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TRANSMITTING ANTENNAS IN LF AND MF BROADCASTING

(Question 4410, Study Programme 44G/10)
(1966-1970-1974-1978-1982-1986-1990)

1. Antenna with reduced vertical radiation

A high-efficiency anti-fading antenna should be of sectionalized
construction and have a total electrical height of 2 /3 to A, to produce the necessary rapid rise
of sky-wave field-strength near the point where it equals that of the ground-wave. The effect of the resistive
component of the antenna current on the vertical radiation pattern of a sectionalized tower can be reduced or
compensated by multiple feeding. It should be noted that the location and extent of the fading zone varies due to
changes in the properties of the reflecting ionospheric layers.

In practice, the fading zone is somewhat larger than that calculated.. This might be due, on the one hand,

to variations of the E-layer reflection, and on the other hand, to F-layer reflections. The design of antennas should
take care of these effects.

2. Influence of ground conductivity on the vertical radiation pattern ( including ground system )

[CCIR, 1970-74a] gives the results of a theoretical study into the influence of ground conductivity on the
vertical radiation patterns of typical vertical antennas. The study takes account of the diffraction of waves around -
the curvature of the Earth.

Ground loss may be defined as the reduction in field strength which occurs above a curved Earth when
land replaces sea water. The corresponding increase which occurs when land is replaced by sea water is
known as ''sea gain".

[CCIR, 1966-69a] gives the results of field-strength measurements carried out to determine the effects of
ground conductivity on low angle radiation over a relatively long transmission path of 1400 km. Transmissions
from Rome at 845 kHz were measured simultaneously at coastal and inland sites along a radial extending 100 km
inland from a coastal site in Southern England. Because of the principle of reciprocity it is immaterial whether the
antenna transmits or receives. Figure 1 shows the results of measurements in terms of field strength at the
inland sites. B to K. relative to the coast site A.

It is concluded that a transmitter operating in the MF band (band 6) will radiate sky-waves more
efficientlv at low angles of radiation if it is situated on a coastline facing the area to be served and that the
ground loss does not reach its limiting value until the antenna is at least 50 km inland. To obtain maximum
advantage open sea must extend from the coastline for a distance of at least 100 wavelengths in the direction of
propagation.

Ground loss applies equally to transmitting and receiving antennas. For further information
see Recommendation 435.
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Measurements of the effect of sea gain have been re

_ t _ b ported by Ital

/ CCIR 1966-69b_/ and by the USSR / CCIR 1970-74b_/ in LF and MF. The rZsults
are in good agreement with the calculated theoretical values.

Studies carried out in Italy [CCIR, 1982-86a] have shown the combined influence of a soil of finite
conductnaty and of a ground system on the sky-wave vertical radiation pattern of MF transmitting antennas. By
thc-; use of a computer-based procedure,a correction factor has been derived which is applied to the
radiauon pattern of a single mast antenna over flat and perfectly conducting ground.
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FIGURE 1 - Theoretical and measured ground loss

: theoretical ground loss
(-] : measured ground loss

(Vertical lines indicate confidence Limits)

Figure 1 shows how ground loss varies with distance from the sez at the frez 3
845 kHz for an angle of arrival of about 4*. Also shown in Fig. 1lare theorstical curves for grounc conductivites
of § x 10-7 S/m and 10-* S-'m which are believed o ¢ the limits for most of the arez. Puart of the theoretical
curve for 2 x 10-° S.'m is also included since the firsi 10 km iniand was known.to be of about this vziue.
Figure 1 clexrly demonstrates the large ground loss at sites we!l inland from the coast

3. High-efficiency transmitting antennas

It should be emphasized that the capital and maintenance costs of a high-efficiency transmitting antenna
should not be considered in isolation. but rather with regard to the cost and effectiveness of the broadcasting
station as a whole. For example, for a broadcasting station with a transmitter output power of 100 kW or more,
the cost of a simple antenna may be a relatively small part of the total expenditure.

3.1 LF anti-fading antennas

LCCIR 1966-69c] gives information on experience gained with the broadcasting ring antenna for use in
band 5 at Motala (191 kHz). The antenna is a stationary field ring antenna consisting of one central element (a
vertical radiator of height 250 m) and five vertical radiators with a height of 200 m, equally spaced on a radius of

630 m (0.4 7.). The measurements of field strengths at distances of up to 300 km from the
antenna show a substantial extension of the fading-free zone.
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