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REPORT 1065*

THE RF SPECTRUM OF FREQUENCY-MODULATION
SOUND-BROADCASTING TRANSMITTERS

(Question 46/10, Study Programme 46L/10)
(1986)

1. Introduction

: The RF spectrum of frequency-modulation sound-broadcasting transmitters is infinite in theory. In
practice, the need may arise to have a precise knowledge of either the necessary (No. 146 of the Radio
Regulations) or the occupied bandwidth (No. 147 of the Radio Regulations). For example, only when the
occupied bandwidth is known, is it possible to plan for acceptable service in adjacent bands.

Rules for the calculation of the necessary bandwidth of emission for numerous services are laid down in
the Radio Regulations and examples are given in Appendix 6 to these Regulations. According to these rules the
necessary bandwidth of frequency-modulation emissions is calculated by using Carson'’s rule:

By = 2fpax + 2DK

where:
B,: necessary bandwidth,
fmax: highest modulation frequency,
D: maximum deviation of the RF carrier,
K: . factor which is largely undefined and in the examples set to be equal to 1.

In frequency-modulation sound broadcasting the maximum deviation is D = 75 kHz, and the highest
modulation frequency fn. = 15 kHz or f,.. = 53 kHz for monophonic or stereophonic emissions, respectively.
When supplementary programme or information signals are transmitted, the corresponding value may be as high
as 76 kHz.

With these values and K = 1 the necessary bandwidths resulting from the application of Carson’s rule
would be:

B, = 180 kHz, B, = 256 kHz, or B, = 302 kHz, respectively.
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Measurement results, particularly when obtained for stereophonic emissions, differ greatly from the
calculated values. In the light of Report 418 it is rather doubtful whether Carson’s rule may be used in bandwidth
calculations for stereophonic emissions, since the pre-supposition that D > fmax is not met, and since
consequently, a value K # | may have to be used.

Difficulties are also experienced when calculating the occupied bandwidth and also the out-of-band
emissions. For example. no reference to out-of-band emissions in FM sound broadcasting is contained in
Recommendation 328 “Spectra and bandwidths of emissions”, although out-of-band emissions are defined there.
Even Reports 275 and 324, which are quoted in the Recommendation and which deal with measurements of
bandwidths of emissions. do not include any useful information with respect to this question. Measurements of the
frequency spectrum of transmitters which are frequency-modulated with white noise are described in Report 977.
However, the results of these measurements do not permit conclusions to be made with regard to the
radio-frequency spectrum of frequency modulation sound-broadcasting transmitters. It was with this in mind that
the measurements described below were performed [CCIR, 1982-86a].

2. Simulated programme signal

With respect to the time variations, there exists a close interrelation between the RF spectrum of an FM
transmitter and the modulating programme signal. Therefore, only statistical information can be given either on
the average power-density distribution or on the percentage of time for which certain levels are exceeded.

Because of the close interrelation of the RF spectrum and the modulating AF signal, the first aim was to
determine a representative programme signal. For various measurements, the coloured noise described in
Recommendation 559 is used to simulate a programme signal. The spectral power density distribution of this
coloured noise is in rather good agreement with that of a representative non-compressed broadcasting programme.
Because of its low dynamic range it is preferred for certain measurements. In the case of spectrum measurements
however, an AF modulating signal should be used which has dynamic characteristics similar to those of an
average broadcasting programme. For this purpose, the amplitude distribution of a non-compressed stereophonic
broadcasting programme was determined over a period of one week. The continuous line in Fig. 1 shows the
cumulative time distribution of programme levels for this AF signal. Moreover, the measurements showed that the
day-to-day variations were less than 2 dB.
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FIGURE 1 — Amplitude distribution of FM sound-broadcasting emissions
A Distribution of the test-tape sequence of 60 programme sémples

(representative of a non-qompressed high quality programme)
. Distribution of a week’s programme
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