation ... (G.1.B(V)).

It has been suggestod that the degree to which tropospheric
relraction modifies ground-wave propagation at frequencies below 10 iz
can be investignted oxperimentally. Such results as have been obtained
in this way have in gemersl been inconclusive. It is difficult over a
land path to be certain that eny cffects obscrved are due to the tropeshere
and not to inhomogencitics of the ecarth constants, or because the
conductivity is actually greater than the value assumed in using the
curves for comparison with the measured rosults.
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Even over a sea path, where the conductivity is well defined,
the loncsphere can produe™ n annreciablc erreet at mid-day at distances
where the tropospherc may be expected to produce a marked increase in
signal, though there is some evidence of significant tropospheric
refraction at frequencies as low as 1500 kHz at dlstances of 200 km or
more (sce Doc, 176 (France), Warsaw, 1956).

The conclusion had been rcached that thore was not much lilkelihood
that the curves could be materially improved on the basis of such experi-
ments, It also appeared that the whole subject was somewhat academic in
view of the limited use of such ground-wave propagation curves when the
effect of the ionosphere is taken into account, as indicated in 8 6 of
the Annex to Recommendation ... (G.1.b(V)).

However, with the advanees that have been made at low
frogquencies in tho uso of pulse techniques and high radiated powers with
the conscquent development of now navigational alds, the whole emphasis of
thu study hos been rovised. The possibility onvisaged, in 8 6 of the

: to Recommendation ... (G.1.b(V)), isolating the ground-wave has
become of major importance and for this reason the use of pulse
techniques has been introduced prominently into the revised form of the
study given in Question 3/V,

It now appears that further experiments, at lcast over long
sea paths, using pulse techniques may well help to remolve the nature of
tropospheric refraction at frequencies below 10 MHz, Such experiments
arc in fact in progress, but no dotailed rcsults are as yet available. It
may be pointed out that, in comparing the rcsults with the values given by
the curves, the important froature is not the absolute value of the field
strength at a given distance, which will depend upon such factors .as. the
estimated radiated power, but the law of attenuation with distance,

At sufficiently great distances where the first term of the
residuc series in the diffraction formuln is predominant, the decrease
of fiold strength with distance will be affectively oxponential, giving
1 attonuation which may be cxpressed in dB/'an. It is this rate of \
attenuation, which is given primarily by the solution of the eigen-vzlue
ocquation in the mathematical statement of the problem, and which forms -
the simplest mensure of the offect of tropospheric refraction on ground- v
wave propagation. The gecondary nroblem of computing the nbsolute
values of field strength cun Lo handled whon the fundamental eigens
valuc equation has beon solved.
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The mathematical analysis is intimately concerned with the study
of the height-gain function from which the eigen-value equation 1is derived.
In § 5 of the Annex to Recommendation ...(G.1.b(V)), the importance of
height=gain effects is stressed, in connection with high-flying alrcraft
using navigational aids depending on ground-wave propagation by the use of
pulse techniques.

Iiven assuming thal the mathematical analysis of the problem had
bcen completei, the inclusion of height-guin effects in the enrves would
be o formidable task. It would involve the production of an Atlas large
in size compared with the existing Atlases / 1, 2 7 and this is a
sufficicent reason for not including such hef@ht-gain effects at the
prenent time.

Nevertheless, the mathematical technique for computing height-
goin volues is well advanced, even for refractive index profiles such a3
the experimental one Z'B, ete. 7, and when the problem of sclving the
basic eigen-value cquation in its generalized form has been completed,
the »nroduction of height-gain curves for frequencies below 10 MHz can be
carried out with the aid of modern computing methods.

Some work that shows promise is in hand on the solution of the
eigen-valuc equation. It confirms, for instance, that the offect of the
troposphere is still marked on a frequency of 1500 kHz as the limitoed
exp-rimental cvidence suggests. lowever, it is too carly to snticipate
the full results of this analysis.

If this problem can be succesgfully solved, it is to be hoped
that the results will be incorporated in any revision of the ground-wrave
curves given in the Annex to Recommendation ... (G.1.2(V)), as
envisaged in Report ... (G.1.v(V)).
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