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RECOMMENDATIONS OF SECTION A: EMISSION

RECOMMENDATION 325

DEFiNITIONS OF THE TERMS EMISSION, TRANSMISSION

The C.CIR,,

CONSIDERING

AND RADIATION

(Question 207(1), § 4)

1

(Geneva, 1963)

(a) that, Recommendation No. 8 (Question 207 (I)) of the Administrative Radio Conference,
Geneva, 1959, requested the C.C.I.R. to define the terms : Emission, Transmission and Radiation;

(b) that some divergence in meaning of these terms, as normally used in English on the one
hand.and in French and Spanish on the other is evident, and that better agreement on

definitions may be achieved by taking account of other terms;

UNANIMOUSLY RECOMMENDS

-

that the following definitions be employed in L.T.U. texts concerning radiocommunication:

Rayonnement (radioélectrigue)

1. Transport d’énergie sous
forme d’ondes radioélectriques
a partir d’une source.

2. "Energic se propageant
dans un milieu sous forme
d’ondes radioélectriques.,

Emetteur (radioélectrique)

Appareil produisant de I’éner-
gie radioélectrique en vue d’as-
surer une radiocommunication.

Ensemble émetteur
(radioélectrique)

Ensemble d’appareils com-
prenant un émetteur radio-
électrique connecté & une ou
plusieurs antennes ou plusieurs
émetteurs connectés & une an-
tenne commune.

Emission
(en radiocommunication)

Rayonnement produit, ou
production de rayonnement, a
partir d’un ensemble émetteur
radioélectrique.

Radiation
(in radiocommunication)

1. The outward flow of
radio-frequency energy from a
source.

2. Energy flowing in a me-
dium in the form of radio
waves.

( Radio) Transmitter

Apparatus producing radio-
frequency energy for the pur-
pose of radiocommunication.

( Radio)
Transmitting system

Apparatus comprising a radio
transmitter connected to its
antenna or antennae; also several
transmitters connected to a
common antenna.

Emission
(in radiocommunication)
Radiation produced, or the
production of radiation, by a
radio transmitting system.

Radiacion (radioeléctrica)

1. Transporte de energia, en

~ forma de ondas radioeléctricas,

a partir de una fuente.

2. Energia que se propaga
en un medio en forma de ondas
radioeléctricas.

‘

Transmisor (radioeléctrico)

Aparato que genera energia
radioeléctrica con objeto de
asegurar una radiocomunica-
cion.

Sistema transmisor
(radioeléctrico)

Conjunto de aparatos que
comprende un transmisor radio-
eléctrico conectado a su antena
o antenas, o bien varios trans-
misores conectados a una antena
comun.

Emision
(en radiocomunicacion)
Radiacion producida, o pro-
duccion de radiacién por un
sistema transmisor radioeléc-
trico.
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Note. — L’émission est consi-
dérée comme étant unique si
le signal modulant et les autres
caractéristiques sont les mé-
mes pour chacun des émet-
teurs de 1’ensemble émetteur
radioélectrique et si 1’espa-
cement entre antennes n’est
pas supérieur & quelques lon-
gueurs d’ondes.

Transmission

Action de faire parvenir d’un
point a un autre, soit directe-
ment, soit indirectement, maté-
riellement ou par I’intermédiaire
de signaux, un objet, un docu-
ment, une image, un son ou des
informations de toute nature.

— 14 —

Note. — The emission is con-
sidered to be a single emission
if the modulating signal and
the other characteristics are
the same for every transmitter
of the radio transmitting
system and the spacing be-
tween antennae is not more
than a few wave lengths.

Transmission

Action of conveying between
two points, either directly or
indirectly, by physical means or
by signal, an object, document,
picture or sound, or informa-
tion of any nature.

Note. — The use of the word
transmission in the sense of
emission in radiocommu-
nication is deprecated.

RECOMMENDATION 326 *

Nota. — La emision se considera
como simple emision si la
seflal moduladora y otras
caracteristicas son las mismas
para cada transmisor de un
sistema transmisor radioélec-
trico y la separacion entre
antenas no es mayor de unas
pocas longitudes de ondas.

Transmision

Accién de transportar entre
dos puntos, sea directa o indi-
rectamente, bien fisicamente o
por sefiales, un objeto, un docu-
mento, una imagen, un sonido
o una informacioén de cualquier
naturaleza.

Nota. — Debe evitarse la utiliza-
cion de la expresion « trans-
mision » en el sentido de
« emisién » (en radiocomu-
nicacién).

POWER OF RADIO TRANSMITTERS

Relationships between the peak envelope power, the mean power and
the carrier power of a radio transmitter

The C.CIR,,

CONSIDERING

(Geneva, 1951 — Los Angeles, 1959 — Geneva, 1963)

(a) that the Radio Regulations, Geneva, 1959, Article 1, No. 94, lay down that, when the power
of a radio transmitter is referred to, it shall be expressed in one of the following terms:

-~ peak envelope power;
— mean power;
— carrier power;

(b)

but that indication of one only of those powers is adequate only for certain classes of emission
and for certain uses, whereas in many cases it is desirable to express the transmitter power in
other forms (see Appendix I of the Radio Regulations, Geneva, 1959);

that the direct measurement of each of these powers, or the deduction of one of them from a
measurement of another, can only be effected under very precisely defined operating conditions:

* This Recommendation replaces Recommendation 228.
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(c) that a specification of emitted power is advantageous for use in calculation of radio propaga-
tion, spacing between assigned frequencies, signal-to-interference ratios and signal-to-noise
ratios involved in radiocommunication;

(d) that, to act as a basis for administrative regulations or for the calculations mentioned dnder§
(c), the relationships between values of power expressed in various terms with different types
and levels of the modulating signal, must be known for each class of emission;

(e) that the automatic recorders, which may be used in monitoring emissions or measuring the
field strength of received signals, more often indicate average, rather than peak field strength;
and that, depending on the class of emission, this mean field intensity may or may not be
affected by the modulation;

(f) that, consequently, it is always necessary for the field-strength, as measured by such equipment,
to be interpreted before being related to the power of the transmitter;

(g) that Article 2 of the Radio Regulations Geneva, 1959, introduces a new classification of
emissions and new terminology;

UNANIMOUSLY RECOMMENDS
1. Terminology and definitions

That the following terminology and definitions should be used in dealing with questions
relating to the power of radio transmitters and to the relationships between the various forms
of that power.

Power
1.1 Peak envelope power of a radio transmitter (Radio Regulations, Genevé, 1959, Article 1,
No. 95)

The average power supplied to the antenna transmission line by a transmitter during
one radio-frequency cycle at the highest crest of the modulation envelope, taken under condi-
tions of normal operation.

Note 1.1.1. - Applies to French text only.

1.2 Mean power of a radio transmitter (Radio Regulations, Geneva, 1959, Article 1, No. 96)

The power supplied to the antenna transmission line by a transmitter during normal
operation, averaged over a time sufficiently long compared with the period of the lowest
frequency encountered in the modulation. A time of 0-1s during which the mean power is
greatest will normally be selected.

1.3 Carrier power of a radio transmitter (Radio Regulations, Geneva, 1959, Article 1, No. 97)

The average power supplied to the antenna transmission line by a transmitter during
one radio-frequency cycle under conditions of no modulation. This definition does not
apply to pulse-modulated emissions.

CARRIERS
1.4 Full carrier

Carrier emitted at a power level of 6 db or less below the peak envelope power.
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1.5

1.6

1.7

1.8

1.9

2.1

Note 14.1. - Double-sidéband amplitude-modulated emissions normally comprise a full
carrier with a power level exactly 6 db below the peak envelope power at 1009, modula-
tion.

Note 1.4.2. - In single-sideband full-carrier emissions, a carrier at a power level of 6 db below
the peak envelope power is generally emitted, to enable the use of a receiver designed for
double sideband full-carrier operation. ’

Reduced carrier

Carrier emitted at a power level between 6 db and 32 db below the peak envelope power
and preferably between 16 db and 26 db below the peak envelope power.

Note 1.5.1. — A reduced carrier is generally emitted to achieve automatic frequency control
and/or gain control at the receiver.

Suppressed carrier

Carrier restricted to a power level more than 32 db below the peak envelope power and
preferably 40 db or more below the peak envelope power.

INTERMODULATION

Intermodulation component (in a radio transmitter for amplitudehqodulated emissions)

Sinusoidal oscillation produced in an imperfectly linear amplitude-modulated radio
transmitter in response to sinusoidal oscillations applied at the input to the transmitter, the
frequency of which is, at the output of the transmitter, the sum or difference of the frequencies
of the normal sideband components resulting from the modulation of a carrier by the exciting
oscillations, or the sum or difference of integral multiples of these frequencies.

The frequency of an intermodulation component at the output of the transmitter is
given by the formula:

F=p(Fa :tfl) :t q(Fo :i:‘f2) Wlthpa q = 1’ 25 3
where F, is the carrier frequency, f; and f, the frequencies of the exciting oscillations. -

The positive sign between the two terms of the sum corresponds to much higher frequency
oscillations with, as a general rule, very low amplitudes; this case is of minor interest for the
purpose of this Recommendation.

Intermodulation products (for amplitude-modulated emissions)

All the intermodulation components produced in an amplitude-modulated transmitter
in response to given sinusoidal oscillations applied to the input.

Order of an intermodulation component (in a radio transmitter for amplitude-modulated
emissions)

Sum # = p + g of the two positive integral coefficients determining the frequency of
an intermodulation component at the output of an amplitude-modulated radio-transmitter
with a given carrier frequency, as a function of the frequencies of two sinusoidal oscillations
applied simultaneously at the input to the transmitter.

Conversion factors between the different forms of power

In the following tables conversion factors are given, which can be used to obtain the power
of a'radio transmitter expressed in one of the forms defined above from the power given in
another of those forms.

Conversion factors with respect to the peak envelope power

2.1.1 Table I gives the conversion factors applicable when the peak envelope power is taken
as unity.

2.1.2 Column 5 gives the theoretical values of the mean power which would be obtained,
with linear transmitters for amplitude modulation. In practice, the imperfect linearity
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of the transmitter and other causes may increase the mean power above the figures
shown in the table.

2.1.3 As the conversion factors depend on the modulating signal, one or more examples
described in Column 2 have been chosen to enable representative values for the factors
in Column 5 to be determined.

2.14

Similarly, Column 4 gives the theoretical carrier power in the specific conditions of

no signal modulation described in Column 3, and chosén so as to make that carrier
power easily measurable.

'
{
'

i

TaBLE I

Condition of

Conversion factor

Carrier

of Enlu?:ssion Applied modulating signal n‘?:dflllgart]::)ln power/ gg\;aer:/
- Peak envelope| Peak envelope
power power
m) (@) 3 @ &)
Amplitude-
modulation -
Double-sideband
Al
Telegraphy without | Series of rectangular dots; equal | Continuous emission 1 0-500
modulation by a | alternating marks and spaces; . o ~ (—3-0 db)
periodic oscillation | zero mark amplitude (Note 1) (Note 1)
F2
Telegraphy by the | Seriesof rectangular dots; equal | Continuous emission 1 0-500
on-off keying of an | alternating marks and spaces; C (—3-0db)
emission frequency- | single sine-wave oscillation (Note 1)
modulated by a low | modulating the emission; no
frequency periodic | emission during space periods
oscillation (Note 1)
A2
Telegraphy by on- | Seriesof rectangular dots; equal
off keying of one or | alternating marks and spaces;
more periodic oscil- | single sine-wave modulating the
lations low-frequ- | emission at 100%;
ency amplitude-| (@) modulating oscillation Continuous emission,
modulating the emis- keyed modulating oscillation 0:250 0-312
sion, or by keying of suppressed (carrier | (—6:0db) | (—5-1db)
the emission modul- ) only)
ated by those oscil- | () modulated emission keyed | Continuous  emission 0-250 0187
lations (see Table IT) (Note 1) with modulating oscilla- | (—60 db) | (—7-3 db)
tion : (Note 1)
A2
Continuoussignal of | Single sine-wave oscillation | Continuous emission, 0-250 0-375
an emission ampli- | modulating emission to 100%; | modulating oscillatior | (—6-0 db) | (—4-3 db)

tude-modulated by
low-frequency perio-
dic oscillation (Ex-
ample: some radio
beacons)

no keying

suppressed (carrier

only)
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Condition of

Conversion factor

of emission Applied modulating signal moduiation Gower| poer]
: Peak envelope{ Peak envelope
power power
@ . 03] 3) (C)) [©)]
A3
Double-sideband (a) single sine-wave audio- | Carrier only 0-250 0-375
telephony, full frequency oscillation (—6:0db) | (—4-3db)
carrier (See Table IT) modulating emission at
100%;
Carrier only 0-250 0-262
(b) smoothly read text (—6:0db) | (—5-8db)
(Note 2)
Amplitude-
modulation
Single-sideband
A2H
Continuoussignal of | Single sine-wave oscillation | Modulating oscillation 0-250 0-500
an emission ampli- | modulating emission at 100%;; | suppressed (carrier | (—6-0 db) | (—3-0db)
tude-modulated by | no keying only) .
periodic oscillation,
full carrier
A3A -
Single-sideband (a) two periodic sine-wave | Reduced carrier only 0-025 0-379
telephony, reduced oscillations  modulating (—16:0db)| (—4-2db)
carrier transmitter to peak enve- 0-0025 0-454
. lope power (—26:0db)| (—3-4 db)
(b) smoothly read text Reduced carrier only 0-025 0-096
(Note 2) (—16:0db)| (—10-2 db)
0-0025 0-093
(—26:0db)| (—10-3 db)
A3H
Single-sideband (a) single periodic sine-wave | Carrier only 0-250 * 0-500
telephony, oscillation modulating an (—6:0db) | (—3-0db)
full carrier emission at 1009
(b) smoothly read text Carrier only 0-250 0-275 -
(Note 2) (—6:0db) | (—56db)
- A3J
Single-sideband (a) two periodic amplitude | Suppressed carrier < 0-0001 0-500
telephony, N sine-wave oscillations mo- (<< —40 db)| (—3-0.db)
suppressed carrier dulating transmitter to
peak envelope power
(b) smoothly read text Suppressed carrier < 0-0001 0-100
(Note 2) (< —40 db)| (—10 db)
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Condition of

Conversion factor

amplitude modulat-
ing the main carrier,
single sideband,
reduced carrier

width without affecting the
total power

 of emission Applied modulating signal modulstion power] power
. Peak envelope; Peak envelope
power power
()] 2) ©)] @ )
Amplitude-
modulation
Independent-
sideband
A3B
Two independent | (a) single periodic sine-wave | Reduced carrier only 0-025 0-379
| telephony sidebands, oscillation on each side- (—16db) | (—4-2db)
carrier reduced or band, modulating the 0-0025 0-454
suppressed transmitter to peak enve- (—26 db) | (—3-4db)
lope power, both bands — —
being modulated to the Suppressed carrier <0-0001 0-500 ‘
same ICVCI (< —40 db) (—3‘0 db)
(b) smoothly read text on | Reduced carrier only 0-025 0-061
each of two sidebands (=16 db) | (—12-1db)
simultaneously (one chan- 0-0025 0-048
nel per sideband) (Notes 2 (—26 db) | (—13-2db)
and 3
) Suppressed carrier <<0-0001 0-050
. (< —40 db)] (—13 db)
(c) smoothly read text on | Reduced carrier only 0-025 0-096
each of the four channels (—16 db) | (—10-2 db)
simultaneously (two. per 0-0025 0-093
sideband) (Notes 2 and 3) (—26 db) | (—10-4 db)
. Suppressed carrier <0-0001 0-100
(<—40 db)| (—10db)
Amplitude-
modulation
Facsimile
A4
Facsimile: direct | Black and white chequerboard | Continuous emission 1 0-500
modulation of the! picture giving square wave; (—3-0db)
main carrier by the | modulating the carrier as for Al
picture signal
A4
Facsimile: sub- | Any picture, 100%; amplitude | Main carrier only 0-250 0-375
carrier frequency- | modulation of main carrier (—6:0db) ! (—4-3 db)
modulated by the| (the conversion factors are
picture signal, and |independent of the form of the
amplitude-modulat- | picture signal) i
ing the main carrier ‘
i AdA
Facsimile: sub- | For this class of emission, the | Reduced carrier only 0-025 0-733
carrier frequency- | modulation by the picture sig- (—16:0db)| (—1-3db)
modulated by the | nal alters the power distribu- 0-0025 0-905
picture signal and | tion within the occupied band- (—26:0db)| (—0-4 db)
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. Conversion factor
v Condition of X
of emission Applied modulating signal modulation poer] power]
Peak envelope| Peak envelope
power power
1)) ()] (©)] @ ©)
i » N
- A4T . i
Facsimile: . sub- | For this class of emission, the | Suppressed carrier <<0-0001 1
carrier  frequency- | modulation by the picture sig- (<< —40 db)
.modulated by the | nal-alters the power distribu-
picture signal and | tion within the occupied band-
amplitude-modulat-| width without affecting the
ing the main carrier, | total power
single-sideband, sup-
pressed carrier,
Amplitude-
modulation
Television
AS5C
Television, vestigial | (a) All white
sideband, picture — 405 lines, 50 fields, (Note 4) 0-300
only positive modulation (—1-0 db)
— 525 lines, 60 fields, 0-164
- negative modulation (=179 db)
— 625 lines, 50 fields, : 0177
negative modulation (—7-5db)
— 819 lines, 50 fields, 0-742
positive modulation ' (—1-3 db)
(b) All black —
— 405 lines, 50 fields, (Note 4) 0-080
positive modulation (—11-0 db)
— 525 lines, 60 fields, 0-608
" negative modulation (—2-2 db)
— 625 lines, 50 fields, 0-542
negative modulation - (—2-7 db)
— 819 lines, 50 fields, 0-085
positive modulation (—10-7 db)
Multichannel
Telegraphy
A7A and A7B
(Note 5)
Multichannel voice- | Frequency-shift or 2-tone Reduced carrier only
frequency tele- | voicé-frequency channel"
graphy. Single - or | telegraphy
independent - side-
band, reduced carrier| 2 channels 0-025 0-379
(—16-0db)| (—4-2db)
0:0025 0-454
(—26:0db)| (—34db)
3 channels 0-025 0-261
(—16-0db)| (—5-8 db)
- 0:0025 0-302
(—26:0db)| (—52db)




— 21 — Rec. 326

- Conversion factor
]

Condition of

of cmesion Applied modulating signal motion S:?:vreli/r pbc/)I\?vi?/
Peak envelope; Peak envelope
power power
1) @ 3) 4 )
A7A and A7B 4 or more channels (Note 6) 0-025 0-202
(continued) (—16-0db)| (—69db)
0-0025 0-228
(—26:0 db); (—64 db)
A7) )
Multichannel voice- | Frequency-shift or 2-tone Suppressed carrier

frequency tele- | voice-frequency channel
graphy, single-side- | telegraphy

band, suppressed
carrier 2 channels . <0-0001 0-500
(<—40 db)| (—3-0db)

3 channels . < 0-0001 0-333
(< —40 db)] (—4-8 db)

4 or more channels (Note 6) <6~0001 0-250
- (< —40 db)] (—6-0 db)

A9B - | I '

(Note 5) , '
Combination of | Smoothly read text on one| Reduced carrier only 0-025 0132
speech and multi- | channel and one group of (—16:0db)| (—88 db)
channel telegraphy. | multichannel telegraph signals; 0-0025 0-138
Independent-side- | 4 or more channels (Notes 6 | (—26:0 db)| (—8:6 db)
band, reduced or|and 7)
suppressed carrier Suppressed carrier <20-0001 0-151

(< —40 db)| (—8-2 db)
Smoothly read text on two | Reduced carrier only 0-025 0-105
L channels and one group of mul- (—16:0db)| (—9-8 db)
e tichannel telegraph signals; 4 0-0025 0-105
or more channels (Notes 6 (—26-0db)| (—9-8 db)
and 7) .
Suppressed carrier *<<0-0001 0-113
(< —40 db)] (—9-5db)
Frequency
or phase
modulation
F1 - | For these classes of emission 1 1
F2 | the modulation changes the 1 1
(frequency displace-| distribution of power in the Various
ment on modulating J frequency spectrum while leav-
oscillation) | ing the total power unchanged |
F3 ‘ 1 1
F4 1 i
F5 1 1
Fé6 1 1
F9 1 1




Rec. 326

— 22

Conversion factor

Condi_tion of i
of eamission Applied modulating signal modulation power] power]
Peak envelope; Peak envelope
power power
1 (€3] ) O] )
Pulse modulation
PO
Continuousemission | Periodic series of identical non- | Without change d d
of a series of peri- | modulated pulses: amplitude, ) .
odic pulses for radio- | width  (duration), repetition
determination (See | frequency of pulses is constant
Note 8 for definition
of d).
Telegraphy by the | Series of rectangular dots; equal |
on-off keying of a | alternating marks and spaces;
periodic oscillation | a single sine-wave oscillation
which modulates a | modulating the pulses
series of periodic
pulses. (See Note 8
for the definition of
d)
P2D ,
Periodic oscillation | Amplitude of pulses modulated
modulating the|by sine-wave oscillation at
amplitude of the|100%
pulses ‘(a) modulating oscillation Continuous  periodic | 0-250d4 0-312d
. keyed series of pulses,| (—60 + (—51+
modulating oscillation |i0logd) db) 10 log d) db
‘ suppressed
(b) modulated emission keyed | Continuous series of | 02504 0-187d
(Note 1) pulses with modulating | (—60 + (=73 +
oscillation 10 log d) dbj 10 log d) db
(Note 1)
P2E
Periodic oscillation | (@) modulating oscillation Continuous  periodic d d
modulating the width keyed series of pulses with
(duration) of pulses modulating oscillation
to constant mean suppressed
width (duration) . o
(b) modulated emission keyed | Continuous 'series of d 0-500d
(Note 1) pulses with modulating (—30 +
oscillation 10 log d) db
(Note 1)
P2F
Periodic oscillation | (a) modulating oscillation { Continuous periodic d d
modulating the phase keyed se-ries of pulses with
or position of the modulating oscillation
pulses to constant suppressed
mean spacing o
(b) modulated emission keyed | Continuous series of d 0-500d
pulses with modulating (—30 +
oscillation 10 log d) db
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" Condition of

Conversion factor

of emission Applied modulating signal moduiaton Sower] pover]
Peak envelope| Peak envelope
power power
(6] @ 3 “ (6]
Pulse modulation
Telephony
P3D .
Pulses amiplitude- | (a) single sine-wave oscil- | Periodic series of non-| 0-250d 0-375d
modulated by tele- lation modulating pulses modulated pulses (—6:0 + (—43 +
phone signal at 100% 10log d) db| 10 log d) db
(b) smoothly read text Periodic series of non-| 0-2504 0-262d
. modulated pulses (—6:0 + (—58 +
: 10 log d) db| 10 log d) db
P3E .
Pulses width The mean width (or duration) | Periodic series of non- d d
(duration) — and spacing being constant, | modulated pulses .

modulated to
constant mean
width (duration) by
telephone signal

P3F
Pulses phase (or
position) — modula-
ted * to constant
mean spacing by
telephone signal

the conversion factors are inde-
pendent of the modulating sig-
nal

2.2 Conversion factors from the carrier power

2.2.1 Table IT gives the conversion factors applicable when the carrier power is taken as the
unit, as is the common practice at least for the two classes of amplitude-modulated
emissions A2 and A3.

2.2.2 Column 5 gives the theoretical mean power obtained with the modulating signals
described in Column 2, with practically linear transmitters. The conversion factors

shown are the quotients of the corresponding factors in Columns 5 and 4 of Table 1.

' 2.2.3 Similarly, Column 4 gives the theoretical peak envelope power. The conversion factors

shown are the reciprocals of the corresponding factors in column 4 of the table.

Column 3 gives the conditions of no signal modulation from which the carrier power
chosen as the unit can be determined and measured.

2.2.4
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TaBLE 11
Conversion factor
Condition of c M
Cl . . . no signal .. arrier ean
of em?::ion Applied modulating signal modulation power/ power/
. |Peak envelope| Peak envelope
power power
) @) 3) ) ®)
A2
Telegraphy with on- | Series of rectangular dots; equal
off keying of one or | alternating marks and spaces;
more periodic oscil- | single sinusoidal oscillation
lations amplitude- | modulating the emission at
modulatingtheemis- | 1009 .
sion, or with keying | (a) modulating oscillation Continuous emission, | 4 (460 1-25 (+1-0
of the emission mod- keyed modulating oscillation db) db)
ulated by those suppressed (carrier

oscillations . only)

(b) modulated emission keyed Contiriﬁous emission | 4 (+6-0 075 (—1-3
db

(Note 1) with modulating oscil- db)
lation (Note 1)
A3

Double-sideband (a) single sinewave audio- Carrier only 4 1-5
telephony, full frequency sinusoidal : (+6:0 db) | (+1-8 db)
carrier oscillation modulating

emission at 100%;

(b) smoothly read text Carrier only 4 (+60 1-05 (+0-2
(Note 2) db) db)

2.3 Explanatory notes

Note 1. — When the modulating signal, instead of cbnsisting of a series of alternating marks and
spaces, is coded with the help of a telegraph alphabet, the conversion factors in Column 5
should be multiplied by the following coefficients:

Morse alphabet: 0-49/0-50 = 0-98 (—0-1 db)
International telegraph alphabet No. 2: 0-58/0-50 = 116 (06 db)

Seven-unit alphabet as in Recommendation 342: 0-5/0-5= 1.

Note 2. - For smoothly read text, it is assumed that the mean power level of the speech signal is
10 db lower than the level of a reference sinusoidal oscillation. (This does not apply to
broadcast emissions).

For A3 and A3H emissions, the reference oscillation drives the transmitter to 1009
modulation.

For A3A and A3J single channel emissions, the reference oscillation drives the transmitter
to peak envelope power.

For A3B emissions and for A3A and A3J multi-channel emissions, two sinusoidal oscilla-
tions of equal amplitude, each of reference level, applied simultaneously drive the transmitter
to peak envelope power. )

Although these practices do not correspond in all cases with those adopted by some
Administrations, they result in practical average values in Column 5.

Note 3. — For independent-sideband emissions (A3B), of up to 4 channels, it is assumed that a
different modulating signal is applied to each channel.
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Note 4. — The condition of no signal modulation cannot be defined exactly because of the highly

complex and asymmetric nature of the modulation; the figures given in Column 5 are average
figures which may vary according to the tolerance in width of the synchronizing pulses and
of the black level. Detailed characteristics of the television systems are given in Report 308.

Note 5. — The power relationships in multi-channel voice frequency telegraphy depend on the

number of channels and not on the bandwidth they occupy. Therefore, either one or both
sidebands can be occupied, and there is no distinction to be made here between A7A and
A7B emissions.

Telegraph signals can occupy all the channels of an emission as in A7A and A7B tele-
graphy, or can occupy one or more channels of a composite (A9B) emission. It is therefore
convenient to regard the group of voice frequency telegraph channels as equivalent to a
normal speech channel or channels.

Note 6. — When more than four telegraph channels are used, it is the normal practice to increase

the power in each channel above that for which the total peak power allocated to the group
of channels would never be exceeded. The mean power of the emission may thus be increased
without exceeding the total admissible peak envelope power for more than a specified small
fraction of the time. The ratios given in the table are typical of present practice in which
the channel power is determined on the basis of voltage additions for the first four channels
and power additions for the remainder. Thus, if » is the number of channels of identical
peak power, the admissible peak power of each channel is given by:

Total admissible peak power

) whenn=2o0r3

Total admissible peak power
4n ’

The total peak power is not exceeded for more than about 19 to 29 of the time when r
is greater than 4.

when n > 4

Note 7. — For composite emissions, the mean levels in speech channels are normally adjusted to

the values as set out in Note 2 for A3B. To avoid interference from the group of telegraph
channels, the level of this group is reduced, relative to the level as set out in Note 6, by 3 db
when one channel is used for speech and by 6 db when more than one channel is so used.

Note~8. — For pulse emissions, it is assumed that the pulses are rectangular and that the peak

31

envelope power is unity. The duty cycle d is the ratio of pulse duration to pulse repetition
period, and is a constant for amplitude-modulated pulses. Where the duty cycle is variable,
as with position or width modulated pulses, d is to be taken as the average value.

Measurement of peak envelope power -

That the determination and measurement of the useful peak envelope power of a radio
transmitter should be made on the basis of the following considerations and methods.

General considerations

For amplitude-modulated transmitters, it is not always possible to measure directly the
peak envelope power. For an ideal, perfectly linear transmitter this can be calculated
theoretically from measurement of the mean power or of the carrier power of the emission, but
the difference between the true peak envelope power and the value thus calculated depends
primarily on the degree of non-linearity of an actual transmitter.

Moreover, the coincidence of the measurements of the ratio of the mean power to the
carrier power with the theoretical values is not a sure criterion of the linearity of the transmitter
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because of the distorsion which may, as a function of the input level, increase the mean power
linearly without proportionally increasing the peak envelope power.

The peak envelope power of a perfectly linear, double-sideband transmitter with full
carrier (A2, A3 or A4), modulated at 1009, would be four times greater than the carrier
power. But all transmitters are to some extent non-linear, and this defect produces signal
distortion and also an increase in out-of-band radiation. To keep these undesirable effects
to the minimum, it is necessary to limit the peak envelope power to a useful value which, for
a double-sideband transmitter with full carrier, is equivalent to limiting the useful modulation
depth to less than 100%,.

The useful peak envelope power is limited by the acceptable intermodulation distortion.
The method recommended for defining and measuring the useful peak envelope power of a
single-sideband or independent-sideband transmitter (A3A, A3B,; etc. emissions) is described
below. The same method may also be used for double-sideband transmitters (A3 emission).

3.2 Intermodulation

3.2.1 Principle for the measurement of intermodulation distortion

The imperfect linearity of amplitude-modulated radio transmitters can be expressed
as a function of the level of the intermodulation products. To determine that level,
it is convenient to measure separately the amplitude of each intermodulation oscillation
resulting from the application, at the input of the transmitter, of two periodic modulating

. sinusoidal oscillations with frequencies f; and f,.

As a rule, the amplitudes of the two modulating oscillations are adjusted in such a
way that they produce, at the output of the transmitter, fundamental components of
equal amplitude at the radio frequencies F, + f; and F, + f, (or F, — f; and F, — f5).

Only the intermodulation products corresponding to integral coefficients whose
difference is unity (p — g = 1), fall within the necessary band or near enough to it
and have an appreciable amplitude. The intermodulation products of the third order
(p + q = 3) generally have the greatest amplitude, but for certain transmitters higher
orders—for example of the fifth order (p + g = 5), may also show appreciable
amplitudes. To limit these intermodulation products, which may cause excessive
out-of-band radiation, a level, valid for all orders of intermodulation products, should
be fixed.

3.2.2 Choice of frequencies for modulating oscillations

To measure the amplitude of the intermodulation products it is desirable to use
modulating oscillations whose frequencies are near the limits of the audio-frequency
passband. The audio-frequency passband to be considered here is the band at the
input of the transmitter which corresponds, at the output, not to a single telephone
channel but to the whole of a sideband of the emission, at least when the transmitter
provides several channels on a single sideband.

Moreover, to separate the intermodulation products from the harmonics of the
modulating oscillations at the output of the transmitter, the frequencies of these
oscillations should be chosen in such a way that they are not in harmonic relation. In
practice, frequencies, the ratio of which is in the neighbourhood of one integer and a half
will be chosen. For an audio-frequency passband between 300 c/s and 3 kc/s, for
example, a value in the neighbourhood of 700 or 1100 c/s will be chosen for f;, and in
the neighbourhood of 1700 or 2500 c/s for f,.

3.2.3 Acceptable intermodulation level

The intermodulation level considered here is expressed in terms of the ratio,
generally in decibels, between the powers of the largest intermodulation component at
radio frequency, p (F, & f;) — q (F, & f3) and the power of the fundamental component
at radio frequency (F, & f; or F, & f;) produced by one of the two f; and f, modulating
oscillations applied singly at the input of the transmitter, the amplitudes of which are
adjusted as indicated above (§ 3.2.1, 2nd paragraph).
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The intermodulation level that can be regarded as acceptable depends on the class
of emission and the service for which the transmitter is intended. From this aspect,
three main categories of transmitter can be considered:

First category
Single channel radiotelephone emissions without a privacy device:

— single-sideband (A3A, A3J, A3H).

For these classes of emission, the major part of the energy of the modulating
signal is concentrated in the part of the spectrum containing relatively low audio
frequencies. If, after modulation, the high power components remain near to the
carrier, fairly high levels of intermodulation can be tolerated without serious increase
in out-of-band radiation or noticeable distortion.

The acceptable intermodulation level can be taken as —25 db or less.

If an emission of the same class is used with a privacy device which may transpose
the high power components to any position in the necessary band, the preceding
condition is not met, and the emission must be transferred to the second category.

Second category

— Independent-sideband radiotelephone emissions (A3B)
— Multi-channel VF telegraph emissions (A7A and A7B)
— Independent-sideband multiplex emissions (A9B)
~ Single-sideband or double-sideband single-channel radiotelephone emissions (A3,
A3A, A3J, A3H) with a privacy device.
For these classes of emission, intermodulation products cause interference between
channels or undesirable out-of-band radiation. Their level must be more strictly

limited.
The acceptable intermodulation level may be taken as —35 db or less.

Third category

Double-sideband amplitude-modulated emissions.

The useful peak envelope power of double-sideband transmitters may also be
measured by means of the method recommended in § 3.3. This is mainly of use in
determining the out-of-band radiation characteristics of the transmitter.

Some Administrations prefer to use the harmonic distortion method of measure-
ment using a single sinusoidal modulating oscillation. For acceptable performance
the modulation depth does not normally exceed 90 .

3.3 Methods for measuring the peak envelope power

It results from the foregoing that, because of non-linearity in the transmitters, the
measurement of the useful peak envelope power must take into consideration the accepted
intermodulation level for the transmitter in question, and that different measuring methods
may give results which do not agree. .

Hence it is desirable to adopt a single measuring method which is as simple and certain
as possible.

The folloving method is recommended :

3.3.1 Single- or independent-sideband amplitude-modulated transmitters with reduced or
suppressed carrier

(a) A voltage-calibrated oscilloscope is coupled to the antenna feed or to the transmitter
load, so as to display the output voltage, with its envelope curve.

(b) The carrier of the transmitter is suppressed.

(c) The transmitter is modulated by a single sinusoidal oscillation so as to obtain a
mean output power of about half the useful peak envelope power.
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Measurements are made of the mean power by a calorimetric method or by a
wattmeter previously calibrated by this method.

The peak voltage obtained on the oscilloscope is measured.

(d) The single modulating oscillation is replaced by two sinusoidal oscillations whose

frequencies are chosen as indicated in § 3.2.2. The amplitudes of those two
oscillations are adjusted so that the power of the largest intermodulation compo-
nent measured with appropriate equipment, with a filter if necessary, reaches the
acceptable intermodulation level (as defined in § 3.2.3) and that simultaneously
the two oscillations produce fundamental components of equal amplitude at the
output of the transmitter (§ 3.2.1).

The peak voltage corresponding to the maximum of the envelope obtained on
the oscilloscopé is again measured.

(e) The peak envelope power is given by the formula:

Peak voltage obtained | 2
with two oscillations

Peak voltage obtained
with one oscillation

Useful peak envelope power = Mean power

3.3.2 Single-sideband or double-sideband amplitude-modulated transmitters with full carrier

A measuring method similar to that described in § 3.3.1 can be used.

— The carrier of the transmitter is not suppressed.
— The modulation used in § (¢) above is suppressed.
— The mean reference power mentioned in § (c¢) is replaced by the carrier power and

the corresponding peak voltage replaced by the carrier amplitude.

-~ The rest of the measurements proceeding as before, the peak envelope power is

given by the formula:

with two oscillations
_ Carrier amplitude

Peak voltage obtained 7 2
Useful peak envelope power = Carrier power }

RECOMMENDATION 327 *

MEASUREMENT OF SPECTRA AND BANDWIDTHS ' OF EMISSIONS

The C.CIR,, (Geneva, 1951 — London, 1953 — Los Angeles, 1959 — Geneva, 1963)

CONSIDERING

(a) that it is important to measure accurately the bandw1dth occupled by an emission and to
determine its spectrum;

(b) that some tentative figures can be offered for the degree of accuracy to be attained in the
measurement of bandwidth and spectra;

(c) that a practical basis must be furnished for the determination of the necessary bandwidth for
a service of suitable grade;

* This Recommendation replaces Recommendation 229.
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UNANIMOUSLY RECOMMENDS
mthat attention should be paid to the following:

f Method of measurement of bandwidth
Three main methods are at present in use:

Method with single band-pass filter

The first method consists in analyzing completely the spectrum of the emission by means
of a narrow-band filter of fixed frequency, the frequency of each component being made to
coincide with the central frequency of the filter by a change in frequency, controlled either
manually or automatically.

Methods with high-pass filters

The second method consists in comparing the total power of the emission and the power
remaining after filtering by a high-pass filter, the cut-off frequency of which can be shifted
at will, with respect to the emission spectrum, by means of variable frequency change. Two
variants of this method have been described.

12.1 Single-filter method

With this method, use is made of a single fixed high-pass filter. By means of the
variable-frequency oscillator of the frequency changer, two cut-off frequencies are
determined such that, above the first frequency and below the second, the powers at the
output of the filter are 0-5% of the total power of the emission at the input. The
bandwidth is given by the difference between these two cut-off frequencies.

The measuring procedure can be simplified by using an adjustable oscillator,
working alternately at two frequencies of constant mean value, their difference being
adjusted by a single control and read directly on the corresponding dial (Doc. 1/12
(Japan) of Geneva, 1962).

If the spectral distribution is not too asymmetrical, a simpler method can be used,
in which the frequency components of the rectified signal are selected by means of a
high-pass filter, the cut-off frequency of which is progressively increased (Doc. 128
(Japan) of London, 1953).

1.2.2 Two-filter method (Doc. 1/40 (P. R. of Poland), Geneva, 1958).

With this method, use is made of two identical fixed high-pass filters for the inde-
pendent selection of the upper and lower out-of-band components of the signal; two
frequency-converters are used, the oscillators of which are automatically and inde-
pendently adjusted, so that each of the two filters selects the pre-determined proportion
of the power.

Method with multiple band-pass filters (Docs. 79 (U.S.A.) and 274 (Austria) of London, 1953)

The third method consists in dividing the occupied band into narrow bands of, say,
100 c/s, for each of which a pass-band filter is provided; the output of each of these filters is
connected either individually and permanently to a measuring device, or successively
and automatically to a single measuring device. This method seems especially suitable for the
examination of non-periodic signals, such as radiotelephone emissions.

Method applicable in the presence of noise or interference (Doc. I/11 (Japan) of Geneva, 1962)

When one is far enough from the transmitter for noise and interference from emissions in
adjacent radio channels to reach an appreciable level, it may become impossible to determine
directly, without significant error, the frequencies beyond which only a small fraction of the
power radiated by the emission to be measured exists (such as the fraction of 0-5% corres-
ponding to the definition of occupied bandwidth).

Advantage may then be taken of the fact that, in most cases, the slope of spectra, in
decibels per octave, tends to become constant, for frequencies distant enough from the central
part of the spectrum. This slope can be determined by taking some measurements at a
sufficiently high level to avoid disturbance by noise or interference. The bandwidth is
determined by calculation, the slope of the spectrum being assumed to be constant after
this has been checked by an adequate number of measurements.
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2.
2.1

.22

2.3

Accuracies required for bandwidth measurement

Periodic signals of Class Al
2.1.1 Apparatus using the method described in § 1.1

2.1.1.1 Laboratory apparatus. This apparatus requires that the signals under test
shall give rise to a spectrum, the components of which should be stable in
amplitude and in frequency. Amplitudes are measured by means of a cali-
brated attenuator with reference to a constant level; frequencies are measured
by means of a frequency meter.

If the stability conditions referred to above are satisfied, the accuracy
of the measurement depends only on the accuracy of calibration of the atten-
uator and of the frequency meter.

An accuracy of +19 in the measurement of the amplitude is obtainable,
but an accuracy of 459 is sufficient for most practical purposes.

2.1.1.2 Automatic sweep apparatus_

Provided the speed of frequency scanning is sufficiently slow to take full
advantage of the high selectivity of the filter, and that this selectivity is sufficient
to eliminate the effect of high-level components on the measurement of low-
level components, the amplitudes of the components can be measured with
an accuracy of +2 db.

The accuracy of measurement of frequency deviations depends mainly
on the linearity of the sweep and on the width of the explored band. Never-
theless, with periodic signals, the frequency intervals between successive
components are generally known by the telegraph speed.

2.1.2 Apparatus using the method described in § 1.2

The accuracy of this measuring equipment depends on the sensitivity of the
measurement of power ratio, and on the steepness of the attenuation curve of the
high-pass filter.

The sensitivity of the measurement of power ratio should be of the order of
+0-1%, but the errors due to the attenuation characteristics of the filters will of course
depend on the type of filter employed.

2.1.3 Apparatus using the method described in § 1.3
When the component frequencies of the signal correspond approximately to the
mid-band frequencies of the filters, accuracies of 4-19%; should be obtained.
Periodic signals of Class FI
2.2.1 Apparatus using the method described in § 1.1

If it is possible to form periodic-F1 signals, for which there are corresponding
components stable in amplitude and in frequency, the same accuracies can be achieved
as those mentioned in §§ 2.1.1.1 and 2.1.1.2 for periodic signals of type Al. It is pointed
out, however, that in the present case, the components which can be measured with an
accuracy of +2 db with automatic sweep apparatus, are those adjacent to the mark
and space frequencies.

2.2.2 Apparatus using the method described in § 1,2 (see § 2.1.2)
2.2.3 Apparatus using the method described in § 1.3 (see § 2.1.3)

Actual traffic signals

For a variety of reasons that can be fairly easily demonstrated theoretically, it is usually
difficult to carry out spectrum measurements on emissions carrying actual traffic, particularly
with band-pass filter analyzers. The results are not generally stable, unless complex indicators
with a very long integration time are used; in addition, they are not mutually consistant,

- especially with analyzers having different characteristics. Nor are they consistent with the

results of measurements carried out with periodic signals, and there do not seem to be any
fairly simple correction formulae to enable consistency to be attained in practice.
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Some results of measurements, carried out on Al and F1 emissions, with actual telegraph
- traffic, using analyzing filters with a bandwidth equal, or slightly higher, than the telegraph
speed, seem to be fairly consistent with the results of measurements carried out with periodic
signals (see Doc. I/7 (Federal Republic of Germany) of Geneva, 1962). However, with such
bandwidths, not only the details of the spectrum disappear, but the general shape of the energy
spectrum appears to be flattened, compared to that measured with a narrow filter. The
measured spectrum is, therefore, rather different from the theoretical spectrum, which would
be approached with a filter much narrower than the telegraph speed.

ANNEX I
CHARACTERISTICS OF MEASURING EQUIPMENT WITH AUTOMATIC FREQUENCY-SWEEP.

Equipment suitable for use for analyzing the spectrum of transmitters operating in the
medium and high frequency ranges usually possess the following characteristics:

Filter bandwith

The filter bandwidth depends essentially on the characteristics of the signal to be studied.
It should be small in comparison with the width of the spectrum to be measured, and whilst,
at the present, it is inappropriate to specify a single value of bandwidth to the exclusion of
others, it is desirable that the steady-state bandwidth of the filter should not exceed 25 cfs.
Its attenuation-frequency characteristics should be steep-sided down to about 60 db.

Scanning speed

Although fairly high scanning speeds might prove useful for preliminary adjustments,
when it is desirable to take full advantage of the resolving power of the filter for fine analysis,
the scanning speed must be sufficiently slow for the response curve of the filter to be as near
as possible to the steady-state selectivity curve. The admissible value of the scanning speed
depends essentially on the filter characteristics and should be determined experimentally in
each case.

It can be said that the permissible scanning speed, expressed in cycles per second, should
not exceed the square of ‘the filter bandwidth at the —3 db points, expressed in cycles per
second.

Scanning range

The scanning range shall be adequate to include the outermost significant sideband
components likely to be encountered. A maximum total sweep of 30 kc/s should normally
be adequate. For investigating narrow-band emissions, the range should be adjustable down
to 1 kcfs.

Suppression of automatic sweep .

Provision should be made for stopping the automatic sweep to enable manual scanning
to be used in certain cases.
Form of display

For direct observation, the dlsplay may take the form of a cathode ray tube, but other
means such as recording meters may be used.
Amplitude range

The range of amplitude displayed should be such that it is possible to measure components
differing in amplitude by at least 60 db. The amplitude scale of the display instrument may
be linear or logarithmic. It may be desirable to measure separately and by stages the major
and minor components such as may be obtained by the use of a calibrated attenuator or a
calibrated scale applied to the oscilloscope screen.

Frequeqcy stability

The frequency stability of the various beating oscillators must be such that the drift
during the course of a measurement is small compared w1th the effective resolving power of
the filter.



ANNEX 1I

PRINCIPAL CHARACTERISTICS OF THE FREQUENCY-SPRECTRUM ANALYZERS PRESENTED BEFORE THE C.C.I.LR. VIITH PLENARY ASSEMBLY

Exploration Filter Measuring instrument Measurement
of the
Administrati Doc. : 3 Amplitud
minisiration N%c Type Sweep Frequency Type Bandwidth E»; nrl:nl;g ¢ cf(;re?;%%zi?t
duration an ) (db) Observations Recording
explored(ke/s) at —3 db at other level | 8§
%)
Japan 127 | automatic 1 min 6 and 20 crystal S50 ¢/s at 55 60 voltmeter record
5 min —25db on paper
Netherlands 136 | automatic 20 s. 1;5;25 Selective | Adjustable 40 0-20 oscillo- recorder
2 min feed back | between 8 20-40 scope
6-7 min amplifier | and 40 c/s 40-60 '
United 168 | automatic | 0 1;03; 0 to-30 crystal 6cls 60 0-30 oscillo- photo-
Kingdom Q) 1; 3; 30 ¢fs 30-60 scope graphic
10; 30 s 150 ¢/s
Switzerland 191 | automatic | 0-1to 60 s 20; electro- 80 /s at 3 oscilloscope| photo- .| marks
and 60 in mechn. —43-5db or peak graphic each
manual 3 steps voltmeter 1 kc/s
Italcable 199 | manual LF 50 c/s at 1| calibrated | voltmeter frequency-
—80 db attenuator meter
France 349 | automatic | 6 and 36 s 2and 6 crystal 6or30c/s| 70 60 oscillo- photo-
: below scope graphic
80 db
Belgium (® | automatic |6;20;45s | 0-5to 30 crystal 9cfs 195 |20 dblinear | oscillo- photo- marks
scale scope graphic 0-5 or
60 db loga- : 1 k¢/s
rithmic scale

(*) This apparatus has been demonstrated before Study Group I.

(%) This apparatus has been demonstrated before Study Group I, but was not described in a C.C.L.R. document.

LTE Y
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RECOMMENDATION 328 *

SPECTRA AND BANDWIDTHS OF EMISSIONS
(Study Programme 181(1))

(Stockholm, 1948 — Geneva, 1951 — London, 1953 — Warsaw, 1956 —

The C.CIR., Los Angeles, 1959 — Geneva, 1963)
CONSIDERING -
that it is of the utmost importance to ensure economy of the radio spectrum by reducing the

spacing between assigned frequencies;

that, to this end, it is necessary to reduce, as much as possible, the bandwidth occupied by each
emission, in accordance with Article 12, § 5 and Article 14, § 4 of the Radio Regulations,
Geneva, 1959; that moreover Appendix 5 to the Radio Regulations is provided as a guide

. for the determination of the necessary bandwidth;

(c)
(d)
fe)

5

(g)

that, for the determination of a spectrum of minimum width, the whole transmission circuit
as well as all its technical working conditions, and particularly, propagation phenomena, must
be taken into account;

that one cannot, strictly speaking, mention bandwidth without having previously adopted
quantatitive definitions of the various bandwidths by fixing well determined points on the
complete spectrum;

that the definitions of “ occupied bandwidth ” and “ necessary bandwidth ” given in Article 1,
Nos. 90 and 91, of the Radio Regulations, Geneva, 1959, are useful to specify the spectral
properties of a given emission, or class of emission, in the simplest possible manner;

that, however, these definitions do not suffice when consideration of the complete problem
of radio spectrum economy is involved; and that an endeavour should be made to establish
rules limiting, on the one hand, the bandwidth occupied by an emission to the value strictly
necessary in each case and, on the other hand, the amplitudes of the components emitted in
the outer parts of the spectrum, so as to decrease interference to adjacent channels;

that the three concepts:

- necessary bandwidth;

— occupied bandwidth; ) .
— spectrum emitted outside the necessary bandwidth;

should be applied according to the following principles:

(g.a) the mnecessary bandwidth should be established at the smallest value possible, while
including the spectrum components useful to a good receiver to ensure communication
with the quality required by the two correspondents (for example, maintaining the
telephone quality laid down, or the error rate admitted in telegraphy), under given
technical conditions;

(g.b) the occupied bandwidth enables operating agencies, and national and international
organizations to carry out measurements of the bandwidth actually occupied by a given
emission and thus to ascertain, by comparison with the necessary bandwidth, that such
an emission does not occupy an excessive bandwidth for the service to be provided
and is, therefore, not likely to create harmful interference beyond the limits laid down
for this class of emission. The use of this concept appears to be a useful way of
ensuring that operating agencies restrict the emitted energy outside the necessary
bandwidth; '

* This Recommendation replaces Recommendation 230.
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(g.c) theemitted spectrum outside the necessary bandwidth must be determined by reconciling
the following requirements:
— the necess1ty for limiting the interference caused to adjacent channels to a strict
minimum;
— the technical and practical possibilities of transmitter design;
— the limitation of shaping or distortion of the signal to a permissible value;

(k) that, although some problems of spacing between channels or even interference, can be dealt

1.0

1.1

1.2

1.3

with in an approximate but simple manner, merely by use of the data for the necessary band-
width (for a given class of emission), or occupied bandwidth (for a given emission), or for the
spectrum emitted outside the necessary bandwidth; interference problems can be dealt with
accurately only if complete knowledge is available, either of the Fourier transform of the
signal, or of the function representing its energy spectrum for all frequencies in the radio-
frequency spectrum;

UNANIMOUSLY RECOMMENDS
Definitions ’ .

that the following definitions and explanatory notes should be used when dealing with band-
width, channel spacing and interference problems:

Occupied bandwidth (Article 1, No. 90 of the Radio Regulations, Geneva, 1959)

“The frequency bandwidth such that, below its lower and above its upper frequency
limits, the mean powers radiated are each equal to 0-5% of the total mean power radiated by
a given emission. In some cases, for example multichannel frequency-division systems, the
percentage of 0-5 9 may lead to certain difficulties in the practical application of the definitions
of occupied and necessary bandwidth; in such cases a different percentage may prove useful.”

Necessary bandwidth (Article 1, No. 91 of the Radio Regulations, Geneva, 1959)

“ For a given class of emission, the minimum value of the occupied bandwidth sufficient
to ensure the transmission of information at the rate and with the quality required for the
system employed, under specified conditions. Emissions useful for the good functioning of
the receiving equipment as, for example, the emission corresponding to the carrier of reduced
carrier systems, shall be included in the necessary bandwidth.”

Out-of-band spectrum (of an emission)

The part of the energy spectrum of an emission which is outside the necessary band,
with the exception of spurious radiations at frequencies remote from the limits of the necessary
bandwidth, such as harmonics, certain intermodulation products, etc.

Note. — Spurious radiations at frequencies remote from the limits of the necessary band are not

1.4

1.5

included in out-of-band radiation, since they should be covered by separate rules from those
governing out-of-band radiation.

Out-of-band radiation (of an emission)

The total power radiated at the frequencies of the out-of band spectrum.

Note. — The bandwidth occupied by a given emission, considered perfect from the point of view

of spectrum economy, coincides with the necessary bandwidth for the corresponding class of
emission. In this case, the out-of-band radiation is equal to 19 of the total mean radiated
power. If the occupied bandwidth is greater than the necessary bandwidth, this percentage
is higher.

Frequency band occupied (by an emission)

The frequency band in the radio spectrum such that, below its lower and above its upper
frequency limits, the mean powers radiated are each equal to 0-59% of the total mean power
radiated by the emission.
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Assigned frequency band (Article 1, No. 89 of the Radio Regulations, Geneva, 1959)

“ The frequency band, the centre of which coincides with the frequency assigned to the
station and the width of which equals the necessary bandw1dth plus twice the absolute value
of the frequency tolerance.”

Build-up time of a telegraph signal

The time during which the telegraph current passes from one-tenth to nine-tenths (or
vice-versa) of the value reached in the steady state; for asymmetric signals, the build-up
times at the beginning and end of a signal can be different.

Limitations of the emitted spectra

that, since some present emissions (particularly class Al emissions), occupy an unduly wide
bandwidth, Administrations should endeavour, with the minimum practicable delay, to limit
the emitted spectra to those shown below for various classes of emission.

2.0.1 The telegraph speed in bauds ,B, used in the following text is the maximum speed used

by the corresponding transmitter. For a transmitter operating at a speed lower than

. this maximum speed, the build-up time should be increased to keep the occupied band-

width at a minimum, to comply with Article 12, § 5, No. 674, of the Radio Regulations,
Geneva, 1959.

Class Al emissions with fluctuations

2.1.0 When large short-period variations of the received field are present, the specifications
given below for single-channel, amplitude-modulated, continuous-wave telegraphy
(class A1), represent the desirable performance obtainable from a transmitter with an
adequate input filter and sufficiently linear amplifiers following the stage in which
keying occurs.

2.1.1 Necessary bandwidth

The necessary bandwidth is equal to five times the telegraph speed in bauds.
Components at the edges of the band are attenuated by at least 3 db relative to the
levels of the same components of a spectrum representing a series of equal rectangular
dots and spaces at the same telegraph speed.

This relative level of —3 db corresponds to an absolute level of 27 db below the
level of a continuous mark.

2.1.2 Out-of-band spectrum

The curve representing the out-of-band spectrum should lie below a curve starting
at the point (4-5B/2, —27 db) defined above, with a slope of 30 db per octave, extending
over at least one octave out to the points (5B — 57 db). Beyond these points, the
level of all components emitted should be below —57 db.

2.1.3 Build-up time of the signal

The build-up time of the emitted signal depends essentially on the shape of the
signal at the input to the transmitter, on the exact structure of the filters to which this
signal is applied, and on filtering and non-linear effects which may take place in the
transmitter itself (assuming that the antenna has no influence on the shape of the
signal). As a first approximation, it can be accepted, that a spectrum curve close to
the limiting spectrum defined in §§ 2.1.1 and 2.1.2, corresponds to a build-up time of
about 209, of the initial duration of the telegraph dot, i.e. of the order of 1/(5B).
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2.2 Class Al emissions, without fluctuations

2.3

24

For amplitude-modulated, continuous-wave telegraphy, when short-period variations of
the received field strength do not affect transmission quality, the necessary bandwidth can be
reduced to three times the telegraph speed in bauds.

Class A2 emissions

2.3.0 For single-channel telegraphy, in which both the carrier frequency and the modulating
oscillations are keyed, the percentage of modulation not exceeding 1009, and the
modulation frequency being higher than twice the keying frequency (F > B), the
specifications given below represent the desirable performance that can be obtained
from a transmitter with a fairly simple input filter and approximately linear stages.

2.3.1 Spectrum

Outside a bandwidth equal to twice the modulating frequency f plus five times the
telegraph speed in bauds, the envelope of the spectrum should lie below a curve starting
at the points [+ (f + 5 B/2), —24 db] with a slope of 12 db per octave, and extending
over at least one octave, that is, out to the points [+ (f + 5B), —36 db]. Beyond
these points the level of all the components emitted should be below —36 db.

The reference level is the carrier level during a steady dash.

Class A3 emissions

The limitations given below for radiotelephone emissions have been deduced from
measurements made by different methods. In one of these methods, two pure audio-frequency
tones of equal amplitude are applied simultaneously at the input to the transmitter and the
amplitude of intermodulation products outside the necessary band is measured at the output
of the transmitter. In other methods, the voltage from a recording of conversational speech,
or a white noise voltage, is substituted for the two audio-frequency tones.

These fundamentally different methods do not lead to the same result; however, the
known results of measurements are within the limiting spectra specified below.

In the curves defined in §§ 2.4.1 and 2.4.2, the ordinates represent the energy intercepted by a
receiver of a bandwidth practically equal to 3 kc/s, the central frequency of which is tuned to
the frequency plotted on the abscissa, as compared with the energy which is intercepted by
the same receiver, if it were tuned to the central frequency of the occupied band.

To make the corresponding measurements, the transmitter is considered to be supplying
its useful peak envelope power, determined in accordance with Recommendation 326. The
operating conditions, other than those which are imposed by the carrying out of the measure-
ments, are assumed to correspond to normal conditions.

The comment contained in the last sentence of the definition of the occupied bandwidth
(§ 1.1), can be applied to emissions of this class. A percentage of power, slightly lower than
0-59%;, would probably give necessary and occupied bandwidth figures near to the currently
accepted figures for necessary bandwidth, as defined by a spectrum component level criterion.

2.4.1 Class A3 emissions, double-sideband
2.4.1.1 Necessary bandwidth

The necessary bandwidth is, in practice, equal to twice the highest modula-
tion frequency, M, which it is desired to transmit with a specified small
attenuation.

2.4.1.2 Power within the necessary band

To estimate the distribution of power within the necessary band statistically,
when no privacy equipment is connected to the transmitter, the distribution
shown by the C.C.I.T.T. for the “ commercial circuit psophometer ” can be
used (Vol. V, Recommendation P53-A); in addition, the relative power
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level of the different speech frequencies should be taken into account.
If the transmitter is used in connection with a frequency inversion privacy
equipment, the same data can be used with appropriate frequency inversion
of the resulting spectrum.

If a band-splitting privacy equipment is used, it should be assumed that
the statistical distribution of power is uniform within the frequency band.

Out-of-band spectrum

If frequency is plotted along the abscissae in logarithmic units and
amplitude is plotted along the ordinates in decibels, the curve representing the
out-of-band spectrum should lie below two straight lines starting from the
points (+ M, 0 db), to the points (+1-4 M, — 20 db). Beyond these points,
and down to the level of —60 db, this curve should lie below two straight lines
starting from the latter points and having a slope of 12 db per octave. There-
after, the same curve should lic below the level —60 db.

The reference level corresponds to the power density that ‘would exist,
were the total power distributed uniformly over the necessary bandwidth.

2.4.2 Single-sideband class A3A, A3H and A3J emissions (reduced, full or suppressed carrier)
and independent-sideband emissions class A3B

24.2.1

Necessarj) bandwidth

2.4.2.1.1 For A3A and A3H emissions, the necessary bandwidth Fis, in practice,
equal to the value of the highest audio frequency ,f;, which it is
desired to transmit with a specified small attenuation.

2.4.2.1.2 For A3J emissions, the necessary bandwidth F is, in practice, equal
to the difference between the highest f, and lowest f; of the audio
frequencies which it is desired to transmit with a specified small
attenuation.

2.4.2.1.3 For A3B emissions, the necessary bandwidth F is, in practice, equal
to the difference between the two radio frequencies most remote
from the assigned frequency, which correspond to the two extreme
audio frequencies to be transmitted with a specified small attenuation
in the two outer channels of the emission.

2.4.2.2 Power within the necessary band

24.23

The power within the necessary band is determined as for class A3 double-
sideband emissions (see § 2.4.1.2), considering each sideband separately, then
each channel, and finally the level of the carrier, the limits of which are specified
in §§ 2.4.2.1.1 and 2.4.2.1.2.

Out-of-band spectrum (for four telephone channels)

The out-of-band radiation is dependent on the number and position of
the active channels. The curves described below are only appropriate when
four telephone channels are active simultaneously. When some channels are
idle, the out-of-band radiation is less.

If frequency is plotted along the abscissae in logarithmic units, the reference
frequency being supposed to coincidé with the centre of the necessary band,.
and if the power of the spectral components are plotted as ordinates, in decibels,
the curve representing the out-of-band spectrum should lie below two straight
lines starting at point (40-5F, 0 db), or at point (—0-5F, 0 db), and finishing
at point (+07F, —30 db) or (—0-7F, —30 db), respectively. Beyond the
latter points and down to the level —60 db, this curve should lie below two
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straight lines starting from the latter points and having a slope of 12 db per
octave. Thereafter, the same curve should lie below the level —60 db.

The reference level corresponds to the power density that would exist if
the total power were distributed uniformly over the necessary bandwidth.

2.5 Class Fl emissions

" For Class F1, frequency-shift telegraphy, with or without fading fluctuations:

2.5.1

2352

253

2354

Necessary bandwidth

If the frequency shift, or the difference between mark and space frequencies is
2D and if m is the modulation index (2D/B), the necessary bandwidth is given by one
of the following formulae, the choice depending on the value of m:

2:6 D + 0-55 B within 10%, for 1-5 < m < 5-5,
2:1 D 4+ 19 B within 29 for 55 < m < 20.

Out-of-band spectrum

The curve representing the out-of-band spectrum should lie below a curve of
constant slope in decibels per octave, starting from points situated at the frequencies
limiting the necessary bandwidth, and extending to —60 db. The levels are indicated
relative to a zero level corresponding to the amplitude of the unmodulated carrier.
The starting ordinates of the curve and its slope are given in the following table, as
functions of the modulation index m:

Modulation index Starting ordinates (db) Slope (db per octave)

IS<m< 6 — 15 134+ 1-8m
6<m< 8 — 18 19 + 08 m
8§ < m< 20 — 20 19 +08m

At frequencies more remote from the central frequency than those where the curve
reaches the level —60 db, the level of all emitted components should lie below —60 db.
Build-up time of the signal

A spectral curve, close to the limiting spectrum described in §§ 2.5.1 and 2.5.2,
corresponds to a build-up time equal to about 8 9 of the duration of the initial telegraph
dot, i. e. about 1/(12 B), provided that an adequate filter is used for signal shaping.
Bandwidth occupied, for unshaped signals

For the purpose of comparison with the above formulae, it may be mentioned
that, for a sequence of equal and rectangular (zero build-up time) mark and space
signals, the occupied bandwidth is given by the following formulae:

8,

26 D4+ 1’4 Bwithin 2% for2 < m <
< 20.

2-:2 D 4+ 3-1 B within 29, for 8 < m
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EXAMPLES OF SPECTRA ILLUSTRATING THE DEFINITION OF NECESSARY BANDWIDTH

Abscissae: frequencies
Ordinates: power per unit frequency

The spectra are assumed to be symmetrical

Necessary bandwidth

Emission
wider than
“ perfect ”

R, .
>0,5% | o5%
Occupied bandwidth

Necessary bandwidth

“Perfect”
emission

0,5% . «0,5%
Occupied bandwidth

Necessary bandwidth

Emission
narrower than
 perfect ”
< 0,5% 0,5%

Occupied bandwidth

The hatched areas represent the out-of-band radiation (see definition § 1.3)
The cross-hatched areas represent radiation outside the occupied band (see definition § 1.1)
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(a)

(b)

(c)

(d)

(e)

()

(g)

RECOMMENDATION 329 *
SPURIOUS RADIATION (OF A RADIO EMMISSION)

(Study Programme 182(1))

(Geneva, 1951 — London, 1953 — Warsaw, 1956 —
The C.CIR., Los Angeles, 1959 — Geneva, 1963)

CONSIDERING

that Appendix 4 to the Radio Regulations, Geneva, 1959, specifies the maximum level of
spurious emissions for all transmitters with fundamental frequencies below 235 Mc/s in terms
of power supplied to the antenna on the frequency, or frequencies, of each spurious emission;

that Article 12, § 4 (Nos. 672 and 673), of the Radio Regulations, Geneva, 1959, stipulates that
stations must conform to the tolerances specified in Appendix 4 for spurious emissions; that,
moreover, every effort should be made to keep spurious emissions at the lowest values which
the state of the technique and the nature of the service permit;

that measurements of power, at frequencies other than the fundamental frequencies supplied to
a transmitting antenna or to a test load, are useful in the analysis of transmitter performance
as regards purity of emissions under specific conditions, and that such measurements will
encourage the use of certain means of reducing spurious emissions;

that the relation between the power of the spurious emission supplied to a transmitting antenna
and the field-strength of the corresponding signals, at locations away from the transmitter,
may differ greatly, due to such factors as the horizontal and vertical antenna directivity at the
unwanted radiation frequencies, propagation over various paths and radiation from parts
of the transmitting apparatus other than the antenna itself;

that field-strength measurements of spurious emissions, at locations distant from the transmitter,
are recognized as the direct means of expressing the intensities of interfering signals due to
such radiations;

that, in dealing with emissions on the fundamental frequencies, Administrations customarily
establish the power supplied to the antenna, and measure the field strength at a distance, to
aid in determining when an emission is causing interference with another authorized emission;
that a similar procedure would be helpful in dealing with spurious emissions (see Article 14,
No. 697, of the Radio Regulations, Geneva, 1959);

that, for the most economic use of the frequency spectrum, it is necessary to lay down general
maximum limits of spurious emissions, while recognizing that specific services may need lower
limits for technical and operational reasons;

UNANIMOUSLY RECOMMENDS
Terminology and definition

that the following terms and definitions should be used to designate what are regarded as
spurious radiations;

* This Recommendation replaces Recommendation 232,
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Spurious radiation (of a radio emission)

radiation at a frequency, or frequencies, outside the necessary band, the level of which may
be reduced without affecting the corresponding transmission of information. Spurious
radiation includes harmonic radiation, parasitic radiation and unwanted intermodulation
products which are remote from the necessary band;

Harmonic radiation (of a radio emission)

spurious radiation at frequencies which are whole multiples of those contained in the frequency
band occupied by an emission;

Parasitic radiation (of a radio emission)

spurious radiation, accidentally generated, at frequencies which are independent, both of the
carrier or characteristic frequencies of an emission and of frequencies of oscillations appearing
in the course of generation of the oscillations at carrier or characteristic frequencies;

Unwanted intermodulation products (of a radio emission or emissions)

spurious radiation, at frequencies resulting from intermodulation between the oscillations at
the carrier, characteristic or harmonic frequencies of an emission, or the oscillations which
appear when these carrier or characteristic oscillations are produced, and oscillations of the
same nature, of the same or several other emissions, originating from the same or different
stations; spurious radiation, at frequencies or the harmonics of frequencies, used during the
production of oscillations at the carrier or characteristic frequencies of an emission is also
included in the unwanted intermodulation products.

Application of limits

that, for the time being, limits for spurious radiation continue to be expressed in terms of the
power supplied by the transmitter to the antenna feeder at the frequencies of the spurious
radiation considered;

that spurious radiation from any part of the installation, other than the antenna system,
i. €. the antenna and its feeder, shall not have an effect greater than would occur if this antenna
system were supplied with the maximum permissible power at that spurious radiation
frequency;

that, in the event that the standards of performances in § 3 below are adopted by an Adminis-
trative Radio Conference as revised limits for Appendix 4 of the Radio Regulations, Geneva,
1959, a period of at least 3 years from the coming into force of the revised Regulations might
be necessary, to enable all Administrations to attain these limits for new transmitters.

Limits for the power of spurious radiations (see Notes 1 and 2)

‘that the following limits are realizable on new transmitters with fundamental frequencies

between 10 kc/s and 30 000 kc/s (from Radio Regulations, Geneva, 1959, Appendix 4, Table,
Column B); :

for any spurious radiation, the mean power supplied to the antenna should be at least 40 db
below the power of the fundamental emission, without exceeding the value of 50 mW (see
Notes 3, 4 and 5);

that the following limits are realizable with new transmitters having fundamental frequencies
between 30 Mc/s and 235 Mc/s (see Radio Regulations, Geneva, 1959, Appendix 4, Table,
Column B); :

3.2.1 Stations with output power greater than 25 W at the fundamental frequencies

For any spurious radiation, the mean power supplied to the antenna should be
at least 60 db below the power of the fundamental emission, without exceeding the
value of 1 mW (see Note 6);
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3.2.2 Stations with output power less than 25 W at the fundamental frequencies
For any spurious radiation, the mean power supplied to the antenna should be

at least 40 db below the power of the fundamental emission, without exceeding the
value of 25 uW;

3.3 that the following limits are realizable for new transmitters with fundamental frequencies
between 235 Mc/s and 960 Mc/s;

3.3.1 Stations with output power greater than 25 W at the fundamental frequencies
For any spurious radiation, the mean power supplied to the antenna should be at

least 60 db below the power of the fundamental emission, without exceeding the value
of 20 mW (see Notes 7, 8, 9 and 10);

3.3.2 Stations with output power less than 25 W at the fundamental frequencies
It is not yet possible to specify limits for transmitters in this category, due to lack
of sufficient data; ]
3.4 that the limits adopted by the Administrative Radio Conference should also be shown in the
Radio Regulations, in the form of a graph as indicated in Fig. 1.

Note 1. - It is recognized that specific services may need lower limits for technical and operational
reasons.

Note 2. — These limits are not applicable to life-boats, survival craft, and aeronautical and maritime
emergency (reserve) transmitters.

Note 3. — For transmitters which can operate on two or more frequencies, covering a frequency
range approaching an octave or more, it may not always be practicable to achieve a suppression
greater than 60 db.

Note 4. — For some hand-portable equipments of power less than 5 W, it may not be practicable
to achieve a suppression of 40 db, in which case a suppression of 30 db should apply.

Note 5.— A limit, 50 mW, may not be practicable for mobile transmitters, in which case the spurious
radiation should be at least 40 db below the fundamental emission, w1thout exceeding the
value of 200 mW. .

Note 6. — In some areas, where the 1nterference problem is not serious, a limit of 10 mW may be
sufficient.

Note 7. - Where the same station comprises several transmitters feeding a common antenna or
closely spaced antennae on adjacent frequencies, it may not always be possible to achieve
this degree of attenuation for spurious radiation, the frequencies of which are close to the
occupied band.

Note 8. - For radiodetermination stations, until acceptable methods of measurement exist, the
lowest practicable level of spurious radiation should be achieved.

Note 9. — For survival stations, operating on a frequency of 243 Mc/s, the lowest level of spurious
radiation, consistent with the type of apparatus, should be achieved.

Note 10. — Since the limits mentioned .above may not provide adequate protection for receiving
stations in the radioastronomy and space services, lower limits might be considered in each
individual case, in the light of the geographical position of the stations concerned.

4. Methods of measurement of spurious radiation by measurement of power supplied to the
antenna *

that, together with other known methods of measuring the power of spurious radiation,
either the substitution-method, or a direct power measuring method should be used, when the
transmitter is operated under normal conditions and when connected to its normal antenna
or to a test load;

* Relevant documents are: Docs. 65, 80, 101, 124, 130 and 340 of London, 1953; Doc. 313 of Warsaw, 1956; Docs. 1/22,
1/28 and 1/34 of Geneva, 1958 and Docs. 1/1, 1/17 and 1/23 of Geneva, 1962.
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4.1 Substitution method

in the substitution method, an auxiliary generator, the output power of which can be varied,
is employed and its frequency is adjusted to be equal to the mean frequency of the spurious
radiation in question. This auxiliary generator is used as follows:

The generator is substituted for the radio transmitter and is adjusted until it produces
the same field at the mean frequency of the spurious radiation as was produced by the radio
transmitter (in intensity and polarization). This field is measured by means of a radio receiver
tuned to the spurious radiation and located at a distance of several wavelengths from the
transmitting antenna. The power supplied by the generator is then equal to the power
originally supplied by the transmitter itself, on condition that non-linearity of the radiating
system does not introduce harmonic radiation. To obtain the same conditions with the
generator, account must be taken of any stray.coupling from the original transmitter to the
radiating system and of any direct radiation from the transmitter and from feeder lines or
other apparatus that may become excited by direct coupling. It is also necessary to take into
account, the possibility of the power of a spurious radiation being supplied in a push-pull
or push-push mode or combination of both. More than one generator may be necessary when
the method of excitation is complex. It is also necessary to determine the impedance of the
feeder input circuit at the spurious frequencies, so that the power supplied to the antenna may
be measured accurately. It is necessary that several sets of measurements be made using diffe-
rent receiver locations.

When a test load is used, an indicator coupled to the load is required.

4.2 Direct methods
the following three direct methods of measurement can be used:

4.2.1 First method. The voltage, current and power factor'are determined at one point on
the feeder using a selective radio receiver tuned to the mean frequency of the spurious
radiation concerned, and coupled to the desired point of the feeder.

4.2.2 Second method *. The forward and reflected powers are determined by using a pair of
inverse directional couplers, inserted directly in the feeder line or the test lcad; a selective
power-measuring device is switched alternatively to the couplers and tuned to the mean
frequency of the spurious radiation concerned. The difference between these two
measured powers gives the power supplied to the anterna at the frequencies of the
spurious radiation. :

A directional coupler may consist of a conductor (linear antenna), arranged within
the feeder, parallel to its axis, and provided at one of its ends with a reflectionless
termination relative to the external conductor. A voltage appears at the open end that
is due entirely to the voltage wave in the feeder, which extends from the open end of the
linear antenna to the closed end, The dimensions and spacing between the conductors
of the coupler and the external wall depend on the maximum permissible input level and
on the input impedance of the measuring set to be connected.

The method enables the power of spurious radiation transferred from a transmitter
to the antenna to be measured, regardless of whether it is generated directly in the
transmitter concerned or in a secondary manner, e. g., by interaction with other
transmitters. - '

The power transferred by each conductor of a feeder system may be measured
separately.

4.2.3 Third method **. Measurement is made of electromotive force values at the points of
a node and anti-node on a symmetrical open-wire feeder and these values are converted
into power values of the spurious radiation at the frequency to be measured. The
electromotive force values are measured by means of a coupling element and a selective
radio receiver tuned to the mean frequency of the spurious radiation concerned. The
coupling element is a screened loop placed symmetrically between the feeder conductors
and moved at will along the feeder to locate the nodes and anti-nodes. By changing

* See Doc. I/1 of Geneva, 1962,
** See Doc. 1/23 of Geneva, 1962,
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the position of the plane of the loop in relation to the plane of the feeder conductors,
it is possible to measure the power of the push-pull and push-push modes of the spurious
radiation.

The coefficient used for conversion of the measured values into power values is
found from a graph plotted previously, at the time of calibration of the device.

4.3 Measurements of spurious radiation at frequencies close to the fundamental frequencies *

4.3.1 1In view of the difficulty of measuring spurious radiations which are relatively close to
the necessary band, it may not be possible to insure that the limitations set forth in
§ 3 are met in such cases (see Study Programme 182 (I), § 2).

4.3.2 When several transmitters work on nearby frequencies in the same station, and may
even be feeding the same antenna, as may happen, for instance, in sound broadcasting
stations using frequency modulation at the frequencies in band 8, intermodulation
products may be found with a frequency separation less than 1 Mc/s from the carrier
frequencies in use.

In such cases, the methods of measurement described above may be somewhat
difficult to apply. It may then be preferable to measure the field strength on the
spurious frequency and on a nearby carrier frequency at a convenient distance (a few
or a few tens of kilometres), with a sufficiently selective measuring instrument. The
power of spurious radiation can then be deduced by calculation from the result of
these measurements. When it is assumed that the wideband antenna has substantially
identical input impedance and gain on these two frequencies, small errors are introduced
which can be corrected if separate measurements are made of these impedances and of
the gain in the direction of the field measuring instrument.

Further improvements

that Administrations and private operating agencies should continue to improve the degree
of suppression of spurious radiation, where this is economically possible, to reduce interference
to other services to a greater extent than that provided for in § 3, for example, by:

— the use of low-pass or other output filters;
— suitable coupling circuits;

— screening of various stages in transmitters, filters and other parts of the equlpment which
otherwise might emit spurious radiations directly or by coupling.

Radioastronomy

radioastronomy uses extremely sensitive receivers, and will probably need special protection.
The C.C.I.R. is unable to proceed with the study of this problem until an answer to Ques-
tion 244 (IV) has been provided.

Space service

another special case requiring urgent study is that of space services. It seems likely that
earth stations will have very powerful transmitters, spurious radiations from which may cause
considerable interference, and will have very sensitive receivers which may need special
protection. At present, the C.C.I.R. lacks sufficient data for commencing a study of this
problem, which, however, should be resolved as soon as possible, to prevent a difficult situation
arising which it may be impossible to correct.

* See Doc. I/17 of Geneva, 1962
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REPORTS OF SECTION A: EMISSION

REPORT 175 *

CLASSIFICATION AND DESIGNATION OF EMISSIONS
(Question 207(D))

(Geneva, 1963)

Introduction

This Report reviews certain aspects of the problem and presents a proposal for a new
method of classifying and symbolizing emissions, taking into account those features of the
contribution and comments, submitted by Administrations, which the I.LF.R.B. considers
to be best suited for the elaboration of a new method.

Aspects to be considered in evolving a new method of symbolization for designation emissions

The object of describing different emissions by appropriate symbols is to give the. user, in a
summarized form, an adequate knowledge of: ‘

— the characteristics of the modulations and multiplexing,

— the type of modulating signal conveying the information.

A description of the preliminary processing or coding of the information, or of the inter-
mediate steps involved in the transfer of intelligence from the input of the electrical operations
to the radio wave is important, only insofar as such a description is useful in helping to identify
the type of information transmitted, or in enabling spectrum occupancy and power distribution
to be derived from the main features of the radiated wave.

The convenience of a method of designating and classifying emissions in symbolic form is
obvious, and the application of such a method has become a special coded language, expanded
from time to time to provide for new developments in transmission techniques. The existing
method of symbolisation, however, cannot describe certain important features, which are
considered essential if the two conditions mentioned in § 2.1 are to be fulfilled; and it has
become necessary to counteract this lack of flexibility by providing supplementary explanations
in plain language.

To facilitate handling of the data by an electronic or mechanical process, an essential prere-
quisite for a modern system, the method of symbolization should give the same number of
code characters for any emission. Thus, according to such a system, in the symbol group
designating any emission, the position of any individual character within the group would
immediately indicate what aspect of the emission it described. At the same time, the number
of character-symbols necessary to define any emission should be as small as possible.

The present proposal is a 5-character system, comprising 3 digits and 2 letters.

Before any attempt could be made to devise a new method of symbolization, which would
describe all important aspects of an emission, an analysis had to be made of all the different

* This Report was adopted unanimously.
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2.7

2.8

3.1

components or features of the emission. In this connection, the characteristics listed in
Annexes I and II to this Report were a useful guide in determining which of these characteristics
or features had to be included.

The result of this analysis, based on available information, has led to the formulation of the
following considerations:

2.6.1 The use of one character-symbol to describe only the type of modulation of the main
carrier, while it has mnemonic advantages, prevents the use of a number of characters
and lengthens the total description, in character-symbols, of an emission with a more
complex modulation. It would be more economical to use a letter (A to Z), as a
character-symbol describing all possible characteristics of the modulations and multi-
plexing, rather than to allocate one character-symbol for the sole purpose of describing
the main type of modulation.

2.6.2 On the other hand, the strict concept of modulation, in the sense that it is a means
employed to vary the radio wave by a modulating signal for the transmission of informa-
tion, has become more difficult to describe, in particular in those cases where an oscil-
lation modulating a carrier wave does not itself convey intelligence. The modulating
signal conveying the information may or may not directly modulate the main carrier;
different processes of modulation can-be used for a particular type of modulating signal;
also, different types of modulating signal can be applied to the radio wave with a parti-
cular form of modulation.

2.6.3 The description of the modulating signal used to convey information should cover all
necessary characteristics which are used, or could be used. Instead of using a numerical
character-symbol of one digit number (0 to 9) to describe a “ type of transmission ” as

- such, it would be more effective to use a character-symbol consisting of a letter (A to Z)
to differentiate, for the same “ type of transmission ”, those types of modulating signal
which have different characteristics and consequently may have an influence on the
occupied bandwidth and power distribution, as well as on vulnerability to interference.

In describing the characteristics of the modulations and multiplexing, it is convenient to make
two main distinctions between:

— a continuous carrier wave;

~ a pulsed carrier wave.

2.7.1 Distinction should also be made between the following types of continuous-wave
carriers: full and reduced or suppressed carrier; between double-sidebands, single-
sideband, and independent-sidebands; between amplitude-modulation, frequency-
modulation and frequency-shift of the carrier; between single channel systems and

multi-channels in frequency-division multiplex systems with constant frequency
arrangements of channels or sub-carriers, etc.

2.7.2 Pulsed carriers should also be further subdivided, in accordance with the modulation
of the pulses by the modulating signal, and a distinction should be made between
amplitude, width (duration) and phase (position).

In the description of the modulating signal, the classification should be based on the charac-
teristics of the signal which convey the information.

Proposed method of designation of emissions

It is proposed that the designation of emissions should consist of the following:

3.1.1 A symbol consisting of a three-digit number, indicating the necessary bandwidth;

3.1.2 A symbol consisting of a single letter, indicating the characteristics of the modulations
and multiplexing;
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3.1.3 A symbol consisting of a single letter, indicating the characteristics of the modulating
signal.

Bandwidth indicator

The necessary bandwidth should be symbolized by three numerical digits as follows:

The first two digits are the first two significant figures of the necessary bandwidth expressed
in ¢/s, the third is the power of 10 by which the first two figures must be multiplied to produce
the necessary bandwidth expressed in c/s. For example, necessary bandwidths of 25 c/s,
400 c/s, 36 kc/s, 180 kc/s, 625 Mc/s, 200 Mc/s, and 5:6 Gc/s, are expressed by the respéctive
bandwidth indicator 250, 401, 363, 184, 625, 207 and 568 instead of 0-025, 0-4, 36, 180, 6250,
200 000 and 5 600 000 as at present.

Indicator of the characteristics of the modulations and multiplexing

The characteristics of modulations and multiplexing should be classified and symbolized
in accordance with the indications in Table I.

Indicator of the characteristics of the modulating signal

The modulating signal should be classified and symbolized in accordance with the
indications in Table II.

Table III shows examples of emissions, with comparisons between symbolization with the
present method and the proposed new method.

TABLE 1

Characteristics of the modulations and multiplexing

Description Symbol

Continuous-wave carrier, non-keyed, non-modulated; or on-off keyed by the modulating
signal; absence of any other modulation; single channel, may be sub-channelled in time
division . . . . . L L L L L o o e s e e e e e e e e e e e e e A

Full continuous-wave carrier, modulated in amplitude or frequency by one or more periodic
oscillation; the oscillation is on-off keyed by the modulating signal or the modulated emis-
sion is on-off keyed by the modulating signal; single channel, may be sub-channelled in
time diviSION . . . . . . . . et e e e e e e e e e e e e e e e e e e e e e . B

Full continuous-wave carrier, amplitude-modulated, double-sideband:
Single channel, may be sub-channelled in time division. . . . . . . . . . . . . . . ..
Multi-channels; frequency-division multiplex with constant frequency arrangements of

channels; each channel may be sub-channelled in time division . . . . . . . . . . .. D

Full continuous-wave carrier, amplitude-modulated, single-sideband or vestigial sideband: |

‘Multi-channels; frequency-division multiplex with constant frequency arrangements of

channels; each channel may be sub-channelled in time division . . . . . . . . .. .. F

Reduced or suppressed continuous-wave carrier, amplitude-modulated, single-sideband or
vestigial-sideband:
Single channel, may be sub-channelled in time division (Note 1), . . . . . . . . . . . . G




Rep. 175 — 50 —

Description Symbol
Multi-channels; frequency-division multiplex with constant frequency arrangements of
channels; each channel may be sub-channelled in time division . . . . . . . . . . . . H
Reduced or suppressed continuous-wave carrier, amplitude-modulated, two independent-
sidebands:
Single channel in each sideband; each channel may be sub-channelled in time division I
Multi-channels; frequency-division multiplex with constant frequency ™ arrangements of
channels in each sideband; each channel may be sub-channelled in time division. . J
K
L
M
N
(o}
Pulsed carrier, non-keyed, non-modulated; or pulsed carrier on-off keyed by the modulating |-
signal, absence of any other modulation . . . . . . . . . .. e e e e e . P
Pulsed carrier, pulses amplitude-modulated by the modulating signal . . . . Q
Pulsed carrier, pulses width (or duration) modulated by the modulating signal . . . . . . . R
Pulsed carrier, pulses phase (or position) modulated by the modulating signal. . S
T
Frequency or phase modulated carrier, except frequency-division multiplex telegraphy . . . . U
Frequency-division multiplex telegraphy, in which information is conveyed by a variable
frequency arrangement of significant conditions, emitting one condition at a time . . . v
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Description ) Symbot

w

X

Carrier modulated by processes not described above. . . . . . . . . . . . ..o L. Y

Carrier modulated simultaneously by two or more of the foregoing processes; modulation
used for identification only being ignored . . . . . . . . . . . . ..o Z
9
TABLE II

Characteristics of the modulating signal conveying the information

Description Symbol
Absence of modulating signal. . . . . . . . . . . L. L Lo e e A
Constant periodic oscillation or oscillations . . . . . . . . . . . . . . ... .. ... B

A discrete numbei of significant conditions (usually two) per channel with signal elements
of pre-determined duration (alphanumerical telegraphy, data transmission, time signals,
telemetry, remote control and some navigational beacons):

For aural reception, up to 20 bauds. e e C
For automatic reception up to 100 bauds aggregate speed . e e e e e D
For automatic reception up to 100 bauds aggregate speed but with automatic repetition E
For automatic reception above 100 bauds aggregate speed . e .. F
For automatic reception above 100 bauds aggregate speed but with automatic repetmon G
H
I
J
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Description Symbol
L
M
A discrete number of significant conditions (usually two) per channel with signal elements
of continuously variable duration, the information being conveyed by the time of transition
from one significant condmon to another (two condition facsimile, data transmission
systems, etc.). . . N
Continuously variable modulating signal (half-tone facsimile and analogue-data transmission) (6]
Telephony using analogue techniques (including sound broadcasting and the sound signal in
television)
Sound broadcasting and the sound signal in television; telephony commercial grade, for
b connection to public service network ; with privacy dev1ce e e P
Telephony commercial grade for connection to pub]lc service network; w1thout privacy
device. . . . . - Q
Telephony, not for connection to pubhc service network R
{ Continuous signal, e.g. telephony, telemetry, etc., coded to give a modulatmg signal in digital
| form - S
1
I Television (video only). . T
|
18]
v
w
X
| Modulating signal not described above Y
Two or more of the foregoing modulating signals, simultaneously or according to a pre-estab-
lished sequence schedule; a modulating signal used for identification only being ignored z
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TABLE IIT

Examples

Note. — The symbols used in the formulae for bandwidth are defined in Appendix 5 to the
Radio Regulations, Geneva, 1959.

Present Proposed

Description symbol symbol

Radionavigation and radio-determination systems, standard frequency emis-
sions, etc., using a constant modulating signal

Non-keyed, non-modulated continuous-wave carrier, absence of modu-
latingsignal . . . . . . . . . . . ... ..o A0 000AA

Continuous-wave carrier, continuously amplitude-modulated by the modu-
lating signal, consisting of a constant low frequency sinusoidal oscillation
or oscillations:

— double-sideband, full carrier: M = 1000 ¢/s; B, = 2M = 2000c/s. . . 2A2 202CB
— single-sideband, full carrier: M = 800 c¢/s; B, = M = 800c¢/s. . . . . 0-8A2H 801EB

Continuous-wave carrier, continuously frequency-modulated by a modu-
lating signal, consisting of a constant low frequency sinusoidal oscillation )
or oscillations;.2D = 800 c¢/s; B,=2D =800c¢/s . . . . . . . . .. 0-8F2 801UB

Non-keyed, non-modulated pulsed carrier: B, = ... . . . . . . . . .. ...PO ...PA

Pulsed carrier, the pulses being continuously modulated by the modulating
signal, consisting of a constant low frequency sinusoidal oscillation or
oscillations. The low frequency sinusoidal oscillation modulates:

— the amplitude of the pulses: B, = ... . . . . . . . .. e ...P2D ...QB
— the width (or duration) of the pulses: B, = ... . . . . . . . . . .. ...P2E ...RB
— the phase (or position) of the pul_ses: B,= ... ... ... ... ...P2F ...SB

“| Telegraphy, data transmission, etc., using a modulating signal comprising
two-condition elements of pre-determined duration

-{On-off keying, by the modulating signal, of a continuous-wave carrier,
without the use of any other modulation:

- single channel, aural reception: B =20, X =5; B, = BK =100 ¢/s 0-1A1 101AC

|- single channel, automatic reception, or time division multi-channels,
" aggregate speed 100 bauds: B =100, K =5, B, = BK = 500 ¢/s. . . 0-5A1 501AD

On-off keying by the modulating signal, of a low frequency sinusoidal
oscillation which amplitude or frequency modulates a continuous-wave
carrier; or by on-off keying, by the modulating signal, of the modulated
emission :

— single channel, aural reception B =20, K =5; tone modulating in
amplitude: M = 1000 ¢/s, B, = BK + 2M— 2100 c/s ..o ... 2:1A2 212BC

— tone modulating in frequency D = 500 c/s, B, = BK + 2D = 1100 c/s 1-1F2 112BC

— single channel, automatic reception, or time-division multi-channel,
aggregate speed, B = 50, K = §; tone modulatmg in amphtude M=
1000 ¢/s, B, = BK + 2M = 2250c¢/s . . . . . 2:3A2 232BD
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Description ls);zfggf Psr;r;:‘%soeld

Frequency-shift keying, by the modulating signal, of a continuous-wave

carrier, between two conditions:
- single channel or time-division multiplex channels, aggregate speed,

B=50,D=200c¢/s; B, =21D + 19B=515¢/s . . . . . . . .. 0-5F1 521UD
— single channel or time-division multiplex channels, aggregate speed,

B =100, D =100c¢/s; B, = 2:6D + 0-55B=315¢/s . . . . . . .. 0-3F1 321UD
Frequency-shift keying, by the modulating signal of a continuous-wave

carrier, between four conditions: two channels not synchronized, each

channel with an aggregate speed: B = 170, D = 600 c/s; B, = 2:6D

4+ 275B=2027c¢cls . . . . . . . .. 2:03F6 ~ 202VF
Keying (any type of keying: on-off, amplitude, frequency-shift, etc.), by a

modulating signal, of independent sub-carriers in frequency-division

multiplex systems, which in turn amplitude-modulate a continuous-wave

carrier: . .
— single-sideband, suppressed carrier . . . . . . . . . ... .. .. A2) AL
— single-sideband, suppressed carrier, single sub-carrier (Note 1) . . ..LAT) UL
— single-sideband, reduced carrier . . . . . . . . . . . . . . .. .LLA2A ..G.
— single-sideband, reduced carrier, single sub-carrier . . . . . . . . . LATA ..H.
Single-sideband, reduced or suppressed carrier, the sub-carriers may be '

sub-channelled in time -division (Note 2): B =100, D =85 ¢/s, C =

2890 ¢fs, B, = 3165 c/s:
- without automatic repetition. . . . . . . . . . . . . . .. 3-2A7A 322HD

or A7)
— with automatic repetition . . . . . . . . . . . . . . .. 32A7A 322HE
E or A7)

Independent-sidebands, reduced or suppressed carrier, carrying one sub-

carrier in each sideband; the sub-carriers may be sub-channelled in time-

division (Note 2): B = 100, D = 170 ¢/s, 2C = 1870 c/s, B, = 2367 ¢/s:
— without automatic repetition. . . . . Ce 2-4A7B 2421D
— with automatic repetition . . . . . . . . . . . . . . .. ... .. 2:4A7B 2421E
Independent-sidebands, reduced or suppressed carrier, carrying more than

one sub-carrier in one or both sidebands; the sub-carriers may be sub-

channelled in time-division (Note 2): B = 100, D =170 ¢/s, 2 C =

3430 ¢/s, B, = 3727 ¢/s:
— without automatic repetition. . . . . . . . . . . . . . . 3-7A7B 372ID
— with automatic repetition . . . . . , 3-7A7B 3721E
On-off keying, by the modulating signal, of a low frequency sinusoidal

oscillation modulating the pulses of a pulsed carrier; or by on-off keying,

by the modulating signal, of the modulated pulsed carrier. The low

frequency sinusoidal oscillation modulates:
— the amplitude of the pulses: B, = ... . . . . . . . . .. ...P2D ..Q.
— the width (or duration) of the pulses: B, = ... . . . . . . ...P2E ..R.
— the phase (or position) of the pulses: B, = ... . . . . . . ..P2F ..S.
Two-condition fascimile, data transmission, etc., using as modulating signal

two-condition elements of continuously variable duration
On-off keying, by the modulating signal, of a low-frequency sinusoidal

oscillation which amplitude-modulates a continuous-wave carrier or by

on-off keying, by the modulating signal, of the modulated emission:

M = 1900 ¢/s, K = 1-5, N = 1100 ¢/s, B, = KN + 2M = 5450 ¢/s 5-5A4 552BN
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Descripton Pt | Pioneed
Frequency-shift keying, by the modulating signal of a continuous-wave
carrier, between two conditions: K = 1-5, N = 1100 c/s, D = 400 c/s,
By =KN+2D=2450C/S . + . ¢ v v v v 4 v e et e e 2-5F4 252UN
Frequency-shift keying, by the modulating signal, of a sub-carrier or sub-
carriers, which amplitude-modulate a continuous-wave carrier: M =
1900 c¢fs, K = 1-5, N = 1100 ¢/s, D = 400 c/s:
~ double-sideband, full carrier: B, = KN + 2M 4+ 2D = 6250c¢/s . . . . 6:3A4 632CN
— single-sideband, full carrier: B, = KN + M + D =3950c¢/s . . . . . 4A4H 402EN
- single-sideband, suppressed carrier, single sub-carrier: B, = KN 4 2D|
=2450C/s . . . . . e e e e e e e e e e e e e e e 2:5A47 252UN
(Note 1)
- single-sideband, reduced carrier, single sub-carrier: B, = KN + 2D
=2450C/S . . . . . e e e e e e e e e e e e e e e e e 2-5A4A 252GN
— independent-sidebands, reduced or suppressed carrier carrying one inde-
pendent sub-carrier in each sideband: B, = KN + 2M + 2D = 6250 ¢/s 6:3A4B 632IN
— independent-sidebands, reduced or suppressed carrier carrying more
than one independent sub-carrier in one-or both sidebands: B, = ... ..A4B JIN
Facsimile half-tones, analogue-data transmission, using a continuous variable
modulating signal _
Frequency or phase modulation, by the modulating signal, of a continuous-
wave carrier: K = 1-5, N = 1100 c¢/s, D =400 ¢/s, B, = KN + 2D = -
2450 C/S. . . . e e e e e e e e e e e e e e e e e e e e e 2:5F4 25200
Frequency, or phase, modulation, by the modulating signal, of a sub-carrier
or sub-carriers which amplitude-modulates a continuous-wave carrier:
M =1900 ¢/s, K = 15, D = 400 c/s:
— double-sideband, full carrier: B, = KN + 2M + 2D = 6250c¢/s . . . . 6-3A4 632CO
— single-sideband, full carrier: B, = KN + M + D =13950c¢/s . . . . . 4A4H 402EO
— single-sideband, suppressed carrier, single sub-carrier: B, = KN + 2D :
=2450c¢/s . . . . . ... ... e e 2:5A47 252U0
. . (Note 1)
— single-sideband, reduced carrier, single sub-carrier: B, = KN + 2D
=2450C/S . . . . . e e e e e e e e e e e e e e e e e e e 2-5A4A 252GO
- independent-sidebands, reduced or suppressed carrier, carrying one inde-
. pendent sub-carrier in each sideband: B, = KN + 2M -+ 2D = 6250 c/s 6-3A4B 63210
- independent-sideband, reduced or suppressed carrier, carrying more
than one independent sub-carrier in one or both sidebands: B, = ... ..A4B ..JO
Telephony
Amplitude-modulation, by the modulating signal, of a continuous-wave
carrier, for connection to public network, privacy device: M = 3000 c/s:
—~ double-sideband, full carrier: B, = 2M =6000c¢c/s . . . . . . . . .. 6A3 602CP
— single-sideband, full carrier: B, =M =3000¢/s . . . . . . . . . .. 3A3H 302EP
~ single-sideband, reduced or suppressed carrier, single channel: B, =
M=3000c/s. ... ...... e e e e e e 3A3A 302GP
or 3A3J
— single-sideband, reduced or suppressed carrier, multi-channels in fre-
quency-division arrangement, 2 channels: B, = 2M = 6000c¢c/s. . . . . 6A3A 602HP
' or 6A3J
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Description Present Proposed
symbol symbol
- independent-sidebands, reduced or suppressed carrier, carrying one
channel in each sideband: B, =2M =6000c¢/s . . . . . . . . . . . 6A3B 602IP
- independent-sidebands, reduced or suppressed carrier, carrying more
than one channel in frequency-division arrangement in one or both
sidebands:
3channels: B, =3M =9000c¢/s. . . . . . . . . . . . . .... 9A3B 902JP
4 channels: B, =4M =12000c/s . . . . . . . . . . . . ... 12A3B 123JP
Amp]itude-modulation, by the modulating signal of a continuous-wave
carrier, for connection to the public network, without privacy device:
M = 3000 c/s:,
— double-sideband, full carrier: B, = 2M = 6000¢/s . . . . . . . . . 6A3 602CQ
- single-sideband, full carrier: B, = M =3000c¢/s . . . . . . . . . . . 3A3H 302EQ
— single-sideband, reduced or suppressed carrier, single channel: B, =
M=3000c/s . . . . .. .. ... .... e e e e e 3A3A 302GQ
or 3A3J
- single-sideband, reduced or suppressed carrier, multi-channels in fre-
quency-division arrangement, 2 channels: B, = 2M = 6000 c/s. . . . 6A3A 602HQ
or 6A3J
- independent-sidebands, reduced or suppressed carrier, carrying one
channel in each sideband: B, = 2M = 6000c/s . . . . . . . . . . . 6A3B 6021Q
— independent-sidebands, reduced or suppressed carrier, carrying several
channels in frequency-division arrangement in one or both sidebands:
3 channels: B, =3M =9000c/s. . . . . . . . . . . ... ... 9A3B 9021Q
4 channels: B, =4M =12000c¢/s . . . . . . . . . . . . . ... 12A3B 123JQ
Amplitude-modulation, by the modulating signal, of a continuous-wave
carrier, not for connection to the public service network:
— double-sideband, full carrier: B, =2M =6000c/s . . . . . . . . . . 6A3 602CR
- single-sideband, full carrier: B, = M =3000¢/s . . . . . . . . . . . 3A3H 302ER
~ single-sideband, reduced or suppressed carrier, single channel: B, = M
=3000c/s . . . . . ..o e e e e 3A3A 302GR
or 3A3J
— single-sideband, reduced or suppressed carrier, multi-channels in fre-
quency-division arrangement, 2 channels: B, = 2M = 6000 c/s. . . . . 6A3A 602HR
or 6A3J
— independent-sidebands, reduced or suppressed carrier, carrying one
channel in each sideband: B, =2M =6000c¢/s . . . . . . . . . .. 6A3B 602IR
— independent-sidebands, reduced or suppressed carrier, carrying several
channels in frequency-division arrangement in one or both sidebands:
3 channels: B, =3M =9000c/s. . . . . . . . . . . . . . ... 9A3B 902JR
4 channels: B, =4M = 12000c¢/s . . . . . . . . . . . . . . .. 12A3B 123JR
Frequency-modulation by the modulating signal, of a continuous-wave
carrier, not for connection to the public service network: M = 3000 c/s,
D =15000c¢/s, K=1,B,=2M + 2DK =36000c¢/s . . . . . . . . 36F3 363UR
Sound broadcasting
Amplitude-modulation, by the modulating signal, of a continuous-wave
carrier: M = 6000 c¢/s:
— double-sideband, full carrier: B, = 2M = 12000¢/s . . . . . . . . . 12A3 123CP
— single-sideband, full carrier: B, = M =6000c¢/s. . . . . . . . . .. 6A3H 602EP
— single-sideband, reduced or suppressed carrier: B, = M = 6000 c/s. . . 6A3A 602GP
or 6A3J
Frequency-modulation, by the modulating signal, of a continuous-wave
carrier: M = 15000 ¢/s, D =75000 c¢/s, K =1, B, =2M + 2DK = .
180000 c/s . . . .« . . e e e e e e 180F3 184UP
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Description E;;fgg; P;;‘i:]%soe]d
Television (Vision)
Amplitude-modulation, by the modulating signal, of a continuous-wave
carrier;.full carrier, vestigial-sideband, 625-lines: B, = 6:25 Mc/s. 6250A5C 635ET
Frequency-modulation, by the modulating signal, of a continuous wave:
B,= ... . . . ... ..F5 ...uT
Emissions carrying a variety of modulating signals
Continuous-wave carrier, amplitude-modulated, according to a pre-estab-
lished sequence schedule, by miscellaneous modulating signals, as for
standard frequency emissions consisting of one or more low frequency
oscillations, digital signals, telephony, etc.:
— double-sideband, full carrier: B, = ... . ...A9 ...CZ
— single-sideband, full carrier: B, = .... . e ...ASH ...EZ
— single-sideband, reduced or suppressed carrier: B, = ... ...A9A ..GZ
or ...A9J
— independent-sidebands, reduced or suppressed carrier: B, = ... . ..ASB .1z
Continuous-wave carrier, amplitude-modulated simultaneously by inde-
pendent sub-carriers carrying miscellaneous modulating signals, as for
frequency-division multiplex systems, with constant frequency arrange-
ments of communication channels or sub-carriers, consisting of alpha-
numerical telegraphy, data transmission, telephony, etc.:
— double-sideband, full carrier: B, = ...A9 ...DZ
— single-sideband, full carrier: B, = ... . . . . . . . . . . .. ...A9H ...FZ
— single-sideband, reduced or suppressed carrier: B = ...A%A ..HZ
or ...A9J
— independent-sidebands, reduced or suppressed carrier: B, = ..A9B .JZ
Continuous-wave carrier, frequency-modulated: B, = ... . ..F9 ...UZ
or...VZ
Emissions carrying a modulating signal, not described in this Table
Continuous-wave carrier amplitude-modulated:
— double-sideband, full-carrier: B, = ... . . . . ..A9 ...CY
or...DY
— independent-sidebands, reduced or suppressed carrier: B, = ... ..A9B LW IY
or...JY
Continuous-wave cartier, frequency-modulated: B, = ... . ..F9 .LUY
. or...VY
Carrier bearing two or more types of modulation and a variety of modulating
signals .. V4
Carrier modulated by processes not described in this Table by a particular ...YB
modulating signal . .. to... YT
Carrier modulated by processes and modulating signals not described in this
Table\.......... ...... LYY
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Note 1. — Single-sideband emissions with suppressed carrier modulated only by a single sub-

carrier are classified as if the sub-carrier were the main carrier.

Note 2. - For this class of emission, the formula for necessary bandwidth is not yet defined in

1.1
1.2

13

2.

2.1
2.2

23

31
3.2
3.3
3.4

Appendix 5 of the Radio Regulations, Geneva, 1959, and it depends on the sub-carriers
arrangement and on the keying. )

In those examples, the following approximative formula for necessary bandwidth has
been used, assuming the extreme sub-carriers at each end of the occupied band are frequency-
shift keyed, B being their highest standard speed in bauds and D the frequency deviation
in c¢/s:

B,,‘ =26 D + 0-55 B + C, for single-sideband,

B, =26 D 4 0:55 B + 2 C, for independent-sideband;
where C is the highest sub-carrier frequency in cfs, and 2 C is the separation in c/s between

the highest sub-carrier frequency on the upper band and the highest sub-carrier frequency
on the lower band. '

ANNEX I

SYSTEMATIC LIST OF THE CHARACTERISTICS WHICH DESCRIBE AN EMISSION,
ARRANGED AS FAR AS POSSIBLE IN THE ORDER OF ELECTRICAL OPERATIONS
Examples

Input signal

Type of signal : Telegraphy, telephony, television, facsimile, telemetering, telecommand.

Signal coding : Morse, 5-unit teleprinter, 7-unit alphabet, telephony signal, music signal,

coded speech, etc.

Numevrical and other characteristics

1.3.1 Speed: N bauds. .

1.3.2 Quality : Telegraph error rate, high quality service or commercial channel, or broad-
casting over a telephony circuit.

First modulation

Type of modulation : Amplitude, frequency, phase, position modulated pulses, etc.
Carriers

2.2.1 Carrier frequency position.

2.2.2 Relative amplitude of carriers : Full. Reduced. Suppressed.

2.2.3 Other numerical characteristics : Modulation rate and level, frequency deviation,
modulation index, pulse repetition rate, etc.

Sub-carriers

231 |

232 as for carriers.
2.3.3

First multiplexing

Type of multiplexing : Time-division, frequency-division.

Variable or non-variable (for frequency-division) : See Recommendation 347.
Interleaving (for time-division) : See Recommendation 342.

Number of channels. :
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3.5 Numerical characteristics :

2.1 Type and characteristt:cs of the input signal

3.5.1 Width of each channel :-
3.5.2 Duration of each pulse :
3.5.3 Duration of each cycle :

Second modulation (as § 2)
Second multiplexing (as § 3)

Third modulation (as § 2)

ANNEX II

CLASSIFICATION OF EMISSIONS
List of minimum essential characteristics

Introduction

Annex I gives, in summary form, a list of all the characteristics, showing the process
from the sngnal input to the final emission.

Annex II is an attempt to state which of these characteristics are considered essential
for the purpose of classification.

The characteristics considered essential are those describing the form of the emission;
it is not necessary to know all the various intermediate stages of modulation and multiplexing.
The information which is given should be sufficient to distinguish between different radio
systems, which require different minimum values of protection ratio for satisfactory operation,
as well as those which have different potentialities for causing interference to other radio
circuits.

In the following list of characteristics, an asterisk, *, indicates “ characteristics stated as
supplementary information ”, i. e., not adequately described by the items listed.

Although coding is not discussed, the desirability of putting all the information in
11 positions in column 7 of the Master International Frequency Register has been borne in
mind.

Input signal

« The “input >, in the sense used here, may not be the input to the radio transmitter; it
may be the input to multiplexing apparatus located separately from the radio transmitter.
The input is considered to consist of a stated number of channels.

a — telephone, opérator-to-operator, no privacy, nominal bandwidth approximately 3 k¢/s;

b - telephone, connected to land-line network, with privacy, nominal bandwidth approxi-
mately 3 kc/s; :

¢ — telephone *; ‘

d - programme materlal (state the nominal bandwidth);

e — telegraph, manual;

f — telegraph, teleprinter;

g — telegraph, teleprinter, ARQ;

h — telegraph, Hellschreibeg;

i — telegraph, recorder;

j — telegraph *;

k — telegraph *;

1 - telegraph *;
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telegraph *;

— data, two-position signal approximately periodic;
— data *;

facsimile, phototelegraphy, Grade I;

facsimile, phototelegraphy, Grade II;

* .
>

television, monochrome, 405-lines;
television, monochrome, 525-lines;
television, monochrome, 625-lines;

television, monochrome, 819-lines;
*.

- s

|

_ .

b
_ k.
%k

>

2.2 Numerical characteristics of the input signal
2.2.1 Number of channels (e. g. telephone, telegraph, etc.; see § 2.).
2.2.2 If appropriate, the number of shortest elements per second in each input channel

i. e. for telegraphy, the highest keying speed per channel.

Note. — A large number of digits will be required to code this information, which must therefore:
be a minimum.

3. Principal features of the emission

3.1 Radiated carrier, unmodulated

a

— carrier, unmodulated.

3.2 Radiated carrier amplitude-modulated

b
c

d
e

f

g
h

i
j

- on-off keying of carrier;

- varying modulating signal, such as speech or television, etc., with carrier approximately-
central;

— varying modulating signal, such as speech or televmon etc., with carrier at upper edge:
of band;

- varying modulating signal, such as speech or television, etc., with carrier at lower edge:
of band;

— varying modulating signal, such as speech or television, etc., asymmetric sidebands *
— one modulating audio tone, the carrier and audio tone being keyed; .

— one modulating audio tone which is keyed, the carrier being unkeyed;

— one modulating audio tone, no keying;

— with radiated sub-carriers as described in § 4.1 and ...;

k - direct amplitude-modulation by facsimile or phototelegraph signals;

1

— % -

3.3 Reduced or suppressed carrier, amplitude-modulated

m

— carrier reduced (Note 1) or suppressed; single-sideband or independent-sideband:
emission with one or more principal frequency sub-divisions (Note 2) of the emission;,

3.4 Carrier, frequency-modulated

o

- 0 T

w

— two conditions;
— several, usually 4 or 5 conditions; )
— varying modulating signal, such as speech or television, described in § 4 or § 2;

— complex modulating signal, consisting of several time-division multiplex. channels,,
described in § 4;
* .

*
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3.5 Carrier, phase-modulated

u — two conditions;

v — several, usually 4 or 5 conditions;

w — varying modulating signal, such as speech or television, described in § 4 or § 2;

X — complex modulating signal, consisting of several time-division multiplex channels,
described in § 4;

y — *

z — *

Note 1. — Reduced by 10 db or more.

Note 2. — The term “ principal sub-divisions ” is used to indicate the largest units of sub-division
of the emission. For single-sideband and independent-sideband emissions, in the frequency

bands between about 3 Mc/s and about 30 Mc/s, the “ principal sud-divisions

3

are often

bands about 3 kc/s wide.

3.6 Numerical characteristics

3.6.1
3.6.2

3.6.3

Number of sub-carriers or of principal sub-divisions;

For amplitude-modulated systems including single-sideband and independent-sideband
systems: the position of the carrier (except when indicated by § 3.2, ¢, d or ¢);

For frequency-modulation systems only: frequency deviation, or frequency shift or
phase deviation.

Note. — A large number of digits will be required to code this information, which must therefore
be a minimum.

4. Composition of principal sub-divisions, and characteristics of sub-carriers and their modulation

4.1 Frequency-division multiplex groups

Note. — The term “ groups

2

is used in a general sense (and not in contradistinction from, for

example, supergroups).

a —
b -
c —
d -
e —

f -

el —. . e
| |

s o B B
i

group of voice-frequency telegraph or data-transmission channels, each w1th on-off
keaying;

group of voice-frequency telegraph or data-transmission channels, each with frequency
modulation (i. e. frequency shift);

group of voice-frequency telegraph or data-transmission channels, with two-tone
operation (i. e. two tones per channel, each tone of a pair keying keyed on-off in
antiphase);

group of voice-frequency telegraph or data-transmission channels *

as ato d, but each “ channel ” consisting of a group of multiplexed channels, described
ing§s;

group of telephone channels;

group of facsimile channels, or of sub-carriers each carrying facsimile, each sub-carrier
being amplitude-modulated;
group of facsimile channels, or of sub-carriers each carrying facsimile, each sub-carrier
being frequency-modulated;

group of sub-carriers carrying telemetering or telecommand signals;
&
b
* .
b
* .o
b
%



.

Rep. 175 — 62 —

4.2 Time-division multiplex

5.

q — group of time-division multiplex telegraph or data channels, each channel consisting,
at its input, of a single telegraph or data input channel; described in § 2;

r — group of time-division multiplex telegraph or data channels, each channel consisting,
at its input, of a multiplex group of telegraph or data channels; described in § 5;

s — group of time-division multiplex channels carrying telemetering or telecommand signals;
described in § 2;

* .
’

t —
u - *;
v - %
*

W o~

4.3 Numerical characteristics of multiplexed groups or groups of sub-carriers

4.3.1 Number of input channels to the multiplexed group (each input channel may itself be
multiplexed), or number of sub-carriers. -

4.3.2 (If appropriate), frequency deviation of sub-carrier(s).
4.3.3 (If appropriate), frequency separation between channels or sub-carriers.

Note. — A large number of digits will be required to code this information, which must therefore

be a minimum.

Further sub-divisions

If the information listed in § 2 concerning the input signal (number of channels, baud
speed per channel, etc.) is given, and the information listed in § 4 for the characteristics
of multiplex groups in the principal sub-division of the spectrum is also given, there will not
usually be any need to give details of intermediate stages of multiplexing. However, if
considered necessary for the purposes of deciding the protection ratio and interfering potential-
ity of an emission, further particulars can be given in a form similar to that of § 4.

Pulse-modulation systems

Further consideration is necessary to decide ‘whether addltlonal data are required con-
cerning pulse-modulation systems.

Summary

Although the question of coding is not discussed in this Report, it is convenient to
write a summary in terms of a possible coding in 11 positions in column 7 of the Master
International Frequency Register.

; : } bandwidth information;

3 — type and characteristics of the input signal;

4 — numerical characteristics of the input signal;

5 — content of the emission;

6 — numerical characteristics of the emission;

7 — composition of groups of multiplexed signals;

8 — numerical characteristics of multiplexed groups;
9 -
10 -
11 - available for additional information, including that indicated by * in the text.

}'further multiplexing, corresponding to positions 6’and 7 (if needed);

The sequence or order of appearance, and the type of symbolization, is not discussed in
this Report.
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REPORT 176 *

COMPRESSION OF THE RADIOTELEPHONE SIGNAL SPECTRUM
IN THE HF BANDS

(Question 219(1))

(Geneva, 1963)

The C.C.I.R. has studied a number of systems for the compression of the radiotelephone signal
spectrum and particularly the possibility of using such systems in the HF bands.

The French Administration (Doc. I/21 of Geneva, 1962), described a system invented
by Marcou and Daguet which provides quite good articulation and, as developed presently,
occupies about one third of the bandwidth, but is eight times more sensitive than a normal single-
sideband circuit to variations in the attenuation of the transmission medium.

The United States (Doc. 1/27 of Geneva, 1962), discussed two systems and later examined a
number of other systems **, Systems such as the time assigned speech interpolation (TASI) scheme,
are only useful when a large number of channels are involved. Other systems, some of which
theoretically require only very narrow bandwidths, lack naturalness and, in some cases, all personal
inflexions are removed and information about the personality of the speaker is not conveyed.

Generally, these systems cannot be used with timz-varying channels, i. e., with channels in
which variable propagation conditions introduce amplitude or phase distortion.

Systems using pulse code modulation, which may be used in very severe propagation or noise
conditions, do not usually conserve bandwidth, when only one or a small number of channels are
coded in the same code sequence.

All the speech compression systems require complex terminal equipment, both at the transmitter
and receiver, and at the present state of the art, the cost would seem to be justified only for a large
number of telephone channels.

The most promising field is the use of single-sideband transmission with reduced or suppressed
carrier. This system can yield almost twice as many voice channels in the same spectrum compared
to double-sideband systems, and unlike a number of other spectrum reducing systems, it is well
suited to high-frequency radiotelephone transmission. The single-sideband signal provides a
better signal-to-noise ratio, with an appropriate receiver, and is considerably less affected by
selective fading ***, ,

It has been shown theoretically that for time-varying channels, the most promising systems
would make use of a small part of the available channel width to transmit some kind of pilot
carrier which would be used, at the receiving end, to determine continuously the phase and amplitude
properties of the channel and automatically control compensating devices in the receiver. Practical
development of such systems should be strongly encouraged.

* This Report was adopted unanimouslv.
** BEery, W.M. and NESENBERGS, M., National Bureau of Standards, Report 7296.
*#*#* See Recommendations 100 and 330.
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REPORT 177 *

COMPRESSION OF THE RADIOTELEGRAPH SIGNAL SPECTRUM
IN THE HF BANDS

(Question 220(1))

(Geneva, 1963)
1. Introduction

The principles of bandwidth reduction have been used intuitively since the very beginning
of telegraphic communication. Codes were developed to provide for the transmission of a
given language in the least amount of time and bandwidth. In very limited bandwidth
systems, such as transatlantic cables, use was made of three levels of amplitude and the
principles of synchronous detection (regeneration) employed.

In recent years, in HF telegraphy, the trend has been toward the reduction in errors
rather than the reduction of bandwidth. It is reasonable to assume that high-frequency
telegraph systems will continue to use somewhat greater bandwidth than theoretically neces-
sary (for example, the use of F1 in place of Al emission), to overcome the unstable and noisy
conditions met with in HF telegraph communication. (See Doc. I11/33, (U.S.A.) of Geneva,
1962.) : v

2. Phase-change signalling systems

Phase-change signalling systems, using two or more levels, have been investigated and
can be used to yield a narrow band transmission system. Unfortunately, their use at HF
has not been successful, because of the phase instability of the propagation medium. It does
not appear that present phase-change techniques can be recommended for HF telegraphy.

3. Digital signalling systems which employ three or more levels of amplitude, frequency-shift or
phase-change

Digital signalling systems which employ three or more levels of amplitude have been
investigated. It has been found that a system employing four amplitude levels has a signal-
to-noise disadvantage when compared to a two-level system-in the same bandwidth. While
the bandwidth may be reduced for the same capacity, the higher power required, or the net
reduction in signal-to-noise and disadvantages due to multipath transmission, lead to the
conclusion that systems using several levels of amplitude are not particularly desirable for
HF telegraphy. On the other hand, systems using four frequencies with a spacing of 800 c/s
have been widely used and are successful. A somewhat similar system is now proposed using
four frequencies with a spacing of only 80 c¢/s. Diplex keying, with ‘10 ms elements, is used
on each channel with the two channels synchronized. A net gain of 7 db in signal-to-noise
ratio is realized by the system because of the reduction in bandwidth. With respect to
phase-change systems, the previous remarks with regard to HF propagation apply.

* This Report was adopted unanimously.
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Coding techniques which provide either message compression or error reduction, or both

Coding techniques have been examined in great detail, particularly since the mathematical
development of communication theory. The principal emphasis has been on error reduction
for HF telegraph systems rather than the reduction of time or bandwidth. At the present,
the best system in general use seems to be the ARQ constant ratio code with feedback for
error correction. Numerous techniques are being investigated to increase the volume of
information transmitted over each channel, and it is expected that some of these techniques
will be applied to reduce either the time of transmission or the bandwidth.

REPORT 178 *

POSSIBILITIES OF REDUCING INTERFERENCE
AND OF MEASURING ACTUAL TRAFFIC SPECTRA

(Study Programme 181(1))

(Warsaw, 1956 — Los Angeles, 1959 — Geneva, 1963)
Summary

Any actual signal which has passed through a quadripole can be developed as a series of
time-staggered functions. The sole function on which the development is based is the
impulse response of the quadripole, representing the shortest elementary signal which can
appear at the output of the quadripole. This development helps to show some of the impor-
tant properties of actual signal spectra, useful in the study of interference and the measurement
of spectra with analyzers:

(a) Interference can never be zero, for the spectrum of any actual signal cannot be zero in
any frequency interval; it can be zero only at discrete frequencies.

(b) If the receiver subject to interference can be assimilated to a substantially rectangular
pass-band quadripole and it is tuned far enough away from the centre of the spectrum,
and if the consecutive signal amplitudes are independent and not correlated, the inter-
ference merely adds additional noise to the inherent thermal noise of the receiver.

(c) If the actual signal fulfills the above conditions, its spectrum may be determined by means
of an analyzer, and reproducible stable results can be obtained if the analyzer is followed
by a quadratic integrator.

(d) If the signal does not fulfill these conditions, the measurements will be unstable, both as

regards individual measurements made with the same analyzer and measurements made
with different analyzers.
’ On the other hand, constant and reproducible results are possible, for instance, in
telegraphy, if the actual signal is replaced by a periodic signal, and in telephony if the
transmitter is modulated with white noise. One obtains, in the first case, a time spectrum
whose envelope is the spectrum of the elementary signal and, in the second case, a spec-
trum identical to that of the elementary signal.

(e) The problem of reducing interference, which is, at a first approximation, the problem of
reducing out-of-band radiation, is primarily the problem of finding the best elementary
signal in this respect.

* This Report, which replaces Report 96, was adopted unanimously.
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A first solution, suggested by Shannon’s theories, is to give the signal an approximately
Gaussian statistical distribution. Speech approaches this condition fairly closely and can
therefore easily be filtered, thus introducing little interference outside a certain band. In
telegraphy, the only way of forming a similar signal is to use many different combinations of
signals of different amplitudes.

Gabor, after choosing a particular definition for signal duration and bandwidth, showed
that the best elementary signal in those respects was a signal having the shape of a Gaussian
curve. Such a shape can be approached, as closely as required, by using multiple-section
filters, either with a very simple iterative filter section or non-iterative sections, although a
large number of sections introduces a signal delay which is the only parameter limiting the
practical application of the method. Nevertheless, delays of not more than one word of
medium length should be very helpful in reducing out-of-band radiation. Delay is apparently
inevitable whenever endeavours are made to compress frequencies or to reduce out-of-band
radiation.

. Many other signal shapes have been proposed, but are either less effective or practically
1nfea51ble

Yet the problem of interference can be tackled only by also taking into account the exact
nature of the signal and the receiver properties. The total permissible signal distortion is the
distortion introduced by the receiver and transmitter considered together. Villepelet showed
that, if a given frequency band was occupied by radiocommunications of the same kind, the
best way of solving the interference problem was to allocate one-half of the quadripole
representing the system to the transmitter and one-half to the receiver, the receiver and trans-
mitter thus becoming equally selective. Contrary to what might be thought, this principle
could be applied in practice in a fairly large number of cases, though it is not followed as a
general rule, receivers being nearly always more selective than transmitters

The theory for circuits having different natures and working on adjacent channels is
much more difficult to study and no solutlon is known, but the problem might be tackled
experimentally.

Finally, the receiver might be adapted to the interference so that it should not only be
able to receive the wanted signal, but should also be highly insensitive to some kinds of inter-
ference. Little work has been done along these lmes so far, but a general method of studying
the problem has been proposed.

Introduction — Possible ways of examining interference problems

The number of radio channels which can be used in a given frequency band depends
essentially on the spacing required between adjacent channels. Leaving aside various phe-
nomena and circumstances which necessitate an increase in spacing, such as field fluctuations,
the minimum spacing is determined by the interference produced by each channel in neigh-
bouring channels. If the bandwidth occupied by the emissions, and consequently the out-
of-band powers as defined in Recommendation 328 were known, it would then be possible to
determine roughly the minimum necessary spacing between two frequency . assignments.
But, without knowledge of additional data, such as the rate of decrease of the energy outside
the band limits, the power definition of the occupied bandwidth is not sufficient for the purpose
of determining channel spacing.

Hence, it is necessary to deal with the interference problem in a more direct and precise
manner ; the first problem to be solved is the reduction of the energy of a given emission outside
a certain band, and the next is the increase in the slope of the spectrum outside its central
part.

Even this does not suffice, for interference cannot be entirely determined by power
considerations.. It is closely connected with the exact nature of the interfering emission, as
well as with the nature of the emission suffering from interference and the characteristics of
the receiver.. When the problem is thus stated in its entirety, it is very complex and it is not
generally possible to take all the factors fully into account. Hence, it is necessary to use
simple and fairly general examples, on the basis of which it is possible to reach approximate
conclusions and indicate improved procedures with reasonable confidence, after comparing
the upper interference limits in the various cases.
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In general, interference is produced by emissions transmitting actual information which
is not known beforehand. Correct methods of representing emissions in the study of these
problems should, therefore, enable the signals transmitted to be represented as random
quantities.

Analysis of the properties of real signals is made easier if they are represented as series
of functions. The use of functions, staggered in time, is especially useful for showing the
random nature of the signals and dealing at the same time with filtering and interference
problems. '

For all classes of emissions, except those using frequency modulation, a simple relation
can thus be established between the output radio signal and the input modulating signal.
Consequently, the following considerations and results are not, in general, applicable to
frequency modulation. ‘

If the signal to be transmitted consists (as in telegraphy) of a series of discrete voltages,
breakdown into a series of functions staggered in time is quite natural. The emission is then
fully determined when:

— an elementary signal, which usually takes the form of a pulse modulating a carrier wave,
has been defined;

— one of the parameters of the elementary signal (amplitude, frequency, duration, etc.), has
been provided with a coefficient which is proportional to the discrete, random voltages of
the original signal.

Another case (telephony provides the simplest example) is when the signal is defined by
a continuous time function, and here the same procedure may be used, by varying one of the
parameters connected with the elementary signal as a function of the continuous parameter
defining the signal. i

Various forms of signal breakdown are indicated below: the first one, which uses ele-
mentary signals that are all identical but are staggered in time and provided with a coefficient
of proportionality, is useful for the discussion of problems in which only energy is involved
and which are entirely determined by the form of the spectrum of the overall signal, usually
representing an entire message.

Another breakdown, with elementary signals staggered both in time and frequency, will be
mentioned, for it will allow a more precise analysis of the interference problem, taking into
account the exact nature of the transmitting and receiving systems.

/

Breakdown of the signal .by means of elementary signals staggered in time — Specirum properties
and measurement possibilities

It was mentioned above that representation of the signal should show the random form
of the signal. .

However, it is easier to measure the spectrum during transmission of an elementary
signal or a periodic signal made up of a regular succession of elementary signals. These
simple signal shapes are very convenient for calculation and permit a fairly easy assessment
of their effect on a-circuit idealizing the receiver subject to interference. The theoretical .
problems of interference will thus be simplified if a relation can be found between the spectra
of random'signals and the spectra of simple signals coming from the same transmitter.

Such a relation can easily be found, if the actual signal can be represented by a series of
functions with constant coefficients, successive functions being obtained by time-staggering a
single function representing an elementary signal. To obtain such a signal in practice, the
minimum requirement is that the corresponding function should always be zero before a given
moment which is the beginning of the transmission. For example, the theoretical original
elementary signal could be a narrow rectangular pulse, the successive switching times being
separated by intervals equal to the pulse width. The signal is then represented by a series of
functions, the coefficients of which are equal to its mean value during each elementary interval.
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By reducing the width of the pulse, any actual continuous signal can be represented with
a root-mean-square error as small as desired. For this, it is sufficient for the integral square
of the derivative of the signal to be bounded; in physical terms, this means that the signal
must represent a finite quantity of information. Some authors have in fact used this integral
of the square of the derivative of the signal to measure the amount of detail contained in a real
signal, particularly in television.*

It will immediately be seen that the Fourier transform or “ amplitude spectrum > of a
signal expanded in this way is the product of two spectrum functions.

The first function represents the spectrum of the elementary signal; this spectrum does
not depend on the information contained in the signal.

The second function might be called the switching spectrum; it depends on the switching
instants and on coefficients which themselves contain all the information. In complex
terms, this spectrum function is equal to the sum of the vectors, of which the length is equal
to the coefficients and the phase is proportional to the frequency and the times of switching.

Such an analysis of the signal presents a certain general character, in spite of the special
form of the rectangular pulses which have been used. If the spectrum is represented as a
product of functions, it can be seen that transformation of the signal by a linear quadripole
is equivalent to transformation of the elementary pulse only. At the output of the quadripole,
the transformed signal spectrum is still represented by the product of two functions. The
switching spectrum is the same (and, hence, so are the coefficients of the series of functions
representing the transformed 51gna1) the elementary signal spectrum is replaced by the
spectrum of this pulse transformed in the quadripole. At the limit, when the pulse width
is reduced -indefinitely, the transformed pulse tends towards the impulse response of the
quadripole. Any signal transformed by a quadripole can, therefore, be expanded as a series
of staggered functions, the original function being the impulse response of the same quadripole.

If the signal is received by an apparatus (e. g., the receiver of the correspondent, or the
receiver subject to interference, or a spectrum analyzer), which integrates the signal during a
certain time, the output voltage of this apparatus,.at a given frequency, depends on the sum
of the corresponding vectors, the number of which increases with the integration time. The
phases of those vectors, however, are uniformly distributed around the phase circle and under
certain conditions their amplitudes, equal to the mean values of the signal during the sampling
intervals, are statistically independent, each one being small, with respect to the overall
amplitude. It is well known, that in this case, particularly according to the theorems of
Liapunov and Paul Levy [1], the statistical distribution of the amplitude of the resultant
vector tends towards the Rayleigh law, whereas the instantaneous value of the corresponding
overall voltage (projection of the vector on to any fixed axis), has a statistical distribution
which tends to become Gaussian when the integration time increases indefinitely. This is
valid for any random signals, such as those occurring in telephony, or television, the amplitude
of which is always bounded.

It is known that continuous signals do not, in practice, have statistically independent values
at instants very near to each other; however, these values become more and more independent
as the instants become more distant one from the other. The condition for independence,
therefore, means that the chosen sampling instants are sufficiently separated to ensure that the
values corresponding to any two successive instants are practically independent, and hence
capable of representing entirely different information.

For telegraphy of the usual type, the position is particularly simple. The elementary signal
can be the usual unit signal of the telegraphists, the finite duration of which is that of one
code unit and the amplitude coefficients are all equal to 0 or 1 with, as a first approximation,
an equal probability for these two values at the sampling instants. The problem is then
reduced to that of the random walk which was originally studied by Lord Rayleigh. The
statistical distribution of the total amplitude and the total instantaneous value still tend
towards Rayleigh and Gaussian distributions respectively, which are approached, with a fair
degree of approximation for practical purposes, if a fairly small number of components
are added. .

113

s

* This measurement is naturally different from the measurements based on probabilities of the amount of information which
can be defined, after Shannon, by using, for instance, the binary unit. 1t is logical only with certain types of continuous signals,
especially the usual type of te 1ev1s10n signal. Shannon has shown ([4], § 29) how the r.m.s. error limits the capacity of a source
for transmitting information.
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The effect of the signal on receivers of fairly small bandwidth, which integrate the
amplitudes or the powers, can be easily assessed when the spectrum of the elementary signal
and also the first (for a linear integrator) or the second (for a quadratic integrator) moment of
the statistical distribution of the amplitudes are known. These moments show the mean
amplitude and the mean power of the signal respectively.

It may be pointed out that receivers with a narrow bandwidth have a large time constant
and are thus naturally linear or quadratic integrators. However, practical calculations show
that the most selective ordinary receivers and even the most accurate spectrum analyzers
still have too wide a bandwidth and consequently a time constant that is too small to ensure
a good approximation to the moments of the statistical distribution; their output voltage is
always fluctuating, in the presence of a random signal, unless they are followed by an indicator
with a very high degree of inertia, preferably a quadratic integrator.

However, the switching spectrum is a periodic function of the frequency without a constant
term when the switching times are uniformly spaced; the result is, that the spectrum has the
shape of the elementary pulse spectrum, multiplied by a periodic function which depends
mainly on the information transmitted. Considering the part of the spectrum falling within
the (not too narrow) passband of a receiver subject to interference, the average level of the
voltage induced in this receiver thus depends primarily on the shape of the elementary pulse
spectrum, whatever the time during which the whole receiving system integrates the voltage
or the power.

If, instead of considering the Fourier transform of the signal (or amplitude spectrum),
we consider the usual spectrum of the physicists, which is a power spectrum, it is possible to
specify the preceding properties a little better. It is known that this spectrum is the Fourier
transform of the correlation function of the signal. If this signal is represented, as before, by
a series of staggered functions, it is found that the spectrum is also the product of two spectrum
functions. The first is the (power) spectrum of the elementary signal, and the second the
Fourier transform of the correlation function of the original signal. This second spectrum
function is reduced to a constant, if the correlation function is periodically cancelled out, the
period being equal to the time separating two consecutive switching instants. In this case,
the signal is said to be uncorrelated with the switching or sampling instants (which alone are
of interest tous). The spectrum is then identical with that of the elementary signal, apart from
a constant coefficient which represents the mean power of the overall signal. The problems
of determining interference and measuring the spectrum with a spectrum analyzer are then
very simple; a quadratic integrator at the output immediately gives the power in the analyzed
part of the spectrum. With regard to those parts of the spectrum which are fairly distant from
the central frequency, where the spectrum of the elementary signal generally varies fairly
slowly with frequency, and if the receiver subject to interference or the analyzer has a passband
which, without too much error, may be treated as a relatively narrow rectangular filter, they
isolate, within the spectrum, a portion having a constant level throughout their bands, with
zero level outside. If, then, the original signal is not only uncorrelated, but takes independent
values at the sampling instants, the signal leaving the analyzer, or acting on the terminal
apparatus of the receiver subject to interference, is a “ white ” Gaussian signal, which can be
compared in every respect with thermal noise ([3] Chapter XIII, page 513). The sole effect
of the interference is then to increase the noise level at the output of the receiver subject to
interference. - With equal power in a given band, this is the most damaging form of inter-
ference, since it causes the greatest loss of capacity in the channel under consideration.

If, therefore, we wish to measure easily and rapidly the spectrum emitted by a transmitter
which is designed to send out continuous signals (a radiotelephone transmitter, for example),
it suffices to apply a thermal noise of suitable power to it, instead of its normal signal. This.
method, which is indicated in Recommendation 328 (§ 2.4) as elsewhere, is the simplest in
theory.

If, on the other hand, the signal is correlated, a term depending on the frequency is added
to the preceding constant which represents the mean signal power. If, as before, we assume
that the receiver subject to interference of the spectrum analyzer, has a fairly narrow passband,
and is tuned at some distance from the central part of the spectrum, it is reasonable to examine
especially the effect of the second spectrum function on such apparatus. This effect is repre-
sented by a doubly periodic function: it varies periodically when the tuning frequency departs
from the central frequency of the signal; it also varies periodically when the bandwidth of the:
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receiver or the analyzer varies. Hence, if the signal is correlated, the amount of interference
experienced by a receiver and the information provided by a spectrum analyzer depend, in
a complicated way, not only on the statistical properties of the signal, but on the characteristics
of such apparatus, particularly on the bandwidth; the analysis cannot be followed through to
its conclusion unless all the corresponding data are known.

What is always important, however, is the independence of the two spectrum functions,
as well as the essential consequence: the spectrum of any signal decreases at the spectrum of
the elementary signal defined by the quadripole through which the signal flows.

For a correlated signal, the collected power simply becomes proportional to the band-
width of the analyzer filter, only if this bandwidth is very narrow (with respect to the reciprocal
of the sampling interval). But with a narrow filter, it is necessary to reduce the sweep speed,
and even to abandon an automatic sweep, if it is wished to obtain results with a fair degree
of approximation from the measurements. With a manual-sweep analyzer, the total measure-
ment of the spectrum takes so long, that measurements of the different parts of the spectrum
are mutually incoherent, even if the analyzer is followed by an integrator with a long time
constant. This incoherence disappears only if the measurements are carried out by applying
periodic signals to the transmitter.

This method always seems preferable for telegraphy, owing to the simple relationships
which exist between the spectra of the periodic signals, the spectrum of the elementary signal
and the mean spectrum of the random signals emitted by the same system.

Marique has made a fairly rigorous study of the effect of non-periodic telegraph signals.
on spectrum analyzers [2].

These considerations end with a mathematical note which has important practical con-
sequences. The spectrum of an actual signal is represented by an integer function, if (as is
always the case in practice), the signal has traversed a passive quadripole. This is because an
actual signal is null before the finite instant at which the message begins, is always bounded
and after passage through the passive-quadripole falls off exponentially towards zero from the
‘moment the message ends.

Hence, whatever real signal is transmitted, we must always consider a spectrum represented
by an integer function, that is to say, extending to infinity and cancelling out only at distinct
frequencies (which may be an enumerable infinity), but never in a frequency interval, no matter
how small it may be.

The rest will perhaps be clearer if we sum up the conclusions we can draw from the
above:

{a) The problem of interference will always exist. Since the spectrum of an actual signal
cannot be zero in any frequency interval, any receiver tuned close to the carrier of any
actual emission receives energy therefrom. If the frequency difference is large enough,
this energy may be small, and sometimes negligible, but it can never be zero.

(b) The effect of interference on a receiver cannot be assessed if we know merely the energy
received from the interfering station. It will depend on the nature of the signal trans-
mitted and on the kind of receiver. .

' Only in one case is the effect of the interfering station very simple; when the receiver
passband can be approximated to a rectangular band, and is tuned reasonably far away
from the centre of the interfering spectrum. If, in addition, the interfering signal can
be represented by successive uncorrelated, independent amplitudes, the interference will
approximate to thermal noise. It will merely increase the inherent channel noise, but,
for equal power, it will have the maximum effect on the loss of capacity of the channel.

{c) If the signals transmitted can be regarded as represented by a series of uncorrelated
amplitudes, statistically independent of each other, it is possible to measure the spectra
of the random signals and to obtain stable results, readily comparable with those obtained
by measuring the spectrum of an elementary signal or of the periodic elementary signals
applied to the same transmitting system, provided that the indicator of the spectrum
analyzer is followed by a linear, or preferably, by a quadratic integrator.

(d) On the other hand, if the successive amplitudes of the random signal are correlated, its
spectrum oscillates around the spectrum of the elementary signal and cannot show any
stability, whether the same spectrum analyzer is used for successive measurements or a
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different analyzer is used. The oscillations have a complicated relationship with the
bandwidth and filter characteristics of the analyzer, unless the bandwidth is extremely
small. In this case, the overall time of measurement may be far too long for the whole
to remain coherent and reproducible. It is then preferable to replace such a signal for
measurement purposes, either by white noise modulating the transmitter (which is possible
with a radiotelephone transmitter), or by a periodic signal (which is generally possible
for radiotelegraph transmitters). Laboratory measurement of radiotelegraph spectra
is often effected by means of periodic elementary signals; this provides isolated points
of the spectrum of the single pulse, which is the envelope of the line spectrum of the
periodic pulses. '

(e) The problem of reducing interference or out-of-band radiation is reduced to the problem
of finding the elementary signal which, transmitted by the same system, would produce
minimum interference.

In telegraphy of the usual type, the elementary signal to be considered is identical
with the unit signal of the telegraphists, the length of which is practically that of a unit
interval. :

In systems transmitting a continuous signal, like telephony or television, the ele-
mentary signal is the shortest isolated signal that the system can transmit; it is the output .
signal obtained when a very short rectangular pulse is applied to the input.

In pulse systems, the elementary signal is the basic puise.

In systems using frequency modulation, in which the transmitters by their very
nature cannot be linear, the elementary signal to be used for sampling the signal trans-
, mitted is much more difficult to define and cannot bear a simple relation to a corresponding
input signal. The considerations described above and below can, therefore, be applied
only with difficulty to such systems.

Reduction of out-of-band radiation

If nothing is known about the characteristics of the receiver suffering from interference,
or if the person transmitting is unfamiliar with the system used by the circuit experiencing
interference, the only action which the transmitting station can take to lessen the inter-
ference is to reduce the power transmitted outside a given frequency band. We have seen,
however, that, whatever signal is transmitted, the power spectrum oscillates around the spec-
trum of the elementary signal, so that the solution of the interference problem lies in the
reduction of the power transmitted by the elementary signal beyond a given band. But
before examining methods of reducing interference which depend upon the shape of the
elementary signal, some light may be thrown on this problem by a study of the consequences
of Shannon’s theory of channel capacity [4, 5].

It is well known that the fullest demonstration of the Hartley-Shannon theorem, on the
capacity of a channel in the presence of noise, makes use of an expansion of the signal with
the help of a staggered elementary function of the type mentioned in § 2 above; but the
elementary function used is Whittaker’s interpolation function (sin «?)/et, which does not
fulfill the condition set at the beginning of § 2 for an actual elementary signal: it is not zero
in any interval. Any actual signal can be arbitrarily approximated by such an expansion.
For a given approximation, the expansion is found to have a uniform spectrum in a certain
frequency band, beyond which it is zero. The band is wider as the signal is more closely
defined, i. e. reproduced exactly at a larger number of instants.

This is paradoxical, because any signal can be represented in this way, but then it no longer
produces any interference outside a certain band. This is because, although the signal is
correctly represented in the finite time interval when it has been actually transmitted, another
arbitrary signal has been added to it outside this interval, and thi§ completely alters the total
spectrum. In actual fact, this mode of expansion assumes that the signal was known for
infinite time. Under these conditions, it is obviously useless to transmit it over any telecom-
munication channel and the problem of interference does not arise. The Hartley-Shannon
theorem, which is based on such an expansion, is thus only a limit theorem, valid only for
indefinitely delayed signals. However, Kolmogorov has recently shown in which way the
theory has to be changed to take into account actual signals [6].
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But it is very interesting to observe that a signal, expanded in this way with the help of
an infinity of elementary Whittaker functions, has statistically a Gaussian distribution under
certain conditions which are more or less fulfilled for normal signals. All that is required
is, that the random function representing the signal should be stationary, that the characteristic
function of its distribution should be regular at the origin and that the values of the function
at the different sampling instants should be uncorrelated and independent ([3] Chapter XIllI,
page 513).

By continuity, it can be concluded from the preceding properties that a fairly long actual
signal, with a roughly Gaussian statistical distribution, can give a very weak spectrum outside
a certain band; this would represent minimum interference. All that would be required,
would be to filter it in a suitable way and it can be deduced from the above that this filtering
would be possible without inordinately affecting the signal, but that the reduction of the
out-of-band radiation would be achieved only at the cost of a delay of the signal and would
be greater as the delay was increased.

A well known practical example is that of the signal directly representing speech. This
signal has been studied by many authors who have shown that, for a fairly long period of
time and a fairly large number of different voices, its statistical distribution was approximately
Gaussian, in this respect approaching white noise, which exactly satisfies the mathematical
conditions posed above. The speech spectrum can thus be reduced to a very low amplitude
outside a band which is easy to determine, but it cannot be reduced to zero, as a given con-
versation begins at a finite moment. The reduction of out-of-band radiation can be achieved
with the help of a filter without too much deterioration of articulation: the reduction is greater
as the number of sections is increased, the increase of this number being the only means avail-
able of increasing the asymptotic slope of the filter. The signal delay, which increases with
the number of sections, is thus all the greater as the out-of-band radiation is reduced. Some
of these latter properties are well known to engineers; the very general way in which they
have been obtained shows that they are independent of any hypothesis on the exact nature of
the signal and the circuits used.

Unlike telephone signals, telegraph signals, which are quantized by means of adjacent
signal elements, and have only two distinct levels, cannot approximate a Gaussian distribution;
they are also prolific sources of out-of-band interference.

To obtain signals approximating to a Gaussian distribution with amplitude-modulation,
different amplitudes would have to be used at the different sampling instants; Shannon’s
theoretical signal considers amplitudes whose difference at two distinct instants is at least
equal to the noise level. The convergence theorems of the sum of random variables towards
a Gaussian variable [1], shows how a Gaussian signal can be obtained in this way: the overall
signal must be constituted by the sum of a large number of signal elements, all small and
occurring at random instants.

If only a limited number of signal elements can be superimposed, ocurring at random
instants and statistically independent, and if the overall signal is to have a Gaussian distribu-
tion, it can be seen, by application of Cramer’s theorem, that a signal element represented
by the inverse function of the Gaussian distribution function should be employed. Such a
signal could not be exactly achieved. The preceding signal, with a large number of combina-
tions, seems to be achievable.

4. Reduction of bandwidth

This theoretical problem differs at least on the surface from the one above, although it
may lead to the solution of the same physical problem. It has been shown above that the
problem can be reduced to finding the best elementary signal, without, at least as a first
approximation, there being any need to take account of the information transmitted, provided,
of course, that the elementary signal permits transmission of such information.

If an attempt is made to find an elementary signal providing maximum power within a
given frequency band, as suggested by the definition of occupied bandwidth, the result will
obviously be the sinusoidal signal and the Whittaker signal referred to above. These two
signals are physically unobtainable and do not meet the conditions stated above for the
elementary signal: they have existed for infinite time. Their spectrum is zero outside a
certain band whereas we must use signals which are zero before an instant when they begin,
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subsequently, to be prolonged indefinitely and vanish progressively, in accordance with an
exponential law. The spectra of these lat_ter signals cannot be zero outside any given band.

Not all elementary signals which satisfy these simple conditions can be acceptable; in
telegraphy, in particular, and in most other cases, we wish to use an elementary signal with a
build-up time lower than a given value or a limited practical duration. = Such a condition, even
if physically accurate for a category of signals of a certain given shape, cannot easily be for-
mulated for a signal whose shape has still to be determined. A similar difficulty is encountered
in designating mathematically the concept of “ bandwidth .

To facilitate formulation of the problem, other concepts which may be equivalent to
“ build-up time ” or “ significant duration ” or “ bandwidth ” must be used. Gabor, taking up
a theory established by Pauli and Wey], seems to be the only author to have dealt with the
problem in a general sense [7]; he has given a definition of “ effective duration ” and “ effective
spectral width ”. These effective values are the r.m.s. values of the signal and of its spectrum
centred around a mean time and a mean frequency respectively.

Gabor then shows the existence of a relation between these two quantities, similar to an
uncertainty relation, according to which their product cannot be less than unity. Since, in
addition, our aim is to find an elementary signal with a minimum duration and as narrow a
spectrum as possible, the required conditions must be fulfilled, in the Gabor sense, by signals
which make the uncertainty product near to unity. It has recently been shown that this
relation is only exact when the spectrum function is zero for frequency zero [8]. This is not
usually so, but in the radio case under consideration where the r.m.s. spectrum width is
negligible with respect to the carrier frequency, the spectrum energy is almost zero for fre-
quency zero and the Gabor relation is fully applicable. The corrective term should not be
considered unless the same theory is to be applied, for example, to carrier frequency telegraph
systems, with which this Report makes no attempt to deal.

The limit value of the uncertainty products is attained only for a signal, of which the
shape is represented by a Gaussian function and the spectrum by a function of the same form.
This signal has the same drawback as the Whittaker signal: it begins in the infinite past and -
cannot, therefore, be realized with accuracy in practice. Nevertheless, its decrease towards
zero is extremely rapid, on both sides, contrary to that of the Whittaker signal, which is
slow. It should, therefore, be easy enough to approach the theoretical optimum shape, by
curtailing the signal on one side and neglecting the remainder of one of the infinite branches.

Several investigators have shown, that such approximations to a Gaussian signal can be
obtained with any degree of accuracy required, by means of fairly simple physical circuits.
Vasseur [9] uses simple resistance-capacity sections separated by vacuum tubes; he proves
that, if the input signal in such a system is a very short pulse, the output signal approaches the
Gaussian signal when the number of sections increases indefinitely. Naturally, the main part
of the signal recedes, at the same time, indefinitely along the time axis: a signal delay propor-
tional to the square root of the number of sections must therefore be admitted. But, since a
great many resistance-capacity sections and nearly as many vacuum tubes have to be used,
the system is hardly a practical proposition. - Indjoudjian [10] has shown, that the same result
can be obtained, with an inductance-capacity low-pass filter having a non-constant charac-
teristic impedance, and the same number of sections as above. Since the dissipation of the
network is low and fewer amplifying tubes are required, the latter filter would appear to be
more economical.

Practical use of the Gaussian signal had already been advocated before Gabor, particularly
in the United States, for television [11]. In the United Kingdom, Roberts and Simmonds [12]
had already described its properties as long ago as 1943 and 1944. Chalk [13], in seeking
to establish the best signal shape on the lines above, while bringing into play the characteristics
of a circuit under the influence of interference, arrived inter alia at the Gaussian signal. But,
if radio channels subject to interference are taken as a whole, circuits of unknown charac-
teristics are no longer to be considered, and the overall measurement of the interference is
determined by the out-of-band energy; therefore, in the Gabor sense, at least, the Gaussian
pulse provides the best shape.

Marique [14], after examining, in a similar way, the case of signals with Gaussian flanks,
came to the conclusion that they offered no marked advantages over other shapes, and in
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particular over sine-squared signals. However, these signals are not, strictly speaking,
Gaussian signals; the considerations above have shown that in telegraphy, each telegraph
instant should be transmitted by a Gaussian signal with joined elements, represented by suc-
cessive elementary signals of such a length as to ensure that the resulting undulation on the
signal along the maximum is small. In a more recent contribution [15], the same author,
comparing several shapes of signal, shows that the higher the degree of the first term of its
power series expansion, the weaker the interference caused by the signal. This property is
very general: a reduction in out-of-band radiation required a rapid decrease in the spectrum
with movement away from its centre: the order of asymptotic decrease of the spectrum is
equal to the order of the tangent at the origin of the signal beginning at the origin of time [16].
The signal delay, on the other hand, increases with the degree of the first term of its power
series expansion. Thus, the quite basic principle in the theories of Shannon and Gabor is
once again confirmed, whereby the interference can be reduced only if the signal is delayed, the
best results being obtained when the delay is infinite (that is, of course, when there is no
telecommunication whatsoever).

Numerical calculations, made with the practical signal shapes obtained by the Vasseur
process, seem to indicate that a shape, sufficiently close to the Gaussian shape, can by obtained
for the principal part of the signal with a small number of filter sections, but a sufficiently
low value of the product of build-up time and bandwidth occupied is only reached when the
number of sections is much greater, i. e. only when the signal has suffered a marked- delay.

Chalk [13], Gourevitch [17] and Ville [19] have determined the form that a pulse of
finite duration should have, so that a given frequency band contains the maximum energy.
Gourevitch has also determined the bandwidth containing 99 9 of the total energy for various
forms of pulses. It has been shown also that the cosine squared shaped pulse, although
occupying a wider band than the trapezoidal pulse, has the advantage of a faster decrease
of its power spectrum components outside the occupied bandwidth, and therefore would
produce smaller interference for sufficiently wide channel spacing [18]. But these authors
have not considered the concept of the signal. A sufficiently delayed Gaussian-shaped
impulse would give a much faster decrease of the power spectrum components than any of
their optimum signals of finite duration.

When determining the form of a telegraph signal element by such methods, one must
consider that such a signal element should have a sufficiently long flat portion; if the optimum
pulse is found to be not satisfactory in this respect, a suitable signal element can be constructed
with several time staggered pulses.

The problem should therefore be considered in its practical aspects as being essentially
a function of signal delay, more than of signal shape. A delay in telegraphy is not a very
serious matter: one equivalent to the length of a letter seems to produce satisfactory results;
and there seems to be no need to exceed a delay longer than that corresponding to a word.
These delays are of the order of those obtained with the mechanical devices in certain existing
multiplex systems.

Another reason for the necessary delay is found, if one considers the adaptation of the
signal itself, to its transmission in the minimum bandwidth. In particular, in this respect, if
“ optimum coding ” is sought, it can be shown that the signal must be delayed. The same
applies if the signal is to be transmitted after frequency compression and to be expanded when
received. The importance of delay has been stressed in the latest version of a C.C.L.R.
question on information theory [20].

In conclusion, it is well to cite some of Gabor’s further researches on other forms of
signals, as they may give rise to complementary studies. Considering that an exact Gaussian
signal is unattainable, Gabor shows that the signal, which is zero outside a certain time
interval and which has the smallest “ effective bandwidth ”, is represented by half a sine-
wave; reciprocally, the signal with the shortest “ effective duration ” has a half-sine-wave
spectrum. For these two reciprocal forms, the uncertainty product is only 1-14, which is only a
little higher than the theoretical optimum. Gabor remarks that “ sine-squared ™ signals,
also called “raised cosine ” signals, give substantially similar results. Use of this sine-
squared shape is justified in television by power considerations, and it is closer to the Gaussian
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optimum. Wheeler and Loughren [11] were the first to propose the use of clipped sine-wave
signals for television, but their justification was empirical.

All of these latter signals, however, are still not physical, because their attenuation is not
exponential and they finish abruptly. It remains to be determined which is the best signal
which will become zero before a given instant, will decrease exponentially, and will have a
fixed maximum delay. This problem would not appear easy to resolve within the framework
of Gabor’s theory, nor is it certain that the research will lead to a result different from the
approximation to the Gaussian signal given by Vasseur and other authors, which so far seems
to be the most satisfactory process, both from the theoretical and from the practical points
of view.

Slepian and Pollak [24] have made a study of an enumerable set of functlons possessing
the following properties:

— they have a limited spectrum, are orthonormal over the whole of the real axis and their set is
complete in the space of limited spectrum functions;

— they are orthogonal in a finite interval, centred on the origin, and their set is complete in
the space of functions integrable in absolute square over the same interval.

Thus, this system is most suitable for representing signals, either with a limited duration
or with a limited spectrum, and for the study of the effect of signal filtering both in time and
in frequency-space.

Landau and Pollak [25] have shown how such a sequence lent itself to the study of the
problems, raised by the Pauli-Weyl-Gabor uncertainty relation, to the selection of optimum
signal elements and to other similar problems. These methods could almost certainly be
used in solving many practical problems relating to signals.and interference.

In a later paper [26], the same authors have proved that band-limited functions, containing
all but a fraction €2 of their energy in a finite interval of time T can be expanded in a series
of 2 WT “ prolate spheroidal wave functions ”, with a total integrated squared error less than
12e2  The (sin ¢)/t functions are not suitable for this purpose. These results will help to
resolve some difficulties related to the practical application of the sampling theorem, to which
we alluded in § 3 of this Report.

Reduction of interference, from the standpomt of the transmitter and the receiver taken as
a whole

_ Filtering at the transmission end to reduce interference is limited by the attendant distor-
tion of the signal. The quality of the signal itself is fully defined by the form of the elementary
signal, i. e. the shortest signal that can be emitted by the quadripole representing the trans-
mitter. But it is at the output of the receiver that the desired quality of the signal must be
maintained. Hence, in interference problems, we have to consider not only the characteristics
of the receiver suffering interference, but also those of the correspondent’s receiver, which in
many cases can be represented, like the transmitter, by linear quadripole (the most important
exceptions are the cases in which frequency-modulation is used). .

Even when we limit ourselves to energy consideration, that is to say, when we do not
take into account the kind of system used nor the nature of the signal, the problem of inter-
ference with one transmitter and two dlfferent receivers is a complicated one. There would
seem to be no simple general solution.

The problem is easier if we assume two identical receivers. We can then assume, that
since two identical receivers are in principle designed to receive two signals of the same kind,
the transmitters are also identical. We shall then be able to inquire under what conditions
the mutual interference between two such circuits of the same nature is minimum, when they
operate on neighbouring frequencies. If we make some extra assumptions —we shall not go
into them here, since they do not appear to affect the general validity of the result obtained —
Villepelet [21] has shown that, in these circumstances, the mutual interference is minimum
when the equivalent quadripoles representing each transmitter and each receiver are identical. .
This result fully determines the quadripoles, for we can also look for the optimum form of
the filter to be used (as mentioned above), together with the minimum bandwidth and the



Rep. 178 — 76 —

- maximum delay which will retain the desired signal quality. The quadripole thus defined
represents the unit transmitter-receiver. If iterative, it will suffice to cut it in two, allocating
an equal number of sections to the transmitter and to the receiver, to obtain Villepelet’s
optimum. With present-day equipment, at least in radiotelegraphy and broadcasting *,
this optimum is very far from being attained. Receivers are in general equipped with relatively
narrow filters, with rather steep slopes, while transmitters are filtered little or not at all. The
rest of Villepelet’s paper shows the drawbacks of this inadequate filtering in every case.

Of course, this equality between the transmitter and receiver quadripoles (other things
being equal), allows minimum spacing between neighbouring channels. Hence, if a frequency
band is fully assigned to circuits of the same kind juxtaposed in frequency, this condition will
allow the maximum number of circuits to be accommodated. For certain kinds of service
and certain bands, where this juxtaposition of circuits of similar nature is more or less imposed
by circumstance, the above conclusion is fully applicable.

In some other bands (for example, the HF bands allocated to the fixed services), such a
juxtaposition is in no sense compulsory, since the circuits are generally operated with a few
substantially different classes of emission. If, in such a band, the use of a particular class of
emission and system definitely predominates over all the others, then, clearly, the condition
of equality of the transmitter and receiver quadripoles must be applied to the corresponding
apparatus, since a particular circuit is more likely to cause reciprocal interference with a circuit
of the same kind than with a circuit of a .different kind, even if frequencies be assigned at
random.

We shall now have to consider circuits of different kinds to be placed, in more or less
equal numbers, in the same frequency band. Is there any advantage in assembling circuits
of the same kind in the same section of the band, or should they be interlaced so that a circuit
is, if possible, flanked by circuits of different kinds? As thus stated, there is no one general
answer to this question; it depends on very many parameters, and is difficult to put precisely.
Existing theories [4, 5] can only suggest partial replies, by assimilating the interfering station
to Shannon’s noise generator, and by taking the channel capacity into consideration, as well
as the quantity of information actually transmitted. Blachman [22] has recently shown how
the problem can be imagined as a game between two players, one of whom wants to transmit
information at the highest possible speed by choosing the best system, while the source of
interference tries to limit this speed by choosing the most damaging interference **. The
complexity of this problem arises from the fact that the two are not independent. But, for
a given mean energy in a given limited band, the interference which most reduces the channel
capacity is Gaussian white noise, and we have already described how this can be produced
by an interfering transmitter. A circuit subject to such noise will suffer little if the channel
capacity is adequate, and if the transmission speed is limited to suit this capacity as reduced
by interference. Again to make the best of things, it should also use a signal approximating
to Gaussian white noise, that is to say, a signal with a limited, uniform spectrum and with
uncorrelated, independent amplitudes. Among the most usual classes of emission, those
which produce such interference are amplitude-modulation radiotelephone transmission
(DSB, SSB or ISB). Hence, in assigning frequencies, these emissions should be placed close
to the circuits which are the least sensitive to the interference they cause. These will be
emissions belonging to the same class. Thus, to the cases in which emissions of the same class
are naturally juxtaposed in the same band, we have added at least one case in which they should
be juxtaposed in the interests of the circuits as a whole and to save band space. This having
been done, we can then readily apply Villepelet’s principle to reduce the energy of the inter-
ference, if that has not been done already.

‘We must not generalize and assume that this is only one instance of a genéral principle,
according to which circuits of the same kind should always work on adjacent channels. In
the present state of theory, there is no justification for such principle. Indeed, there are

* In general, with sound broadcasting, the bandwidths of amplitude-modulation transmitters are at least double those of
the corresponding receivers.
** As thus stated, Blachman’s problem corresponds well to intentional interference, but the same reasoning can be applied
to cases when assignments are requested at random as and when channels become vacant, without making allowance for the kind
of circuits juxtaposed.
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several reasons why it may be, in part at least, false. If, for example, we consider a synchro-
nous telegraph circuit, it would seem that an excellent source of interference would be an
emission of the same type, of the same speed, and with its characteristic instants synchronized,
the messages being, of course, independent (telegraph apparatus can respond to false signals
only when they are more or less synchronized with their distributors). Here white noise is
not necessarily the best source of interference, because the spectrum of the signal cannot be
assimilated to a limited, uniform spectrum.,

In view of the complexity of the problem it would seem preferable to determine experi-
mentally the possibilities of juxtaposition of circuits of various types. Especially in the fixed
services, we are dealing with relatively few systems, with fairly stable, well-known characteristics
for which no theoretical model affording a possibility of accurate reasoning could, except with
very great difficulty, be devised. But it is relatively easy to carry out laboratory measurements
of mutual interference under stable conditions, by eliminating the effect of variable propagation
conditions.

Reduction of the effect of interference by adapting receivers to the interference

In practice, all existing receivers are designed to receive and decode the desired signal as
well as possible. Protection is only envisaged against white noise, never against interference
of other kinds, which may be very different, except, for instance, with multiplex, in which the
adjacent channel belongs to the same system. Now, since interference is inevitable, it would
conceivably be of advantage, in some cases at least, to determine the receiver characteristics
to suit both the signal to be received and the interference. This will be feasible, only if the
interference is of a particular kind, or at least has characteristics of a certain kind. It is
inconceivable that the receiver should reject an interfering signal by making a distinction
between it and the signal wanted, if it does not in some sense “ know ” some of the charac-
teristics of the interference. Protection will be the more effective, the better the receiver
“ knows ” these characteristics. To realize this, it will suffice to consider an obvious extreme
case, namely, when the interfering signal is sinusoidal, in the band of a signal such as a radio-
telephone signal. If we know accurately the frequency (stable) of the interference, the only
parameter on which it depends, we shall be able to filter it by a very narrow filter neutralizing
a very small receiver frequency band without, in practice, affecting, as we know, the reception
of the signal wanted.

To deal with the problem of the adaptation of the receiver, Deman [23], like- Gabor, has
proposed that the signal be represented by a series of functions staggered both as regards
frequency and time. Each function represents a single elementary signal, like those considered
in §§ 2 and 3 above, and the various elementary signals are staggered in time. But, in addition,
they modulate sinusoidal carriers of different frequencies (and no longer a single carrier, as
heretofore). Hence every elementary signal depends on two discrete parameters, the switching
instant and the frequency, and on one continuous parameter, the amplitude. One or more of
these can serve for recognition of the signal by the receiver, while the remainder represent the
information. Thus, for example, interfering signals can be distinguished from the wanted
signals by the frequency parameter. The filtering and decoding functions of the receiver can
be represented by linear transformations, the kernels of which are identical with the staggered
elementary functions which represent the wanted signal. The effect of the interfering signals
then takes the form of interaction between two functions, one wanted, the other unwanted.
Cancellation, or rather reduction of the interference effect (since full cancellation is impossible
with linear physical circuits), can be investigated by using the theory of orthogonal functions.

Such a procedure might be convenient for a study of interference problems, from an angle
which seems to have escaped attention so far.
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REPORT 179 *

BANDWIDTH OF TELEGRAPHIC EMISSIONS A1 AND F1. EVALUATION
OF INTERFERENCE PRODUCED BY THESE EMISSIONS
(Study Programme 181(I))

(Los Angeles, 1959 — Geneva, 1963)
Introduction

A reduction of interference caused by telegraphic transmissions may be obtained by
adequately shaping the transition between mark and space in an Al or F1 signal, thereby
. reducing the bandwidth occupied for a given keying speed.

* This Report, which replaces Report 97, was adopted unanimously.
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Two documents leading to practical solutions, that can be used to modify the existing
systems, have been submitted to the C.C.I.R.

The study of the bandwidth occupied by a given telegraphic system, in identical keying
conditions, shows that it is worth while to increase build-up time to the maximum value
compatible with the proper working of the receiving equipment.

2. Spectrum distribution and bandwidth occupied by F1 emissions

The first document (I/23 (Japan) of Geneva, 1958), describes the spectrum distribution
of F1 emission in detail, and deals with the occupied bandwidth.

2.1 The spectrum distribution of F1 periodic emissions can be expressed by the following empirical
formula relating to the overall characteristics (neglecting fine variations):

2 1 _
Ax)=E-—-—- x (x2—1) " (for x > 1) 6}
where

A(x) : amplitude of the spectrum at x,

: frequency deviation from the centre frequency/half the frequency shift,
: amplitude of unmodulated carrier,

: modulation index,

: half the frequency shift (c/s),

: build-up time of signal (seconds),

45D :

S a4 U Mmox

This formula (1) shows that the overall envelopes of the spectra of periodic F1 emissions
are similar insofar as the value of D= is constant; in this case 4(x) varies as 1/m.

The effect of the build-up time decay form of the keying signal on the microscopic shape of
the spectrum has been studied. The study has shown that this effect was small for values of
Dr less than 0-15 or between 1 and 5. 'When the mark and space duration are not equal, the
form of envelope varies widely with the product of Dt by the shortest signal duration, but it
is always similar to that produced by reversal signals (dots), with the same build-up time.

Fig. 1 gives a comparison between the results of measurements made on spectra and the
corresponding values calculated with formula (1) above. The agreement is fairly good for
the values of x larger than 12, when the value of the product Dv is not too small. Fig. 2
shows a more extensive set of curves calculated from the same formula (1).

2.2 When the signal is aperiodic, as it is in actual traffic, it seems to be reasonable to express the
spectra in the form of a power distribution. The average power density per c/s of an F1
emission can be expressed by the following formula

! iz oo (x2-1) @

Average power density = TDO e R

where W, = total power
and D, m, x and u are as before.

Integrating the above formula (2), between suitable limits, we obtain the total power W’
of the components which lie outside the specified frequency band. Fig. 3 represents values
of the bandwidth calculated in terms of m and 2D, for W'[/W, = 0-01 and W'/ W, = 0-001.

Two important conclusions with respect to the spectrum distribution of F1 emission in
actual traffic may be obtained. Firstly, the form of the overall envelope is determined only
by the product of build-up time and frequency shift, while the duration of the flat part has
negligible effect on it. Secondly, the value of the level is determined approximately by the
number of signal-build-ups per unit time.
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2.3 The occupled bandwidth, L, of F1 emission can be expressed by the following emplrlcal

3.1

formula in ¢/s:
L=D{2+3 -4V - m¢ )

where o = build-up time/signal duration.
This bandwidth has only slight dependence on the form of the build-up of the signal,
whereas the out-of-band spectrum distribution depends very largely on this form.
The following table shows the maximum divergence between the results obtained using
this empirical formula and those obtained by exact calculations as summarized in Doc. 236
(France) of Geneva, 1951: .
. 3% fora =0 ;2 <m<20
9% fora =0:08; 1-4 < m < 20
10% fora =024;2 <m<20

The divergence is always less for the higher values of m. This comparison shows the
limits within which formula (3) can be used with reasonable accuracy.

Finally, Fig. 4 shows a fairly good agreement between formula (3), and the results of
measurements made on periodic or random signals with bandwidth measuring equipment of
the type described in chommendation 327, § 1.2. '

Spectra and filtering of A1 and F1 emissions. Interference produced in adjacent channels

The second document (I/31 (U.S.A.) of Geneva, 1958), gives a detailed description of the
spectral distribution of Al and F1 emissions.

The results given are similar to those described in Doc. I/23 of Geneva, 1958 and also
provide practical means for increasing the signal build-up time by the use of keying filters.

The choice of usable filters for both classes of emission, and factors intervening in that
choice, are discussed.

Spectra and filtering of Al emissions

The HF spectrum is the product of the spectrum of square signals, formed at a given
keying rate, by the low-pass filter transfer admittance centred on the carrier frequency.

Non-linearity after the low-pass filter leads to the reintroduction of considerable power
into adjacent channels.

The transient response of the filter is primarily determlned by the form of its transfer
characteristic in the passband out to approximately 20 db attenuation. Large overshoot
should be avoided, primarily to make full use of the transmitter power. Details regarding
the structure of suitable filters are given in references 3, 4 and 8 of Doc. I/31 of Geneva, 1958.

The minimum necessary value of 7 defined as the ratio between the 6 db filter passband
and the fundamental keying frequency (equal to half the telegraph speed in bauds), is largely
determined by the synchronisation requirements of the terminal telegraphic equipment and
also by the frequency stability of the transmitter and the receiver. These values vary from 2
for very good synchronization and frequency stability, to 15 when the frequency drift is
appreciable and teletypes are used. Propagation conditions should also be considered. The
larger values are required by the fact that proper operation of the teletype equipment demands
a sufficiently long flat portion of the signal element.

The signal shape to be considered is the shape at the output of the radio receiver; so the
shaping undergone by the signal in the receiver filters should be taken into account, noting
that these filters should be at least as narrow as the transmitter filters.

The following table shows, as a function of T, the percentage of time during which the
signal element is flat within 19/, for a minimum over-shoot filter:

|
; I 0% 1009
Length of .ﬁat portion (sinusoidal 50% 90% (rectangular
Length of signal element signal) signal)
6 db low-pass bandwidth
= pass | 16 32 16 o
Fundamental keying frequency A R

\
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Since the factor, 7, is predetermined, a good way of reducing the spectrum beyond the
20 db attenuation point is to use multi-sectioned filters.

Spectra and filtering of F1 emission

An approximation of the HF spectrum, valid for frequency deviations from the centre
frequency greater than the frequency shift, and for values of T greater than 3, can be obtained
by deriving the product of the spectrum of square signals having a given keying rate and
the low-pass filter admittance centred on the nearest space or mark frequency.

Minimum overshoot is not essential unless the transmitter is required to operate on more
than two frequencies (for instance, as in four frequency diplex); more accuracy in the determina-
tion of each level is then possible. Also, the transition curve pattern remains the same for
different keying rates.

Adjacent channel interference

Interference to adjacent channels depends on a number of parameters and its rigorous
calculation is extremely difficult. Since it is not necessary to calculate the value of this inter-.
ference with great precision, semi-empirical formulae and graphs can be used.

Interfering keyed emissions produce at the receiver output:

— a transient response, the amplitude of which is proportional to the bandwidth of the receiver
and inversely proportional to the telegraph speed. For a given receiver bandwidth, this
response may be reduced only by filtering of the emission at the transmitter;

— a quasi-steady-state response caused by the carrier of the interfering emission. For a
particular frequency difference between the adjacent channels and for a particular receiver
bandwidth, this response may be reduced only by increasing the slope of the selectivity
curve of the receiver.

For most of the usual radiocommunication systems, the ratio of the carrier amplitudes of
the wanted signal and of the unwanted signal, which can be tolerated at the input of the inter-
fered receiver may be calculated as a function of the following parameters:

R = minimum ratio of wanted-to-unwanted carrier amplitudes at the receiver input, necessary
for satisfactory reception;

r = minimum amplitude ratio of the wanted signal response to the maximum response to
the unwanted signal at the output of the intermediate frequency amplifier, necessary for
satisfactory reception.

Values of r, characteristic of the usual classes of emission, are given in the following
Table:

Quality of reception (r)

Class of emission for the wanted signal ,
Interference not objectionable Wanted signal fairly readable
Radioteleprinter F1 . . . . . . . . . . .. 2 1-5
Commercial radiotelephone. . . . . . . . . 2to 10 01tol
High quality radiotélephone (or music). 100 2to0 10
Facsimile A4 . . . . . . . . .. . .. .. 30 4
Facsimile F4 . . . . . . . .. . . . ... 6 2

The exact value of r to be employed depends to some extent upon the keying speed,
receiver bandwidth and other characteristics of the system.

A(f) : spectrum of rectangular signals as shown in Fig. 5.
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5.1

52

53

Af : half the frequency shift (Af = D from Recommendation 328) (Take Af =0 for
amplitude modulation). :

" f, : fundamental keying frequency, or one half the telegraph speed in bauds.
Af L
m = — : modulation index.
1
[, : cut off frequency at 6 db point of low pass filter.
f : frequency difference between the wanted and unwanted carriers (centred carriers.)

Y (f) : transfer admittance of the transmitter low-pass filter. Where the interfering
signal is amplitude-modulated Y (f) is centred on the carrier where f = 0. Where
the interfering signal is frequency-modulated, one uses Y (f — Af). This admit-
tance is centred on the nearest working or resting frequencies where f = Af. The
values of Y (f) are shown in Fig. 6.

Yr(f) : transfer admittance of the receiver centred in the same way as described for Y (f).
The values of Yg(f) are shown in Fig. 7.

F : 6 db bandwidth of intermediate-frequency of the receiver.
The semi-empirical formula using the dbove factor is as follows:

R | FADTIZED ¢ yer - ap)

The first term of this formula gives the transient response of the receiver and the second
one the quasi-steady-state response.

Fig. 8 shows some results obtained with this formula.

The foregoing does not take into account certain non-linear effects which may occur in
the receiver in the presence of strong interference. It is essential that the receiver employed
have a sufficiently large linear dynamic range prior to the circuits providing the selectivity,
for the preceding formula and graphical data to be applicable.

Measurements on spectra of F1 signals

A third document (I/14 (United Kingdom) of Geneva, 1958), contains the results of
measurements of the spectrum of F1 signals having various build-up waveforms. These
results indicate that the signal with linear build-up (trapezoidal keying), appears to have a
narrower spectrum than those of other waveforms tested.

Methods permitting the realization of the bandwidth limitations given in Recommendation 328

In Doc. 1/6 (Federal Republic of Germany) of Geneva, 1962, it was shown that the
bandwidth limitations, set forth in §§ 2.1 and 2.5 of Recommendation 328, may be obtained in
practice by the application of the following techniques:

filtering of the telegraph signals applied to the input to the transmitter by means of filter
sections, usually of simple types (most frequently low-pass), whose characteristics and num-
ber suit the telegraph speed;

amplification of the keyed signals in a series of stages, in which a sufficient linearity is assured,
both by the choice of type of amplifying stage (cathode-followers and grounded-grid amplifiers,
devices which, by themselves, involve a certain degree of negative feedback), by properly
adjusting the working point of the high-frequency amplifiers, and by the use of special valves
with more linear. characteristics;

negative feedback applied, either to a maximum of three stages of the high-frequency ampli-
fying chain, or between the output of the transmitter and the telégraph signal input, requiring |
in the latter case, detection and filtering of the HF signal envelope within the loop.

The limitations of Recommendation 328 are only just realized, except at the lowest
telegraph speeds, where they were exceeded by 3 db with a high-frequency amplifier having
a linearity, with respect to third order intermodulation products, of —35 db.
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quasi-steady-state response
Calculated curves: Isolated, identical RC filters.
Calculated curves:

I 1 section. 1, 1 stage; II, 2 stages; 111, 4 stages; IV, 6 stages.

II 2 sections.
11 4 section Measured curves:
s V  Good receiver with 4 tuned stages, i.e.
two sets of coupled circuits, measured at
high frequency so that the radio-
Measured curves: frequency stages are not effective.
Good receiver as above, but measured
at low frequency so that the radio-
VI 4-section LC filter with opti- frequency stages are effective. .
mum transient response. VII Seven-section electro-mechanical filter.

IV 6 sections.

V  4-section RC filter with feed- VI
back for optimum response.



— 87 — Rep. 179

db .
0
So ]
\ ™ — 4
- 20 \\ = I HA' SES)
-

~ \ \\ # “&ﬁ_‘
& \ I
s -4
k= 0 \\ == 1
> \
by
A - 60
=]
(5}
2 \\
(4]
i
o - 80
5 ™
2 ™
=
= -100
14

-120

- 140

1 2 3 5 7 10 20 30 © 50 70 100 ke /s

Channel separation (kc/s)

FIGURE 8
Values of R for the transmitter and receiver characteristics indicated

Receiver: 2 sets of double-tuned coupled circuits in the IF section with a 6 db bandwidth of 1-5 kc¢/s
(average voltage bandwidth 1-6 kc/s) with an assumed IF output ratio, r, of 2 (see § 3.3).

Transmitter: Keying rate 46 bauds; f; = 23 c/s with filtering factor, 7, as shown. For F1, Af =415 ¢/s
(m = 18).
Curves I and II: No keying filter, T = oo.
Note: Any improvement in receiver out-of-channel rejection will not reduce R for these curves, since
the impulse response is the limiting factor.
Curves III and 1V: Two-section RC filter. T =17.

Note: Interference is largely quasi-steady-state and greater transmitter filtering, either by reducing T
or increasing the number of filter sections, will have very little effect on R.

(®  : Experimental points.

Line V; Limitations in R, for frequency separation greater than 15 kc/s, are caused by limitations of maxi-
mum receiver sclectivity. ’
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REPORT 180 *

FREQUENCY STABILIZATION OF TRANSMITTERS

(Study Programmes 183(I) and 184(1))
(Geneva, 1963)

Contributions concerning Study Programmes 183(I) and 184(I) were presented in
Docs. 1/2 (Portugal), I/8 (United Kingdom), 1/31 (P. R. of Poland) and I/33 (Rev.) (U.S.S.R.)
of Geneva, 1962.

Undesirable departures of the characteristic frequency of a rad1o emission from the reference
frequency may occur for the following reasons: .

incorrect initial setting of the frequency;
drifts due to ageing processes in the piezo-electric crystal or the oscillator circuit;

sudden changes in frequency, which occur on changeover from one drive-unit to another,
which is nominally at the same frequency, particularly if in such apparatus there is no means
of adjusting the frequency;

jumps in frequency due to vibration or mechanical shocks;

cyclic variations, daily or seasonal, of the atmospheric conditions (temperature, humidity
and pressure), affecting the piezo-electric crystal and oscillator circuit;

variations of temperature in the oven due to the operatmg cycle of the thermostat;
variations in power supply voltage; ' .

variations in the instantaneous, or mean level, of the output signal producing carrier flicker by
feedback mechanisms, mains regulation and other means;

variations in oscillator load.

It has been suggested (Doc. I/2 of Geneva, 1962), that variations of the characteristic
frequency from its mean vatue should be determined during a specified period of time, which
shall be as short as possible compared with the period of time which has been used to deter-
mine the mean characteristic frequency.

It has been further suggested, that random variations of characteristic frequency follow
a Gaussian law. However, measurements carried out to establish the statistical properties
of the frequency variations (Study Programme 183 (I) § 1), do not confirm completely that
the instantaneous values of frequency follow such a law.

Inrecent years, a noticeable improvement has been observed in the stability of certain categories
of transmitter. Observations carried out by at least one Administration, over the period of
10 years since 1950, show an improvement in stability of the order of 2 to 1. The use of
improved monitoring and more precise frequency measuring equipment seems to be respon-
sible for the observed improvement. Further improvement in the adjustment of the mean
frequency of the oscillator would, however, improve the situation still further even with
existing oscillators.

Frequency measuring equipments are available at moderate cost, with built-in frequency
standards, having an accuracy of 1 part in 107 or even better. Their use is becoming more
general and this should contribute to a large extent in improving the adjustment of oscillators.
It is recommended that the accuracy of such equipments be checked periodically, by compar-
ison with standard-frequency emissions.

Primary crystal oscillators are nowadays commonly used as sources of constant frequency.
The following table shows that the quality and price of such oscillators can vary within wide
limits:

* This Report was adopted unanimously.
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Tope of oseilltr Tomperwre | Sublliy | Approsimac
Ordinarycrystal . . . . . . . . . . . .. .. ' no + 100 1
Crystal with low temperature-coefficient. . .'. .| . no + 20¢YH ‘ 2
Ordinary crystal . . . . . . . . . . . . ... yes +5tol 3
Improved system, with circuits in oven . . . . . yes 4+ 05 4t06
Synthesizer . . .. . . . . . . . . . . ... yes -+ 0-01 20(%) to 100

(1) Above 1 Mc/s only. Below 1 Mc/s, the figure is + 50.
(®) The lower limit of 20 is for a single-frequency synthesizer.

A very high stability can be achieved, over a wide range of frequencies, if a fixed-frequency
oscillator of extremely high performance is used to synthesize the characteristic frequency.
This frequency is obtained from the single frequency source by multiplication, division and
combination processes; the relative stability is thus equal to that of the source. '

Certain systems incorporate an interpolation oscillator, which permits the use of fre-
quencies between the discrete frequencies obtained by synthesis.  This interpolating oscillator,
which usually covers only a small frequency range, can be made very stable, but must inevitably
have an effect upon the stability of the system.

Although the prices of synthesizers are comparatively high, they are particularly well
adapted for replacing a great number of single-frequency oscillators, in services requiring
frequent changes over a large range and number of frequencies. Automatic or remote-
control facilities may be added to synthesizers, to make the application of the system still
more flexible. :

Synthesizers have also been used with success for television transmitters, in which the
tolerances required for a high grade service are far more severe than those needed from the
standpoint of economy .of bandwidth alone (Doc. I/31 of Geneva, 1962). The stability
currently attained by such systems is +1 part in 108 .

Attention has been drawn, however, to certain undesirable effects, which can arise in
connection with the process of synthesis (Doc. I/33(Rev.) of Geneva, 1962). Spurious
frequency-modulation and intermodulation products are inevitably present at the output,
due to the numerous non-linear circuit elements used in forming the signal (multipliers,
dividers, mixers and, phase-discriminators for automatic frequency control).

Filtering, preferably introduced immediately after the point where undesirable frequency
components appear, reduces their level somewhat, but does not necessarily eliminate them.

Amplitude-, phase- or frequency-modulated oscillators are very often used in conjunction
with a high-stability oscillator to generate the characteristic frequency. They tend to reduce
the stability of the whole, particularly when the modulated oscillator contributes to a large
extent in generating the radiated frequency, as with transmitters working in the lower part
of the 4 to 27 Mc/s band.

It is important to accept, that maintenance of the characteristic frequency within a specific
frequency tolerance, requires periodic adjustment of the source, preferably by comparison
with standard-frequency emissions.
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REPORT 181 *

FREQUENCY TOLERANCE OF TRANSMITTERS
(Study Programme 184(I))
(Geneva, 1963)

Introduction

Study Programme 184 (I), invites the C.C.L.R. to study further frequency tolerances with
a view to achieving a more economical use of the radio-frequency spectrum; to predict what
the ultimate values of these tolerances might be under currently known conditions of operation;
to report upon the possibilities of achieving these ultimate values consistent with technical
and economic considerations; and to indicate which of the currently specified tolerances have
already achieved these ultimate values.

The attached table is not proposed as a new table of frequency tolerances for adoption
by an Administrative Radio Conference. The present table in the Radio Regulations does
not go into effect until 1 January, 1966, and for certain stations, 1 January 1970. It is,
therefore, too early to propose a new table of frequency tolerances.

On the other hand, the greatest difficulty in adopting improved tolerances is the economic
problem created by the large number of transmitters in operation and which were manu-
factured in accordance with existing tolerances. For this reason, and in accordance with
Study Programme 184(I), the following Table has been prepared for certain categories of
stations where it can be foreseen that improved tolerances are desirable and feasible for new
equipment manufactured in the near future. The intention is to provide guidance for the
manufacturer of new equipment so that, at some future date, improved tolerances may be
adopted without serious economic injury, because of large amounts of equipment not able
to meet the new tolerances.

Factors affecting frequency tolerances

The first consideration, with respect to the efficient use of the radio-frequency spectrum,
is that the frequency space lost because of instability should be a small part of the necessary
bandwidth used for communication. For purposes of illustration, the figure of + 1% of the
representative bandwidth has been used to provide a guide to the value of frequency tolerances
which may be acceptable from the standpoint of spectrum economy in each case.

Reduction in the frequency bandwidth, lost by instability, is not the only criterion with
respect to conservation of radio spectrum. For example, in A3 broadcasting and in other
forms of A3 emission, the tolerance should be small enough to reduce common channel inter-
ference caused by the beat note between off-frequency carriers. In radiotelephone single-

. sideband classes of emission, by a number ‘of stations on a single frequency, the tolerance

should be small enough to permit the suppression of the carrier and to provide good voice
intelligibility without the readjustment of receivers.

There are certain categories of stations which should not be required to meet a strict
tolerance for operational and administrative reasons. An example is mobile radar systems, where
the administrative problem of rigid frequency assignments is now unnecesssary and, from an
operational standpoint, interference is reduced by permitting normal manufacturing tolerances
to cause a distribution within the assigned bands. Another case is the marine high-frequency
Al telegraph system, where tolerances which will maintain the signals within the allocated
frequency band provide operational advantages by permitting these signals to be distributed

* This Report was adopted unanimously.
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more uniformly throughout the band, consequently reducing interference in practical
operation.

The advantages of tighter frequency tolerances for transmitters cannot, in all cases, be

fully realized unless corresponding improvements are made in receivers.

Form of the table

Table I includes categories of stations with respect to which it is believed possible to make

recommendations at the current state of development of technique. As studies continue under
Study Programme 184(I), it is hoped that additional categories of stations in additional
frequency ranges may be added.

®
@
3

@

The purpose of the columns is discussed below:

The frequency bands, category of station and class of emission.

A value of necessary bandwidth regarded as representative.

Tolerances which can be attained now or in the near future, taking into account economic
and environmental factors. Such tolerances should not be adopted by an Administrative
Radio Conference until new equipment meeting these tolerances has replaced a major
portion of existing equipment.

Ultimate tolerances which will be equal to, or less than 41 %, of the representative necessary
bandwidth except in unusual circumstances. The choice of these values should take
into account system advantages which would be available because of strict tolerances,

for example, in A3 broadcasting and the A3J telephony service (see § 2 above). Itis

not necessary that the tolerances shown be obtainable in the foreseeable future.

TasLE 1
Representative Tolerance
F band | value of nqcessary achievable Ultimate
i N B
(ke/s) (c/s) - (cls)
n ) ) 3 “)
Band 535-1605 kc/s
Broadcasting stations . . . . . . . . . .. 10 10 10
Band 1605-4000 kc[s
1. Fixed stations:
A3, . L 6 60 60
A3H-A3). . . . .. ..o L 3 10 10
A3A-A3B . .. . ... 0oL L 3-6 10 10
2. Land stations:
A3, . L Lo 6 ’ 20 10
A3H-A3J. . .. ... L. e 3 : 20 10
3. Mobile stations:
(a) Ship stations: A3H-A3J . . . . . L 3 100 20
(b) Land mobile stations: A3JH-A3J. . . . . 3 100 20
(c¢) Aircraft stations: A3J . . . . . . R 3 20 20
4. Broadcasting stations . . . . . . . R 10 10 10
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Reprefsentative To]erar{)ce U
F band value of necessary achievable Itimate
P T T
(ke/s) (c/s) (cfs)
1) @ 3 (O]
Band 4-29-7 Mc/s
1. Fixed stations:
(a) Telephone network with several stations
on a single frequency: A3J . . . . . . . 3 10 10
(b) Other fixed stations . . . . . . . . .. 17 to 12 10 3
2. Land stations:
(a) Coast stations:
A3H-A3). . ... ... .. o 3 10 10
Al . . .o 01 100 100
Otherthan A1 . . . . . . . . . . .. 17 17 17
(b) Aeronautical stations: A3J . . . . . . . 3. 10 10
(c) Base stations: A3H-A3) . . . . . . .. 3 20 10
3. Mobile stations:
(a) Ship stations: A3H-A3J . . . . . . .. 3 100 20
(b) Aircraft stations: A3J . . . . . . . .. 3 20 20
(c¢) Land mobile stations: A3H-A3J. 3 100 20
4. Broadcasting stations . . . . . . . . . . . 10 10 10,
Band 29-7-108 Mc/s ke/s ke/s
1. Land stations (50 Mc¢/s) . . . . . . 16 . 1
2. Mobile stations (50 Mc/s). . . . . . . 16 1
3. Broadcasting FM stations . . . . . . . . . 200 2 2
4, Television stations. . . . . . . . . . 6000 25¢/s(® 25¢/s(
Band 108-470 Mc/s ke/s kc/s
1. Land stations:
(a) Coast stations (156 Mc/s). . . . . . . . 36 3
(b) Base stations (470 Mc/s) . . . . . . . . 36 2:5 0-36
2. Mobile stations:
(a) Ship stations (156 Mc/s) . . . . . 36 3
(b) Land mobile stations (470 Mc/s). . 36 25
3. Television stations. . . . . . . . . . . .. 6000 25¢/s(M) 2-5¢/s ()

(®) The tolerance of the sound channel carrier with respect to the visual carrier frequency is 1 kcfs.
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' REPORT 182 *

DETERMINATION OF THE MAXIMUM LEVEL OF INTERFERENCE
THAT IS TOLERABLE IN COMPLETE RADIO SYSTEMS, CAUSED BY
INDUSTRIAL, SCIENTIFIC AND MEDICAL INSTALLATIONS AND
OTHER KINDS OF ELECTRICAL EQUIPMENT

(Question 227(I))

(Geneva, 1963)

Two documents were presented to the Interim Meeting of Study Group 1, Geneva, 1962,
dealing with special cases of this subject.

Doc. I/3 (Federal Republic of Germany) of Geneva, 1962

This document deals with laboratory tests which have been carried out to determine the
effect of impu]sive interference on frequency-shift radio-teleprinter transmissions and to
determine the maximum tolerable values of the interfering voltage for various values of the
wanted signal voltage and for a given level of interference.

A test-signal generator, arranged for frequency-shift emission, was used as a source of
the wanted signals, and was connected to the input of a radio-telegraph receiver by a decoupling
network. A teleprinter signal distortion indicator was connected to the output of the receiver.
The interfering signal, produced by an experimental interference generator, was connected
to the decoupling network mentioned above. The shape, amplitude and repetition frequency
of the interfering pulses correspond approximately to those which are often produced by
industrial apparatus. The shape of impulses chosen, and the duration of a pulse (5 x10-10 s),
ensure that the amplitudes of the spectral components of interfering pulses shall be constant
throughout the frequency range from O to about 1000 Mc/s. The interference measuring
set was constructed in accordance with the C.I.S.P.R. standards. (C.L.S.P.R. Publication 1,
1961. “ Specification for C.I.S.P.R. radio interference measuring apparatus for the frequency
range 0-15 Mc/s to 30 Mc/s ™).

The following parameters were maintained constant during the whole series of measure-
ments:
— Class of emission: F1

- Total frequency shift (2 D): 200 c¢/s at 0-1 Mc/s
400 c/s at other frequencies

— Telegraph signals: Reversals at 50 bauds

— Receiver type: Traffic receiver, with special telegraph equipment
— Total receiver bandwidth: 1000 c/s

— Cut-off frequency of low-pass filter: 100 c/s.

The Table I gives the values of the tolerable interference levels obtained for different
levels of the wanted signal, for a distortion of 4-209; exceeded for 1 in 1000 telegraph signal
+elements (see Recommendation 331, Annex I, § 5.4).

* This Report was adopted unanimously.
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TABLE 1

Tolerable levels of impulsive interference for frequency shift teleprinter reception
at different levels of the wanted signal

Frequency Level o_f interfering signals (db rel. 1xV in 60 ohms) evaluated
of Pulse repetition frequency xl?eyl t;x;\;;n(;:{.ference measuring set for a wanted signal level (db
reception ' :

(Mc/s) (cfs) 0 +20 ~+400M) + 60(%) l +80(")
2-5 —14 1-5 17-5 ‘ > 21 > 21

25 — 8 14 31 > 355 > 355
0-1 250 0 22 38 > 43 > 43
2500 -1 20-5 365 > 45 > 45

’ 2:5 — 45 10 > 175 > 175 > 175
25 3 23-5 38 > 38 > 38
13 250 - 9 265 41 > 46 > 46
2500 3 22 395 > 49 > 49

25 —12 8 > 235 > 235 > 23-5
25 0-5 23 > 39 > 39 > 39
10-0 250 8 32 > 47 > 47 > 47
2500 4 25-5 47 > 49 > 49

2:5 — 8 9-5 > 235 > 23-5 > 23-5

\ 25 3 20-5 > 375 > 37-5 > 375
300 250 4 235 41-5 > 46 > 46
2500 2 225 41-5 > 48 > 48

(1) All the values preceded by the sign > indicate the maximum output voltage of the pulse generator used. The exact values

of the interference are not known.

2.1

2.2

23

These results take into a¢count only a restricted number of parameters. More measure-
ments should be made, taking into account the following parameters:

System parameters
2.1.1 Class of emission
2.1.2 Frequency shift

Receiver characteristics

2.2.1 Type

2.2.2 Intermediate frequency bandwidth

2.2.3 Cut-off frequency of the post-discriminator low-pass filter

Wanted signal
Type and speed of the telegraph signals.

Doc. 1/4 (Federal Republic of Germany) of Geneva, 1962

This document deals with laboratory tests, which have been performed to determine the
influence of radio-frequency disturbances on the radiotelephony selective calling system used
by the Federal German Post and Telecommunications Administration.

An experimental method is described in this contribution. In conclusion, it can be said
that the sensitivity of the calling system to interference of this nature is so small, that the
minimum necessary signal level for the selective calling system is smaller than the minimum
signal level necessary to give satisfactory understanding of speech.



— 95

STUDY GROUP 1

(Emission)

Terms of reference :

1.

To make specific studies and proposals in connection with radio transmitters and generally
to summarize and co-ordinate proposals for the rational and economical use of the radio

' spectrum,

To study spurious radiation from medical, scientific and industrial installations.

Chairman : Colonel J. LocHARD (France)
I/ice—Chairman : Professor S. Ryzko (P. R. of Poland)

INTRODUCTION BY THE CHAIRMAN, STUDY GROUP 1

Spectra and bandwidths of emissions

Study Programme 181(I), Recommendation 328 and Reports 178 and 179.

The bandwidth recognized in the Radio Regulations, Geneva, 1959 (see Nos. 89 to 91
and Appendix 5) is merely a parameter of the energy spectrum of an emission, determined
in accordance with an arbitrary convention. The whole of the spectrum must be known if
interference is to be assessed and the frequency separation required between radio channels
is to be determined.

Recommendation 328 lays down limits which may be imposed on the spectra of the most
current classes of emission, with a view to economies in the use of the radio-frequency bands
by reducing mutual interference between radio emissions on neighbouring frequencies.

Report 179 shows how the limits of Recommendation 328 have been achieved and
verified.

Report 178 shows the main results of the theory concerning energy spectra and their
limitation.

‘ Study Programme 181(I) enumerates the many investigations still to be done to supple-
ment the Recommendation and improve its provisions. Some theoretical bases on which
such investigations might be made are given in Report 96.

Measurement of spectra and bandwidth

Study Programme 180(I), Recommendation 327 and Report 178.

For the reasons given from theory in Report 178, it is always difficult to measure the
spectra and bandwidths necessary, if the limitations mentioned above are to be applied and
to assess interference.

Recommendation 327 describes various possible methods of measurement and the
characteristics and accuracy of the various types of equipment.

Study Programme 180(I) summarizes the studies still to be undertaken to improve the
methods of measurement.

Spurious emissions

Study Programme 182(I) and Recommendation 329.
Appendr{ 4 to the Radio Regulations, Geneva, 1959, limits the spurious radiation of
emissions at fundamental frequencies below 235 Mc/s. Recommendation 329 shows what



limitations can be imposed on emissions between 235 and 960 Mc/s and describes the various

possible methods of measurement.
Study Programme 182(I) indicates investigations still to be undertaken.

Compression of the spectra of HF radiotelegraph and radiotelephone signals

Questions 219(I) and 220(I) and Reports 176 and 177.

While limitation of spectra and reduction of spurious emissions can be almost entirely
achieved by linear filtering operations, the degree of compression here envisaged is feasible
only if more complicated non-linear operations be undertaken. ‘

Reports 176 and 177 describe systems already evolved and explain why they are difficult
to apply under the conditions of propagation met with in the HF bands.

Certain investigations still to be undertaken are mentioned.

Limitation of radio-frequency emissions from industrial, scientific and medical equipment and
other kinds of electrical equipment

Question 227(I), Study Programmes 227A(I), 227B(I) and 227C(I), Opinion 2 and’
Report 182.

The limitation of interference caused to radiocommunications by electrical equipment
makes national regulations, imposed on manufacturers and users of electrical equipment
necessary. In consequence, the C.C.I.R. decided to study the technical bases of such regula-
tions, in cooperation with the C.I.S.P.R., a body organized by the International Electro-
technical Commission.

The above texts enumerate the investigations to be undertaken, describe how such
cooperation is organized and give some idea of the results obtained up to the present.

Stabilization of the frequencies and frequency tolerances of radio transmitters

Study Programmes 183(1) and 184(I), and Reports 180 and 181.

Appendix 3 to the Radio Regulations, Geneva, 1959, lays down frequency tolerances for
most of the categories of station. _

Report 181 describes the extent to which restriction of these tolerances will, in future, be
desirable and feasible, in accordance with Study Programme 184 (I).

Report 180 summarizes the results obtained with various methods of stabilization.

Study Programme 183(I) lists investigations still to be undertaken in-this field.

Power of radio transmitters

Recommendation 326.
This Recommendation is chiefly concerned with standardization of procedures for deter-

‘mining the various values of power of radio transmitters, as defined by the Radio Regulations,

Geneva, 1959 (Nos. 94, 95, 96 and 97), and to indicate the relationships between these values,
which often depend on the signal transmitted, the distortion permitted, and.the method of
measurement, and an attempt is made to standardize these variables.

Classification and designation of emissions

Question 207(I), Recommendation 325, Report 175 and Opinion 1.

Recommendation 325 proposes the definitions requested by the Administrative Radio
Conference, Geneva, 1959.

Report 175 proposes a new code for designation of emissions, designed to meet the
requirements of the I.LF.R.B. in drawing up the International Frequency List and Master
International Frequency Register. The code now in force (Article 2 of the Radio Regulations,
Geneva, 1959) is no longer sufficient for the unambiguous designation of the classes of emission
more recently introduced.

Opinion 1 indicates a procedure, and enumerates investigations to be undertaken, with a
view to improving the system proposed.
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QUESTION 207(I)

CLASSIFICATION OF EMISSIONS

(Recommendation No. 8 of the Administrative Radio Conferehce, Geneva, 1959)

The Administrative Radio Conference, Geneva, 1959

CONSIDERING

that Article 2, Section I, of the Radio Regulations, Geneva, 1959, classifies emissions for the
purpose of designation;

that certain symbols are used for classes of emission which are not precisely specified;
that it may be necessary to specify new classes of emissions in the future;

that, in the recording processes used by the International Frequency Registration Board and
by certain Administrations, particularly in mechanical recording processes, a simple and
precise method of designation is required, using the smallest practicable number of symbols

.for each designation to provide all the essential information;

that it may be useful to combine, in a single series of symbols, the information now classified
as supplementary characteristics with that giving the type of modulation of the main carrier;

that the present method of classifying emissions does not adequately provide for systems
employing multiple modulation processes;

that the increasing use of multi-channel telephone and telegraph systems makes it desirable

-to classify them in categories and to adopt a uniform designation for the channels of such

systems;

that pulse-modulation is not intrinsically a basic modulation process, but is a form of signal
stimulus which gives rise to amplitude-, frequency- or phase-modulation or a combination of
these modulations;

that the Board sometimes receives or requires from Administrations additional significant
information of a supplementary nature —e. g., carrier level and telegraph signal code informa-
tion, which is not always provided for in the present system of designation;

that the present system of designation does not enable all emissions to be specified precisely
or completely; )

that the terms emission, radiation and transmission are not defined in the Radio Regulation,
Geneva, 1959, and that they are liable to confusion, not only when they are translated from
one language to another, but also when they are used in the same language; ™

RECOMMENDS THAT THE C.C.IR.

consider, in conjunction with the Board, all emissions and characteristics requiring classifica-
tion;

study, in conjunction with the Board, various methods of designating and classifying emissions,
and develop a method which could be used over a long period and which would enable all the
essential information to be provided;

report their conclusions on these matters, and make a Recommendation, in time for a decision
to be taken at the next Administrative Radio Conference;
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define the terms emission, radiation and transmission so that they may be used consistently and
without confusion and be readily translated from one working language to another.*

OPINION 1

CLASSIFICATION AND DESIGNATION OF EMISSIONS
(Question 207(I))

(Geneva, 1963)
The C.CIR.,

CONSIDERING

that studies of the contributions related to Question 207 (I), from Administrations and the
LF.R.B., have been made;

that, as a result of this study, Report 175 proposes a new method for the classification and
designation of emissions;

that, until the effectiveness of this new method has been established, it should not be included
in a Recommendation;

that it may be possible to introduce improvements into the proposed method;

1S UNANIMOUSLY OF THE OPINION that the I.F.R.B. should be invited:

to organize necessary trials, in cooperation with Administrations, to ascertain the effectiveness
of the method for the classification and designation of emissions proposed in Report 175;

to collect all relevant information obtained during these trials, to permit a comprehensive
assessment of the effectiveness of the proposed method;

to present a definite and detailed Recommendation, for consideration at the XIth Plenary
Assembly of the C.C.IL.R., indicating all improvements to the proposed method that may be
considered advisable.

QUESTION 219(D)

COMPRESSION OF THE RADIOTELEPHONE SIGNAL SPECTRUM
IN THE HF BANDS

THE INTERNATIONAL FREQUENCY REGISTRATION BOARD,

IN VIEW OF

the request of the PANEL OF EXPERTS in Section II of Part D of its Interim Report, after
considering;
the congestion in the bands between 4 and 27-5 Mc/s;

* In collaboration with Study Group XIV.
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the need to adopt new methods for the solution of the frequency problems with which Admi-
nistrations are confronted in the use of those bands;

the work accomplished in the field of Communication Theory;

the need to know what practical experience has been acquired in the matter of compressmg
the spectrum occupied by HF radiotelephone signals for the Panel’s second session; - -

AND IN VIEW OF

No. 180 of the International Telecommunication Convention, Geneva, 1959;

DECIDES
to submit the following urgent question to the C.C.LR.:

what, in practice, can be done to reduce the spectrum space occupied by HF radiotelephone
signals;

what experience has been acquired in so doing, for example, what degradation of intelligibility
or ability to converse accompanies the use of spectrum reducing techniques ?

QUESTION 220(I)

'COMPRESSION OF THE RADIOTELEGRAPH SIGNAL SPECTRUM
IN THE HF BANDS

THE INTERNATIONAL FREQUENCY REGISTRATION BOARD,

IN VIEW OF

the request of the PANEL OF EXPERTS in Section II of Part D of its Interim Report, after
considering;

the congestion in the bands between 4 and 27-5 Mc/s

the need to adopt new methods for the solution of the frequency problems with which Adml-
nistrations are confronted in the use of those bands;

the work accomphshed in the field of Communication Theory;

the need to know what practical experience has been acquired in the matter of compressing
the time-bandwidth product of HF radiotelegraph (or other digital) signals for the Panel’s
second session;

AND IN VIEW OF

No. 180 of the International Telecommunication Convention, Geneva, 1959;

DECIDES

to submit the following urgent question to the C.C.I.LR.:

what are the advantages, limitations and practical experience with:
phase-change signalling systems; '

digital signalling systems which employ three or more states of amplitude, frequency-shift
or phase change;

coding techniques which provide either message compression or error reduction, or both?
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STUDY PROGRAMME 180(I) *
METHODS OF MEASURING EMITTED SPECTRA IN ACTUAL TRAFFIC

The C.CIIR,, i (London, 1953 —~ Geneva, 1963)

CONSIDERING

that it is of the highest importance to be able to determine with accuracy the bandwidths
occupied and the spectra of emissions in actual traffic;

that the documentary material, at present available, does not give a full idea of the value of
the results obtained in actual traffic with the apparatus used for measuring the spectrum of
a periodic signal;

UNANIMOUSLY DECIDES that the following studies should be carried out:

for a given type of measuring equipment, comparison of the results obtained on periodic
signals and on actual traffic signals of comparable characteristics and of the same telegraph
speed;

comparison of the results obtained with different methods, such as those described in Recom-
mendation 327;

continuation of experimental and mathematical studies in an attempt to explain the physical
meaning of the results obtained in actual traffic, taking account of the various forms of energy
distribution within the spectrum, especially those resulting from the use of privacy systems;

determination of the degree of accuracy obtainable with dlﬂ'erent methods, such as those
described in Recommendation 327.

STUDY PROGRAMME 181(1) **
SPECTRA AND BANDWIDTHS OF EMISSIONS

(Geneva, 1951 - London, 1953 — Warsaw, 1956 —
The C.C.I.R., Los Angeles, 1959 — Geneva, 1963)

CONSIDERING

that Appendix 5 of the Radio Regulations, Geneva, 1959 and Recommendation 328, deal
with only a limited number of classes of emission, and that they were established on the basis
both of theoretical considerations and of measurements, made in conditions not always
representative of those encountered in actual traffic;

that it is, therefore, necessary to extend the theoretical and experimental study of spectra for
the various classes of emission;

that the definitions of occupied bandwidth and of necessary bandwidth, in the Radio Regula-
tions, Geneva, 1959, are not perhaps suitable for all classes of emission, in particular for those
involving frequency-division multiplex with more than one hundred channels;

* This Study Programme, which replaces Study Programme 40, doss not arise from any Question under study.
* This Study Programme, which replaces Study Programme 126, does not arise from any Question under study.
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UNANIMOUSLY DECIDES that the following studies should be carried out:

re-examination of Appendix 5 to the Radio Regulations, Geneva, 1959, and of Recom-
mendation 328;

continuation of studies of bandwidths and spectra, under actual traffic conditions in the different
cases met with in practice, for all classes of emissions, in accordance with the following pro-
visions:

the studies should be carried out simultaneously by theoretical and experimental methods,
and a detailed comparison should be made of the results obtained by both methods. The
experimental studies should make use of the methods of measurement set out in Recom-
mendation 327, as well as methods of measurement in actual traffic, which might be developed
along the lines of Study Programme 180 (I);

the studies should be carried out to determine to what extent the radiation outside the necessary
band can be reduced for transmitters now in use, and whether a stricter limitation could be
imposed on transmitters installed in the future, with a view to the eventual proposal to an
Administrative Radio Conference of:

— the limits to be imposed on the spectra of emissions from existing transmitters,
— the limits to be imposed on the spectra of emissions from future transmitters;

the studies should be conducted for the various classes of emission, along the following lines
and applying to different types of transmitters in service or under development:

2.3.1 Class Al, A2 and FI emissions

A sufficiently large number of measurements of spectra and of signal shape should
be carried out on different types of transmitters at present in use.

The appropriate means for limiting the spectra of these transmitters, as well as
of new transmitters to be constructed, should be studied, with the aim, on the one hand,
of determining the requisite filters and, on the other hand, of achieving a sufficient
linearity of the amplifying stages or of the frequency modulators.

The transmitters so improved should be put into service, so that final conclusions
on their performance may be established for various operating conditions.

These studies should, in particular, be made in the frequency range of 10 kc/s to
30 000 kc/s for the following classes of emissions:

2.3.1.1 Telegraphy Al, A2, A7A, A7B, FI
— automatic Morse;

— teleprinter and other automatic telegraph equipment, working at 50 and
120 bauds; '

1
— error-detecting and error-correcting systems, working at 171 3/7, 192 and
200 bauds with various numbers of channels, and multiplexing arrangements;

— the “ Hellschreiber ” system;

— F1 telegraphy systems, with various frequency shifts, in particular of the
order of 200 to 800 c/s, with modulation indices between about 0-5 and 20;

2.3.1.2 Telegraphy F6

— with various values of frequency shifts, possibly higher than those quoted .
above. .

2.3.2 Class A3, A3A, A3B, A3H and A3J emissions

Measurements of radiation outside the necessary band should be made with
transmitters of different types, using this class of emission, and in particular with
independent-sideband transmitters.

These measurements should be made with narrow bandwidth measuring apparatus,
such as described in Recommendation 327, and the results should be compared with
those obtained with wide-band apparatus, as mentioned in Recommendation 328, § 2.4.
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It would be useful to perform these measurements when the transmitter is modulated.
by an artificial voice or by white noise; these two modulations approximately repro-
ducing the two practical cases where the transmitter is used without privacy equipment,
or with a band-splitting privacy device.

Methods for still further reducing out-of-band radiation should be investigated.

These studies should, in particular, be made in the frequency range of 10 kc/s to
30 000 kc/s for the following classes of emissions:

2.3.2.1 Telephony, double-sideband, full carrier (A3):
— low grade;
— commercial quality, with privacy equipment;
— broadcasting quality.

2.3.2.2 Telephony, single- and independent-sideband systems with reduced or suppressed
carriers, one to four channels, commercial quality, with or without privacy
equipment.

Other classes of emission

Comparative studies should be undertaken for the other classes of emission used
in international telecommunications, in particular for those used in the HF (decametric)
band such as:

2.3.3.1 Facsimile A4 and F4, with direct modulation of the main carrier, or of a sub-
carrier, by the picture signal.

2.3.3.2 Independent-sideband systems, used simultaneously for telephony and for
voice-frequency telegraphy, facsimile etc.
These studies should then be extended to the classes of emission used in
the VHF (metric), UHF (decimetric) and SHF (centimetric) bands;

2. 4 other studies based on new principles should be undertaken as suggesed in Report 178, with
a view to their possible application to new equipments;

2.5

2.4.1

24.2

the reduction of out-of-band radiation could be obtained through the determination
of the best statistical distribution of the signal amplitudes, which would permit a sufficient
filtering of the signal without undue distortion, and the determination of the practical
coding processes to produce such a statistical distribution;

to reduce the occupied bandwidth, the most favourable shape of a practical elementary
signal should be sought theoretically and the practical shaping circuits to produce
such a shape should be developed;

" the filtering and coding of the signal envisaged in the two preceding studies will introduce

a delay, which may be justified if a reduction of interference is obtained. The maximum
acceptable delay should be determined for the various classes of emission and different
services and taken into account in assessing the number of filter sections to be used;

the studies of the concepts of necessary and occupied bandwidth should be continued, with a
view to obtaining definitions which will facilitate both measurement and theoretical determi-
nation of these quantities;

251

2.5.2

percentages of power, differing from the value of 99 %, which has proved useful for some
classes of emission, should be sought for classes of emission of more recent use, such
as frequency-division multiplex with a large number of channels, especially those
designed for microwave systems;

the level of the spectrum components near the limits of the occupied band should be
studied, both theoretically and experimentally, for the different classes of emission, to
facilitate evaluation of occupied bandwidths from level measurements of spectrum
components (see Doc. 119 (U.S.S.R.) of Los Angeles, 1959).
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STUDY PROGRAMME 182(I) *

SPURIOUS RADIATION (OF AN EMISSION) v

The C.C.ILR., ’ (Geneva, 1951 — Los Angeles, 1959 — Geneva, 1963) .

CONSIDERING

that, for wave propagation at frequencies where ionospheric reflection plays an important
part, the spurious radiation of an emission may be propagated differently, in any given direc-
tion, from the fundamental emission in the same direction due to the wide difference in fre-
quenc1es this effect is additional to that caused by the difference in antenna directivity for
the emission and the spurious radiation;

that the spurious radiation of a transmitter provided for one service may interfere with other
services in other parts of the frequency spectrum;

that the relationships between the fundamental emission and harmonic field intensities, and
between the radiated powers and field intensities of harmonics and other spurious radiation
measured at a distance from the transmitter, differ markedly where:

both the fundamental emission and the spurious radiation involve ionospheric propagation;
only the spurious radiation involves ionospheric propagation;

only the fundamental emission involves ionospheric propagation;

neither the fundamental emission nor the spurious radiation involves ionospheric propagation

that, to achieve or maintain a good standard of practice for transmitters, with respect to the
suppression of spurious radiation, it is essential to have readily applicable methods of specifying
and testing equipments;

that, since many existing high power transmitters have a fundamental-to-harmonic power
ratio of 70 db or greater, it is desirable to consider further:

— the need to revise the limits for harmonic power output in such cases;

— the reduction of harmonic radiation from conductors, with non-linear characteristics
located within the high intensity fundamental field of the transmitter, which might act as
subsidiary generators;

that different relationships exist between the signal-to-noise ratios and the interference caused
by spurious radiations for different services in the various frequency bands. For example,
in view of the susceptibility of television to interference, the particular spurious radiations
falling within channels, which are in use by television receivers in the vicinity of the interfering
station, are of paramount importance. The attenuation of those particular spurious radiations
may, in some cases, need to be substantially greater than limits which may be applicable for
some other services. Other services may also have special requirements peculiar to their
own needs;

UNANIMOUSLY DECIDES that the following studies should be carried out:

Appendix 4 of the Radio Regulations, Geneva, 1959, and Recommendation 329, should be
re-evaluated, for which purpose the various Administrations should submit data on measure-
ments of power in the antenna and field intensity of spurious radiations, to enable a more
definite evaluation to be made of the relationships between them. Such evaluation should
take into account the signal-to-noise ratio aspects as related to the different services with
regard to the interference problem;

* This Study Programme, which replaces Study Programme 124, does not arise from any Question under study.

v
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secure further data on the methods of measurement of spurious radiations, in particular, on
the measurement of such radiations produced as result of modulation, under conditions in
which the results obtained depend on the bandwidth, the integration time and other character-
istics of the measuring equipment;

the design of antennae and antennae feeders useful in reducing spurious radiations;

the design of transmitters and their output coupling networks, with the object of reducing
spurious radiations;

determination of the special conditions which may apply to high power transmitters. In
this connection, consideration should be given to radiation from conductors with non-linear
characteristics which such transmitters may excite;

the particular case of stations, comprising several transmitters working on neighbouring
frequencies and feeding adjacent tightly coupled antennae, or a common antenna; examine -
the mechanism of the production of spurious radiation by intermodulation between the differ-
ent emissions; determine methods for reducing these spurious radiations, in particular by the
insertion of filters with adequate characteristics.

STUDY PROGRAMME 183(I) *
FREQUENCY STABILIZATION OF TRANSMITTERS
The C.C.ILR., (Geneva, 1951 — Los Angeles, 1959 — Geneva, 1963)

CONSIDERING

that degrees of accuracy and stability of the frequency of transmitters, in excess of those
required by the Radio Regulations, Geneva, 1959, are available, but that the requirement
of such accuracy and stability may conflict with economic considerations and design considera-
tions, such as weight and volume;

that advances in technique are continually being made to obtain high accuracy and stability
of frequencies while meeting economic and design requirements;

that oscillators with discrete values of output frequency within a given range (frequency
synthesizers), provide high stability of output frequency and will therefore find an ever
increasing application in radiocommunications; but that such oscillators may produce
oscillations suffering from spurious frequency-modulation;

UNANIMOUSLY DECIDES that the following studies should be carried out:

to continue to study the statistical distribution of the frequency variations observed on trans-
mitters and to analyze their causes;

to consider ways of reducing or eliminating such variations, by using new methods or other-
wise, and to-recommend new frequency tolerances when praticable;

to study the unwanted frequency modulation in oscillators, with a view to determining the
cause and the means of reducing this modulation;

to establish the limits that should be adopted for the spurious frequency modulation spectrum
to insure the required performance for various services and classes of emission.

* This Study Programme, which replaces Study Programme 125, does not arise from any Question under study.
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STUDY PROGRAMME 184(I) *

FREQUENCY TOLERANCE OF TRANSMITTERS

The C.CI1R,, (Geneva, 1963)
CONSIDERING
that the Radio Regulations, Geneva, 1959, specify the permissible frequency tolerances for

transmitters;
that, in many cases, considerable improvement in spectrum utilization can continue to be
obtained by further tightening of frequency tolerances;

that, for some services, a reduction in frequency tolerance to the lowest value possible would,
at the present state of development, be useful to increase the signal-to-interference ratio or
improve the reliability of systems;
that, in certain cases, a further reduction of frequency tolerance would not in practice increase
the number of avallable channels;

that, in particular frequency bands, the frequency tolerance specified by the Radio Regulations,
Geneva, 1959, may approach the minimum useful value for certain categories of stations
when using existing techniques and methods of operation;

that it will be of considerable assistance to Administrations, in the future planning of services
and in the provision of equipment, to know which frequency tolerances can be considered
to be the ultimately useful when applying existing techniques and methods of operation;

that, in certain cases, reduction of frequency tolerances is limited by economic or environ-
mental considerations;

UNANIMOUSLY DECIDES that the following studies should be carried out:

to continue the study of frequency tolerances, with a view to the reduction of the bandwidth
required for a given emission;

to consider whether or not, in certain cases, it is possible to predict ultimate values of tolerances,
which it would not be necessary to make more stringent under currently known conditions
of operation:

in the interest of spectrum economy alone,

to secure improved system performance or lower mutual interference when this needs more
stringent tolerance than that for spectrum economy;

when economic or environmental considerations make the attainment of particular tolerances
under § 2.1 either undesirable or unduly difficult;

to indicate which, if any, of the tolerances specified in the Radlo Regulations, Geneva 1959,
have attained the ultimate values mentioned above.

* This Study Programme, which replaces Study Programme 169 (Recommendation No. 1 of the Administrative Radio

Conference, Geneva, 1959), does not arise from any Question under study.
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QUESTION 227(I) *

g LIMITATION OF RADIATION FROM INDUSTRIAL, SCIENTIFIC
AND MEDICAL INSTALLATIONS AND OTHER KINDS
OF ELECTRICAL EQUIPMENT

The C.C.IR., V (London, 1953 — Geneva, 1963)

\

CONSIDERING

that Resolution No. 5, annexed to the International Telecommunication Convention, Buenos
Aires, 1952, required the study of the influence of intentional or parasitic oscillations on radio
services, especially broadcasting and mobile services, with a view to the possible establishment
of standards permitting a harmonious co-existence of radio services with industrial installa-
tions producing radio oscillations;

that the harmonious co-existence of radio services with industrial installations, producing
radio oscillations, involves close collaboration between organizations representing the manufac-
turers and users of these installations on the one hand, and the radio services on the other,
for which the existing collaboration between the C.C.LR. and the Special International
Committee on Radio Interference (C.I.S.P.R.) provides;

that the C.I.S.P.R. has already studied extensively, and continues to study, the permissible
signal-to-interference ratios for sound and television broadcasting, but has not yet made
equivalent studies for other radio services;

UNANIMOUSLY DECIDES that the following question should be studied:

what is the maximum level of interference, caused by radiations from industrial, scientific
and medical installations and other kinds of electrical equipment, that can be tolerated in
various frequency ranges by the types of equipment employed by radio services, especially by
the mobile services; )

what are the most appropriate means of determining the level of intentional or parasitic
radiations produced by industrial, scientific or medical installations and other kind of electrical
equipment;

to what levels is it practicable to reduce such radiations ?

Note 1. — Some examples of electrical equipment liable to cause disturbance are given in Opinion 2;

radio transmitters are excluded.

Note 2. - In this study, the C.C.ILR. should, to avoid duplication of work, keep itself informed of

the results of the studies of the C.I.S.P.R. on the same subject.

* This Question replaceé Question 75.
4
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STUDY PROGRAMME 227A(]) *

LIMITATION OF UNWANTED RADIATION
FROM INDUSTRIAL INSTALLATIONS

The C.CILR,, (Warsaw, 1956)

CONSIDERING

that no standard measuring method can yet be recommended for the measurement of
unwanted radiation;

that the effect of interference is dependent on the particular type of service and on the wave-
form of the unwanted radiation;

that, it is desirable to compare measurements made at various test sites and possibly using
different methods;

that the effect of interference depends on the transmission coefficient between the source of
interference and the receiver affected;

that the C.I.S.P.R. has already studied, and continues to study, extensively the measuring
methods for determining the level of interference from industrial, scientific and medical
apparatus to sound and television broadcasting;

that due regard should be given to the spec1a1 requirements of radiocommunication services
other than broadcasting;

UNANIMOUSLY DECIDES that the following studies should be carried out:
determination of which parameters of the interfering field should be measured. The polariza-
tion and the relation between the magnetic and electric field should be considered;

the effects of the relative positions of the industrial, scientific and medical equipment, or
groups of equipments, and the measuring set, the number of measurements at different
distances and the number of directions in which measurements should be made;

the effect of different open sites on the measured field;

the methods that can be used to measure the radiation from industrial, scientific and medical
equipment which is situated indoors and the relationship between measurements made indoors
and those made on outside sites;

the importance of interference due to the presence of radio-frequency voltages in the mains
leads of the industrial, scientific and medical equipment and the methods of measurement;

the effect of the working conditions of the apparatus to be measured during the measurements;
the wave collectors to be used for measurements in the different frequency bands;

the characteristics of the equipment to be used for the measurements, particularly its band-
width; .

the way in which interference with various radio services depends upon the waveform of the
disturbing field;

the statistical distribution and the representative values for the transmission coefficient
between the interference sources and the receiving antenna in the service concerned.

Note. — In this study the C.C.LR. should, to avoid duplication of work, keep itself informed of

the results of the studies of the C.I.S.P.R. on the same subject.

* This Study Programme was formerly designated Study Programme 84 (I).
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STUDY PROGRAMME 227B(l)

EXAMINATION OF RESULTS OBTAINED BY THE INTERNATIONAL
SPECIAL COMMITTEE ON RADIO INTERFERENCE

The C.C.IL.R., (Geneva, 1963)

CONSIDERING

(a) that, since its last Plenary Assembly in Philadelphia (1961), the International Special Committee
on Radio Interference (C.1.S.P.R.), has forwarded to the C.C.1.R., the documents containing
the provisions it has so far approved;

(b) that these documents now constitute a considerable, consistent whole, which should form a
basis for studies leading to the preparation of national and international regulations;

(c) that there is a need to establish relationships between the results of measurements using
C.1.S.P.R. methods and the values of noise power used by C.C.I.R., for example in Report 322.

(d) that it is for Administrations to carry out such studies;

unanimoustly decides that the following studies should be carried out:

1. the use by Administrations of the measurement methods and equipment described in
C.1.S.P.R. Publications 1 and 2 (1961), and their supplements (see [1] to [5]);

2. with these methods and apparatus, to take measurements in the neighbourhood of sources
of radio interference and to determine cases in which the interfering apparatus does or does
not satisfy the limits indicated in the C.I.S.P.R. Recommendations (see [6] to [10]);

3. to make measurements in the vicinity of radio-receiving installations suffering from inter-
ference, and to determine the sources of disturbance and their characteristics;

4. to determine cases in which the measurement method and limitations studied by C.I.S.P.R.
are satisfactory and those in which they are not;

5. to examine the action to be taken to extend and improve the measurement methods and
limitations studied by C.I1.S.P.R., whenever they are not satisfactory;

6. to make measurements of the mean noise power of interference and to compare the results
with the corresponding data from C.I.S.P.R. type instruments.

Bibliography

1. C.I.S.P.R., Publication 1 (1961). - Specification of apparatus for measuring radio interference in the
range from 0-15 to 30 Mc/s.

2. C.I.S.P.R. Publication 2 (1961). - Specification of apparatus for measuring radio interference in the
range from 25 to 300 Mc/s.

3. C.C.I.R. Doc. 134 of Geneva, 1963. - (This document reproduces those supplements to 1. and 2.
which have been issued up to the present.)

4. 1.E.C. Publication 106, 1st Edition (1959). - Recommended methods of measurement of radiation
from receivers for amplitude-modulation, frequency-modulation and television broadcast transmission.

5. I.E.C. Publication 106A (1962).
(a) Measurement of radiation at the intermediate frequency and its harmonics in the range 30 to

300 Mcfs.

(b) Extension of the general methods of measurements of radiation in the range 300 to 1000 Mc/s.

6. C.I.S.P.R. Recommendation 16. - Limits of interference for large industrial radio-frequency equip-
ment which cannot be measured on a test site.
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C.I.S.P.R. Recommendation 17. — Limits of interference from medical diathermy equipment and
equipment prodgcing broadband interference other than RF-excited arc welders.

C.I.S.P.R. Recommendation 18. — Interference from ignition systems.
C.I.S.P.R. Recommendation 21. — Evaluation of interference at low repetition frequencies.
C.I.S.P.R. Recommendation 24. ~ Limits for radiation from sound and television broadcast receivers.

STUDY PROGRAMME 227C(T)

PROTECTION OF RADIOCOMMUNICATION EQUIPMENT FROM
INTERFERENCE BY INDUSTRIAL, SCIENTIFIC AND MEDICAL
INSTALLATIONS AND OTHER KINDS OF ELECTRICAL EQUIPMENT

The C.CIR,, : (Geneva, 1963)

CONSIDERING

that the International Special Committee on Radio Interference (C.I.S.P.R.), is studying the
means for protecting radiocommunication services from interference by industrial, scientific
and medical installations and other kinds of electrical equipment;

that, to proceed with its studies, the C.I.S.P.R. has asked the C.C.L.R. to state the minimum
field-strength to be protected for each service; '

that certain information is available from the work of other Study Groups, notably II, III,
VI, X and XI;

UNANIMOUSLY DECIDES that the following studies should be carried out:

to examine the relevant conclusions of Study Groups II, III, VI, X and XI concerning signal-
to-noise ratios, signal-to-interference ratios, minimum field-strengths required and levels of
natural noise, reached at the Xth Plenary Assembly, Geneva, 1963;

to determine the values of the minimum field to be protected and the maximum tolerable
interference for each service and type of interference, in so far as the necessary information is
available; i

to specify the way in which the field and interference should be measured in each case;

to continue to supply information on this subject to the C.I.S.P.R. as it becomes available.
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OPINION 2 *

COOPERATION WITH THE INTERNATIONAL SPECIAL COMMITTEE
ON RADIO INTERFERENCE

The C.CIR.,, " (Geneva, 1963)

CONSIDERING

(a) that cooperation between the International Special Committee on Radlo Interference
(C.I.S.P.R)), and the C.C.L.R. is desirable;
(b) that cooperation between the C.I.S.P.R. and the C.C.I.R. has been of value;

IS UNANIMOUSLY OF THE OPINION

that the C.I.S.P.R. should be invited to contlnue cooperation with the C. C LR. on the followmg
subjects:

1. study of methods of measurement and procedures (in some cases issued by the International
Electrotechnical Commission), for limiting undesirable radiations produced by:

1.1 industrial, scientific and medical installations and other kinds of electrical equipment, such as:
ignition systems of internal combustion engines, electric motors, switches, fluorescent lighting
apparatus, etc. (Question 227(T); Study Programme 227A(D);

1.2 all types of receivers (Recommendation 239; Question 176(II); Publications 106 and 106A
of the International Electrotechnical Commission);

2. determination of the maximum interference level tolerable in complete systems (Ques-

tion 227(1));

identification of sources of interference with radio reception (Question 257(VIII));

study of the usable sensitivity of receivers in the presence of quasi-impulsive interference

(Question 175(11));

5. study of the relationships between various parameters of man-made noise; in particular
between the quasi-peak voltage, the mean noise power and the amplitude-distribution law
(Study Programme 153(VI)).

hw

* The Opinion replaces Recommendation 27 and Resolution 39.

-
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Frequency stabilization of transmitters
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national special committee on radio inter-
ference
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Methods of measuring emitted spectra in
actual traffic

Spectra and bandwidths of emissions

Measurement of spectra and bandwidths of
emissions

Possibilities of reducing interference and of
measuring actual traffic spectra
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ference

Spurious radiation (of an emission)
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Frequency stabilization of transmitters
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RECOMMENDATIONS OF SECTION B: RECEPTION

RECOMMENDATION 237 *

SENSITIVITY, SELECTIVITY AND STABILITY OF AMPLITUDE-
MODULATION AND FREQUENCY-MODULATION SOUND-BROADCAST
RECEIVERS

The C.C.LLR., (Warsaw, 1956 — Los Angeles, 1959)

CONSIDERING

(a) that Recommendation 331 gives general recommendations on receiver sensitivity;
(b) that Recommendation 332 gives general recommendations on receiver selectivity;
(c¢) that Recommendation 333 gives general recommendations on receiver stability;

( d) that Publications 69 and 91 of the L.LE.C. give definitions concerning the sensitivity, selectlvxty
and stability of amplitude-modulation and frequency-modulation sound-broadcasting receivers
and the methods of measuring these properties;

(e) that the LE.C. is contemplating periodical revision of these definitions and measurement
methods;

UNANIMOUSLY RECOMMENDS

1. that, for measuring the sensitivity, selectivity and stability of amplitude-modulation and
frequency-modulation sound-broadcasting receivers, the C.C.I.R. should provisionally adopt
the definitions and measurement methods contained in I.E.C. Publications 69 and 91 **;

2. that, to the same end, the amendments that the I.LE.C. might make to these definitions and
measurement methods from time to time be used as a guide by the C.C.L.R.

RECOMMENDATION 239 *%*

SPURIOUS EMISSIONS FROM BROADCAST AND TELEVISION RECEIVERS
' (Question 176 (II))

The C.CIR,, (Warsaw, 1956 — Los Angeles, 1959)

CONSIDERING

(a) that many receivers produce unwanted emissions, due, for example, to local oscillators or
to IF radiation and, in television receivers, to time-base circuits;

(b) that these radiations may emanate from the antenna circuits, the mains supply leads or the
receiver chassis and may interfere with many services;

* This Recommendation, together with Recommendation 330, replaces Recommendations 157 and 158.
** Available from the Central Office of the LLE.C. in Geneva.
*** This Recommendation replaces Recommendation 160.
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(c) that considerable progress has been made in national methods of measurement and techniques
of reducing unwanted emissions, both of which are particularly useful in the design of receivers
(see Docs. 181, 302 and 449 of Warsaw, 1956);

(d) that considerable data concerning these radiations have been obtained recently;

(e) that limiting values for such unwanted emissions have been established, based on different
methods, by several Administrations;

(f) that international standardization of measuring methods and limiting values is very desirable;

g) that the I.LE.C. has published a work * on the methods of measuring spurious emissions
from broadcast and television receivers up to 300 Mc/s, while an extension of the band up to
1000 Mc/s is being studied;

(h) that the C.I.S.P.R. is studying the level of emissions from such receivers, with a view to estab-
lishing tolerable limits;

UNANIMOUSLY RECOMMENDS

1. that the C.C.I.R. be guided by the methods established by the I.E.C. for all types of broadcast
and television receivers;

2. that the C.C.I.R. confirm to the C.I.S.P.R. its interest in knowing the level of emissions from
receivers and ask to be kept informed of the progress in establishing tolerable limits for such
emissions;

3. that all possible means, compatible with economy, should be employed in the construction
of receivers to reduce such unwanted emissions.

ANNEX

A considerable amount of data has been produced by different Administrations, as
representative of the radiation figures of frequency-modulation and television receivers
manufactured during recent years (see Docs. 8, 136, 181, 398 and 449 of Warsaw, 1956, and
107 of Los Angeles 1959).

However, since these data were taken by different methods and that a considerable
improvement has recently been achieved in reducing receiver radiations, no data have been
included here.

Nevertheless, useful information on “ conversion factors ” from one method to another
and on limits that are now accepted for the various methods have been brought to the attention
of the C.CILR.**, Subjective measurements have confirmed the practical value of the
methods mentioned above.***

RECOMMENDATION 330 ****

SENSITIVITY, SELECTIVITY AND STABILITY OF TELEVISION
RECEIVERS

The C.CIR., (Warsaw, 1956 — Los Angeles, 1959 — Geneva, 1963)

CONSIDERING

(a) that Recommendation 331 gives general recommendations on receiver sensitivity;
(b) that Recommendation 332 gives general recommendations on receiver selectivity;

* Publication 106 of the L.E.C.
** J. MEYER DE STADELHOFEN. Mesures du rayonnement parasite de récepteurs F.M. exécutées en Suisse par un groupe d’Experts
du sous-comité 12-1 ( Radiocommunications — S.C. Mesure) de la C.E.lI. — Bulletin Technique des P.T.T., 1956.
*** C, EcIpI. Confronto di apparecchiature normalizzate per la misura delle irradiazioni parassite — Elettronica, 1956.
*#*#* This Recommendation replaces Recommendation 238.
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(c) that Recommendation 333 gives general recommendations on receiver stability;

(d) that Publication 107 of the I.E.C. gives definitions of the sensitivity, select1v1ty and stability
of television receivers and methods of measuring these properties; :

(e) that the ILE.C. is contemplating perlodlcal revision of these definitions and measurement
methods;

UNANIMOUSLY RECOMMENDS

1. that, for measuring the sensitivity, selectivity and stability of television receivers, the definitions
and measurement methods contained in Publication 107 of the I.LE.C.* should be used as
a guide by the C.C.I.R.;

2. that, to the same end, the amendments that the I.E.C. might make to these definitions and
measurement methods from time to time should be used as a guide by the C.C.LLR.

RECOMMENDATION 331 **
NOISE AND SENSITIVITY OF RECEIVERS

(Geneva, 1951 — London, 1953 — Warsaw, 1956 -
The C.C.IR., Los Angeles, 1959 — Geneva, 1963)

CONSIDERING

(a) that the sensitivity of a receiver is a measure of its ability to receive weak signals, and to
produce an output having usable strength and acceptable quality; in many cases, to assess
the quality of the output it might be necessary to take into consideration the receiving equip-
ment as a whole, including the parts giving the information in a printed, aural or visual form;

(b) that the following parameters, which are determined by the particular service for which the
receiver is used, are of special importance in relation to sensitivity;

— necessary output level;
— necessary overall signal bandwidth;
— necessary signal-to-noise ratio at the output;

(c) that the following parameters relating to the internal noise of the receiver, which are determined
by the receiver design, are also of importance in relation to the sensitivity of the receiver;

— the level of the internal noise, as defined, for example, by the noise factor;
— the width of the effective overall noise band, which is not necessarlly identical with the
width of the signal band (see Recommendation 332);

(d) that, in many cases, to economize in transmitted power, it is desirable that the sensitivity
shall .be as great as economic and technical considerations permit and is justified by the
external noise level;

(e) that the conditions for obtaining high sensitivity, viz. the ability of the receiver to receive weak
signals of the desired transmission, should be considered in connection with those for obtaining
good protection against interfering signals (see Recommendation 332);

(f) that Question 228 (II) asks for additional data on noise factor and sensitivity for the various
types of receivers used for reception of different classes of emission in the different services;

* Available from the Central Office of the I.LE.C., Geneva.
** This Recommendation replaces Recommendation 234.
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(g) that, for the purpose of presenting, comparing, and using data on the sensitivity of receivers,
it is desirable to define the following terms:
— maximum usable (noise-limited) sensitivity;
— maximum usable (gain-limited) sensitivity;
— reference sensitivity;
— noise factor;

(h) that often values for noise factor are particularly useful, since they are more uniform than
values of maximum usable sensitivity for the various types of receivers used for the reception
of different classes of emission in the different services, and other factors remaining unchanged,
indicate the degree of improvement in maximum usable sensitivity which is theoretically
possible;

(i) that the noise factor is useful only for a linear receiver or for the linear part of a receiver,
since in a non-linear receiver the noise factor is dependent on the signal input level;

(j) that reference sensitivity is chiefly of value in comparing linear receivers;

[

(k) that it is desirable to define a “ linear ” receiver;

(1) that, for radiotelegraphy receivers for automatic reception;

— the use of a non-linear detector, discriminator or telegraph shaping circuit or the use of
narrow-band filters changes the effect of noise from an amplitude variation into a variation
of the duration of the telegraph signal elements at the output of the receiver (signal distortion);

— noise may cause mutilation of the signals by splits or extras; °*

- signal distortion and signal mutilation may cause erroneous characters in the reproduced
text; ' : .

- the foregoing considerations make it desirable to define receiver sensitivity with reference
to signal distortion and mutilation or character errors in the reproduced text;

(m) that for sound broadcast and television receivers, it is desirable to define sensitivity not only
for a reasonably good output signal, but also for any usable output signal;

UNANIMOUSLY RECOMMENDS

1. that a linear receiver should be defined as one operating in such a manner that the signal-
to-noise ratio at the output is proportional to the signal level at the input, and to the degree
of modulation;

2. that the noise factor should be defined as follows: the noise factor is the ratio of noise power
measured at the output of the receiver to the noise power which would be present at the
output if the thermal noise due to the resistive component of the source impedence were the
only source of noise in the system;

‘3. that the width of the effective overall noise band should be defined as the width of a rectangular
frequency response curve having a height equal to the maximum height of the receiver
frequency response curve and corresponding to the same total noise power *;

4, that the maximum usable sensitivity should be defined as the larger of the minimum input
signal levels (expressed as the e.m.f. of the carrier) **, which must be applied in series with
the specified source impedance (dummy antenna), to the input of the receiver to produce at
the output;

4.1 - the signal level
or necessary for normal operation

4.2 - the signal-to-noise ratio
when the normal degree of modulation *** is applied to the carrier. If the gain is sufficient

* See Doc. 3 of Geneva, 1951.
** For frequencies above about 30 Mc/s the imput signal strength is usually taken as the available power from the source.
*%* Class Al modulation is considered 100% modulated.
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.0 enable both conditions to be satisfied simultaneously, the maximum usable sensitivity is
described as “ noise-limited ”. Otherwise, the gain being insufficient, the maximum usable
sensitivity is described as “ gain-limited ”; in this case the gain, being adjusted to a maximum,
enables the condition of § 4.1 (necessary output level) to be satisfied without regard to the
output noise level (condition of § 4.2);

that, for the purpose of presenting and comparing data for particular classes of receivers and
classes of emission for the different services (normally noise-limited), and for a particular
frequency range, the reference sensitivity should be defined as the maximum usable sensitivity
for specified values of:

— signal-to-noise ratio;
— receiver bandwidth;
— degree of modulation;

— source impedance (dummy antenna).
Within the linear range the maximum usable sensitivity for any of these conditions

should be derived from the reference sensitivity (the noise factor being considered as constant),

and vice versa (see Annex II);

that in case of uncertainty with regard to terms of the formulae relating noise factor and
reference sensitivity (see Annex II), e. g. the width of the effective overall noise band, inde-
pendently measured values for these two quantities should be given;

that values for the maximum usable sensitivity and for the reference sensitivity should be
considered in connection with the values for the single signal and multiple signal selectivity *;

that, since the reference sensitivity is of particular value for a receiver working in a linear
condition, for the markedly non-linear condition only, the maximum usable sensitivity and
the noise factor for the normal operating conditions should be given;

that, although radiotelegraph receivers for aural reception ¢an be operated linearly, those for
automatic operation, in which non-linearity usually occurs, must be given separate considera-
tion; ‘

maximum usable sensitivity should be defined as the minimum input signal (expressed as the
e.m.f. of the carrier), which must be applied in series with the specified source impedance
(dummy antenna), to the input of the receiver to obtain at the output the desired signal level
and the amount of signal distortion or mutilation permissible in normal operation; the maxi-
mum usable sensitivity as defined above should be described as “ distortion limited ” or
“ mutilation limited ’;

maximum usable sensitivity, including the reproducing equipment should be defined as the
minimum input signal (expressed as the e.m.f. of the carrier), which must be applied in series
with the specified source impedance (dummy antenna), to the input of the receiver to obtain
a specified character error rate in the reproduced text;

9.3 ** defined methods for measuring signal distortion, signal mutilation, element error rates and

character error rates should be used;

9.4 *** for the purpose of comparing and presenting data the maximum usable sensitivity should

be given for specified values of:

— the amount of signal distortion and signal mutilation at the receiver output with a specified
probability of occurrence (see § 9.1 and Annex 11, § 5.4); or the character error rate in the
reproduced texts (see § 9.2 and Annex II, § 5.5) and the receiver pre-detector and post-
detector signal bandwidth;

— the frequency shift for F1 transmissions;
— the source impedance (dummy antenna);

* See Recommendation 332.

** See Doc. 227 of Warsaw, 1956, Doc. 1I/3, II/11 and 11/23 of Geneva, 1958.
*** See Annex II, § 5.
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9.5 the performance of the receiving equipment in terms of signal distortion, signal mutilation
or character error rate, instead of being defined by the maximum usable sensitivity, is often
described by the signal-to-noise power ratio value in the receiver, just prior to the non-linear
part; in this case it is convenient to use a parameter called the “ Normalized signal-to-noise
ratio ” which is defined as the signal-to-noise power ratio per baud per unit bandwidth *;
in Annex II, § 6, a formula is given relating the normalized signal-to-noise ratio to the e.m.f.
of the carrier at the receiver input (in series with the sources equivalent resistance);

10. that for sound broadcast and television receivers:

10.1 a maximum sensitivity should be defined as the minimum input signal applied, in series with
the specified source impedance (dummy antenna), to the input of the receiver for which any
usable signal with a specified output level can be obtained;

10.2 measurements of sensitivity be made in conformity with Recommendations 237 and 330;

11. that since measured characteristics vary widely from one receiver to another, measurements
should be made as far as possible on several receivers of the same type, and the values given
for the type of receiver under consideration should be stated statistically (mean value, standard
deviation);

12, that, when a psophometric weighting network is used for sensitivity measurements, this fact
should be stated and the response curve given.

Note. — The Annexes listed below give, for reference purposes, the noise and sensitivity values
obtained for several types of receiver in current use in certain countries, based on data and
information given in Recommendation 234 (Los Angeles, 1959), and Docs. II/3, II/29 and
11/31 of Geneva, 1962. The data were collected as part of the studies required by Ques-
tion 228 (II).

Annex I:-  Classification of receivers.

Annex II:  Formulae relating noise factor and sensitivity of linear receivers. Measurement
of, and formulae relatmg to, sensitivity and normalized 51gna1-to-n01se ratio of
radiotelegraph receivers for automatic reception.

Annex III :  General considerations relating to the noise factor of receivers.’

Annex IV :  Representative values for the noise factor and reference sensitivity of receivers
(excluding television receivers and radiotelegraph receivers for automatic
reception).

Annex V: . Representative values for the noise factor and sensitivity of radiotelegraph
receivers for automatic reception.

Annex VI: Representative values for maximum sensitivity of sound-broadcasting receivers.

Annex VII: Representative values for the sensitivity and noise factor of television receivers.

* The normalized signal-to-noise ratio is an energy ratio and it can be expressed in db (see Report 195),
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ANNEX I

CLASSIFICATION OF RECEIVERS

Type of service Frequency sub-division

1. Telegraphy (aural reception)

Al general purpose
A2 . mobile service - ‘

Telegraphy (automatic reception) ( ) 6(3)8 “ 30 (6)88 ﬁgﬁ:
Al 30 - 300 Mc/s
A2 - fixed service
F1

2. Telephony

fixed service
A3 general purpose
mobile service

A3B fixed service 1 600 - 30 000 kc/s

30 - 600 kc/s

30~ 300 Mc/s
general purpose
mobile service

fixed service
F3

3. Sound broadcasting

150 — 300 ke/s

A3 500 — 1600 kc/s

- 1 600 — 30 000 kc/s
30~ 100 Mc/s

F3 100 -~ 300 Mc/s

300 - 1000 Mc/s

4. Television -

AS Vision 30— 100 Mc/s
A3 100~ 300 McJs
F3 } Sound 300 — 1000 Mc/s

ANNEX 1I

FORMULAE RELATING NOISE FACTOR AND SENSITIVITY OF LINEAR RECEIVERS. MEASUREMENT OF,
AND FORMULAE RELATING TO, THE SENSITIVITY AND NORMALIZED SIGNAL-TO-NOISE RATIO
OF RADIOTELEGRAPH RECEIVERS FOR AUTOMATIC RECEPTION
1. A1, A2, A3 emissions (amplitude-modulation)
E? =8 kT (BRn/m?) F x 1012 1)
where:

E :em.f. of the carrier (#V) in series with the equivalent series resistance of the source;
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F noise factor (power ratio);

R equivalent resistance of source (dummy antenna) in ohms;

n signal-to-noise power ratio at the output;

m degre;: of modulation (modulation considered sinusoidal). For Al emissions, take
m=1; . ‘

k Boltzmann constant = 1-:37 x 10723 (J/°K);

T ‘absolute temperature (°K) (T is commonly taken as 293° K, then k7 & 400 x 10-28
Joules);

B : width~o_f the effective overall noise band (c/s), taken as the smaller of the two following
quantities;

— the post-detection bandwidth; »
~ half the pre-detection bandwidth (see Note 1).

A3B emissions (single-sideband amplitude-modulation)

E? = 4 kTBRnF x 1022 2
where:

E : em.f. of the sideband component (1.V) in series with the equivalent series resistance of
the source;

F, R, n, k and T are as deﬁned in§l;

B : width of the effective overall noise band (c/s), taken as the smaller of the two following
v quantities;
— the post-detection bandwidth;
— the full pre-detection bandwidth (see Note 1).

F3 emissions (frequency-modulation)

- E? =8 kT (BRn/q® F x 1012 3
where:
¢ =3 D?B?
E, F, R, n, k and T are defined in § 1;

2D = peak-to-peak value of the reference frequency deviation in telephony (modulation
considered sinusoidal).

B = width of the effective overall post-detection noise band.

Note 1. - In some cases, it may be sufficient to approximate the bandwidth by taking limiting

responses 6 db below the maximum response; if a more accurate measurement of bandwidth
is required, the width of the effective overall noise band may be determined in each case, as
explained in § 3 of this Recommendation. It is, however, recommended that a psophometer
be used (see § 12 above), since the bandwidth will be known from the psophometer character-
istics; this is an advantage since the bandwidth enters the formula to the third power.

Note 2. — Equation (3) is applicable only to a receiver of perfect design working under idealized

conditions, that is with:

— perfect limiting, in which case no amplitude-modulation remains and the signal-to-noise
ratio at the output is proportional to that of the input;

— receiver noise mainly produced in the early stages of the receiver.

Equation (3) should not be used to calculate the noise factor from the reference sensitivity
and vice versa, unless the conditions above are satisfied.
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Reference sensitivity (see § 5 of this Recommendation)

The reference sensitivity may be calculated from the noise factor (see Annex III), by
means of equations (1) to (3) above or the simplified formula (4) given below:

= CF @

Typical reference values for B, R, n, m'and D are given in Table I below, together with
the corresponding values of the multiplying factor C used in formula (4). For ease of com-
putation the values of C given in the table are in decibels.

While formulae (1) to (4) can also be used to calculate the noise factor from the measured
sensitivity, this procedure must be employed with caution, because possible uncertainties in
the various parameters (e. g. the effective overall noise band), may lead to less precise values
for F than can be obtained by direct measurement (see Annex IV, § 1.2).

Measurement of maximum usable sensitivity and normalized signal-to-noise ratio of telegraph
receivers for automatic reception *

5.1 The input signal should be modulated by a square wave at a frequency suitable for the receiver,

a frequency corresponding to 50 bauds being used where appropriate:

5.2 the recommended values for the frequency shift for F1 transmissions are 400 c/s, 200 c/s

and 100 c/s; the receiver bandwidth just prior to the non-linear part of the receiver and that of
the post-detector low-pass filter should be chosen in conformity with those given in:
Recommendation 328, §§ 2.1, 2.2 and 2.5;
Recommendation 338, §§ 1.1 and 1.2;

5.3 the source resistance should be taken as 75 ohms.
5.4 the amount of distortion or mutilation in the receiver should be taken as that one of the

following which requires the greater signal input:
- 209 distortion with a probability of 1 element in error per 1000;
— one split or extra in 1000 elements (see § 9.1);

5.5 the character error rate in the reproduced text should be taken as 1 in 1000 (see § 9.2).

An indication of the critical input level for distortion or mutilation limited sensitivity
can be obtained, by observing the shape of the signal at the receiver output oh an oscilloscope
‘or on a recording apparatus or by observing the appearance of wrong characters in the
reproduced text on a printing apparatus. As this procedure is found to be fairly critical, a
useful criterion can thus be obtained in a simple way.

Formulae relating “ normalized signal-to-noise ratio > and sensitivity **

6.1 E? = 4 kTRBn; F x 1012

E, F, R, k, T are as defined in Annex II, § 1

B; : receiver bandwidth, just prior to the non-linear part
n; signal-to-noise power ratio, just prior to the non-linear part = n, S/B;;
n, being the normalized signal-to-noise ratio :
S keying speed (bauds)
6.2 E2 . 4kTR-102-F-n,-S
fR=75Q
E? =C,-F-n-S§
C, : —592db
6.3 E? =Cy*F-n,
C, : —42:2 db for 50 bauds

—39-2 for 100 bauds.

* See Doc. 227 of Warsaw 1956, Doc. 11/3, II/]I 11/21 and II/23 of Geneva, 1958.
** See Report 195.
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TABLE 1

Typical reference values for parameters used in calculating and measuring reference sensitivity

. Output- Peak
Effective : Degree of
S I-to- )
g?::igrfl Service n o?::rl:;ia d res%l;%lece nf)ligsre)apot\?ver modt;lzatlon d:z?;iinc;n 10 I&gb)C
B (cls) ratio " (efs) for F3
n (db) (ke/s)
General purpose 1000 75 20 1 —62
Al
Mobile 1000 75 20 1 —62
General purpose 1000 75 20 03 +4-3(Y) —6:2(»
A2
Mobile 1000 75 20 03 +43() —62()
Fixed
General purpose 3000 75 20 03 +9-1
Mobile
Sound-broadcast dummy )
(MF) domestic use 5000 antenna(®) 20 03
A3
domestic dummy .
Sound use 5000 antenna(®) 20 03 +123
broad-
cast profes-
(HF) sional 5000 75 20 03 +11-1
use
A3B Fixed 3000 75 20 —4-4
Fixed
General purpose 3000 75 20 034455 15 —97
Mobile
5000 75 20()  10-3422:5¢) 475 —170
F3 5000 75 40 0-3422:5()] +75 +3
20 [03415(%)| 450 —138
Sound-broadcasting 5000 75
40 0-34+15¢)] 450 +62
200 |03L£15¢()] +50 —78
5000 300 -
40 0-3+15(5) +50 +12:2
(*) Without IF oscillator.
(» With IF oscillator.
(®) The values of the elements of L
the dummy antenna - are
shown in Fig. 1.
(%) The value of 20 db for signal- C,
to-noise ratio was used in
recording the measurement
atire measurements, a sig- G = 125pF
nal-to-noise ratio of 40 db R C, =400 pF
should be used. L = 20uH
(%) This number represents 30 % C 2 R2 R, = 80O
of reference peak deviation 1
(telephony 15 kcfs — sound o Rz =320Q

broadcasting 75 and 50 kc/s).

FIGURE 1 — Dummy Antenna

Q1. > 15 (to 1 Mc/s)
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ANNEX III

(GENERAL CONSIDERATIONS RELATING TO THE NOISE FACTOR OF RECEIVERS

In a well designed receiver, noise originating in the receiver is mainly due to the random
voltages (thermal and shot-noise), generated in the early stages of the receiver, including that portion
of the antenna circuit contained within the receiver.

Representative values of noise factor for good modern receivers, which are especially designed
to have low noise factors, are given in Table II *:

TarLE II
Noise factor
Frequency
(Mc/s)

Power ratio db
up to 100 25 4-0
200 35 5:4
500 55 74
1 000 80 9-0

2 000 11-2 10-
5000 18-0 12:5
10 000 250 14-0

When, however, either the external noise level or the input signal level is high, the receiver
noise factor becomes less important. For this reason, some receivers (e. g., many broadcast recei-
vers), are not designed to have the best possible values of reference sensitivity or of noise factor
(see § 4 of this Recommendation).

The measurement of noise factor is generally best carried out by means of the noise-generator
method (particularly for frequencies above 30 Mc/s) (see Doc. 117, London, 1953).

When the receiver contains a non-linear element (e. g., a detector, limiter or discriminator),
it is desirable that overall measurements of noise factor be made under conditions of linear opera-
tion, such as may be obtained by simultaneous injection of a carrier at an appropriate frequency
and level (see Docs. 197 and 235, London, 1953).

ANNEX 1V

REPRESENTATIVE VALUES FOR THE NOISE FACTOR AND REFERENCE SENSITIVITY OF RECEIVERS
(EXCLUDING TELEVISION RECEIVERS AND RADIOTELEGRAPH RECEIVERS FOR AUTOMATIC RECEPTION)

1. Introduction

1.1 In the following Tables, an-attempt has been made to present in a systematic way representative
data for noise and sensitivity characteristics of the various classes of receivers. To facilitate
the use of these data and at the same time to reduce the amount of data presented, in general

” “

only three figures (called for convenience “ maximum ”, “ mean ”, and “ minimum ” values),
have been given for each characteristic for a number of similar receivers in each class. The

* Slightly better results have been obtained with special radioastronomic receivers (see for example Doc. 105 (India) of
Geneva 1963); with molecular and parametric amplifiers much better results can be obtained.
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terms maximum, mean, and minimum refer to values expressed in decibels for sensitivity or
noise factor according to the column. It is important to note therefore, that for a given
case, the maximum value in the sensitivity column indicates a poorer sensitivity than that of
the minimum value. For some medium-frequency sound broadcasting receivers, statistical
values (mean values and standard deviation) are given.

1.2 1t was found that the values for maximum usable sensitivity, reference sensitivity and noise

factor, obtained from the different sources, were not always consistent with formulae (1) to
(4) in Annex II. As the values for noise factor were considered more reliable in such cases,
these were taken as the basic information, and the values for reference sensitivity given in the
tables in this Annex were derived from those for the noise factor by the use of formula (4)
in Annex II.

2. Notes to Tables III to V

Column no.

(1) Class of emission

(2) Service

(3) Frequency range.

(4) See § 1.1 of this ‘Annex.

(5) Reference sensitivity. See § 5 and Annex II, § 4 of this Recommendation; the values for
the reference sensitivity given in the tables assume the reference values for overall noise-
band, source resistance, output signal-to-noise ratio and degree of modulation (frequency-
shift or deviation in frequency modulation receivers), given in Table I of Annex II.

(6) Noise Factor — See § 2 and Annex II and Annex III of this Recommendation.

(7) Reference bandwidth — See Annex II, Table I of this Recommendation.

(8) Remarks. This column contains information on the number of receivers on which the

g representative values for noise and sensitivity are based and, when possible, some indica-
’ tion of the spread of the data.
TABLE IIT
Reference sensitivity and noise factor for radiotelegraphy receivers
(aural reception)(?)
Reference .
F b N Ref
Classof | gorvice | range SRV | factor | bandwideh Remarks
. (Mc/s) tolpaV) (db) (cls)
1) 2) 3) (O] ) © Q] ®)
General Max. | -+ 7-8 14
purpose 1-6-30 Mean| + 2-8 9 1000 Several receivers tested
Min. — 12 5
Al
Max. +11-3 17-5
Mobile 1-6-30 Mean | + 58 12 1000 Few receivers tested
Min, + 03 65

() See Annex IV to Recommendation 154 (Warsaw, 1956).
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TABLE 1V
Reference sensitivity and noise factor for radiotelephony receivers(®)

Reference

Freqe ey Noi Ref
Sassof | Service | - ranse sensivity | focor | bandwiarh Remarks
Mcfs) ey | @o) cls)
m ) &) ) ® ©) @ ®)-
Max. +19-1 10
Fixed 1-6-30 Mean| 4161 7 3000 | Several receivers tested
Min. +11-1 2
Max. +23-1 14
A3 G‘f;‘eg:é 1:6-30 Mean| +1711 |. 8 3000 | Several receivers tested
purp Min. | +11'1 2
General Max. | +29-1 20 Few receivers tested
UrDOSe -30-300 Mean | 186 9-5 3000 Frequency range =
purp S Min. | +11-1 2 20-155 Mc/s

Max. +22-6 13-5
Mobile 30-300 Mean | +18-5 94 3000 Several receivers tested
Min. | +151 6

: Max. | + 56 10
A3B Fixed 1-6-30 Mean| + 26 7 3000 | Several receivers tested
Min. | — 04 4
Max. | + 53 15 Few receivers tested
Fixed 30-300 Mean| + 13 11 3000 Frequency range =
Min. | — 17 8 80-200 Mc/s|
F3
Max. | + 18 11-5 3 receivers tested on the
General | 3300 | Mean| ~ 21 | 76 | 3000 |same type
purp Min. | — 54 43 Freq. range = 24-184 Mc/s
Max. | + 73 17 .
Mobile()| 30-300 |Mean| -+ 08 | 105 | 3000 |Many receivers tested
Min. | — 37 6 Freq. range = 60-200 Mc/s

(1) See Annex IV of Recommendation 154 (Warsaw, 1956) and Doc. I1/32 of Geneva, 1958.
(® See also Doc. 445 of Warsaw, 1956,
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TABLE V _
Reference sensitivity and noise factor for sound-broadcast recei vers(*)
Frequency Refgrgnpe Noise Reference
Class of Service range Ser&sblth;ty factor bandwidth Remarks
emission (Mcfs) t((’ ; ;e\}) (db) ©/s)
)} @ o)} @ ©® ) ™ ®

Mass-produced receivers(?)

500-1600 Standard deviation = 3-5 db
ke/s Mean | = +35-5 3000 Source impedance
dummy antenna
u Mass-produced receivers(?)
Sound 1600-30 000 Mean | 4387 20-4 5000 Source impedance =dummy
A3 broad- ke/s antenna (400 ohms)
casting o
! Max. | +32-1 21
160?:}/2 000 Mean | +25 139 5000 Several receivers tested,
Min. +17-1 6 one RF stage
Source impedance=75 ohms
30-300 Mc/s | Mean | -+19-1 8 5000

(*) See Annex 1V to Recommendation 154 (Warsaw, 1956).
(%) See Doc. 398 of Warsaw, 1956.
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ANNEX V

. REPRESENTATIVE VALUES FOR THE NOISE FACTOR AND SENSITIVITY
OF RADIOTELEGRAPH RECEIVERS FOR THE FIXED SERVICES (AUTOMATIC RECEPTION)

1. Introduction !

s

In the following tables an attempt has been made to present, in a systematic way, repre-
sentative data for noise and sensitivity characteristics of radiotelegraph receivers for Al and
F1 emissions and for the fixed services (automatic reception).

The sensitivity characteristics comprise data for sensitivity, limited by signal distortion
or signal mutilation at the receiver output and for sensitivity representative for the performance
of the receiving equipment as a whole, including the reproducing equipment.

2. Notes on Tables VI to IX

" In Table VI information of a general character, pertaining to the Tables VII to IX has
been given, including figures for the noise factor (maximum mean and minimum values) of
A1l and F1 receivers for the fixed services.

Tables VII to IX.

Column No.
(6) Sensitivity criterion. It has been indicated, whether the sensitivity should be considered
as “ distortion limited D ” or “ mutilation limited M .

(7) Normalized signal-to-noise ratio (see § 9.5).

(8) Noise factor. Only the mean value taken from the noise factor figures contained in
Table VI has been used in these tables.

(9) Sensitivity. The data are given in conformity with the recommended measurement
characteristics described in Annex II, § 5.

Note. — In view of the small number of receivers tested, the data for normalized signal-to-noise
ratio and sensitivity should be considered as provisional.

The relation between normalized signal-to-noise ratio, sensitivity and noise factor is
given in Annex II, § 6. ’ ’

TasLE VI(})

Noise factor of Al and FI receivers for the fixed services

Class of emission Service Frequency range Noise factor
(Mc/s) (db)
1) ) 3) @) )
Al Max. 10
Fixed 1-6-30 Mean 7
F1 Min. 4

() See Annex IV of Recommendation 154 (Warsaw, 1956) and Docs. II/3, II/21 and II/32 of Geneva, 1958.



TaABLE VII

Sensitivity of radiotelegraph receivers (automatic reception) (Al)(*)

(Signal distortion and signal mutilation)

Filter bandwidth Sensitivity Normalized Sensitivity
Frequency Frequency Keying (c/s) criterion signal- Assumed for 1 failure
Class of range shift speed M= to-noise noise in Remarks
emission (Mc/s) (cls) (bauds) mutilation ratio (db) factor 1000 elements
. Pre-detection | Post-detection D= (db) (db. rel.
distortion to 1 uV)
m &) 3) @ ) ) - M 8) ©) (10)
1000 75 M 27-7 7 - 75
50 1000 120 M 262 7 -9
Al -
(Fixed 1-6-30 1000 250 M 20-2 7 —15 Three receivers tested
services) .
1000 120 D 24-7 7 - 75
100
1000 250 D 222 7 —-10

Source impedance = 75 ohms

Q) Calcuiated from data given in Doc. I1/21 of Geneva, 1958, according to Annex II, § 6.

I€€ "

— 0¢I —



TasLe VIII

Sensitivity of radiotelegraph receivers (automatic reception) (F1)(®)

(Signal distortion and signal mutilation, i.e. element error-rate)

Filter bandwidth

Sensitivity

Normalized

Sensitivity

Frequency Frequency Keying (c/s) criterion signal- Assumed for 1 failure
Class of range shift speed M= to-noise noise in Remarks
emission (Mcfs) (c/s) (bauds) mutifation ratio (db) factor 1000 elements
Pre-detection | Post-detection = (db) db. rel.
distortion to 1 uV)
e @ ®» | @ ® e o | ® ® 0
1000 75 M 167 7 —18-5
50 1000 or 1500 120 M 207 7 —14-5
400 1000 250 M 182 7 —17
100 1000 120 D 142 7 —18
1-6-30 1000 250 D 177 7 -—14-5
1000 75 M 167 7 —185 Four receivers tested
50 1500 ’ 120 M 192 7 —16
200 1000 | 250 M 212 7 —14
1(‘)0 1000 0or 1500 120 D 16-7 7 —155
Fl 1000 250 D 227 7 — 95
(Fixed 200 11
services) 400 50 1250 200 - D 7 —15-7 Ten receivers tested
800 —13:9
200 -
400 171 3/7 1250 200 D 7 —14-1 One receiver tested
12-1 800 —11-4
(1-6-30) 200 300 —157
400 50 600 100 D 85 —13-8 Twelve receivers tested
800 1400 —140
200 300 —10
400 171 3/7 600 100 D 85 —12:3 ‘One receiver tested
800 1400 —12-6

Source impedance = 75 ohms

(Y Calculated from data given in Docs. II/3 and 11/21 of Geneva, 1958 and Doc. 11/3 of Ceneva, 1962, according to Annex 11, § 6.

— Il —
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TaBLE IX

Sensitivity of radiotelegraph receivers (automatic reception) (F1)(®)

(Character error-rate)

Filter bandwidth Sensitivity
Frequency Frequency Keying (cls) Normalized Noise for 1 failure
Class of range shift speed signal- £ otls in Remarks
emission (Mcls) (c/s) (bauds) to-noise :(agbc;r 1000 characters:
Pre-detection | Post-detection ratio (db) (db. rel.
to 1 uV)
()] ] (3] 3) “@ () ©6) - 8) [©)] (10)
400 50 ® 45 17 7 —18-2
F1 400 50 Q] 90 19 7 —16-2
(Fixed :
services) 1-6-30 ) .Two receivers tested
400 50 @) 180 23 7 —12-2
200 50 ® 100 19-2 7 —16~

Source impedance = 75 Q

(1) Doc. 2 of Warsaw, 1956, and Docs. 11/3, 1I/t1 and 11/23 of Geneva, 1958.
(?) Pre-detector bandwidth unknown.

I€€ "9y
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ANNEX VI

REPRESENTATIVE VALUES FOR THE MAXIMUM SENSITIVITY OF SOUND BROADCASTING RECEIVERS

(See § 10.1 of the Recommendation for the definition of maximum sensitivity)

TaBLE X
Maximum sensitivity for sound broadcasting receivers(*)
Maximum
Frequency POy
Class of . sensitivity Remarks
emission Service range (b rel.
(Mcs) to 1 aV)
Max. 36 Superheterodyne. Battery receiver
- with 3 IF stages and ratio detector.
Min. 14 Two receivess tested.
F3 Sound broadcasting | 86-100 ——7——|—n——
Max. 25 . . .
Mains receiver. Four receivers tested |
Min. 3
() See Doc. 1I/21 of Geneva, 1958,
Source impedance = 75 Q
Deviation = +22-5 k¢/s
Output level = 50 mW
ANNEX VII

REPRESENTATIVE VALUES FOR THE SENSITIVITY AND NOISE FACTOR OF TELEVISION RECEIVERS

Introduction

The methods of test of television receivers have not, as yet, been fully standardized in the
various countries and the data given in this Annex and the relevant documents must be
regarded as tentative until such standardization is more complete *.

1.2 The Tables on page 135 contain representative values for the sensitivity of the vision and sound

channels of typical television receivers, as required by Question 228 (II).

The data given in the Tables are deduced from information contained in Docs. 116 and
118 of London, 1953, Docs. 199, 215 and 398 of Warsaw, 1956 and Docs. II/3 and 11/21 of
Geneva, 1958.

Notes to Table XI (405-line system)
Column No. -
(1) (2) (3) The significance of these columns is the same as for the columns with corresponding
(5) and (6) titles in Annex IV.
“@ The sensitivity of the vision channel has been taken as the larger of the input
signal levels required to produce at the output:
(a) a vision signal output level of 20 V (peak-to-peak, black-to-white picture
signal);
or
(b) a vision signal-to-noise ratio of 30 db (peak-to-peak values of vision signal
and r.m.s. values for noise).

* See Recomméndation 238.



Rec. 331 ‘ . — 134 —

If the gain is insufficient to enable (a) and (b) to be satisfied simultaneously, the
receiver is referred to as gain-limited; otherwise it is noise-limited. - If, on the other hand,
(a) being satlsﬁed (b) is the signal- to-n01se ratio for any usable picture, the sensitivity should
be described as “ maximum sensitivity ” )

The sensitivity is stated as the r.m.s. value of the input carrier corresponding to peak
white modulation (positive modulation system); a carrier, sinusoidally modulated to a
depth of 509, corresponding to a black-to-white picture signal in a system with 70/30
picture/synchronizing-pulse ratio, is assumed for test purposes.

The following values are also assumed:

Source resistance =75Q

Width of overall effective noise band = 3 Mc/s.

The reference values for the output signal/noise ratio of the sound channel, the width of
the overall effective noise band and the modulation of the test signal, are the same as for
sound broadcasting receivers (see Annex II, Note 1, and Table I).

3. Notes to Tables XII and XIII _(625-line system)

Column No.

X)) (3) The significance of these columns is the same as for the columns with corresponding

(5) and (6) titles in Annex IV.

@) - The sensitivity of the vision channel has been taken as the input signal required
to produce at the output:

(a) a vision signal output level of 20 V (peak-to-peak, black-to-white picture
signal) (Table XII), or standard image of maximum subjective brightness of
white = 20 nits (6 ft. lamberts) and contrast = 10 (Table XIII);

(b) a vision signal-to-noise ratio of approximately 38 db (peak-to-peak values of
vision signal and r.m.s. values for noise), a 38 db signal-to-noise ratio being
considered as a value for a good picture.

If the gain is insufficient to enable (a) and (b) to be satisfied simultaneously, the receiver
is referred to as “ gain-limited ”, otherwise it is “ noise-limited .

On the other hand, if (a) is satisfied and if the signal-to-noise ratio defined in (b) refers
to “ any usable ” picture, the sensitivity should be described as “ maximum sensitivity ” *.

The sensitivity is stated as the r.m.s. value of the input carrier, modulated sinusoidally
to a depth of approximately 859%. The following reference values are assumed:

Source impedance =75Q

Width of the effective noise band = 4-6 Mc/s for 625 lines

The reference values for the output signal-to-noise ratio of the sound channel, the width
of the effective overall noise band, the degree of modulation and, for frequency modulation,
the deviation, are the same as for A3 or F3 sound broadcast receivers (see Annex II, Note 1
and Table I).

4. Notes to Table XIV (819-line system)

Column No.

(1) (2) (3) The s1gn1ﬁcance of these columns is the same as for the columns with correspondmg
(5) and (6) titles in Annex IV.

“) See § 3 of Annex VII with:
(a) a vision signal output level of 33-3 V (peak-to-peak);
( b) a vision signal-to-noise ratio of 32 db (peak-to-peak values of signal and
- r.m.s. values for noise).

The sensitivity is stated as the r.m.s. value of the input carrier, modulated by a rectangular
signal to a depth of 1009 at 5000 c/s.

* See Doc. 398 of Warsaw, 1956 and Doc. II/3 of Geneva, 1958.
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TaBLEs XI 10 XIV

Rec. 331

Sensitivity and noise factor for television receivers

Maximum Maxi
usable ?::amb;l:‘ Maximum
F itivit a0 ¢ imu Noi
e | e o A R Remarks
(db relative to 1 uV)
(6] ) 3) (O] ®) ©)
TABLE XI(Y) (405-line systems) )
Max. 56 57 34 14 14 receivers of different types
A5 : - tested (12 noise-limited, 2
Pi Mean 66 54 29 7 gain-limited) Maximum sensi-
1cture tivi N
ivity for 5 receivers
41-68 Min. 38 51 26 4
Max. 28 35 13 13 14 receivers of different types
A3 tested (9 noise-limited, 5 gain-
Sound Mean 21 27 8 8 limited)
Min. 15 20
- ‘Max. | 49 4
AS Max 0 .
Picture | Mean - - Four receivers tested
"Min. | 40 32 65
174-216 —_—|
Max. 20 20 8
S&A:fnd Mean = 16 7 Four receivers‘tested
Min. 18 11 65 )
TaBLE XII(2) (625-line system, video band 5 Mc|s and 525-line system, video band 4-2 Mc|s)
Max. 11-8 )
P o |Mean| 43 36 7.5
Min. 4
41-68 v
- ax.
S(ﬁfn d Mean 34-5
Min. Mass-production receivers
- Noise factor for 20 receivers
A5 Max. 11-8 | tested
Picture Mean 49 44 7-5
Min. 5
| 174-216 |-
Max.
F3 | Mean| 405
Sound Min
o Max 18 . .
AS . Ten receivers of different
470-890 Picture lrﬁin lg types tested
TABLE XIII(3) (625-line system, 6 Mc/s video band)
AS Few receivgrs tested. Recei-
| 41-68 | Picture |Mean| 56 50 ;‘;ﬁgn"f different type and
TABLE XIV (819-line system)
AS ]
162-216 Picture Mean 43 57 33 8

() See Doc. 11/29 of Geneva, 1962.
(¥ See Docs. 398 of Warsaw, 1956, II/3 of Geneva, 1958 and 11/31 of Geneva, 1962.
(® See Doc. 215 of Warsaw, 1956.
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RECOMMENDATION 332 *

SELECTIVITY OF RECEIVERS

The C.CIR,, (London, 1953 — Warsaw, 1956 — Los Angeles, 1959 — Geneva, 1963)

CONSIDERING

(a) that the selectivity of a receiver is a measure of its ability to discriminate between a wanted
signal to which the receiver is tuned and unwanted signals;

(b) that economy in the use of the radio spectrum requires the maximum selectivity compatible
with the technical and economic considerations relating to the particular class of receiver;

(c) that the method of single-signal selectivity is used to express the performance of certain charac-
teristics of the receiver. The measurements are made with sufficiently low levels of input
to avoid non-linearity (e. g. overloading) affecting the results; automatic gain control, auto-
matic frequency control, etc., being rendered inoperative;

(d) that measurement of selectivity with more than one signal should be the general method for
measuring the selectivity. Sometimes the non-linear effects are numerous, then it will be
necessary to select the most representative cases to simplify the measurements;

(e) that defined methods of single-signal and multiple-signal selectivity measurements are desirable
to permit comparison of receivers;

UNANIMOUSLY RECOMMENDS

1. that the pass-band of the receiver shall be no wider than is essential for the transmission of
the necessary modulation of the wanted signal without significant distortion (see Recommenda-
tion 328, § 1.2), together with an allowance for the unavoidable instabilities of the frequencies
of the transmitter and of the receiver;

2. in establishing the selectivity of a receiver account should be taken of:

2.1 the unavoidable spread of the spectrum of signals in adjacent channels (see Recommendation
328, 8 2); ‘ '

2.2 the limitations of the selectivity of the receiver by unavoidable amplitude non-linearity, €. g.
cross-modulation;

2.3 the fact that an excessively large attenuation-slope may lead to serious distortion of the
phase/frequency characteristic in the pass-band;

3. that the filters which determine the selectivity shall be included as near as possible to the
receiver input, and the amplifying stages preceding the filters shall be sufficiently linear,
to avoid significant loss of selectivity, e. g. by cross-modulation of the wanted signal by
strong unwanted signals;

4. that, for the purpose of studying single-signal selectivity, the following definitions are recom-
mended:.

4.1 pass-band : the pass-band is the band of frequencies limited by the two frequencies for which
the attenuation exceeds that of the most favoured frequency by some agreed value; in general
this value is 6 db, except for high-quality radiotelephony receivers where the value is 2 db;

4.2 attenuation-slope : the attenuation-slope on each side of the pass-band is the ratio:
— of the difference in the attenuations corresponding to two different frequencies beyond the
pass-band; '
— to the difference between these frequencies;

* This Recommendation replaces Recommendation 235.
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image-response ratio : the image-response ratio is the ratio:

- of the input signal level at the image frequency required to produce a specified output from
the receiver,
— to the level of the wanted signal required to produce the same output.

The image frequency is the wanted signal frequency plus or minus twice the intermediate
frequency, according to whether the frequency-change oscillator is respectively higher or
lower in frequency than the wanted signal frequency.

If the receiver incorporates more than one frequency change, there will be more than one
image frequency, and for each of these there will be a corresponding image-response ratio;

intermediate-frequency response ratio : the intermediate-frequency response ratio is the ratio:

— of the level of a signal at the intermediate frequency applied to the receiver input and which
produces a specified output from the receiver,

— to the level of the wanted signal required to produce the same output

other spurious responses can occur when the intermediate frequency arises as the sum or the
difference of the frequency of an interfering signal and a harmonic of the local oscillator
frequency, etc.,

spurious-response ratio : the spurious-response ratio is the ratio:

— of the input level at the interfering frequency required to produce a specified output from
the receiver,

— to the level of the wanted signal to produce the same output;

that single-signal measurements be made of the pass-band, the attenuation slope, the image-
response, the 1ntermed1ate-frequency response and other spurious-response ratios as defined
above.

For the attenuation-slope, sufficient indication is generally obtained by considering the
frequency difference corresponding to attenuations of 20, 40, 60 and, if possible, 80 db, reckoned
from the limit frequencies of the pass-band. When the values thus obtained are essentially
equal for the two sides of the pass-band, it is sufficient to give mean values.

For some purposes it is of interest to know the bandwidth at fixed levels corresponding
to the above-mentioned attenuations. These figures can easily be deduced from the pass-
band and the attenuation-slopes at the different levels (see Fig. 1).

The two methods of the presentation of the single-signal selectivity are very similar and
there seems no good reason for preference of one over the other. After the introduction
(Geneva, 1951), of the method of presentation by the attenuation slope, this method was used
for Tables I, II and III of the Annex.

Since, when plotted in decibels to a logarithmic scale of frequency, the sides of the selec-
tivity characteristics are often almost straight beyond a certain frequency difference relative
to the mid-band frequency, the attenuation outside the pass-band can also be expressed as the
slope of the attenuation/frequency characteristic, in decibels per octave of the frequency
difference. The frequency and attenuation at the starting point of such a slope, relative to
the mid-band frequency, should be stated;

that, for the purpose of studying the selectivity in the non-linear region with two or more input
signals, the following definitions are recommended:

effective selectivity : the effective selectivity is the ability of the receiver to discriminate between
the wanted signal (to which the receiver is tuned), and unwanted signals (having frequencies
generally outside the pass-band), the level of which is such as to produce non-linear effects, the
wanted and unwanted signals acting sxmultaneously The effective selectivity can be
investigated by measuring blocking, cross—modu]atlon and inter-modulation as follows:

blockmg blocking is measured by the level of ,an unwanted signal on a near-by frequency,
e. g. in an adjacent channel, which results in a given change (generally a reduction), e. g. 3 db,
in the output due to a modulated * wanted signal of specified level applied to the receiver
input:

* Exczpt for Al signals when an unmodulated carrier is used.
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6.3 cross-modulation : cross-modulation is measured by the level of a modulated unwanted signal
on a frequency near to an unmodulated wanted signal (e. g. in an adjacent channel), which
results in an output from the receiver of a specified amount (e. g. 20 db *), below that which
would be obtained if the wanted signal were modulated;

6.4 inter-modulation : inter-modulation is measured as the levels of two unwanted signals which,
when applied together, produce at the receiver output a given level (e. g. 20 db *), below
that due to the normal input signal, when the frequencies F," and F,”’ of these two unwanted
signals have: -

6.4.1 asum equal to the intermediate frequency (E;; = F,” + F,”’), in which case, tests should
~ be made with frequencies such that the unwanted 81gnals w111 have frequenc1es close to
but not equal to, half the intermediate frequency;

6.4.2 a difference equal to the intermediate frequency (F,r = F,” — F,”"), in whi,ch case, tests
should be made with frequencies such that the unwanted signal at the lower frequency
should have a frequency near to that of the wanted signal, e. g., in an adjacent channel;

6.4.3 a sum equal to the frequency of the wanted signal (F, = F,” + F,’), in which case, the
unwanted signals should have frequencies close to, but not equal to, half the wanted
signal;

6.4.4 a difference equal to the frequency of the wanted signal (F; = F,” — F,”), in Wthh ’
B case, the unwanted signal having the lower frequency should have a frequency near to
that of the wanted signal, e. g., in an adjacent channel;

6.4.5 a sum equal to the image frequency (F,, = F,” + F,”’), in which case, the unwanted
signals should have frequencies close to, but not equal to, half the image frequency;

6.4.6 a difference equal to that between the wanted signal and one unwanted signal, the
intermodulation product being of the third order F, = 2F," — F,”, in which case, the
nearer unwanted signal should have a frequency near to that of the wanted signal,
e. g., in an adjacent channel.

Other orders of intermodulation products may occur; those selected are generally
sufficient to describe the performance in respect of intermodulation.

The frequency of one of the unwanted signals should be adjusted to make the
interference a maximum, and that of both should be such that the receiver output is
negligible when only one unwanted signal is applied and modulated.

To determine the severity of intermodulation for a range of values of the strength
of the wanted signal, a third signal (the wanted signal), should be applied at the frequency
to which the receiver is tuned; suitable input levels may be 420 db, 440 db, +60 db
and 480 db relative to 1 wV. (See Note 2.)

The unwanted signals should be equal in level; in receivers for A3 they should
be unmodulated because the interference, resulting from the beat between the inter-
modulation product and the carrier of the wanted signal, is more severe than that due
to any modulation; in receivers for A3b they should also be unmodulated and the
frequency of one unwanted signal should be adjusted to make the output of the receiver
have a frequency equal to that of the modulation initially applied to the wanted signal.

7. that to express the selectivity in the non-linear region, it is desirable that measurements be
made of the effective selectivity in terms of the blocking, cross-modulation and inter-modula-
tion characteristics as defined above.

. Note 1. — The application of multiple-signal tests of effective selectivity to receivers for Al, A2,
*F1 and F3 signals is the subject of further study (Question 229 (II)).

Note 2. — To enable the measurements to be made with two signal generators, the sensitivity of the
receiver can be adjusted by the use of a suitable potential applied to the automatic-gain-
control circuit, to correspond to the input signals recommended. In this case, one of the
unwanted signals should be modulated. A correction should be made for the depth of
modulation.

* Other values may be desirable for certain classes of receivers.
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Conversion between methods of presentation of single-signal selectivity

The formula: Bra + 20n) = B + 20 (2n/Pn)
can be used to convert from the figures given in the tables to bandwidths at specified levels, where :

a = the attenuation at the edge of the passband

B(a+20n) = the bandwidth at a level (a420n) db from the middle of the passband in kc/s

B = the bandwidth of the passband in kc/s as given in column (5) of Tables I, II and III
Py = slope of the attenuation in db/kc/s as given in column (6) for:

n = an integer (1, 2, 3 or 4).
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Note 3. — Annex 1 gives representative values for the selectivity of a limited number of receivers

(excluding television receivers), and is based on data and information given in the Annex to
Recommendation 95 and Docs. 137, 318, 398 and 488 of Warsaw, 1956, 11/4, 11/12, I1/16,
11/17 and 1I/25 of Geneva, 1958, 89 of Los Angeles, 1959, and II/2, 1I/10, 1I/23 and 11/30
of Geneva, 1962.

Annex II gives representative values for the selectivity of television receivers and is based
on data given in the Annex to Recommendation 95 and Docs. 137, 398 and 488 of Warsaw,
1956, 11/25 and I1/29 of Geneva, 1958 and II/31 of Geneva, 1962. Some of the data given in
Annexes I and II were collected as part of studies required by Question 229(II).

Annex III gives representative values for the two-signal selectivity of FM broadcast
receivers and is based on Doc. II/25 of Geneva, 1958.

Annex IV gives representative values for time-delay/frequency characteristics of high
frequency radiotelegraphy receivers and is based on data and information given in Docs. 11/14
and II/15 of Geneva, 1958.

ANNEX I
SELECTIVITY OF RECEIVERS, EXCLUDING TELEVISION RECEIVERS

General

In the following tables, an attempt has been made to present data for the selectivity
characteristics of the various classes of receiver in a systematic way. To facilitate the use of
these data and, at the same time, to reduce the amount of data presented, only three figures
(called for convenience “ maximum ”, “mean ” and * “ minimum ” values), have been
given for each characteristic for a number of similar receivers of each class. This means,
that the mean value is taken as a result of figures given either for a larger number of receivers
of the same type or for different types of receivers and for different frequencies within the
indicated range (Column 3). In most cases, however, the actual frequency range is less than
the full indicated range. It should be noted, however, that in many cases, because of the small
number of receivers (indicated in the “ Remarks > columns of the tables), these figures have no
precise statistical significance.

For certain classes of receiver, only limited data, and in some cases no data, were
available. Nevertheless, it is hoped that the incomplete data given in the tables will be of
values to users and that it will be possible to add to these in the future.

Notes to Tables I-VI

Single-signal selectivity (See Tables I, IT and IIT)

Column No.

(1) (2) (3) Receivers are tabulated in terms of the class of emission, class of receiver and
frequency range respectively, according to the “ Classification Scheme for Recei-
vers ”, contained in Annex I of Recommendation 331.

@) See § 1 of this Annex (General).

(®)] See § 4.1 of this Recommendation.

(6) See §§ 4.2 and 5 of this Recommendation.

) See § 5 and Fig. 1 of this Recommendation. The “ ultimate slope > is the value

generally constant, that the attenuation slope attains at frequencies remote from
the pass-band. The frequency and attenuation at the starting point of such a
slope, relative to be the mid-band frequency, should be stated.

(8) See § 4.3 of this Recommendation.
) See § 4.4 of this Recommendation.
(10) This column shows the number of receivers on which the representative values for

the single-signal selectivity are based, and, when possible, some indications of the
spread of the data.
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2.2 Two-signal selectivity (except inter-modulation) (See Tables. IV/1, V/1 and VI/1)
Column No.
(1) (2) 3) See § 2.1 of this Annex.
(6] Frequency difference between the wanted signal, F,;, and the unwanted signal,

) See § 1 of this Annex (General).

6) See § 6.2 of this Recommendation.

@ See § 6.3 of this Recommendation.

®) This column shows the number of receivers on which representative values for

- the two-signal selectivity are based, and the values for the ratios of the wanted
to the unwanted signal at the receiver output (in cross-modulation tests), when
these differ from those suggested in § 6.3 of this Recommendation.

2.3 Multiple-signal selectivity (See Table 1V/2, V/2 and VI/2)
Column No.
(1) (2) (3) See § 2.1 of this Annex.
) Wanted frequency.

(5 See § 1 of this Annex (General).
(6) See § 6.4 of this Recommendation.
(@) This column shows the number of receivers on which the representatwe values are
based.
ANNEX I1

SELECTIVITY OF TELEVISION RECEIVERS

The methods of test for television receivers have not, as yet, been fully standardized in the
various countries. The data given in this Annex and the relevant documents must be regarded
as tentative until such standardization is more complete (see Table VII).

Table VII contains representative values for the single-signal selectivity of the vision and sound
channels of typical television receivers.

Some results of delay-time measurements of television receivers are given in Doc. 203 of
Los Angeles, 1959,

ANNEX III

In Table VIII representative figures of the two signal selectivity of FM (F3)-broadcast receivers
are shown. The measurements were made in the manner adopted by the I.E.C. in which the
ratio of “ unwanted-to-wanted signal strength ” required, to give an interference output 30 db
below the wanted output with 309, modulation for various frequency separations including zero
is measured. (See also Recommendations 237 and 330).

ANNEX IV

GROUP-DELAY CHARACTERISTICS OF RADIOTELEGRAPHY RECEIVERS
1. General

Table IX shows values of group-delay characteristics of band-pass filters, which are
used as IF filters in telegraphy receivers. A short description of the measuring method is
given in Report 189.
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2. Notes to Table IX

Column No.
(1) @) (3) (4) Classification and single-signal selectivity of receivers tested are shown.
(5) Group-delay time (ms) at the centre frequency, f,, of the IF filters.

®) (M (® Maximum positive and negative deviations of group-delay time within the
(9) (10) (11) specified bandwidths, limited by two frequencies at which the attenuations
exceed from that at f, by 3, 6 and 12 db respectively.

12) Remarks on the design of receivers.
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TaBLE I

Single-signal selectivity of radiotelegraphy receivers

Attenuation slope from edge
of passband

Class X Frequency RF and IF (db/ke/s) Ultimate Image IF
of Service range passband slope response response Remarks
emission (Mc/s) (kefs) . (dbjoctave) ratio ratio
26 db 46 db 66 db 86 db (db) (db)
) @) 3) ) () 6) @] 8) ) (10)
1-6-30 1-1 165 200 200 200 113/83 1 receiver tested
1-6-30 04 108 135 144 130 100 100
. 1-2 130 165 183 210 100 100
Fixed 0-4 95 120 150 '
2f,+fir: 137 db
3-24 1-0 60 65 65 95-131 64-127 | 2f,+fir: 123 db
Al fot+Vafy: 139 db
21 30 30 30
Max. 47 28 28 28 119/53 110
1-6-30 Mqan 1-4 -16 15 15 73/28 90 6 receivers tested
General Min. 0z 10 10 8 4177 80
purpose . K . ]
6-03-30 IIC'IA::r; gg lgg 1(7)2 100 110 3 geceivers tested
Min. 24 67 65 31 sy | (different types)
. g 06 ™M 770 770 770 Triple frequency-
Fixed 3-30 . change receiver
Fi 10) 24 24 24 Average type of re-
General ceiver with 8-10 tubes
3-30
purpose 1o 32 32 32 Double frequency-
change rec., 20 tubes

(1) At 3 db down and therefore at 23, 43 and 63 db instead of 26, 46 and 66 db (in column 6).
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Single-signal selectivity of radiotelephony receivers

Attenuation slope from edge

of passband

Class Frequency RF and IF (db/ke/s) Ultimate Image IF
of Service range passband slope response response Remarks
emission Mc/s) (kefs) (db/octave) ratio ratio
) 26 db 46 db 66 db 86 db (db) (db)
ay @) (3) ) ) 6) @) ®) © (10)
Fixed » 1-6-30 6 22 23 265 28 > 70 >100
Max. 68 12 11 11 119/53 >110
1-6-30 | Mean 53 85 8 8 73/28 > 90 | 7 receivers tested
Min. 40 5 4 4 41/7 > 80
General 0-03-30 hl\//II::n g? 19,? 18; >100 >100 4 receivers (of differ-
purpose Min. 43 71 65 30 g1 | rent types) tested
A3 Max.| 52 125 | 15 15 15 100 100 |3 groups of 2 receivers
-30-300 | Mean 34 1-1 1-2 63 90 | (of different types)
Min. 165 0-84 09 09 09 22 82 | tested
Max. 65 5 4-4 36 3 100 109 | 3 groups of 4 receivers
Mobile 30-300 | Mean 37 32 27 23 14 (of different types)
Min. 22 1-5 1-1 1-5 1-1 60 90 | tested
Aeron. Double
mobile 225-400 100 > 80 > 80 frequency change
Max. 6-4 240 240 240 100 115/85 >110 | 4 receivers tested for
1-6-30 Mean 615 100 114 118 70 112/84 > 95 | cols. (5) and (6); 3 for
Min. 60 12 12 12 10 110/82 > 80 | (8) and (9)
A3B Fixed 1-6-30 I\I\//II::r.l Zg 45 115 126 23 receivers tested of
Min. 61 133 61 60 |4 different types
2-5-21 6 50 55 70 37 > 90 > 75 | fo—fire: >78 db

€€ A
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— ShI —

m @) 3) ‘ “@ | ) © - 0] [§] (&) - (10)
77 ]
. i ) ' 20 receivers (same type)
20 0 Jom |em 0w m |
: 24-channel FM system
Fixed 68-87 30 4-5 4-5 45 70 70
30-300 . T i ith
46 2:6 3-8 44 4-8 140 86 92 WO receivers wit
(165-7) double frequency-
30-300 : . ) ] ) ’ changing, of the same
(16675) 4 (26 |38 44 48| 79 80 | type
170(%) 1500 0-03 0-03 70 140 | 2f,+fir: > 130 db
30-300 40 0-8 0-8 90/44 >100
General * ‘ ) Receiver with contin-
purpose 65-175 28(H) 5% | 1-5() 1-5%) 1-5(% > 70 >100 |uous tuning. Single
F3 : frequency change
Max. 52 52 52 |52 52 533 96 .
30-300 | Mean 3 |25 |28 |31 |33 92 100)| i receiver es‘)ei,‘)ed (of
Min. 21 14 17 11 11 118() 76 ypes)(-.
: . . . . Portable rec. 25 recs.
30-300 55 12 1-2 1-2 1-1 47 k 70 80 tested (of 2 types)
. 300 30) 30) 30 30) ~ 70 Fixed frequency rec.,
Mobile 68-87-5 double freq. change
30 1-9 19 1-9 19
317-41
ity 00 | 230 | 230 | 230 | 230 > 70 Portable receiver
156-174
405-475 40 > 80 > 80 | Triple freq. change
A A . 1 receiver tested (proto-
P Fixed 2100-2300 - 5000 0-009 0-009 0-009 0-009 22 50 100 |type of 24-channel
- : PPM-system)

(1) At 3 db down and, therefore, at 23, 43, 63-and 83 db. %) Measurements made at the single frequency shown. (%) See also Doc. 446 of Warsaw, 1956.
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Single-signal selectivity of sound broadcast receiver

Attenuation slope from edge
of passband

Class Frequency RF and IF (db/kc/s) Ultimate Image IF
of Service range passband ’ slope response response Remarks
emission (Mc/s) (kefs) (db/octave) ratio ratio
26 db 46 db 66 db 86 db (db) (db)
M 2 (©)] 4) (&) 6) (@) [©)] (&) (10)
Max. 133 4-5 375 44 120
1-6-30 Mean 8:05 36 31 25 90 10 receivers tested
Min. 4-0 25 21 9 57
Max. 15-0 89 67 63 78() 100(*) | 169 receivers of about
0-5-30 Mqan 73 33 34 31 28(H 96(%) | 20 types tested
Sound Min 40 12 1-8 2:0 '22(1) 68(%)
A3 broad- Max. 58 Mean value (taken from
casting 0-5-30 Mean 55 45 4-2 34 a curve); 356 receivers
Min. 53 tested ‘
2f,+fi: 63 db
2 . . 0 1
13 6 3_3 13 38 36 o+ V4 fy: 96 db
) . . . Low price receiver of

0-5-10 Mean . 10-0 4-3 61 1 type (24 000 tested)

’ 20 32 FM/AM battery
receiver

86-100 37 42 | FM/AM receiver

21 51 FM/AM receiver
Sound 13 28 FM/AM battery
F3 broad- receiver
casting .

90(%) 125¢3) 019 017¢® 23 68 FM tuner. Switched
with a.f.c. Cheap
broadcast receivers

' High -qualit -
88100 165) | 028 027¢9 High-quality broad

(M 3 receivers of different types tested.

(®) Measurements made at the single frequency shown.

() At 3 db down and, therefore, at 23 and 43 db (in column 6).

€€ "0
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Two-signal selectivity of radiotelegraphy receivers

Blocking Cross-modulation
Signal Level of unwanted signal Level of unwanted signal
Class Frequency | separa- (dbrel. 1 wV) (dbrel. 1 uV)
of Service range | tion for level of wanted signal for level of wanted signal Remarks
emis- (Mc/s) Fg-Fn (db rel. 1 pV) of: (db rel. 1 wV) of:
sion (kefs)
+20 | 440 | 460 | 480 | 420 | 440 | 460 | +80
) @ 3) ) ) ©) (@) ®)
Fixed 1-6-30 10 90 105 115 120 1 receiver tested
Al . Max. 72 80 88 93 69 77 84 89
Fixed 1-6-30 20 | Mean 69 77 85 91 64 73 81 87 | 3 receivers tested
Min. 66 73 80 87 63 71 79 85
General Max, 106 115 123 90 101 113 3 receivers of different types
Al purpose 0:03-30 10 I\&qan 81 101 115 77 91 }83 tested at 2 frequencies
in. 70 86 104 59 83
Max. | 102 | 113 | >120 | >120 | 96 | >120 | >120 | >120
F1 Fixed 1-6-30 20 | Mean 94 102 >111 >115 89 >120 | >120 | >120 |9 receivers tested
) Min. 85 88 94 102 87 >120 >120 >120
5 Max. 83 104 111
Al Min. 80 102 108
Fixed 3-24
A2 5 | Max 72 93 113
Min. 72 92 111

— 1 —
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TaBLE 1V/1-B

Two-signal selectivity of radiotelegraphy receivers

Blocking Cross-talk Inter-modulation
Level(of unwanted signal
db rel. 1 uV) Level of ted signal Fre- Levels of t ted
Class ) Frequency that produces 20% distortion @bl vy o quency | signals (@b rel. 1 uV)
emis- Service wanted | Fa—Fn once in 1000 elements, for an output 20 db below the value;| of | which produce standard Remarks
sion signal or which captures the a.f.c.; the levels of the wanted signal being:| wanted output and a signal-
the level of the wanted signal being: (db rel. 1 V) signal to-noise ratio of 20 db
(dbrel. 1 V)
(Mcfsy | (kefs) | +20 | +40 | +60 | 80 | +20 | +40 | +60 | +80 | (Mc/s) F;"ﬁ;" Fo H B Fa - Fa”
1) ) 3) (O] ) ©) ) ®) ®
5 77 92 102 | >120 0 baud Shif 0 ¢
: . 50 bauds. ift 800 cfs.
F1 Fixed 31 10 94| 100 | >120| >120 IF bandwidth 2 ke/s
15 100
Al Fixed 31 5 104
F1 Fixed 31 5 >111 100 baud Shift 400 ¢/
. auds., 1 C/s.
F1 | Fixed 31 4 | 109 IF bandwidth 1 kc/s
F1 Fixed 31 3 96
F1 Fixed 31 2 94
Al Fixed 31 5 91| 115
Fl| Fixed 31 5| m 13 100 bauds. Shift 400 c/s.
F1 Fixed 31 4 108 IF bandwidth 1 kc/s
F1 Fixed 31 3 100
F1 Fixed 31 2 95

€€ "0
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TaBLE 1V/2-A

. Multiple-signal selectivity of radiotelegraphy receivers

Intermodulation
= » —_
§ ~,% .3 g g % Level of unwanted signals (db rel. 1 V) for the levels of the wanted signal given below .g
2 5 2 s
05| 3 £ ‘2; Fo'+Fp" = Fy Fu'+ Fn" — Fa . Fu' +Fa' = Fim 2Py mFy = Fa g
“ ol K of. § 6.4.1 and 6.4.2 of. § 6.4.3. and 6.4.4 of. § 6.4.5 cf. § 6.4.6 4
: al) i 0 | 20 4 leo]so| ) ! 0 | 20 | 40 160‘80 ) |o\zo|4ol60‘80[d(l)io’zo|40160|go
(¢)] (@3] ()] @ ® ’ ©) @
Max. >120 97 "
Mean | (—) >110 (=) 90 5.
Fixed | 1-6-30| 10 | M- _ 101 o g2
Max. 115 o8
Mean (+) 110 n
Min. 104
Al R
Max. 100 _ 90 -
Gen- Mean | (—) 79 () 81 8
eral 063 30| 110 |-Ain: | 72 : |52
pur- T | Max. 100 88
pose Mean (+) 87 n
Min. 80 |
I i
Gen- g - %
ar] &gt g 65|74 79| 86| 5 2 =
1 pur- - > 95 7 8 § -
pose | = é
Max. | (—) 94 ™ 70 T 60
Al Min 56 60 ] 143
’ Fixed | 3-24 {3-24 . - —]—=
A2 Max. +) 90
Min. L 76
Max. ‘ >120 (—) 91
Mean | (—) >107 86 g
, Min. 101 80 | 23
F1 | Fixed | 1-6-30| 10 Max. 104 § §
Mean (+) 95 o
Min. 86

(%) In these columns the values inserted are those for the frequencies given by the following: (a) for (+): (Fn'— V2Fys); for (=): (Fr'—Fa); (b) for (+): (Fn'—2Fa); for (=): (Fa'~Fa);
(c) (Fr'=Y2Fim); (d) (Fn'—Fa).
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TaBLE IV/2-B
Multiple-signal selectivity of radiotelegraphy receivers
§ = Intermodulation |
2 2 ~
8 8 ) g§ 5 Level of unwanted signals (db rel. 1 V) for the levels of the wanted signal given below
- [ - 2 - - Remarks
s 4 | E5] < FotFa” = Fy o'k Fa” = Fa Fa'+Fo" = Fin 2Fu'—Fa" = Fa
g 4 - - —
o a(l,'olzolwlsolso b(n)!o!20 “l“l”i d,)[0|20 ‘°|6°|8° d(l)|0,|20!4°l60'80
Mm@ ) “@ ) () @
’ : Distortion | (+) ; ‘ (+) \ 20! ,
31 o >120/>120|>120/>120 104/ >120{> 120 10 ki 68 84 92 . :
F1| Fixed | 2-30 | Range | 207% once |10 ke/s N 10ke/s =120 | 10kefs 88| 102 cfs 50 bauds. Shift 800 c/s.
n — - Filter 2 kcfs
17 | olements lékg/s so| 94 105>120 kg/s 78| 90| 108]>120 f
3. | Distortion 5(}::) s >108|>108{>108 5(“;0) /s ' 108{ 108| 108 Skefs 76 5kefs 77 | 87 | 100 100 bauds. Shift 400 c/s.
. 209, once ‘ Filter 1 ke/s. A.f.caffect-
F1| Fixed | 2-30 | Range .7 . :
1 in 1000 (=) (=) ed at a slightly higher level
clements > 108|>108|>108 771 89 100 of interference
) 5kefs _ 5ke/s “
i
Range | &5 | () > 108/ > 108|>108 () | 1>108/>108/> 108 | 08 | >108 5k e | | %2
lg captured | 5ke/s v 5ke/s : 5 kefs >108 | >108 | > c/s
a.f.C. (_) 103 ('—)
>108|>108 80, 931 101 .
capturgd Skefs Skefs 100 bauds. Shift 400 ¢/s.
Rg.oe afec. (=) 82l 93 101 5 kel % | sl o7 Filter 1 kefs. Distortion
. ng C/S i d to 20% at a
tured increased to 4
F1| Fixed | 2-30 1 capture Skefs higher level of interference
60 a.fc. (+) +) . ' than that which captured
Rarzwse captured | 5 ke/s >108/>108| > 108 skejs| |7 108/ > 108> 108 | Skefs >108 | >108 | >108 5kefs 79 80 | .91 | the g.f.c.
Reng () > 108|> 108> 108 (=) 86| 105> 108 | 5kefs 7.1 80| 90
a;ge S5ke/s 5 ke/s < 4.
170 ) 1 .
Range 5 > 108[>108(>108 ; 5 kefs 79 83 91
4 .Skefs : '
o 2 + |>120/>120/>120|>120{>120 4+ |97 109 117/>120|>120 ' 4+ | >120(>120| >120 >126 >120| + . 100 104 116 | >120 .
58 §~ 1-1-30 4 ’ ‘ One receiver tested
oS85 — |>120 — 82| 94 102| 114/>1200 || — |>120 - 90 | 100 | 103 | 110
Fl i
Max. 91 | .
: 4 Mean + |86 o Ten receivers tested
Fixed | 4-28 Min. 82 ’ ‘

(") In these columns the values inserted are those for the frequencies given by the following: (a) for (+):(Fa'— sz'zy); for (=): (Fa'~Fa); : -
(b) for (+): (Fa' —YaFa); for (=): (Fa’—Fa); (¢) (Fu'—Y2Fim); (d) (Fu’—Fa). : .




TABLE V/1-A

Two-signal selectivity of radiotelephony receivers

Blocking Cross-modulation
Signal Level of unwanted signal Level of unwanted signal
Class Frequency | separa- (db rel. 1 V) (db rel. 1 pV)
of Service range tion for level of wanted signal for level of wanted signal Remarks
emis- (Mc/s) Fa-Fp, (db rel. 1 wV) of: (db rel. 1 V) of:
sion (kc/s)
+20 +40 +60 +80 +20 | +40 +60 | +80
) 3] A) ) ) ©) @] ®)
Max. 92 96 101 106 60 74 81 89
18 | Mean 87 93 97 101 57 64 68 76
Min. © 74 88 94 96 54 56 60 68
Fixed 1-6-30 _ 4 receivers tested
: Max. 98 102 105 112 62 80 88 86
36 | Mean 97 99 103 107 60 68 72 77
Min. 94 96 100 102 56 60 65 72
Max. 86 >120 >120 >120 93 106 115
1-6-30 10 | Mean 75 95 108 117 81 94 101 | 6 receivers tested
Min. 66 78 94 111 61 79 78
Max. 119 126 126 109 115 121 . .
A eneral | 00330 | 10 | Mean 87 | 107 | 120 86 93 o7 | recelvers tested, of different
enera Min. 61 9 | 108 72 79 gs | WYPes, aa
purpose
30 39 67 108 36 51 66 | 1 receiver tested
30-300 50 62 84 102 48 75 84 | 1 receiver tested
300 >100 >100 | >100 92 >100 >100 1 receiver tested
0-03-0-6 10 102 112 127 109 114 | 1 receiver tested
Mobile | 0:03-30 10 77 89 2 receivers tested
30-300 50 100 2 receivers tested
1000 100(Y) |

(*) Output level 40 db below the standard value.
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TABLE V/1-B

Two-signal selectivity of radiotelephony receivers

Blocking Cross-modulation
Signal Level of unwanted signal Level of unwanted signal
Class Frequency | separa- (dbrel. 1 V) (dbrel. 1 uV)
of Service range tion for level of wanted signal for level of wanted signal Remarks
emis- (Mc/s) Fq-Fpn (db rel. 1 V) of: (db rel. 1 pV) of:
sion (kc/s)
+20 ! +40 | +60 | +80 +20 ’ +40 l +60 } 480
m @ ©) @ ® | ©) ™ ®
Max. 72 90 110 110 76 92 105 115 .
14630 | 10 | Mean 70 89 105 105 72 87 101 105 g (ecelvers tested (measured at
Min. 69 8 | 104 | 100 64 84 97 96 | 3 frequencies)
Max. 78 103 118 116 91 94 106 110 . .
1630 | 10 | Mean| 70 9 | 110 | 111 74 8 | 101 102 | 23 receivers th“;"4 §4 different
Min. 62 77 102 105 60 75 93 g5 | types, measured at 4 frequencies)
Max. 94 105 113 120 73 84 89 94
A3B Fixed 1-6-30 18 | Mean 88 99 107 113 64 76 82 82. | 7 receivers tested
Min. 68 79 95 108 53 66 74 72
Max. 107 114 120 120 86 94 95 96 ‘
1-6-30 36 | Mean 99 106 112 116 78 87 86 86 |
Min. 82 91 108 111 67 83 74 \ 74
2:5() 10 | Mean 88 117 115 68 99 102
Max. 100 108
4-20 20 | Mean 90 100
Min. 80 95

(') Measurements made at the single frequency shown.

— €SI —
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TaBLE V/j1-C

Two-signal selectivity of radiotelephony receivers

Tee "

) Unwanted-to-wanted signal ratio (db) for a wanted-to-unwanted output ratio of 30 db, with frequency
. Frequency of Tnput level of separations, of (kc/s) .
Service wanted signal wanted signal Remarks
(Mefs) (db mW) 0 25 +25 —50 +50 —15 +75 | —100 | +100
1) @ 3) ) [©)] ©) @] ® &)
~80 —6 | —9 | —7 | 455 | +53
L 1657 —60 -6 | —6 | =5 | — | +36
—40 -6 + 1 — 6 — — Two receivers of the same
. type designed for 50 kefs
—80 —8 +26 +22 _— —+57 channel spacing
F3 166-75 —60 —8 +29 +23 — = :
—40 -7 — - - —

— ¥ST —




TaBLE V/2-A

Multiple-signal selectivity of radiotelephony receivers

i Intermodulation
— e 3% > Level of unwanted signals (db rel. 1 V) for the levels of the wanted signal given below @
°9 8 £ES | o 4
X 3 gL <
&2 E g o ?, Fn' + Fn" = Fis Fu'+ Fp'' = Fg Fn' + Fn'" = Fim 2Fy' — Fy'' = Fa g
O E ] E' % & cf. § 6.4.1 and 6.4.2 cf. § 6.4.3 and 6.4.4 cf. § 6.4.5 cf. § 6.4.6 S:)
o
a(h) i 0 l 20 40 | 60 | 80 () ] 0 ! 20 | 40 | 60 l 80 c(‘)| 0 ‘20|40'60|80 d(l)l 0 |20‘40|60|80
m @ 3 ()] 3) (6) (@)
[ ' Max. | o1 | >104 | >104 | >104| | g4l93| 99| 103
i Mean | ¢ 84| > 94| >101| >101 151 80| 86 95 101
1:6-30{ 10 ! Min. 79 81 90 87 79| 81 93 97 E
JR— — | — R p— 7]
Max. (+) 86| 86 | >104 | >104 S
Mean 11-0 85(91| >100 | >103 ]
Min. 84| 83 99 99 5
— — i 8
Max. >104 >104 79 ;
Fixed | 5-22 | 10 | Mean >104 | 221 | >104 78
Min. >104 | 10-1 | >104 77
Max. 100 90 — 8
A3 1) Mean| (—) 85 (=) 77 =) &
10| Min. 63 65 5 s
0-03-30 SN N | ——— 2%
Max. 100 8 5
20 | Mean (+) 93 &
Min. 80 o
(=) 82 G 84 B
30 — — — — — B
% Lo CIRE :
. |30-300l— S — - - 2
pose (= 90 =) 81 5
50 — —
(+) 96 | -

(*) In these columns the values inserted are those for the frequencies given by the following: () for (+): (Fn’—VaFip); for (=): (Fn'—Fa); (b) for (+): (Fn'—YaFg); for (—): (Fn'—Fa):
(c) (Fn'—2Fim); (d) (Fn'—Fg).

— SST —
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Rec. 332 — 156 — — 157 — Rec. 332
TABLE V/2-B-
Multiple-signal selectivity of radiotelephony receivers
= Intermodulation
S & )
.2 o 5,« » Level of unwanted signals (db rel. 1 V) for the levels of the wanted signal given below
L :‘:’é Z  Fp'4Fo'' =Fy Fy'+Fp" = F, Fo'+Fa" = Fu ey Pl Rk
a| 4 | 85| g ot.5} 641 and 642 of. §§ 6.4.3 and 6.4.4 of. § 6.4.5 of. § 6.4.6
K 8 -
0 = a(l)[olzo}mlsoiso () ‘o|zo|4oleo[so c(’)|0'[20|40l6°l3° “(’)|°‘2°|‘°‘6°‘8°
o @ 3) “@ ) 6) M
Max. > 94 94
Mean (-) > 92 =) 90
Min, 89 88
Max. > 96
Mean (+) > 94
Min. > 94 23 receivers
tested
Max. 106 109
Mean (-) 95 (—) 93
o . Min. 75 90
e | Fixed | 1-6-30| 10
< Max. 103
Mean (+) 93
Min. 88
Max. >104]>104|> 104( > 104 15-1 80 90 99(>104
Mean () > 90/> 98|>102|>103 (—) 73 83 921 >100
Min, 68 79 92 98 69 79 88 96 7 receivers
tested
Max. 11 91} 101|>104|>104
Mean (+) 89 94|>102{>104
Min. 77 90 94> 104
Max. > 104 9.8: 64
522 | 975 | Mean | 9:8; 195 S 104 9-85 37
Min. >104 49
Max. > 104 10-1; 68
423| 10 |Mean| 101; 55 S 104 102 65
: Min. >104 60
m . M 68
F ax. .-
2 ixed 10 | Mean }gill, 68
Min. 68
4-28 +) 85| 94| 105 115>120 2 receivers tested
96 91y 104 110{>120
Max.
Me:n (+) g; 7 receivers tested
Min. 87 ‘
165- (+)25ke/s > 90{> 90|> 90|> 90|(+)25kc/s 66| 70 A 90 90 90 |50 ke/s 60 82 | >90 2 receivers with double
. 657 (—)50ke/s > 90> 90|> 90| 90|(—)sOkefs 76|> 90|> 90 50 kefs >90 | >90 | >0 > f frequency changing of the
Fixed |30-300 (S )25ke) %0/= 90> 90|~ 90125 Ke/ — %0 2 %0 same type. Passband
. cfs > > > > + cls 0 kc/s 52 76 >90 46 kc/s
. 1667 (—)25kes S 90/ 90> 90/ 90](—)50ke]s 72| 82 88 30kefs >90 | >90 | >90 | >0 50ke/
160 (=) > 94 23 Z o4
Mobile|30-300 ] 1 receiver tested
774 =) 9 = H

(1) In these columns the values inserted are

(b) for( +): (Fa'—Y2Fa); for (=): (Fa'—Fa);(c)(Fn’ = VaFim); (d) (Fu' —Fa).

those for the frequencies given by the following: (a) for (4): (Fa'— VsFy); for (=): (Fn'— Fa);



TABLE VI/1

Two-signal selectivity of sound-broadcast receivers

€€ "

— 8ST —

Blocking Cross-modulation
Signal Level of unwanted signal Level of unwanted signal
Class Frequency | separa- (db rel. 1 1V) (db rel. 1 uV)
of Service range tion for level of wanted signal . for level of wanted signal Remarks
emis- (Mc/s) Fa-Fp . (db rel. 1 uV) of: (db rel. 1 #V) of:
sion (kels)
+20 ‘ +40 | 460 | +80 +20 | +40 | . +60 | +80
0 @ ® @ | ©® ©® ‘ . m ®
Max. 72 88 107 61 85 115
0-5-1-6 10 | Mean 67 86 104 55 79 101 3 receivers tested
Min. 64 86 102 50 73 93
’ Max. 79 96 114 76 99 115 3 receivers tested of different
Sound 0-5-30 10 | Mean 64 83 102 68 86 104 types of 3 frequencies; output
A3 broad- Min. 50 68 85 54 72 94 | signal-to-noise ratio 20 db
casting
20 . 94 114 Ordinary broadcast receiver(®)
20 109 124 “ Narrow ” bandwidth } High-
0-5-1-6 quality
20 102 124 “ Wide ” bandwidth(*) } broad-
cast
receiver
30-300 300 46 65 80 90 Several receivers tested
30-300 300 40 52 60 80 | Several receivers tested; output
level of undesired signal 40 db
Sound below level of desired signal
F3 broad-
casting 88-100 300 37 Ordinary broadcast receiver(*)
88-100 300 43 High quality broadcast receiver(*)

(*) Qutput level of unwanted signal 30 db less than level of wanted signal.




TABLE VI/2

‘ Multiple-signal selectivity of sound-broadcast receivers

° Intermodulation
&b
% § o gA I Level of unwanted signals (db rel. 1 V) for the levels of the wanted signal given below 2
' 2 7% 2 - s
B2 5 | 53| 2 Fu'+Fo'= Fy : Fo'4Fo''= Fa Fo'+Fo"= Fim 2Fw'—Fy"= Fa £
0§ @ A cf. § 6.4.1 and 6.4.2 cf. § 6.4.3. and 6.4.4. cf. § 6.4.5. cof. § 6.4.6. ¥,
i ary| 20 | 40 | 60 | s |sy| 20 |40 | 6 | 80 |eml20]a0]60]s0|aey|20]|40]60]s0
ml @ 3 | @ > © | o
Max. >90 >90
Mean | (—) 78 (-) 72 "
Min. 58 53 g
>
0-5-1-6| 1 — — EE
g L
Max. >90 -
Mean (+) 76
Sound Min. 61
A3 |broad- .
cast-
ng Max. 90 78
Mean | (—) 70 (—) 70 "
Min. 51 . 63 5.y
X >
0-5-30| 1 — g 2
8
Max. 90 -
Mean +) 82
Min. 70

(1) In these columns the values inserted are those for the frequencies given by the following: (a) for (+): (Fa’— VaFys); for (=): (Fn’—Fa); (b) for (+): (Fn’—1sFa); for (=): (Fn’'—Fa);
(¢c) (Fa’—Y2Fim); (d) (Fa'—Fa).

— 6ST —
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ANNEX II

TaBLE VII
Single-signal selectivity of television receivers
Class Fre- Attenuation (db), relative to maximum response, at the frequency shown below in (Mc/s) I -
of quency . relative to vision carrier frequency(?) ::f‘f;e Remarks
emis- range nuation
sion | (McJs) 7 Iis’sl +6 | 255 | +5 | £a5] 4 \ £35 | &3 |iz.5| +2 | =1 , 0 lxo-s! F1 l FLS
m ® (5) : ) ) 10)
(a) 405-line system
Sound carrier Vision carrier
Max. >60[>60|>60| >54 | 20 5 1 0 9 27 46 :
30-100 | Mean >60 |>60{>60| >40 | 15 | 3 0 0 6 23 41 4 receivers tested
Min. 40 18 32 36 | 10 I 0 0 4 20 37 '
Max. >501>501>50| >60 | 46 {24 6 2 6 18 40
Mean >401>401>37| >50 | 24 | 9 2 1 4 13 30 5 receivers tested
Min. 261 26| 25 45 6 1 0 0 0 6 17
30-300 - —
Max. 42 361 35| >50| 29 |13 4 4 2 15 23
A5 Mqan 37129, 28 | >501| 20 | 8 1 2 2 10 21 3 receivers tested
(vision) »Mm. 351 25| 25, >50 8|1 0 0 0 6 17
5675 41, 29| 26' 58| 21010 3 {14 |20 48
. - |
Max. 73; 56| s21 72136 |tes| 3 |1 | 7 |16 {20 s6
41-68 | Mean 56| 43| 41 54124 | 17 2 05| 22| 85|20 42 7 receivers tested
Min. 451 35| 25 40 1 13 I 0 0 0 35 12 23
Max. 43| 40! 42 65 | 38 |18 3 1 5 14 24 46 .
174-216 | Mean 40! 37| 37 54 1 21 7 -5y 05! 3 9 17 43 3 receivers tested
Min. 371 33| 30 48 | 12 1 0 0 1 2 6 40
Max. 701 S0 20 12 136 |56 .
41-68 | Mean 481 32 11 0} 10 |25 |37 4 receivers tested
Min. 27 17 3 5112 (18 |37 42 49 60 | >80
A3
Gound) | 174 216 st] 19] 2| o] 7|14 |20 |36 [40 (44 | 51| 66 1 receiver tested
53-25 ! 431 25 | 14 0 28 (335142 42 48 50 | >52
' i
(b) - 525-line system
Max. 87
60 | Mean 59
Min. 42
Max. ;g 10 receivers of dif-
AS5/F3 195 | Mean 47 | ferent types tested
Min. :
57
470 | Max. 20
890 ~ 28
Min.
(¢) 625-line system . .
Adjacent Sound ) Vision Adjacent
vision carrier carrier sound
carrier carrier
Max. 58 38 | 36 40 |12 5 3 14 | 25 21 45 4 receivers of dif-
100-300 | Mean | 43 31 | 25 23 77 12 0-7 07109} 6 14 40 ferent types tested
Min. 33 27 12 15 5 0 0 0 0 10 32
A5 20 receivers tested,
i each on 5 channels
(vision) Mean| 40 | 23 | 26| 28 |16 05 0 0-|15] 75 |16 28 (figs. taken from a
30-300 curve)
Mean |+37 +24 | +14 —1| -3 4 -4l —41 0 | +7|+17] +22

(%) The upper sign must be used for the 625-line system and the lower sign for 405-line system.

(AXMEE). |
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ANNEX III
TabLE VIII-A
Two-signal FM (F3) broadcast receiver selectivity

Frequency Imput Unwanted-to-wanted signal input ratio (db) for a wanted-to-unwanted output ratio Remarks
of wanted level of of 30 db with frequency separations (kc/s) of :
Service signal wanted All new receivers
(Mc/s) signal and not realigned
(db (mW)) 0 +100 4200 +300 +400 before test
(&) ) [©)] @ ) (6) @] @ )
—100 +100 —200 +200 —300 +300 —400 +400
—80 — 10 — 95 + 1 — 95 + 155 —- 55 + 26 + 5
94 —60 — 11-5 — 55 — 95 + 4 — 45 + 165 + 45 + 27 1 RF 2 IF ratio detector
—40 — 10 — 11 — 95 — 85 — 6 + 25 — 1 + 20
—80 — 5 — 10 — 15 — 95 + 45 - 75 + 12 — 4
94 —60 — 6 — 13 — 05 — 13 + 6 — 14 + 13 — 10 1 RF 2 IF ratio detector
—40 + 05 - 1 + 4 — 0S5 + 8 + 2 + 15 + 6
—80 + 25 4+ 1 + 35 + 12 + 14 + 24 + 325 + 36
92 —60 ~ 105 | — 8 - 7 + 05| + 25| 4+ 13 + 14 <+ 27-5 | 1 RF 2 IF ratio detector
—40 — 12 — 10 - 75 — 4 = 05 + 45 + 8 + 75
-—80 — 105 — 65 + 1 + 4 + 35 + 36 + 44 + 48 : .
94 —60 — 105 | — 65 0 |+ 3 | +25 | +215 | +33 | 433 |)IFatiodetector.
—40 ~ 115 | — 1 + 45| — 6 + 11 ery op
F3 - .
-80 0 - 8 - 3 + 6 - 35 + 20 + 11 + 32 ..
94 —60 135 | — 15| —1as |+ 6 | —105| +16 | + 55| + 245 |[REIIFllimiter
~40 — 135 | — 11 - 13 + 05| —125 | + 14 + 25 oster seeley Liscriminator
—80 — 3 — 4 - 25 + 3 + 55 + 13 + 24
92 —60 - 3 - 35| - 15 + 4 + 35| + 15 + 13 4+ 22:5 | 1 RF 2 IF ratio detector
—40 — 10 — 10 + 05 — 8 — 175 — 55 — 15 + 1 .
—80 - 7 — 65 + 75 - 5 4 25 + 9 + 40 + 23
94 —60 — 65 — 55 + 10 — 10 + 275 - 2 4+ 155 | 1 RF 3 IF ratio detector
—40 — 17:5 — 205 — 4 — 21§ + 125 — 15 + 25
—80 — 75 — 55 - 7 + 05 + 1 + 85 + 16 + 18 :
92 —60 + 15 — 75 - 35 - 2 + 5 + 55 4+ 195 + 15 1 RF 2 IF ratio detector
—40 — 75 — 11 + 2 — 65 -1 — 35
—80 — 13| — 95 — 6 0 + 105 + 245 + 32 + 455 + 48 . .
94 —60 | q2| — 35| — 95| 42 |+ 15| +33 | +18 Battony o S
—40 — 16| — 8 — 135 + 15 - 10 + 9

FAXIROC) |
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TasLe VIII-B

Two-signal FM (F3) broadcast receiver selectivity

Frequency Tmput Unwanted-to-wanted signal input ratio (db) for a wanted-to-unwanted output ratio Remarks
of wanted level of of 30 db with frequency separations (kc/s) of '
Service signal wanted All new receivers
(Mc/s) signal o and not realigned
(db (mW)) 0 ‘ 4100 4200 4-300 1400 before test
(¢)] ) ; ‘ ©)] 4 l 3 © @ ®) - ®
| —80 | —15 | —15 -7 +25 | +4 +105 | + 5 +175 | + 14 | -
94 I —60 —16 -5 0 + 1 + 9 + 5 +16 + 8 + 22 1 RF 2 IF ratio detector
| —40 —14 — 15 - 15 + 25 + 65 + 45 +11 - + 8 + 15
—80 — 8 + 1 — 4 +22-5 + 2 4375 +12 +47-5 | + 37 No RF 2 IF ratio detector
94 —60 —14 —11-5 -1 + 1 +17-5 +16 +28:5 426 + 34 Battery operated
—40 —10-5| — 65 + 05 + 65
—80 —13 — 6 — 65 — 15 — 4 + 35 +3-5 +13 + 11
F3 94-5 —60 —11 — 8 + 05 — 8 + 45 — 15 + 9 + 7 + 18 1 RF 2 IF ratio detector
—40 — 8 — 6 + 2'5 — 4 + 65 - 35 +10 - 05} +17
—80 —11 — 8 0 -3 +12° + 75 +22 +20-5 | + 30 1RF11IF
91-3 —60 —11 — 35 + 2 — 8 +16 + 05 +25 +11 + 33-5 | Foster Seeley Discriminator
—40 —10 — 6 + 25 — 65 +12 + 45
80 |—9 | —5 | —1 —15 | +8 F115 | 418 | 425 | 4+ 325 |
95 —60 —11 —12 —25 —10-5 +11-5 + 3 +25 422 + 37 1 RF 2 IF ratio detector
- —40 -9 — 85 — 8 —10-5 — 2 — 4 + 65 +13
—80 —13 —11-5 —10 — 35 — 2 411 4+ 95 424 + 22
95 - —60 —11 — 6 5 + 15 + 25 +13 +11 +16:5| -+ 17-5 | 1 RF 2 IF ratio detector
- ’ —40 —12 -5 -2 + 35 + 8 + 6 +115 + 6
-8 |—7| =5 0 +12 —21
94 —60 —11 — 6 + 2 1 +13 +24 1 RF 2 IF ratio detector
—40 —11 -5 +3 | +15 >+20
Frequency separation (kc/s) 0 —25 +25 —50 450 —75 +75 —100 | +100
F3 —80 — 6 -9 - 17 455 +53
fixed 1657 —60 — 6 — 6 -5 436 2 receivers of same type
—40 — 6 + 1 — 6 designed for 50 kc/s channel
— - spacing
—80 — 8 +26 +22 +57
F3 166:75 —60 — 8 +29 +23
R —40 - 17 | \

— €91 —
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ANNEX IV

TaBLE IX

Group-delay characteristics of radiotelegraphy receivers

Maximum deviation of group-delay time within the specified bandwidths
Atmi'mation Group-delay h by1 attex;\}at_io?skof 3,6 andf12 db (ns)
. slope ti t cent; e value of f5 is taken as a reference (ms
c(a:tliaos;l?:) Paiz}ssnd (db/100 cfs) “?ree:uecrffyre Remarks
) fo (20 kes) 3db 6 db 12 db
(ms)
26 db 46 db + —_ + — + _

(€3N ) 3) @ ) ©) Q] ®) ©) (10) 11 (12) [
k.
=

1-A 570 79 103 19 02 0 0-3 0 04 0 -

2-A 570 87 10-5 19 0-1 0 01 01 01 03 Designed for shift width of |

3-A 656 84 11-4 1-8 02 02 0-2 0-2 0-3 0-2 400 cfs :

4-B 700 18-8 230 2:0 21 01 23 01 i

5-B 700 18-8 23-0 23 2:0 01 2:0 01

6-A 1070 4-0 49 12 0 03 0 0-5 0 05

7-A 1060 4-2 54 12 01 0 0 0-1 0 02 Designed for shift width of

8-A 1092 35 51 1-2 0-1 02 01 0-2 01 02 800 c/s

9-B 1560 12-2 84 09 1-3 01 1-7 0-1

10-B 1500 12:2 84 1-0 1-2 01 1-2 0-1

() In the receivers classified A, the filters used were designed to have flat group-delay/frequency characteritsics, whereas for B, they were designed by conventional methods.
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RECOMMENDATION 333 *
TUNING STABILITY OF RECEIVERS

(London, 1953 — Warsaw, 1956 —
The C.CIR., ) Los Angeles, 1959 — Geneva, 1963)

CONSIDERING

that the tuning instability of receivers, except at present, for receivers for bands 8 and above,
manifests itself as a lowering of the quality of the output signal of the receiver and that it is
necessary to,limit that instability without resorting to frequent retuning;

that, in receivers for bands 8 and above, the passband of the receiver is greater than the value
strictly necessary to admit the modulation of the desired signal without appreciable distortion;

UNANIMOUSLY RECOMMENDS

that, where economic considerations prevent the use of more effective devices for stabilizing
the tuning of the receiver, all possible steps should be taken to ensure stability of the compo-
nents in the receiver; ’

that, where a higher degree of stability is required, use should be made of components which
determine the frequency with a very high degree of stability, or resort should be made to
frequency synthesis;

that, where a still higher degree of stability is required, automatic frequency control should
be used;

that, where very accurate carrier synchronization is required, as for instance in reduced-
carrier systems, it is desirable to use an accurate means of automatic control, capable of
regulating the frequency of a local oscillator in the receiver in such a way that the carrier at
the intermediate frequency is rendered equal, to within a few cycles, to the frequency of
another local oscillator used for demodulating the signal. Automatic frequency controt is
necessary to correct for variations in the carrier frequency due both to propagation effects
and to variations in the frequency of the transmitter;

that, especially for receivers for reduced carrier transmissions, in which sudden frequency
variations of the oscillator may load to faulty operation of the automatic frequency control,
it is desirable that such sudden variations should be avoided;

that instability in the electrical or mechanical filters in the receiver, due to variations in humidity
and temperature, should be reduced to the minimum;

that due care should be taken in the mechanical manufacture of oscillators and filters for the
receiver, to reduce to a minimum, frequency variations due to mechanical shock and vibration
and, for variable frequency oscillators, attention should be given to the resetting accuracy of

~the variable capacitors and inductors, and the range-changing switches;

that, because of frequency instability arising from the effect of the range-changing switches on
oscillator circuits, it is desirable in receivers with several frequency ranges, to avoid the use of
such switches, by using single-range oscillators followed by a frequency multiplier.

Note. — The Annex contains typical values of stability for various receivers in certain countries;

the values are based on data given in Recommendations 96 and 156, supplemented by informa-
tion contained in Docs. 3 (F. R. of Germany), 119 (Czechoslovak S. R.), 158 (United Kingdom),
159 (United Kingdom), 160 (United Kingdom), 394 (France) and 398 (Italy) of Warsaw, 1956;

* This Recommendation replaces Recommendation 236,
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in Docs. I1/2 (F. R. of Germany), I1/6 (Italy), I1/24 (United Kingdom) and 1I/31 (Czechoslovak
S. R.) of Geneva, 1958; in Doc. 122 (U.S.S.R.) of Los Angeles, 1959 and in Doc. II/9 (United
Kingdom) of Geneva, 1962. These assembled data constitute a partial reply to Ques-
tion 230 (II).

1. = General

ANNEX

In the following tables an attempt has been made to present, in a systematic way, repre-
sentative data for the frequency instability (generally of the frequency-change oscillators),
for various classes of receiver. To facilitate the use of these data and at the same time to
reduce the amount of data presented, only three figures have been given for each characteristic
for a number of similar receivers in each class:

— a minimum value corresponding to the lowest value obtained during the measurements;

— a mean value, corresponding to the arithmetical mean of the values obtained during
the measurements;

-~ a maximum value, corresponding to the highest value obtained during the measure-
ments (it might be possible to lower this maximum value should subsequent results reveal
a systematic improvement).

It should be noted, however, that in some instances, because of the small number of
receivers tested (as indicated in the Remarks column), the figures for the mean value have no
precise statistical significance.

Only limited data are available for certain classes of receiver, particularly television
receivers and other receivers for frequencies above about 30 Mc/s approximately.

The following general conclusions may be drawn from the data so far obtained:

1.1 there is a very wide variation in the figures obtained, even for the same type of receiver;

1.2 most receivers reach their working temperature within one hour after switching on, although
the use of a thermostatically controlled compartment may prolong the period needed for
warming-up.

Tables I to V show representative data for various classes of traffic receiver and other

receivers in current use.
Tables VI and VII contain instability values for specially high-grqde receivers:

Table VI. — Receivers with compensating capacitors.

Table VII. — Receivers using combined systems (automatic correction or crystal controlled

first oscillator);

1.3 little information is available on the instability due to a 209, mains voltage variation or to
wide ranges of temperature variation.

2. Notes to the Tables

Column No.

M

RCAS)
@

&)

The suffix (L) signifies that the information was extracted from the documents of
London (1953); (W) that it was extracted from the documents of Warsaw (1956).
Where the information is a combination of that from both sources, the suffix (L W)
is used.

The class of emission and type of service are quoted in accordance with Annex I
of Recommendation 331.
The frequency range quoted is that covering the data given in the appropriate docu-
ments, but does not in all cases correspond to the preferred ranges quoted in Annex I
of Recommendation 331.

This column indicates the type of frequency-change oscillator(s) used in the receiver,
e. g. LC-controlled, quartz crystal controlled, frequency synthesizer, double frequency
changer, etc. In many cases, sufficient information regarding this point was not
available.
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See § 1 (General) of this Annex.

Relative frequency-drift during the warming-up period is indicated, without regard
to sign, at 1, 10, 30, 60 and 120 minutes after switching on, the value at 60 minutes
being used as the reference datum. These figures are given as being of the greatest
importance when considering permissible channel spacings. A knowledge of the
sign of the drift would be of interest to the designers of receivers, since a change of
sign during the warming-up period would indicate some measure of self-compensation
in the receiver, different parts of the receiver having different thermal time-constants.
The inclusion of this information would, however, make the Table too complicated
and is considered unnecessary for the purposes of the C.C.LR.

" The relative frequency variation is the largest of the variations obtained when the

power supply voltage varies:

+ 109% for AC mains supply
+ 209 for battery supply

The relative frequency variation is:

— either that due to 1° C variation near the normal ambient temperature, especially
where thermostatic control is used,

— or that due to variations of temperature over the range shown in the tables.

The relative frequency variation indicated resulting from light mechanical shock,
e. g. due to striking the front of the receiver lightly with the hand. In certain cases,
€. g., mobile service receivers, more comprehensive, vibration and shock tests are
desirable.

This column contains information on the number of receivers used for the determina-
tion of the representative values for the frequency drift and variation including, when
possible, some indication on the spread of the data; information on the vibration
and shock tests referred to under Column (10) above, is also to be included in this
column. .



TABLE 1

Radiotelegraphy receivers .

Relative fre- Relative irg- g
Relative frequency drift quency variation | Quency varia- 2 g
Crystal- (x10-9) at the following times (x10-9) due to | ton (X 107%) | &% 2
Class Fre- control- (in minutes) after switching on supply voltage due to tem- | 3§37
Refer- of Service quency led fre- variation of - perature 928
ence emis- range quency variation of: | B‘l g Remarks
sion (Mc/s) changer XESS
used For X8
1 10 30 60 | 120 | 10% | 20% | 1°C | range | &€
shown
@ | @ (©)] @ ) ©) @] ®). ©) (10) (11)
Al Max. 33 20 0 8 17 Col. (7): 6 receivers tested
1(L) ‘A2 Fixed | 1-6-30 No Mean 17 9 0 4 (10 7 . Col. (8): 1 receiver tested
Min. 3 0 0 1 0 Col. (9): 7 receivers tested
Al Fixed 125 | 105 50 0 [ 35| 10 11 Jose = 2 Mc/s
2W) | A2 and 1-5-28 No | Mean 109 42 26 0 4 13 64 fose = 16 Mc/s s
. : . _ Variation over
F1 | mobile 190 | 42 26 ] 0 5| 08 13 Juse =27 Mefs | 1 o range.
Al 323 237 | 186 | 0 | 42| 29 fose = 1 Mefs[ 00Dy 2 few re-
W) | A2 Fixed 3-30 | Yes() | Mean 122 66 19 0 13 13 Josc = 16 Mc/s
F1 17 6 2 0 1 32 Jose = 24 Mc/s
Al,A2 Max. 110 0 2
4W) | A3 Fixed 2-30 Yes | Mean 50 0 1 Several receivers tested
: Fl1 Min. 20 0 04
[ i Max. 4 17
5(L) A2 | Mobile |100-1000 No Mean 33 1-1 1 receiver tested
Min. 2:6 04

(%) Frequency synthesis employed

€€¢€ 9y
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TABLE

11

Radiotelephony receivers

Relative fre-

Relative fi drif Relative £ r:,: quency varia & o
t: Te! t ation A 4 S8
Class b, | Cusal- (X109 at the following times | (x10-9 due to | tion (x10) | 52
Refer- of Service quency led fre- (in minutes) after switching on s:gﬁzi‘ézltg}g:e perature k| 3 2—3' Remarks
ence | emis- range quency variation of: |5 8%
sion (Mc/s) | changer %528
used For X8
1 10 30 60 | 120 | 10% | 20% | 1°C | range | BT E
. shown
(€)] 2 @) @ (&) ©) ()] ®) [&)] (10) an
Max. 33 20 0 8 17 . Col. (7): 6 receivers tested
1(L) A3 Fixed | 1-6-30 No Mean 17 9 0 4 | <10 7 Col. (8): 1 receiver tested
Min. 3 0 0 1 0 Col. (9): 7 receivers tested
Max. 468 176 0 |95 36 10 Col. (7): 23 receivers tested
2(LW)| A3B | Fixed | 1-6-30 No Mean 184 84 0 |43 5-5 Cols. (8), (9) and (10): Only a
Min. 10-2 21 0 |129 1-5 0 few receivers tested
. . ‘ Adjustable temperature com-
3(W) | A3B | Fixed 18-4 No Mean 34 16 0 127 12 pensating capacitor used
i A3 Max. 1 7
4(W) A3B Fixed 4-28 Yes | Mean 05 5 Several receivers tested
Min. 02 3
. Max. 13 24 channel radio-relay link re-
5(W) | F3 Fixed | 41-68 No | Mean | 640 | 185 16 0 10Y) 10 ceivers, Only a few. receivers
Min. 55 tested
.Multi-channel receiver. a.f.c. on
; . Osc. 1 with thermostatic control
6(W) | F3 Fixed 185 No Mean 5 21 0 |21 |320 1 of discrim. Crystal-osc. 2 IF
) bandwidth 200 kc/s
7W) | F3 Fixed 163-5 Yes | Mean 19 11 0 36 |- 3-5 | IF bandwidth 35 k¢/s
A3 Max. 150 0-8 [50)0°C
8(W) Mobile | 70-200 Yes | Mean 85 55 2 0 09 17 4 to | <1 Only a few receivers tested
F3 Min. 1-8 0-5 10) 60°
Max. 4 1-7
9(L) A3 | Mobile |100-1000| No | Mean 33 11 1 receiver tested
Min. 2:6 04

(®) For 5% supply voltage variation,

— 691 —
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TasLe III

General purpose receivers

Relative fre- ;3‘:&‘;;"3;{&' 3o
Relative f drift q iati : " L9
- Crysa i i R b R R eIl Y
Refer- of Service ll;’;:; led fre- (in minutes) after switching on sgg‘gzizglffg.e perature ;_‘3 5§,§ Remark
ence emis- qrangey quency- ! . variation of: |o § g2 emarks
sion Mc]s) changer 3 s8 ®
used For % ‘T o
1 10 30 60 | 120 | 10% | 20% | 1°C | range |® S$3
shown
) ) 3) @ &) ) ) ® ©® Qo an
Al | General Max. 390 | 223 0 176 140 )
1(LW)| A2 |purpose| 1:6-30 No Mean 180 85 0 52 26 13 receivers tested
A3 Min. 4 2 0 65 1
Al | General Max. 235 130 0 | 86 3 <1
2(LW)| A2 |purpose| 1-6-30 Yes Mean 124 41 0 |20 06 2 <1 11 receivers tested
A3 ‘ Min. 5 1 0 1 15 <1
Al, A2| General Max. 135 39 0 114 14
3(LW)| A3 |purpose| 100 No Mean 10
J E3 Min. 47 35 0 36 35

€€¢ Y
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TaBLE IV

Sound-broadcast receivers

— LI —

- ) Relative fre- ﬁ:ﬁ‘é;"saf:iea‘_ Pk
o Rl e it | syt | oo 55
Refer- of ) Fre- ‘;"g‘fr ol- (in minutes) after switching on supply voltage ui::mi:"‘ gx5x
ence | emis- | Service | quency ed Ire- variation of : pera I e Remarks
1 range quency- variation of: o § E.2
sion . changer =S Q9
(Mcfs) use%l For =D
(] T 59
1 10 30 | 60 | 120 | 10% | 20% | 10C | range |%S3
shown
m @) 3 @ ) 6 ’ @ ®) &) (10) an
I ‘ I
| Sound- Max. | 1000 | 830 470 | 0 |234 1100 150 | Col (7): 52 receivers tested
1(LW){ A3 | broad- | 0-5-16| No Mean| 700 | 263 115 0 91 107 38 | Col. (8): 48 receivers tested
’ cast Min. 60 7 0 0 0 30 : 0 | Col. (10): 6 receivers tested
| Sound- Max. 770 320 0 | 575 | 475 142 | Col. (7): 17 receivers tested
2(LW)| A3 | broad- | 1-6-30 No Mean 241 118 | .0 | 159 89 : 30 | Col. (8): 13 receivers tested
cast Min. 20 3 0 57 06 0 | Col. (10): 15 receivers tested
Sound- Max. | 857 | 958 335 0 | 150 | 403 Col. (7): 25 receivers tested
3(LW)|A3, F3| broad- | 30-100 No Mean | 250 | 226 33 0 50 | -130 Col. (8): 32 receivers tested
cast Min. 26 0 0 0 0 1 .

€EE Y



TABLE V

Television receiver

: Relative fre-
Relative fre- : g
c ) Relative frequency drift quency variation ?F::‘E&‘;%E%' '8 Sé
al F rystal- (X 10-9) at the following times (% 107¢) due to due to tem- | © Sos
Refer- oafss Service quer::(—:y ngtfrgg.- (in minutes) after switching on supply voltage ;er:ture 28 3 =
ence emis- range quency variation of: variation of: T“: 3i§ Remarks
sion (Mc/s) changer KES S
used : : For X8
1 10 30 60 | 120 | 10% | 20% range | & E
shown
1) 2 3) @) ) ©) o ® ©) 109 (€3]
A5 | Tele- Max. | 2200 | 360 300 0 | 660 | 1000 )
1(LW) vision 100-300| No |Mean| 555 180 113 0 |300 | 600 12(% 350(%) | Only a few receivers tested
F3 Min. 200 80 0 0 0 200
(M)_Approximate values.
TaBLE VI
General purpose high stability receiver with compensating capacitor
Relative frequency drift ( x 10-9) at the . Relative
Crystal- following times (in minutes) after fxl}ezl:;;’:y if;fﬁ)%er(liyl\(,)ﬁ; Relative
Class Fre- controlled switching on variation due to tem- %:?i::;gg
Refer- of Service quency frequency- (x10-%) due perature (% 10-%) Remarks
ence emis- range changer to supply variation of ; due to
sion (Mc/s) used voltage mechanical
variation
1 10 30 60 120 o For shock
of 10% 1°C range
| shown
()] @ [©)] @ ) ©) (@) ® ©)] (10) an
Al ]
A2 General Max. | 100 83 45 0 30 24 11
1 A3 urpose 24-184 No Mean 70 50 30 0 20 16 55 4 receivers tested
F1 | PUP Min. | 15 | 12 7] 0 6 7 15
F3

€€€ "9y
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TaBLE VII

High-stability traffic receivers using combined systems

Relative frequency drift

Relative fre-

Relaive fre-

Class Type of (X 10-%) at the end of quency varia- quency varia=
Reference of Service Frequency frequency the following times in hours tion (X 10-¢) due tion (% 10-%)
: emission range changer used to supply volt- due to me-
age variation chanical shock
1 I 6 12 of 10%
(03] @) (©)] @ .(5) ©) (@] ®) (O] (10)
General Tested at Automatic 21 . .
1 purpose 20 Mc/s correction 25:30) 18 35
2 General Tested at Automatic 18 3
purpose 20 Mc/s correction
General Tested at Ist crystal 3 .
3 purpose 20 Mc/s oscillator(?) 1¢) <03
General Tested at 1st crystal " ) )
4 purpose 20 Mc/s oscillator(?) 2409 03 09

(*) Measurement started 5 minutes after switching on.

(*) Double frequency-change receiver: first frequency change by very stable crystal controlled oscillator; second frequency change on a much lower frequency (see Doc. 11/24, Geneva, 1958).

(%) Measurement started 60 minutes after switching on (including thermostat)

— €L —
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RECOMMENDATION 334 *

RESPONSE OF BROADCAST AND TELEVISION RECEIVERS
TO IMPULSIVE AND QUASI-IMPULSIVE INTERFERENCE **

(Question 175(II))

The C.C.I.R., (Warsaw, 1956 — Geneva, 1963}

CONSIDERING

(a) that many types of interference —e. g. from atmospheric phenomena ignition Systems and
electrical equipment — cannot be considered as random noise or as simple isolated 1mpulses
but may be regarded as “ quasi-impulsive ” (see Note);

(b) that the C.I.S.P.R. has produced two publications:

— Publication 1: specification for C.I.S.P.R. radio-interference measuring apparatus for the
frequency range 0-15 Mc/s to 30 Mc/s ***;

~ Publication 2: specification for C.I.S.P.R. radio-interference measuring apparatus for the
frequency range 25 Mc/s to 300 Mc/s ***;

UNANIMOUSLY. RECOMMENDS

1. that the C.C.ILR. be gulded provisionally by the measuring methods of C.I.S.P.R. and their
specifications for measuring apparatus;

2. that the C.L.S.P.R. radio-interference measuring apparatus be used as a guide in evaluating
the parameters of quasi-impulsive interference, affecting sound and television broadcast
reception.

Note. — Quasi-impulsive noise means interference of an intermediate type between two extreme
types, that is thermal noise or white noise of irregular amplitude and shape with impulses
following one another in such a way that their effects in the receiver more or less overlap, and
impulsive noise proper consisting of successive impulses shorter in duration than the time
constant of the receiver, separated by intervals so long that their effects do not overlap. The
main categories of quasi-impulsive noise are atmospheric interference and that arising from
artificial sources, such as noises produced by motors fitted with brushes, the corona effect of
high voltage equipment, etc. A noise can be either impulsive or quasi-impulsive according
to the time constants of the receiver affected.

* This Recommendation replaces Recommendation 159.
** See also Opinion 2, Question 175 (II) and Report 183.
#** Available from the I.LE.C. Central Office, Geneva. .
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REPORTS OF SECTION B: RECEPTION

REPORT 183 *

USABLE SENSITIVITY OF RADIO RECEIVERS IN THE PRESENCE
OF QUASI-IMPULSIVE INTERFERENCE

(Question 175(1L))

(Los Angeles, 1959 — Geneva, 1963)

1. As mentioned in Recommendation 334, the expression quasi-impulsive interference can be
- interpreted in different ways. Here is meant that kind of interference which is intermediate
between the two extreme cases of:

— thermal noise, or white noise, of very irregular shape and amplitude, with pulses following
one another, so that their effects in the receiver are more or less overlapping;

— true impulsive interference, made of successive pulses, the duration of which is shorter
than the time constant of the receiver, with intervals long enough to prevent their effects
from overlapping. .

The two main types of quasi-impulsive interference are atmospheric noise and man-
made noise, such as disturbances from switches, electric motors, high-frequency plastic-
welding machines, etc. The man-made noise may for certain periods of time, occur quasi-
periodically, with fairly constant shape and amplitude. Such interference 'requires special
methods of measurement, and the calculation of its effects on the receivers is difficult.

2. Atmospheric noise has been studied for many years. A few recent papers are listed in the
Bibliography below (see also Recommendation 372, Resolution 8, Report 322, Study
Programmes 3A(III) and 199(VI)). They show that it is possible, at a given time, in a given
place, on a given frequency, with a given bandwidth and a given detector and recording instru-
ment time constant, to measure and record certain characteristic quantities:

— average power for a long-time (for example, hourly) interval;
— variations of envelope amplitude and/or the time rate of these variations.

These variations can be presented in terms of amplitude distribution (for example, cumula-
tive), and time or frequency distribution; they can also be analyzed in terms of r.m.s., average,
median, peak, quasi-peak, or mean logarithmic values. Calibration may be referred either
to absolute field strength of intensity, or by ratio to the thermal noise level.

3. Numerous curves of such distributions have been given [1, 2, 4, 5, 7). One can try to approxi-
mate them by simple mathematical laws, a few of which are listed in the attached Annex.
But these laws are only approximate. The important point is that, although the Rayleigh
law is more or less correct for the lower levels of natural interference (which are exceeded
during most of the time), it is completely wrong for strong interference, which occurs rarely
or for short periods of time; the probability of “strong quasi-impulsive noise ” decreases
much more slowly (Fig. 1). The dynamic range of natural noise is therefore much greater
than that of thermal noise. Hence, as the majority of radiocommunications require a very
low error probability (e. g. 0:01%), they are still appreciably disturbed by rare and very
strong noise, and, at such levels, the curves show ** that an increase in the signal intensity has
little effect —much less than with thermal noise.

* This Report, which replaces Report 99, was adopted unanimously.
** The curves are not always drawn sufficiently far into the region of low probabilities, which is easily explained by the difficulty
of measurement, but ‘which is also very regrettable, as this is precisely the most interesting region from the practical viewpoint.
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4. Studies have also been made of the variation of noise power over the frequency spectrum.
In general, this variation is slow, so that the portion of the spectrum within the passband of a
narrow band receiver may be considered uniform (white noise). For wider passbands
this would not hold, especially as the frequency limits for ionospheric propagation are
_approached.

S. It can be concluded that the mean energy produced in a receiver by natural noise must be
proportional to the bandwidth B; the r.m.s. voltage is therefore proportional to +/B.

This appears to be confirmed by general experience. But it does not necessarily follow
that the other characteristic values, and ultimately the effect on the receiver, are also pro-
portional to +/B.

A review of the observations made ([1], § J), shows that the mean voltage often increases
more slowly with B, for example:

according to the U. K., if B > 0-3 kc/s: B0-33 to B0-25

according to Florida University, U.S.A.: B0-34

according to the N.B.S., U.S.A. ([1], Fig. 20): B0-42

— according to the N.B.S., the mean logarithm increases approximately with BO-35,

The influence of bandwidth on amplitude distribution can be calculated [6].

Finally, the effect on the receiver may vary in accordance with quite a different law.
Specifically, if there is a limiter, it can be found ([2], p. 10), that an increase in the bandwidth
decreases the harmful effect of the noise. This had been foreseen and is easily explained by
the fact that the narrowing of the passband decreases the amplitude of the noise, but prolongs
its duration. However, if this selection is followed by effective limiting, the amplitude cannot
exceed a fixed threshold and need no longer be considered. It is more desirable, therefore,
to reduce its duration, and for this it is necessary to widen the band.

1

6. Hence, assuming that natural noise is a known factor, the next stage is to calculate its effect
upon a receiver, and, in particular, the error probability on a signal of a given type (for
example, teleprinter), arriving on a fixed level. ’

This can be done in two stages.

6.1 Probability of error on an isolated element of a binary code. It has been shown and verified
that, for frequency shift reception, this probability is equal to one-half the probability of the
corresponding level on the noise envelope ([2], pp. 21, 24, 25 and [4]).

6.2 Probability of error on a character containing a given number of binary elements. For
example, with the 5-unit code, if each “ unit ” is affected by the probability of error, p,
and if these probabilities are independent, the probability of error on a character is ([2],
p. 23):

In synchronous working: P =1 — (1 — p)b
For a start-stop system: P~ 1 — (1 — p)I7

Q

P (f p is small)
17p

A variable signal level may then be considered. It has been found [2], that the lower
the admissible error rate, the more troublesome the fading. In a specific instance, the useful
field strength of the signal had to be multiplied by 1-6 for 10%; error and by 5-0 for 0-19; error.

Q

7. Nevertheless, the analysis has revealed another factor which is not as predictable as for thermal
noise, i. e., the variation rate, expressed as:

— the number of times per second the envelope curve cuts the mean value;
— the individual duration probability of each noise impulse;
- the probability of a given spacing between two successive noise impulses.

The two latter intervals should be compared to the duration of the signal element.

Let us consider, for instance, the case of 3 or 4 successive noise impulses, whose individual
durations (including any lengthening by the time constant of the receiver), are slightly shorter
than that of a signal element.

If they arrive with a spacing sufficient to affect different characters, they will interfere
with them all and give rise to 3 or 4 wrong characters. If, on the contrary, they are due to
the same cause and are grouped together in the course of the duration of a character (including
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its synchronization), only that character will be wrong. For instance, it has been shown [2],
that if two elements of the signal are systematically covered by the noise impulses, the error
on characters is reduced to:

P ~1—(1—p)y
~ 7p (if p is small)

Thus the signal speed may exert an influence even if the passband of the receiver remains
the same.
The analysis may be extended to different types of receiver and modulation (e. g. amplitude,
frequency shift, etc).

Thus (see [2], Table I), a receiver system may be characterized by a system performance
factor SPF, equal to the transmission speed divided by the signal-to-noise power ratio required

" for a given error probability. It is conveniently expressed in decibels by:

SPF =10 log,, W — 20 log,, (s/n)
where W = speed in words/minute.
s = r.m.s. signal voltage.
n = r.m.s. noise voltage in an effective bandwidth of 1 kc/s.

Note. — The value of the SPF decreases as the value of the error probabilities decreases.

10.

11.

It is observed that these values and their rate of decrease depend on the receiver, the code
used and the type of noise. For example, for a certain type of automatic frequency-shift
teleprinter receiver, the maximum value of the SPF is 17-8 db and 14-8 db for 109} error, with
thermal and atmospheric noise respectively. If the admissible error rate is reduced to 0-1 9,
the SPF only decreases from 17-8 to 15-8 db in the presence of thermal noise, while the decrease
is much more marked in the presence of atmospheric noise (from 14-8 to 6:8 db). In other
words, to reduce the error probability from 109 to 0-1%;, it suffices to increase the signal by
2 db in the first case, while in the second case, it must be increased by 8 db.

The part played by frequency shift and its optimum value [2], might likewise prove
to be important. In manual Morse telegraphy with aural reception, for an accepted letter
error rate of 109, the performance factor is 12-:8 db for thermal noise, and ranges from 13 to
22 db for atmospheric noise. The presence of a human operator, however, makes it very
difficult to reduce the error rate to below 1%.

Studies carried out over many years have made it possible to assess the atmospheric noise
distribution at the surface of the earth, as well as its variations with the hour of the day,
season, ionospheric disturbances, etc. However, until recently, only the variations in the
absolute level have been considered. Changes in the distribution of amplitude, variation
rate, etc., have recently been reported [5, 7], and further work is being continued.

In conclusion, although quasi-impulsive atmospheric noise may be studied statistically like
thermal noise, there is a sufficient difference between the two to warrant widely different and
often divergent methods for reducing the effects of the former:

— its “ dynamic range ” is much larger; consequently, the reduction of errors by raising the
signal level i1s much less effective in this case;

— the number of errors depends not only on the statistical amplitude distribution but also
on the variation rate, i. e. the individual duration and the spacing of the noise signals .in
relation to the duration of the signal element; the variation rate has a marked effect even
independently of the bandwidth of the receiver; *

- the method of reducing the effect of quasi-impulssvie interference by reducing the radio-
frequency bandwidth is less effective; with a good limiter, it may even be advantageous to
" increase the bandwidth.

The effect of such noise on telegraph receivers can be calculated in a satisfactory way
and such receivers can be classified according to their “ performance factor .

As regards man-made noise, it should be recalled that a great deal of study has been devoted
to the problem, particularly by the C.I.S.P.R. However, the point of view of that organization
may differ from that of the C.C.I.R., particularly because the C.I.S.P.R. is primarily interested
in broadcasting and usually considers one source of interference at a time.

* This would also be true with thermal noise if fading is present.
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12.

Nevertheless, some of the contributions submitted contain observations and conclusions
of a general nature on these types of noise and the effect they produce, which may be useful
in providing a reply to Question 175 (II). The comments may be summarized as follows:

Some types of man-made interference considered may be regarded as short pulses, more or
less constant in amplitude (or at least, subject to no more than slight variations), repeated at
a fairly regular rate governed by the nature of the interfering equipment.

The repetition rate, N, may be very low, €. g. a fraction of a ¢/s; or of the order of industrial
frequencies, e. g. 50 or 60 c/s; or, again, higher than that, although rarely exceeding a few
kc/s, i. e. the passband of the receiver, B. The result is that the duration, 7, of each interfering
pulse is, in practice, usually very short compared with the interval between two pulses.

It is likewise usually assumed (this is debatable in the case of television or radar), that the
duration, 7, is shorter than, or equal to, the reciprocal of the bandwidth, B, of the receiver.

This being so, the disturbance produced in a receiver tuned to a frequency, F, can be
calculated with only two parameters, i. e.

- the peak value, P, of a single frequency component of the interfering impulses at or near the
frequency, F;
— the repetition rate, N.

It is found, for instance [9], that in a linear receiver with a gain, G, each separate pulse
produces a damped oscillation with a peak amplitude, U, = GPB, reducing to half this
value after a time, 1/B. This peak amplitude, U,,,, is therefore the first factor to be measured
when defining the interfering signal; if it varies, the mean value is taken.

The second characteristic parameter, i. e. the repetition rate, N, can be easily determined
by direct reading, e. g., on an oscilloscope. It governs the extent of the nuisance caused in
practice in a way which varies in complexity with the nature of the signal. In telegraphy,

" the relation between N and P and the number of character errors can usually be calculated.

13.

14.

15.

16.

The calculations may be extended to cases where there is a limiter and where the bandwidth
before and after limiting are known.

Standard interference generators can be designed —and, in fact, exist already —for providing
pulses with levels and rates that are adjustable and known, or random. They have been
used to simulate the effects of non man-made noise-[10].

The experimental measurement conditions required for evaluating and comparing the inter-
fering signals from various sources of disturbance can be defined, and the extent to which
they can be reduced through interference.suppressors can be measured [9,. 10 and other
C.I.S.P.R. documents).

It has been suggested [8], that the effect of a continuous wave with a rapidly varying frequency,
sweeping quickly through the passband of the receiver, may be likened to a shock and regarded
as a short interfering signal of the type dealt with in § 12. This phenomenon, which is liable
to arise with certain machinery using high frequencies, is worthy of further study.

On the basis of the above considerations, the following partial reply may be given to Ques-
tion 175 (ID).

16.1 The usable sensitivity of receivers may be reduced by quasi-impulsive interference in any

service, depending on local conditions and the frequency range used [12].

16.2 The response of telegraph receivers to such interference can be calculated by measuring

certain characteristics, e. g.:

Atmospheric noise and man-made noise True impulsive (non-overlapping) man-made
noise
- envelope amplitude distribution - amplitude of individual pulses and their
duration and wave shape
— duration and spacing distributions and — repetition rate

their variation rates
The calculation is much more difficult for voice receivers.

16.3 Pulse generators can be used for simulation of some types of man-made noise [10]; but, as

regards atmospheric noise, the Poisson distribution provides a poor approximation, and it is
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better to simulate the real characteristics mentioned in § 16.2, or to use magnetic tape recordings
with special techniques.

.

16.4 It would seem that, to define the response of receivers to quasi-impulsive interference, one

should obtain the signal/noise ratio required to ensure a given transmission speed with an
error probability not exceeding a certain limit.

Sets of figures corresponding to different error probabilities, e. g. from say 10%; to 0-01 %,
would serve a useful purpose.

An indication should be given of the type of noise considered, together with its charac-
teristics (amplitude and duration distribution and spacing), since different types of noise
will yield different types of error curves.

16.5 The maximum admissible interference level can only properly be calculated after performing

the analysis described under § 16.4.

16.6 The impulse-limited sensitivity will be a function of:

10.
11.
12.
13.

— the type of noise

— the noise level

— the receiver characteristics

— the error rate desired;

it could range from 1 db or less above the r.m.s. noise level, to 60 db or more above the r.m.s.
noise level.
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ANNEX

FORMULAE FOR AMPLITUDE DISTRIBUTION

An attempt can be made to represent amplitude distributions by simple mathematical
laws and graphs on which the laws appear as straight lines.

Let ¥ be the envelope voltage, V,, its median value and ¥ its average value.

' Rayleigh law

The overall probability of having a voltage higher than V is:
' Q) =1 —exp{— 0693 V2/¥2,}
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The scales of a graph can be so chosen as to give a stralght line (Fig. 1) ([1] Fig. 11-15) [2].
This is the case for thermal noise.

2. Log-normal distribution

Putting x = log (V/V), the probability of an amplitude comprised between V and
WV + dv)is:

1
g (V) deﬁexp.{—xz}dx
and the overall probability of an amplitude greater than V is
o0
o =[aav
1%

which can also be represented by a straight line if the ordinates are Gaussian ([1]1, Fig. 9-10).

3. Law
oWy =101+ (VV,)?

g being an experimental constant.

4. Law
Q (V) =exp {— )%}

where V=a,y + a,y®+i2 4 agyb
and b = 06 [20 108,y (V,.n/ V)]
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REPORT 184 *

CHOICE OF INTERMEDIATE-FREQUENCY AND PROTECTION
AGAINST UNWANTED RESPONSES OF SUPERHETERODYNE RECEIVERS

(Question 171)

(Warsaw, 1956 — Los Angeles, 1959 — Geneva, 1963)

1. The following statements can be made as a result of studies on this subject:

1.1 The principal factors contributing to the production of unwanted responses of super-
heterodyne receivers are inadequate image and intermediate-frequency response ratios and
the generation of intermediate-frequency and frequency-change oscillator harmonics.

Measured values of the unwanted responses occurring in receivers of various types are
given in Docs. 6 and 157 of Warsaw, 1956, Docs. I1/1, I1/4, II/13 and II/20 of Geneva, 1958
and Doc. 138 of Los Angeles, 1959. ’

1.2 For long-wave, medium-wave and short-wave sound broadcast receivers, the only method
of improvement not requiring an undue increase in cost is the choice of a suitable value of inter-
mediate-frequency; no single value of intermediate-frequency is completely satisfactory for
all parts of the European zone. Intermediate frequencies in the range of 420 to 475 kc/s
are commonly used. No specified value for the intermediate-frequency can be recommended,
because it will be of advantage to be able to avoid interference by convenient choice of inter-
mediate frequencies, according to the different situations with respect to powerful transmitters
operating in these bands. Self-generated beats and whistles can be avoided by conventional
technical means with any of the above-mentioned values. For receivers of high quality the
problem need not be considered, as an adequate IF and image rejection is always assured.

1.3 For domestic frequency-modulation receivers, the intermediate frequency of 10-7 Mc/s,
normally used, is satisfactory provided that radiation by the receiver on the IF and its har-
monics and at the frequency of the local oscillator and its harmonics, is sufficiently reduced.

1.4 For monochrome television receivers, working in Bands I and III, there seems to be a general
trend towards a national standardization of the IF channel. As several television systems
are in use, and since, for any one system, there are different channel allocations in different
countries, it seems impossible to propose only one preferred IF. Preferred values of inter-

mediate frequencies in different countries for monochrome television receivers are shown
in Table L

.

Note. - This Table includes data provided at Geneva, 1958, Los Angeles, 1959, and Geneva, 1963,
and will be completed in the future. . .

With the exception of some particular geographical regions, taking into account the
limited range for VHF and UHF transmitters, the general situation does not seem to be criti-
cal. No new points of view are expected with respect to the choice of IF. Anyhow, other
technical means are already applied and used in the common techniques to avoid external

* This Report, which replaces Report 98, was adopted unanimously.
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TABLE 1
Number of lines Channel limits Intermediate frequency
per picture Country at intermediate frequency
frame ) (Mc/s) Sound channel | Video-channel
fo Mcfs) . fo (Mc/s)
405 United Kingdom 33-4-38-4 ) 38:15 34-65
525 United States ‘ 4147 » : 41-25 45-75
‘ Japan 22-28 (3 22:25 2675
Spain
Netherlands I
Federal Republic 33-1540-15 334 389
of Germany l
Switzerland
Italy . - 404703 40-25 45-75
625 US.S.R. j 27-5-35'5 2775 3425
France 31-0-39-5 392 32:7
(bands 1V, V)
819 France (band IIT) 25-1-39'5 392 28-05

1.5

1.6

1.7

1.8

(%) According to Electronic Industries Association Standard Rec. No. 109 C.
(?) Protected band.

and internal interference, so that practical results are quite satisfactory. It seems, therefore,
reasonable to finish the studies for these types of receiver as given under §§ 1.2, 1.3 and 1.4.

In receivers for point-to-point services of high quality, no difficulties are to be expected with
a value of intermediate-frequency rejection. of about 70 to 80 db and good shielding of the
whole equipment. '

For receivers for multi-channel radio-relay systems in the VHF, UHF and higher frequency
bands, the problem of the choice of intermediate-frequency is mainly one of standardization
with respect to interconnection at intermediate-frequency and not only a problem of avoiding
interference. ‘ These studies will be undertaken by Study Group IX.

For mobile receivers, it is difficult to relate the choice of intermediate-frequency to geographical
locations, since such receivers may be required to operate in the vicinity of any one of a large
number of transmitters. Double superheterodyne reception is often employed in mobile
receivers operating in the VHF range to obtain good image rejection.

For maritime mobile receivers, the most unfavourable areas are the coastal zones close to
high-power broadcasting stations or coast stations, if the fundamental or a harmonic of the
frequency of such a station is close to the intermediate-frequency of the receiver. The results
of watches in the frequency band 530-700 kc/s show that the intermediate-frequencies chosen
for this service are often very close to the fundamental frequencies of high power (100 kW or
more) broadcasting transmitters. In certain maritime areas of high density traffic, the inter-
ference could be serious if it occurred during distress traffic and if the intermediate-frequency
rejection were inadequate.

For frequencies below 30 Mc/s, the intermediate-frequencies used in receivers depend
on the signal frequency and the desired image rejection. For receivers required to operate
in the 500 kc/s maritime band, the commonly used intermediate-frequencies of 420 to 475 kc/s
are clearly unsuitable. There, higher values, €. g. 530 to 700 kc/s, are used. For single-
superheterodyne receivers, giving continuous coverage of a wide range of frequency, it is
necessary to change the intermediate-frequency to suit the signal-frequency range in use. The
signal-frequency range, which contains the higher intermediate-frequency, is received by using
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the lower intermediate-frequency and vice-versa. The higher intermediate-frequency is
usually above 400 kc/s, to provide the image rejection needed on the high frequency ranges,
and the lower intermediate-frequency is usually about 100 kc/s.

Reception by telegraph receivers of insufficient selectivity can be improved by the addition
of audio-frequency selectivity, e. g. selective head-phones (see Doc. II/25 (Italy) of Geneva,
1962).

It may be convenient to use double-superheterodyne reception for the HF bands, as well
as for the band containing the lower intermediate-frequency. In a double-superheterodyne
receiver, the first intermediate-frequency can, with advantage to image rejection, be chosen
between 1 and 1:5 Mc/s.

Maritime mobile receivers for the VHF band are usually of the double-superheterodyne
type with a first IF of about 10 Mc/s; the second IF is often in the frequency range 400 to
500 kc/s. Interference has been known to occur when a transmitter in this band was in
operation on the same ship as the VHF receiver. The same problem arises when the second
IF is in the 2 Mc/s band, which is used by ships for radiotelephony. It is recommended
that the bands 405 to 535 kc/s and 1605 to 2850 kc/s should be avoided when choosing the
second IF for such receivers.

The values for minimum IF rejection ratio for receivers in the maritime mobile service
are given in Table II:

Minimum IF reiection ratio (db)

General purpose Radiotelephone VHEF receivers
receivers equipment at about
15 kefs to 25 Mcfs 1600-3700 kc/s 160 Mc/s
60(%) e) 90

(™ In the United Kingdom, an IF response ratio of 90 db is specified when the IF lies
between 140 and 1600 kefs.

(» In the United Kingdom, an IF response ratio of 80 db is specified when the IF lies
between 140 and 1600 ke/s.

If it is necessary to transmit and receive simultaneously under conditions such that the
frequency of a transmitter used for one link falls in or near the IF band of a receiver used for
another link, additional IF rejection may be necessary .

REPORT 185 *

SELECTIVITY OF RECEIVERS
(Question 229 (II)
' (Geneva, 1963)

In the praparatory documents of the interim meeting of Study Group II, Geneva, 1962,

‘a limited amount of data is to be found for which there is no column in the tables of the corres-
ponding Recommendations. -

Rather than alter the existing lay-out of the tables, Study Group II has decided to submit

these data in the form of a Report.

Table I gives the values for higher order intermodulation products, contained in Doc. II/23

(Japan) of Geneva, 1962.

Table II gives the values of attenuation, for the frequency indicated, contained in Doc. 11/30
(United Kingdom) of Geneva, 1962.

* This Report was adopted unanimously.
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TABLE 1
—
Intermodulation
Cg}ss Frequency F Level of unwanted signals (db rel. 1 wv) for the level of the wanted signal given below
emis- Service (’m?:) (Mcd/s) . Remarks
sion Fp'+Fp" = Fim Fn'—Fn" = Fim 2Fy'—Fp'" = Fy ‘ 3Fn'— Fp" = Fa 2(Fn'—Fy'"") = Fiy 3Fs'—2Fy" = Fa 4F'—3Fy" = Fy4
o
a(®) 20 b() 20 c®) ] 20 | 40 | 60 | 80 ; P 20 e(®) 20 f(') 20 | 40| 60| 80 0] 20
1)
0 @ ® @ | ® © M
Max. >104 >104 64 P 104 >104 73 ‘ >104 .
f ‘ >
Stags | 975 |Mean| 9:8;1-95 | >104| 21-55;98 | >104| 98;985 |57 981965 | > 97| 98,93 |> 94| 98,9825 | 64 1035; 10-55| >104 glgeﬁeijff/s)‘es‘ed
) Min. >104 >104 49 | 83 : 84 55 >104 el
) Max. >104 ’ >104 68 ; >104 >104 >104 >104 :
A3B | Fixed 4f{g"2‘3 10 | Mean| 10-1;55 | >104| 257; 10-1 | >104| 10-1; 10-2 | 65 ,‘[ 101203 | > 95| 11-5; 10-1 | >104| 10-1; 10-15| > 93 103; 104 | > 95 ?I;‘*“z?gi?/‘e)s“d
Min. >104 >104 60 0 77 >104 2 71 “s
Max. >104 68 N >104 >104 >104 >104 .
4%3’23 10 | Mean 23-8; 101 | >104 | 10-1; 102 ['68 [ 10-1;203 | > 97 [11-025: 10-1] >104 | 10-1; 10-15] > 92 103; 104 | > 96 ?1;e§?§§elfdé7:;ed
Min. >104 68 bl 89 >104 79 88
, ),
: Max. >104 >104 79 1 >104 >104 >104 >104 .
A3 | Fixed | 0%, | 10 [Mean| 109519 | S104] 2215101 | S104] 101102 |78 1 101;203 | >104| 10:6; 101 | >104 | 10415 1015 | >104 10:3; 104 | S104 | & recevers fested
Min. >104 >104 77 P <104 =104 >104 >104
e —
Al General from .o 1. 0. . . .o, 1 receiver tested
purpose | 5 to 22 9 91;081 | > 95| 19:01;9:1 95| 90591 |65/74|79|86| | 603;909 | 78190275, 88| 56| 91;915 6873|7781 (IF 455 ko)
L
N I i

(*) Indicates frequencies of two unwanted signals: Fn' and’Fn"'.
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Single-signal selectivity of radiotelephony receivers

Attenuation slope for attenuation Spuri .
s purious response ratio (db)
Class Frequency A dorel Wopkely O ulti- when input frequency(’) (Mcfs) is:
of . of RF & IF mate
emis- Service wgintelci pa(isb/a;)d .slodpg/ Remarks
sion Signal c/s Attenuation in . .
(Mcfs) octave Fo+Fi Other relationship
4 db F(/ v 2Fa +Fu ——ZFD +F¢f
2 l 46 i 66 { 86 (image) Ratio | Relationship
@) ) 3) 4) () )] @ (8) ©® 10 an (12) (¢K)]
2
165-7 46 2:6 3-8 4-4 4-8 140 92 86 | >110| 95 86 *3—F01 +Fif,
4
94 '3—F01‘+Ef9
4
106 | 3 Fos TFifs
2 Two double superhete-
. .. | rodyne receivers of the
Fixed 86 Fa‘+1(::;+ﬁf ? | same type 1st conver-
sion local frequency Fy,
F3 3&_2/20 ) Ist crystal oscillator
2 operates at § F,;
166-75 46 2:6 3-8 4-4 4-8 80 79 | >110{ 88 97 3 Fo, +Fif, |2nd intermediate fre-
quency F,
4
>110 -3— Fol +Fxf2
4
>110 “3_F01 +Fl'fx
2
76 | Fo,+ Fo,+ Fif,

(*) Fo : Frequency of first frequency-changing oscillator; Fiy : First intermediate-frequency.
(%) Image frequency of second frequency-change.

s8I “doy

— 981 —
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REPORT 186 *

MULTIPLE-SIGNAL METHODS OF MEASURING SELECTIVITY
(Question 229(II))
' (Geneva, 1963)

The single-signal selectivity curve of a receiver is not sufficient to characterize fully the pro-
tection enjoyed by the receiver against unwanted signals. The non-linearity of the receiver
circuits influences the selectivity when interfering signals of sufficient strength are received
(for instance in the mobile services). In Recommendation 332, § 6, it is proposed that under
such circumstances the selectivity of the receivers should be measured as the effective selectivity
by means of two or more signals applied to the input of the receiver. The ratio of the wanted-
to-unwanted signals must be taken into account as an important parameter.

Measurements of selectivity with two signals have been reported in Docs. II/1 (Denmark),
/11 (U.S.S.R.), and II/21 (Belgium), of Geneva, 1962, one being the wanted FM signal
situated in the channel to which the receiver is tuned, the other being the signal that causes
interference.

In the methods described in Docs. II/1 and II/21, of Geneva, 1962, first the voltage for
309 modulation of the wanted signal is measured at the output of the FM receiver without
interfering signal, and then the interfering signal is applied. The strength of the interfering
signal is adjusted to such a level that the post-detector interference reaches a prescribed level
(usually 20 db below the wanted signal level). The signal-to-interference ratio at the receiver
input is then measured. This is repeated for several frequency separations of the wanted and
unwanted signal to obtain the effective selectivity curve.

In Doc. II/11 (U.S.S.R.) of Geneva, 1962, both wanted and unwanted signals are fre-
quency-modulated by a frequency of 1 kc/s, the modulations of both having the same phase.
The selectivity is measured for a prescribed increase of the factor of non-linear distorsion at
the receiver output, caused by the unwanted signal. An increase of non-linear distortion up
to 209 is used. It has been observed, however, that the value of the non-linear distortion
factor rapidly increases when the unwanted signal increases over a certain threshold. There-
fore, the choice of the increase of this non-linear distortion is somewhat arbitrary and may
have values other than 20%,.

Other measurements using two signals have been reported in Doc. 11/23 (Japan) of Geneva,
1962, concerning receivers for A3B, A3 and Al emissions. One of the unwanted signals was
chosen close to the desired channel.

Intermodulation measurements with three signals have been reported in Doc. 1I/10 (Federal
Republic of Germany) of Geneva, 1962. In this document, is mentioned that 209, inter-
modulation distortion is measured at the receiver output with a time probability of 1 in 1000.
The frequencies of the two interfering transmissions have been chosen such that combination
frequencies were obtained to which the receiver is particularly susceptible. The measure-
ments were made on receivers for F1, and A3B.

* This Report was adopted unanimously.
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2.1

2.2

REPORT 187 *

PROTECTION AGAINST INTERFERENCE BETWEEN KEYED SIGNALS
(Study Programme 127(1I))
(Geneva, 1963)

Tests have been carried out in the Federal Republic of Germany to determine the effect
exerted by an interfering transmission of keyed signals on a wanted transmission also of
keyed signals. For reasons connected with the design of the apparatus used, the tests were
restricted to F1 emissions and a telegraph speed of 50 bauds in the wanted channel, and to
the following signal shapes; rectangular, trapezoidal, rounded trapezoidal and approximately
sinusoidal. In each instance, the frequency separation which gave a relative error rate of
1 x 10—* in the wanted signals, when in the presence of keyed interference, was determined.
The parameters chosen were the signal shape and the ratio of the wanted signal power to that
of the interfering signal. Two different types of heterodyne receivers were used, for short
waves and of medium quality (general purpose receivers), that is, one receiver with single
frequency change (type A), and one with double frequency change (type B). In both types
of receiver the discriminator was followed by a low-pass filter, and a stage for squaring the
signals. :

Test equipment

Two transmitters, one for the wanted keyed signal and one for the interfering keyed signal,
both with class of emission F1, were connected through a decoupling network to the input
of a radio receiver, at the output of which a teleprinter distortion indicator was connected.
This indicator allows the determination of the probability with which a certain given degree
of distortion in the telegraph signals is reached or exceeded. A more detailed description
of this apparatus is given in [1]. Both the wanted-signal transmitter and the interfering-signal
transmitter could be keyed by rectangular signals at a telegraph speed of 50 bauds, furnished
by an electronic signal generator. Moreover, when using these test generators, it is possible,
even when using sinusoidal keying signals (suitable low-frequency oscillator), to vary the modu-
lation of the RF signal, from a shape approximating sinusoidal to a rectangular form, by
corresponding modulation of the test generators. The frequency spacing between the wanted
signal and the interfering signal was found in each case by measuring the difference frequency
with a frequency indicator.

Test parameters

Signal shape : The tests were made with five different signal shapes, which were designated
arbitrarily, and whose build-up and decay time t was determined from oscillograms: )

Rectangular T 0%

R = 499 . . .
TI%LIljrggciidzctangular : - ligé) relative to the total nominal duration of the
Rounded trapezoidal T =194Y% element.

Approximately sinusoidal © = 51-3%

Frequency separation : Since, in current receivers, the possibility of varying the bandwidth
of the receiver is limited to a few values, the frequency separation was so chosen that the neces-
sary spectrum of the wanted signals was either less, equal to, or greater than the bandwidth
of the receiver adjusted for the given case. ‘

* This Report was adopted unanimously.
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Keying speed : Since the telegraph distortion indicator was only capable of operation at a
keying speed of 50 bauds, this speed was chosen for the wanted signal. To avoid beats, the
interfering signal generator was used, in general, at a keying speed of 80 bauds.

Bandwidth : In each instance, the receiver bandwidths were so chosen that the necessafy
bandwidth (determined in accordance with C.C.I.R. Recommendation 328), was either equal
to, less, or greater than the receiver bandwidth (see also § 2.2).

Slopes at the sides of the filter passbands : The slope at the side of the passband was 20 db per
1 kc/s for the receiver type A, and 80 db per 1 kc/s for the receiver type B.

Input voltage to the receiver : For both types of receiver, the same r.m.s. input voltage of
2:5 uV was chosen. The deciding factor in the choice was that the test results must be affected
by the keyed signals alone, and that no effects due to noise could be allowed. The signal/noise
ratio,, measured at the output of the IF stage of the receiver was, with this value of input voltage,

between 24 and 28 db, depending on the bandwidth of the receiver.

Frequency of the wanted signals : For practical reasons, a low value in the HF band was chosen
(4 Mc/s), because the instability of the apparatus has less effect at this frequency.

Limiting value of réference distortion : A margin of 359, was assumed for the teleprinters
(C.C.I.T., 1953). In the present instance, a degree of reference distortion of 409, being
reached and exceeded was chosen as a criterion of frequency errors.

Test results

With the interfering transmitter disconnected, the smallest value of the signal/noise ratio
that would avoid errors due to noise was determined. This value was found to be some 16 db.
In consequence, an input voltage of 2:5 1V was chosen for the tests, which gave a signal/noise
ratio of at least 24 db (see also § 2.6).

During the later stages of the tests, the bandwidth of the emission was chosen, in accord-
ance with §§ 2.2 and 2.4, to be such that in each case it was either smaller, equal to or larger
than the bandwidth of the receiver. Another parameter was the ratio of the wanted-to-
interfering-signal powers, for which, in each case, three different values were chosen. The use
of these parameters permitted the relative frequency, with which the value of 409, distortion
was exceeded, to be determined as a function of the frequency spacing between the wanted
and the interfering emissions for each case. In addition, the signal shape of both the wanted
and the interfering keying signals were varied as in § 2.1. A series of curves resulted, of
which the attached Fig. 1 is an example. The example only shows the curves for the two
extreme forms of signal shape —sinusoidal and rectangular. The curves for the other signal
shapes lie between these two extremes depending on the degree of rounding.

The two tables attached show the values of the relative frequency 1 X 10— found from
the curves, with the values of frequency spacing relating to them, for the different parameters.
Table I refers to receiver type A, whose slope at the edges of the passband is about 20 db per
1 kc/s. As the other parameter, the following ratios of wanted-to-interfering-signal power
were chosen: —1/1 (0 db), 1/3 (—4-7 db), 1/10 (—10 db). Table II refers to receiver type B,
of higher quality, in which the slope at the sides of the passband is about 80 db per 1 kc/s.
As a result of this steeper slope, the following ratios between the wanted and interfering
signal powers were chosen: 0 db, —6 db and 30 db. (Compare with the Table relating to
Study Programme 3A(IID). :

Discussion of the experimental results

As is shown by Fig. 1, the increase in errors, resulting from a reduction in frequency
separation between the wanted and the interfering signals, is very rapid. This behaviour
may be explained by the type of keying circuits used in the receivers, which regenerate the
signals and merely take note of the passages of the signal through the zero amplitude.

If one examines the results as a whole, one may conclude that, from the point of view of
the smallest possible frequency spacing between a transmitter of a wanted signal and that of
an interfering transmission, the rectangular signals are equally unfavourable, by reason of
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TaBLE 1 *

Receiver type A. Slope at the edges of the passband — 20 db per 1 kcfs

Signal shape N D B, B, Ay
Remarks
Wanted Interfering (c/s) (cls) (cfs) (cls)
a 380
b 370
b 11 210 sas | 1000 | 300
d 355
a 580
b 565 | B<
a 0 13 210 sas | 1000 | ‘352 < B,
d 545
a 830
b 820
> 110 | 210 sas | 1000 | g%
d 800
a 400
a 11 210 sas | 1000 | 340
b a 13 210 545 | 1000 g;g B.,<B,
a 880
2 1710 | 210 sas | 1000 | god
a 440
a 11 210 s4s | 1000 | os
c a 13 | 210 545 | 1000 ggg B,<B,
a 900
a 110 | 210 545 | 1000 | g0
a 460
a 11 210 545 | 1000 | 4%
d a 13 210 545 | 1000 332 B,<B,
a 1100
3 110 | 210 sas | 1000 | 7099
a - 1215
a 2 1/10 | 440 | 1005 | 1000 | 1750 B,~B,
a 1775
a 3 110 | sas | 1215 | 1000 | 773 B,>B,

* D : Frequency shift (c/s)
Bq : Necessary bandwidth in accordance with Recommendation 328 (c/s)
B, : Receiver bandwidth (c/s)
N': (Na/Nn) = Power ratio between the wanted and interfering signals
a : rectangular
b : trapezoidal
¢ : rounded trapezoidal
d : approximately sinusoidal
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TaBLE II *

Receiver type B. Slope at the edges of the passband — 80 db per 1 kc/s

Signal shape N’ D Ba By Ay
N Remarks
Wanted Interfering (db) (cls) (cls) (cls) (els)
. 390
a 0 | 185 | 495 | sso | 329
2 3. ~6 | 185 | 495 | sso | 2 B,<B,
. 990
\ 2 ~30 | 185 | 495 | 80 | 90
. 370
a 0| 170 | 465 | as0o | 300
. 2 —6 | 170 | 465 | as0 | 815 By~ B,
, a 890
a ~30 | 170 | 465 | aso | 59
a ' 365
a o | 170 | 465 | as0 | 3
. 8 ~6 | 10 | 465 | as0 | % Bur By
. 925
a ~30 | 170 | 465 | 450 | B
. 420
a 0| 170 | 465 | as0 | 42
d a —6 | 170 | 465 | as0o | S50 By~ B,
a 1040
a ~30 | 170 | 465 | a4s0 | 1940
a g —-30 115 355 450 228
. 085 B,<3B,
. a ~30 | ms | 3ss | a0 | 3%
. 1045
a a —30 | 210 | sas | aso | 1043 Ba>B,

* D : Frequency shift (c/s)
Bn : Necessary bandwidth in accordance with Recommendation 328 (c/s)
B, : Receiver bandwidth (c/s) ) . '

: (Na/Np) = Power ratio between the wanted and interfering signals,

: rectangular .

: trapezoidal

: rounded trapezoidal

: approximately sinusoidal.

aooe »
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the wide spectrum of the interfering signals, as are completely rounded signals, by reason of
their greater susceptibility to interference. For the two receivers tested, a good compromise

was found between bandwidth economy and the quality of transmission, in a signal from the
transmitter with a build-up time of about 109%. This value does not differ significantly
from the value of 8% indicated in Recommendation 328. i

Since only two types of receiver were available, the results cannot be generalized.

BIBLIOGRAPHY
1.

ScHENK, E. Dezr Fernschreiberverzerrungsmelder, ein automatisches Priifgerdt (The teleprinter dis-
tortion indicator, an automatic test apparatus.y N7Z, 12, 609-612 (1959).
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REPORT 188 *

CRITERIA FOR RECEIVER TUNING
(Question 231(I)
(Geneva, 1963)
General

The effects of receiver frequency instability can be classified under two headings:
~ reduction of protection against adjacent-channel transmissions, and
~ impairment in the reproduction of the modulation of the desired signal.
This Report deals with, and the criteria given below are all based on, the second

consideration.

2.

Tuning criteria for broadcast sound and television receivers

2.1 LE.C. standards

Suggested criteria are given below, in accordance with which receivers of various categories’
can be said to be tuned. It is worth recording that this question has been examined in detail
by Sub-Committee 12.1 of the 1.LE.C. Consequently, these criteria have been framed to
line up broadly with I.E.C. documents for AM **, FM and monochrome television receivers.

2.2 Receivers for AM sound broadcast (A3)

A receiver can be accurately tuned by adjusting the tuning control for:
~ the maximum indication of the tuning indicator,

~ the maximum audio-frequency output power,
— the minimum audio-frequency distortion.

2.2.1 Tuning indicator: in addition to it, an external measuring instrument may be used.

2.2.2 Maximum audio-frequency output power, i.e. determination of the lowest possible
radio-frequency input signal level at which an arbitrary power can be obtained, or
determination of the lowest possible setting of* the volume control for that power.

This method can be applied where the response has a single symmetrical peak.
Otherwise, a method formerly recommended by the LE.C. can be used:

The receiver is tuned to a signal modulated 400 c/s (or other low frequency), by
setting the tuning control so that the desired output level is reached at the desired
input level with the lowest possible setting of the volume control of the receiver. Next,
the modulation frequency is increased until the output power has dropped by approxi-
mately 14 db, or to about 1/25, the depth of the modulation being kept at a constant
value. After this, the tuning control is re-adjusted slightly until a mmlmum of output
power is obtained.

2.2.3 Minimum distortion in the audio-frequency output. This distortion might be harmonic
distortion or distortion of the amplitude/frequency characteristic, according to
circumstances.

The relevance of a tuning criterion can be dependent on the level of input signal
concerned. For example, with a weak signal, input criterion § 2.2.2 will almost
certainly be applicable, whilst for strong signals §§ 2.2.3 or 2.2.1 will be used.

Reference : § 4.7 of 1.E.C. Publication No. 69.

* This Report was adopted unanimously.
** This I.LE.C. document is at present under revision; the draft proposals are available from the I.E.C. Central Office, Geneva.
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2.5

2.6

Receivers for FM sound broadcast (F3)
The criteria in this case are:
2.3.1 adjustment by tuning indicator;
2.3.2 adjustment for maximum audio output (see (§ 2.2.2);
2.3.3 adjustment for minimum distortion, in this case the harmonic distortion being the
appropriate factor;
2.3.4 adjustment for minimum noise in output.

In this case, the effect of signal level on the choice of a criterion will be different
from that of the AM receiver in that for weak signals §§ 2.3.1, 2.3.2 or 2.3.4 may be
appropriate (§ 2.3.4 probably being the most critical), whilst with strong signals only
§ 2.3.3 will be relevant.

To supplement an existing indicator, or to give an mdlcatlon when there is none,
a d.c. voltmeter can be connected to the output circuit of the discriminator (see
Doc. 11/34 of Geneva, 1962).

As an alternative to § 2.3.4, the receiver can be tuned for maximum suppression of
amplitude modulation.

Reference : § 4.8 of 1.E.C. Publication No. 91.

Receivers for monochrome television (ASC and A3) 405-line, positive modulation)

The criteria in this case are:

2.4.1 maximum sound rejection in the vision channel;

2.4.2 maximum audio-frequency output;

2.4.3 optimum picture quality, e. g. sharpest edge response with just tolerable overshoots.

Not only are these criteria of variable significance due to individual receiver design

characteristics, but in a particular receiver it may not be possible to satisfy all tuning
criteria at a single setting due to alignment errors between sound rejection, sound IF
and vision IF circuits. These differences can be functions of input signal level, as well
as temperature.

Receivers for monochrome television (525- and 625-line negative picture modulation) (A5C
and F3)
The majority of receivers now work with the sound channel on the inter-carrier principle
and are tuned so that either:
2.5.1 optimum picture quahty is achieved, e. g. sharpest edge response with just tolerable
overshoots and maximum sound rejection.
2.5.2 correct indication is given on the tuning indicator.
Setting according to § 2.5.1 may depend on whether the receiver is tuned to a
monochrome or to a compatible colour transmission.
In investigating the characteristics of a receiver, maladjustment or drift of the
intercarrier parts of the circuit may need attention. This involves alteration of the
sound/vision carrier difference of the test signal.

Reference : for §§ 2.4 and 2.5, see § 1.4.8 of I.LE.C. Publication No. 107.

Receivers for colour television

Any of the criteria in §§ 2.4 and 2.5 above, as appropriate, may be involved, but an addi-
tional criterion, which may be more dlscrlmmatmg, is that of a minimum level of the sound
carrier/colour sub-carrier beat.

Tuning criteria for communication receivers

Radiotelegraph receivers for aural reception (Al or A2)

For the reception of Al SIgnals, a beating oscillator is necessary to produce an audible
output and such an oscillator is frequently used for the reception of A2 signals. The effect
of receiver frequency-instability is to alter the frequency of the beat note and, independently
of the IF pass-band width, stability is necessary to limit the variation of the beat note. The
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criterion of tuning for such a receiver is thus frequency of the beat note. If an audio-
frequency filter is employed, the beat note should coincide with the centre of the pass-band of
this filter.

Radiotelegraph receivers for automatic reception (Al, Fl or F6)

The necessity of using the minimum pass-band to achieve the best performance in the
presence of noise and other signals has led to the general provision of automatic frequency
control. With a.f.c. in use, the receiver is always correctly tuned, provided that the a.f.c.
reference frequency is correctly set relative to the pass-band of the IF filter; if the a.f.c. is of
the type that does not correct to zero error, the maximum residual error should be small
compared with the width of the pass-band.

There is no criterion of tune other that the a.f.c. should be in operation, but a check
should be made that the a.f.c. reference frequency remains correctly related to the passband
in spite of changes of temperature, voltage, etc.

The a.f.c. is usually fitted with a frequency scale, so the resultant drift of the receiver
oscillators can readily be observed.

For receivers without a.f.c., means are usually provided to indicate correct tuning.

It is necessary to check that the centres of the passbands of the filters coincide with the
zero point of the a.f.c or tuning indicator.

Single-sideband and independent-sideband radiotelephony receivers
3.3.1 Transmissions with fully-suppressed carrier (A3J)

The receiver is correctly tuned when the frequency of its audio-frequency output
is the same as that of the signal modulating the transmitter (see Doc. I1I/69, of Geneva,
1962).

3.3.2 Transmissions with reduced carrier (A3A or A3B) or with full carrier (A3H)

When a pilot carrier is transmitted, it is used for automatic frequency and gain
control, and the receiver remains correctly tuned, provided that the a.f.c. reference
frequency is correct, relative to the centre of the passband of the carrier-selecting
filter and of the frequency of the local oscillator which may be provided for use in
demodulation. These frequency relationships should be correct in spite of changes of
temperature, voltage, etc., and checks should be made to see that they are so.

The a.f.c. is usually fitted with a frequency scale, so the resultant drift of the oscil-
lators can be recorded.

Double-sideband radiotelephone receivers (A3)

The criterion for tuning a double-sideband receiver is the same as that for an AM sound
broadcast receiver.

REPORT 189 *

METHODS OF MEASURING PHASE/FREQUENCY OR GROUP-DELAY/
FREQUENCY CHARACTERISTICS OF RECEIVERS

(Question 229(1I))
(Los Angeles, 1959 — Geneva, 1963)

Question 229 (II) relates to appropriate methods of measuring the phase/frequency or
group-delay/frequency characteristics of receivers. It has been recognized that these
characteristics are important in connection with the quality of reception in receivers for tele-
vision programmes and for HF telegraphy.

* This Report, which replaces Report 104, was adopted unanimously.
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4.2

Some documents have already been supplied to the C.C.I.R., reporting the measuring
methods and apparatus for such receivers. The documents and the brief descriptions of the
methods and apparatus are as follows:

For HF telegraph receivers

Doc. II/15 (Japan) of Geneva, 1958: a method and a special apparatus for measuring
the group-delay/frequency characteristics of intermediate frequency amplifiers in radio-
telegraph receivers are introduced. It is well known that the intermediate-frequency stages
have a predominating effect, especially in receivers used for high-speed radiotelegraphy,
operated with frequency shift keying. The apparatus is of the direct-reading type and uses
special signal generators which have automatic frequency sweeping devices, thus the group-
delay/frequency characteristics can be observed directly on a cathode-ray oscilloscope.

Those methods and apparatus described in the documents mentioned above can give
useful information. Nevertheless, the amount of information obtained is not sufficient to
permit a decision on a standard method and apparatus for the measurement of phase/frequency
or group-delay/frequency characteristic of receivers. Therefore, further contributions are
invited from Administrations for studies to permit a decision on standard methods and appa-
ratus.

FM receivers

Doc. I1/27 (France) of Geneva, 1962: this document describes a new method for measuring
the distortions produced by crystal filters, used to obtain selection of the first intermediate-
frequency in a superheterodyne receiver.

The method described consists in measuring the AF distortion produced by the crystal
filtering equipment under consideration, coupled to a set comprising a wide-band amplifier,
followed by a discriminator and an AF amplifier, the inherent distortion of that set having
been determined during a preliminary measurement.

To reach results permitting of comparisons with this method the following measurement
parameters should be standardized: frequency excursion, modulation frequency and the
permissible frequency displacement of the test signal from the centre of the filter passband.

Receivers used in FM radio-relay systems

Doc. II/33 (Italy) of Geneva, 1962: this document describes a highly accurate method
for measuring group delay by determining the phase/frequency characteristics by a dynamic
method.

With this method, the test signal, the frequency of which has to be varied throughout
the bandwidth of the device under test, undergoes frequency conversion and is reduced to
a fixed frequency applied to the discriminator. The heterodyning oscillator is frequency-
controlled by the d. c. output of the discriminator, so that the fixed frequency coincides
with the centre of the discriminator output/frequency characteristic.

This method offers many advantages over conventional methods [1].

Television receivers

Doc. 257 (Netherlands) of Warsaw 1956: a direct reading method of measuring group-delay/
frequency characteristics is reported. In the apparatus described, by employing a special
phase-detection valve as a phase meter, the characteristics can be observed on the screen of
a cathode-ray oscilloscope. By using this apparatus in combination with a signal generator
which has an automatic frequency sweeping device, the group-delay/frequency characteristics
of intermediate-frequency amplifiers of television receivers can be measured with an accuracy
of 1 manosecond. ;

Doc. 488 (Federal Republic of Germany) of Warsaw 1956: three methods for the measure-
ment are described in this document. There is a slight difference between the three methods,
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but the principle is the same. The measurements are made by using two signal generators of
an ordinary type. Thus, the phase/frequency characteristics can be measured without
providing any special signal generator. The phase-delay is read on a phase indicator.

BIBLIOGRAPHY

CATANIA, B. Misure di ritardo di gruppo in sistemi con modulazione di frequenza (Measurement of
group-delay in FM systems) submitted to the LXIII annual meeting of the Italian Electrotechnicat
Association. (Ischia, 30 September — 6 October 1962, memo 137.)

REPORT 190 *

SUPPRESSION OF AMPLITUDE-MODULATION (CAUSED BY
MULTIPATH PROPAGATION) IN FM RECEIVERS

(Question 177(1I))

(Los Angeles, 1959 — Geneva, 1963)

Contributions relating to Question 177 (IT) have been received in Docs. 1I/8 (Italy) and I1/22
(United Kingdom) of Geneva, 1958; Doc. 212 (P. R. of Poland) of Los Angeles, 1959, and
Docs. II/19 (P. R. of Poland), 11/22 (Japan) and II/28 (United Kingdom) of Geneva, 1962.

Method of measurement

These contributions use the direct-reading method for measuring amplitude-modulation
suppression in frequency-modulation receivers, in preference to an oscilloscopic method.
Suitable direct-reading methods are described below. ’

The preferred direct-reading method uses simultaneous frequency and amplitude modulation.
Since, .in practice, an average percentage of modulation of 309 is rarely exceeded for
both frequency- and amplitude-modulation, transmissions, this value of 309 is recommended
for test purposes for both types of modulation.
Additional measurements with higher values of frequency deviation (e. g. up to 100%)
can be made.

2.2.1 As the modulation frequencies used affect the selectivity required in the measuring
equipment, a frequency lower than the I.E.C. value of 400 ¢/s is preferable for frequency
modulation and a value of 100 c/s is recommended. The frequency used for amplitude
modulation is preferably 1000 c/s.

2.2.2 The equipment used for measuring output should be preceded by a filter which suf-
ficiently attenuates the fundamental and harmonics of the frequency modulation as.
well as hum, and passes frequencies between 500 c/s and 3000 c/s with little attenuation.

A band-pass filter, with cut-off frequencies of 900 and 1100 c/s may also be used.
Alternatively, a wave analyzer can be used to measure the components of the out-
put separately.

* This Report, which replaces Report 103, was adopted unanimously.
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2.2.3 Initially, the signal is frequency-modulated at 1000 ¢/s and the receiver output adjusted
to a convenient value; the simultaneous frequency- and amplitude-modulations described
above are then apphed and the output agam measured with use of the filter; the ratio
of the first measured value to the second is the AM suppression ratio.

The effect of tuning should be checked, and if it is critical, measurements at more
than one tuning position should be made, the change in tuning being recorded.

An alternative method uses frequency modulation and amplitude modulation applied

sequentially to the carrier, the frequency being 1000 ¢/s in both cases. The output under these

two conditions is measured and a filter may be necessary to remove hum.

2.3.1 For each channel tested, measurements should be made on at least three radio frequen-
cies; these should be the tuning frequency and frequencies 30 kc/s above and below it.

It is recommended that tests should be made with at least three input levels; the values —80 db,
—60 db and —40 db (reference 1 mW), are suggested.

A fourth input level, at which it has been recommended that measurements be made is
the threshold level, defined as 13 db greater than the effective noise value FkTB, F is the noise
factor and B is the predetection bandwidth.

Experimental results

It is reported, that under normal conditions of reception, the distortion due to multipath
propagation can be substantially eliminated over a small range of tuning if the AM suppression
ratio is at least 35 db, measured by the method described in § 2.2, or at least 30 db, measured
by the method described in § 2.3, at each of the three carrier frequencies separated by 30 kc/s

Doc. 11/22 (Japan) of Geneva 1962, gives the following data, measured at 470 Mc/s on trans-
missions over paths in city and hi]ly terrain where, due to multipath propagation, a maximum
path difference of 150 us and mmlmum amplitude ratio of 10 db were observed between direct
and indirect signal;

AM suppression ratio (db) Distortion (%)
> 40 <3
35 : 4
30 ) 7
25 9

If a professional high-fidelity FM receiver with less than 29 distortion is required, these
results indicate that an AM suppression ratio of more than 40 db is required under severe
multipath conditions.

Doc. II/28 (United Kingdom) of Geneva 1962, gives results of measurements made using
frequencies of 120 ¢/s and 2000 c¢/s, showing the difference obtained between tuning for maxi-
mum output power at audio-frequency and tuning for maximum AM suppression. A check
was made using frequencies of 100 ¢/s and 1000 ¢/s which gave the same results. For 45 com-
parisons, 29 cases were less than 3 db different, 6 cases between 3 and 6 db, 4 cases between
6 and 9 db, 3 cases between 9 and 12 db, 1 case between 12 and 15 db and 2 cases between 15
and 18 db.
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REPORT 191 *

'~ TOLERABLE RECEIVER TUNING INSTABILITY
(Question 173(1))

(Los Angeles, 1959 — Geneva, 1963)

Two documents —Doc. 1I/2 (Federal Republic of Germany) and II/24 (United Kingdom)—
concerning § 4 of Question 173 (II), were submitted to the 1958 Geneva interim meetings. In
particular, Doc. II/24 gives a table listing the required stabilities for different kinds of receiver.

A systematic study of permissible instability seems desirable, on the basis of the documentation
already available: Appendix-3 to the Radio Regulations, Geneva, 1959, on transmitter frequency
stabilization, Recommendation 332 on receiver selectivity and Recommendation 333 on receiver
stability. More particularly, the values given in Recommendation 333 should be compared
with the values actually required.

Attention is drawn to the fact that Appendix 3 deals with tolerances rather than stability.
An example of the necessary stability is given by considering an A3B transmitter for HF (decame-
tric waves): although the tolerance is = 15 x 10-8, a stability of about +10c¢/s(i.e.+ 0.5 x 10-®
at 20 Mc/s) is necessary.

Values which are of interest could be tabulated in the form given in Table I, which gives an
example based on proposed values, in particular those given in Table III of Doc 11/24 (United
Kingdom) of Geneva, 1958.

‘In Doc. II/2 (Federal Republic of Germany), it is stated that: “ The maximum tolerable
tuning instability depends essentially on the class of emission used, which in turn determines the
necessary passband of the filters which follow the frequency change. It can be assumed, as a
general rule that the central frequency of the signal in such filters cannot differ from its nominal
frequency by more than 20%; of the passband. This tolerance must be obtained either by manual
or automatic tuning or by appropriate frequency correction. For receivers of single-sideband
emissions, this will depend essentially on the narrow-band filter for the carrier. For receivers of
F1 or F6 emissions (diplex systems, Recommendation 346), the frequency instability of the oscil-
lators should not be more than 109, of the frequency deviation.” (In the preceding sentence, the
deviation is understood to mean half the total frequency shift from “ mark ” to “ space”.)

* This Report, which replaces Report 100, was adopted unanimously.



TABLE I

Fractional Man measured value Value proposed for
frequenc: of stability (Rec. 333) the maximum permissible . .
a 4 . receiver drift from Time during
Class . Typical toé(fartaﬁl:e BZ):%Wégth Times between the typical frequency (*) \:lgg:l])ttl‘{e
of emission Service Range frequency | transmitter | (Rec. 332) {o-%| _ which drift g Remarks
(Mcs) Alx{)pl.{:;’ (kefs) (®) (x(n) ) was measured Drift Relative is required
(x16-9 () o B | Gl | (5 (hours)
1) ) 3 @ ) () ) (7b) (82) (8b) ) (10)
. MF 1 10 55 170 10-120 1 1000 2
A3 Broadcasting HF 20 15 8 80 | 10-120 1 50 2
F3 Broadcasting VHF 100 20 220 10-120 15 150 2
AS . Band 1 50 50 300 10-120 100 2000 2
(405 lines) | Broadcasting Band TII 200 50 300 | 10-120 100 500 2
Fixed . . . Crystal(%
A3B telephony HF .20 15 65 0-01 . 05 10 or afc.
A3
(50 kcfs) Mobile VHF 80 50 35 5 10-120 10 120
between telephony 160 20 35 5 10-120 10 60
channels) Asl
s long as
F3 the receiver Crystal
(bfot ke/s) Mobil is in use
clween obiie
channels) telephony VHF 160 20 35 5 10-120 5 30
+15 kefs
Al Fixed LF 01 1000 0:2(3) 0-02 200 10 Crystal(®)
telegraphy HF 20 50 0-4 0-05 25 10 or af.c.
Fixed ’ . Crystal(%)
F1 telegraphy HF 20 50 0-01 0-5 10 or a.f.c.
MF 0-5 200 32 03 600 10
AL A2 Maritime 05 200 32 B e 1 2000 01
’ telegraphy HF 20 200 1-4 4 60-120 03 15 10
20 200 1-4 70 1-10 1 50 01

(1) This table deals only with the drift in time. For receivers in continuous use over long periods only, the value indicated for the maximum permissible drift should include the drift due to
Theoretically, the receiver should remain in tune (within the permitted tolerances), for the number of hours shown, computed from the instant when they are
sufficiently warmed-up to furnish a suitable output signal. In practice, one may allow, for broadcast receivers, a warming-up period of about 5 minutes; for fixed service receivers, this period
may be longer, for example a quarter of an hour.

moderate changes in climate.

(%) To be modified in accordance with further Recommendations as issued by Study Groups concerned.
(*) This figure is not given in Recommendation 332.

(*) Crystal control of the receiver oscillator without a.f.c. can be employed, only if the accuracy and stability of the transmitter frequency are such, that the sum of the transmitter and receiver

frequency errors and frequency variation due to propagation effects does not exceed the values given in column 8.
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REPORT 192 *

TUNING STABILITY OF RECEIVERS

Stability of intermediate-frequency amplifiers with electre-mechanical filters,
semi-conductor capacitors and ferromagnetic tuning

(Questions 230(11) and 231(I1))

(Los Angeles, 1959 — Geneva, 1963)

Electro-mechanical filters in intermediate-frequency amplifiers ensure high selectivity
combined with small dimensions, which give rise to a rapid increase in their use in receivers.

The application of semi-conductor diodes and transistors as variable capacitors and inductors
with ferrite cores as variable inductors (ferromagnetic tuning), makes it possible to reduce the
dimensions of resonant circuits and to permit tuning and adjustment of the passband by
changing the control voltage .

It is of great interest to determine the characteristic values of tuning stability of receivers
having the above-mentioned elements.

Some documents have been submitted to the IXth Plenary Assembly of the C.C.I.R., which
give some information on this subject (Docs. 110, 121, 123 and 137 (U.S.S.R.) of Los Angeles,
1959).

According to the preliminary information received:

the coefficient of temperature dependence on frequency, for electro-mechanical filters, is of
the order 2 X 1076 to 5 x 10-6; .

the temperature stability of filters, with semi-conductor diodes and transistors used as capa-
citors, might not be worse than the stability of filters using ordinary capacitors and there are
ways of improving it;

the temperature stability of filters with ferromagnetic tuning is at present worse than that
of other types of filters with conventional coils.

Doc. I1/14 (U.S.S.R.) of Geneva, 1962, confirms that the instability of filters is made manifest
by a variation, as a function of time, of the passband and its central frequency.

For intermediate-frequency filters with four circuits at 215 kc/s, with variable passband and
without crystals, used under normal conditions of temperature and humidity, measurements
have shown that the drift of the central frequency amounts to 75 c/s in a year.

For crystal filters, having a passband of 0-5 kc/s at a frequency of 150 kc/s, the overall variation
of the central frequency is approximately 40 c/s at the end of a year. The ageing factor,
measured separately, is responsible for half that instability (20 c/s).

The lack of stability of filters with a passband of 3 kc/s at the same frequency, when potassium
tartrate filters are used, amounts to 200 ¢/s, not taking account of the effects of ageing.

Because of insufficiency of information, further study is considered necessary and forms the
subject of Questions 230(II) and 231(II).

* This Report, which replaces Report 101, was adopted unanimously.
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REPORT 193 *

SPURIOUS EMISSIONS FROM RECEIVERS
(Question 231(11))

(Los Angeles, 1959 — Geneva, 1963)
Broadcast and television receivers

In Doc. I1/37 (C.1.S.P.R.) of Geneva 1962, the C.1.S.P.R. states that, in its Recommendation 24,
it has established the limits for the terminal voltage measurement of television receiver
time-base interference, and for radiation from the local oscillators of television receivers and
FM broadcast receivers. :

1.2 Doc. 275 (Italy) of Geneva, 1963, gives data (see Table 1) on spurious radiations measured

on some models 1960-1961 of television receivers equipped for UHF and VHF reception,
according to the I.LE.C. 3-meter method (Publication 106). To assist comparison with the

TaBLE 1
Radiated Polariza- Local oscillator | FCC limits Number
Channel frequency tion radiation | w10 | H20db | of receivers
(Mcls) (db rel. 1uV[m) Lo | (@b rel. tested
. boGeVImy 11V/m)
! !
, Max. Mean Min. ! ‘
A f 995 H 720 54-5 429 ;. 500 | 54 11
i v <8:0 51-5 41-6 | 11
B 108 H 81-4 57-8 479 | s00 | 54 10
\% 749 52-4 40-8 ! 10
C 128 H 819 586 429 500 54 9
\ 779 54-4 44-6 9
D 221 H 780 655 565 1500 64 9
' Y 73-0 59-6 46'5 ] 9
E 229 H 80-3 .656 553 1500 64 10
\% 773 61-4 52-3 10
F 238 H 827 666 597 1500 64 9
v 787 61-5 51-5 | 9
G 247 H 815 65-2 550 500 64 9
v 77-5 61-5 540 ' 9
H 256 H 83-2 678 563 1500 64 10
v 82-2 657 57-1 10
All 199 H 60-1 389 * 1500 64 11

v 531 . 327 * 1500 64 11

: |
B 11 216 H 55-4 41-3 Q) 1500 64 11
| | v 514 277 ©) . 1

(1) Not given, too low to be measured, due to noise.

* This Report, which replaces Report 102, was adopted unanimously.
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Radiated Polariza- Local oscillator FCC limits Number
Channel frequency tion radiation % 10 + 20db | of receivers
(Mc/s) 1o (db rel. 1V/m) (db rel. tested
(wV/m) 1uV/m)
Max. Mean. Min.
FlI 476 H 77-2 643 53-6 5000(%) 74 9
A\ 762 614 48-6 i 9
Gl 494 H 832 656 542 5005(%) 74
i \" 762 643 552
HII 512 H 710 667 59-4 5000(3) 74 12
\"2 747 656 565 12
Clv l 512 H 565 51-9 45-5 5000(%) 74 12
l v 575 49-3 39-1 12
AV : 497-5 H 567 481 340 5000(%) 74 11
\' 57-1 46-5 29-5 11
BV 540 H 58-0 1490 34-0 5000(%) 74 12
\'2 54-0 46-0 260 12
21 510 H 63-5 52-1 & 5000¢%) 74 12
v 625 507 @) 12
33 i 610 H 720 522 * 5000(%) 74 7
! v 69-5 48-8 Q) 7

(*) Not given, too low to be measured, due to noise.
(2) Was temporarily relaxed to 10 000 ¢.V/m until 30 April ,1964.

data in Table II, which was measured at a different distance, a column, for information only,

is given showing the FCC radiation limits multiplied by 10 (4-20 db).
The 1.E.C. is at present considering this relation-

approximately to the ratio of the distances.
ship on a statistical basis.

This corresponds

TaBLE 11
Oscillator radiation Power line
(wV/m) conducted
(for the signal frequency channels given below) - voltage (uV) (*)
Receiver
Cb;nnel Cl;ar}r;el C?:fé‘l;l 450
(54-88 Mcfs) (174-216 Mcjs) (470-890 Mc]s) 1600 ke/s 4300 kefs
A 15 375 407 50 6
B 48 150 646 . 96 40
C 48 66 299 65 100
D 127 129 1012 110 210
E 23 112 512 45 24
F 27 117 302 60 12
G 214 1330 251 65 100
H 80 43 543 75 45
1 17 127 142 75 55
J 63 70 485 35 45
FCC
limits 50 150 500 (1000) (%) 100- 100

(*) Measured in accordance with IRE Standards.
(%) Was temporarily relaxed to 1000 wV/m untii 30 April, 1964.
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2.3

Doc. II/31 (U.S.A.) of Geneva, 1962 gives data (see Table II), on spurious emissions from
some 1961 model television receivers equipped with UHF/VHF tuners and tested by the
FCC.

Receivers other than broadcast and television receivers

In Doc. I1I/37 (C.I1.S.P.R.) of Geneva, 1962, the C.I.S.P.R. states that it has set up a working
group to determine whether the methods specified by the I.E.C. in its Publication 106, which
it has already accepted, can be applied to receivers other than those used in broadcasting or
television.

High grade HF (Band 7) communication receivers

Examination of Doc. 1I/7 (Ttaly) of Geneva, 1958, indicates that methods established
by the L.E.C. and, in general, by national authontles for measuring radiation from sound and
television broadcast receivers are not suitable for special types such as high grade HF com-
munication receivers.

In this case, radiation is reduced sufficiently so as not to produce perceptible interference,
even when a large number of such sets is in operation in close proximity to each other.

Mobile service

Doc. II/17 (United Kingdom) of Geneva, 1962, gives national specifications used in the
United Kingdom for spurious emissions from receivers as follows:

2.3.1 MF and HF receivers for the maritime mobile service

The following clauses contain the spurious emission specifications concerning the
telegraph and telephone apparatus used for communication purposes and also the
direction-finding and automatic alarm equipment.

The receiver shall not, in normal service, produce a field exceeding 0.1 pV/m at
a distance of one nautical mile. This will normally be regarded as satisfied if the
following requirements are met:

(a) The receiver shall be placed centrally in a screened earth enclosure of dimensions
at least six feet cube. The earth termlnal of the receiver shall be connected to the
inside of the screen;

(b) The aerial terminal shall be connected through an unscreened four-turn rectangular
search coil (of dimensions one foot square), and an unscreened lead to a resistive
measuring instrument mounted outside the enclosure, having its other terminal
earthed;

(c) The receiver shall be energized;

(d) The power measured by the measuring instrument shall not exceed 4 x 10-1® W
no matter what the resistance of the measuring instrument or the adjustment of the
receiver. At the discretion of the testing officer the search coil may be moved
during the test in any way provided that it does not approach within six inches of
the receiver case; or it may be short circuited.

2.3.2 VHF and UHF receivers for the maritime and land mobile services

The maritime mobile services operate in the frequency range 156 to 174 Mc/s and
the land mobile services operate in the ranges 71-5 to 88 Mc/s, 156 to 174 Mc/s and
450 to 470 Mc/s. The specifications apply to the coast and ship stations and to the
base and mobile stations, and may be summarized as follows:

With the antenna terminals of the receiver closed with a resistance, equal to the
source resistance from which the receiver is designed to work, the maximum power
developed in the terminating resistance shall not exceed 0-02 ©W at any frequency.
The measurement is made in terms of the potential difference across the terminating
resistance, using a test receiver calibrated by means of a signal generator. No method
of measurement, or ﬁeld-strength limitation, is given for the radiation from components
and wiring,
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REPORT 194 *

INTERFERENCE CAUSED TO FM RECEPTION BY AM AND FM VHF
MOBILE STATIONS

(Question 229(II))

(Geneva, 1963)

Docs. 18 and 141 (Belgium) of Geneva, 1963, concerning land mobile services, show that
frequency-modulation reception can be interfered with by either amplitude-modulated or frequency-
modulated emissions, whereas the conventional two-signal selectivity characteristic of the receiver
under consideration does not show this possibility. A theoretical study ** confirms the expe-
rimental observations on this subject.

* This Report was adopted unanimously.
*#+ Revue HF (High Frequency), 5, 8 (1962).
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STUDY GROUP 11

(Receivers)

Terms of reference :

The selection and study of the more important characteristics of the various types of receivers.

Measurement of these characteristics of receivers and tabulation of typical values for the different
classes of emission and the different services. Investigations of improvement that might be made
in receivers to solve problems encountered in radiocommunication.

3.1

3.2

Chairman : Mr. P. Davip (France)
Vice-Chairman : Mr. Y. PLACE (France)

INTRODUCTION BY THE CHAIRMAN, STUDY GROUP II

To understand the work of Study Group II, it must be borne in mind that the term “ receiver ”
covers a variety of devices, ranging from the transistorized pocket receiver to highly complex
“triple diversity ” and multi-channel apparatus. It also involves many different types of
signal: aural telegraphy, or automatic-printing telegraphy; telephony, speech, music; still
pictures, charts, photographs; moving pictures, television, and so on. Lastly, such signals can
be transmitted by various types of modulation; amplitude-modulation, frequency- or phase-
modulation, or pulse-modulation. )

The necessity of dealing with so wide a range has led Study Group II (during six Plenary
Assemblies and two interim meetings), to build up progressively, a complex set of Recommenda-
tions, Reports, Questions and Study Programmes. There has never been time to bring
into order the assembled data or to produce an overall report. Hence, a reader, unfamiliar
with the work of the C.C.I.R., may have some difficulty in finding his way through a mass of
texts, whose basic conceptions and mutual interdependence are not always sufficiently clear.

- The object of this introduction, therefore, is to guide the reader in his use of these texts.

The first step was to decide what parameters would permit a definition of receiver performance.
Three were chosen as basic: sensitivity, selectivity, and stability.

It was then necessary to establish methods for the measurement of these parameters, so
that the results obtained should be compatible.

As they were received, the data provided by Administrations were arranged in Tables,
by categories, sometimes with indications of statistical values (maximum, mean, minimum).

We then gave thought as to how performance might be improved, and were able to give
advice as to the choice of components, lay-out, etc.

Lastly, certain particular cases were selected for special examination.

Sensitivity

This measures the ability of the receiver to receive weak signals and reproduce them with
adequate intensity and acceptable quality. But various cases may arise:

If the amplification is low, the sensitivity will be limited by the strength of the output signal
(and not by noise or distortion); it is called “ amplification-limited .

If there is over-amplification, as happens with the majority of modern high-quality receivers,
the output level can always be made adequate, but the weak signals will be mixed with distortion
or noise, so that reception will be disagreeable, or subject to errors. In this event, “ maximum
usable sensitivity, limited by noise or distortion ” must be defined.
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Lastly, since no general agreement has been reached as to acceptable limits for signal-
to-noise ratio, distortion, or error rate, it has become necessary to introduce intermediate
parameters, such as “reference sensitivity ” and “ noise factor ”, for use in measurement,
from which the actual performance can be deduced. : )

Recommendation 331 explains the problem in general terms.. The classification of
receivers is given in Annex I. The relation between the actual sensitivity and the noise
factor, and the relevant formulae, are given in Annex II. Some values of the noise factor
are shown in Annex III. The tables in Annex IV (radiotelegraphy, radiotelephony, broad-
casting), Annex V (automatic telegraphy, fixed services), Annex VI (FM broadcasting), and
Annex VII (television), contain numerous figures of sensitivity and noise factor.

Report 183 deals with sensitivity in the presence of quasi-impulsive interference, and
Question 228 (II) shows the points still to be considered.

All these texts were revised and brought up to date at the Xth Plenary Assembly, Geneva,

1963.

Selectivity

This measures the capacity of the receiver to select a wanted signal, while eliminating
unwanted signals.
It depends on three factors:

— the width of the passband;
— the “ slope at the limits of the response curve ” (measured by the “ single-signal ” method);

— and, when interference is powerful, the appearance of beats, intermodulation, and other
_disturbing effects due to non-linearity of the first stages. These defects can be revealed
only by the “ multiple-signal ” method.

In superheterodyne receivers, image-frequency and IF interference must also be studied.

A last point to note is, that the selectivity affects the phase/frequency characteristic, and
hence the group-delay and the shape of the transients. This may cause appreciable distortion,
both in telegraphy and television.

Recommendation 332 discusses these problems in general terms, and gives the appropriate
definitions. Thereafter, numerous tables set forth the information acquired: Annex I, for
telegraphy, telephony and broadcast receivers; Annex II for television; Annex III for fre-
quency-modulation. Annex IV contains some figures for group-delay in telegraph receivers.

Certain non-linear effects of a higher order are described in Report 185. Other special
points are discussed: -

— methods of measurement using multiple signal (Report 186);
— choice of intermediate-frequency (Report 183);
— protection against keyed interfering signals (Report 187);

— protection of frequency-modulation reception against AM or FM mobile stations (Report
194);

— suppression of amplitude-modulation (due to multipath propagation) in receivers (Report
190);

— methods of measuring phase/frequency or group-delay/frequency characteristics (Report
189).

The C.I.S.P.R. is asked to help in the study of quasi-impulsive interference (Recom-
mendation 334). .
Lastly, the points still outstanding are set forth in Question 229 (II).

Stability

This is the degree to which the receiver retains its performance with time, despite varia-
tions in temperature, power supply voltages, etc.

In superheterodyne receivers, the chief cause of instability is drift of the first local fre-
quency-change oscillator, causing a loss of sensitivity and selectivity, and distortion of the
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wanted signal. But this drift can be remedied by slight retuning, or by an automatic tuning
device.

Disturbance, more difficult to correct, may be caused by instability of switches, selective
filters, and so on.

Recommendation 333 studies this matter in a general way. In its Annex, typical figures
for stability are given, assembled in various countries, and for various types of receiver.
Other figures are given in Report 191.

Report 188 discusses “ tuning criteria ”, and Report 192 draws attention to the sta-
bility of electromechanical filters, semi-conductor capacitors, and ferromagnetic tuning
circuits.

Questions 230(IT) and 231(I0) list those studies which are still considered to be necessary
in connection with the measurement of instability and its acceptable limits. .

Miscellaneous

Recommendation 330 and Recommendation 237 refer to the methods devised by the
International Electrotechnical Commission for testing broadcasting and television receivers.

Similarly, for spurious re-radiation from these receivers (Recommendation 239), although
Report 193 gives some new results supplied direct to the C.C.I.R.

Lastly, at the request of several Administrations, a new and important subject has been
approached: the assessment of the minimum and mean (or median) performances of typical
receivers, for purposes of standard comparison. Study Programme 185 (II) was drawn up
by a special Working Party, which has worked, and will continue to work, by correspondence.
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QUESTION 175(11) *

USABLE SENSITIVITY OF RADIO RECEIVERS IN THE PRESENCE
OF QUASI-IMPULSIVE INTERFERENCE

The C.C.IR,, ] (London, 1953 — Warsaw, 1956 — Los Angeles, 1959)

CONSIDERING

that many types of interference—e. g. from atmospheric phenomena, ignition systems and
electrical equipment—cannot be considered as either random noise or as simple isolated
impulses, but may be regarded as “ quasi-impulsive ” and intermediate between those two
cases;

that, while the usable sensitivity of a receiver may be limited in some cases by the internal noise
of the receiver (cf. noise-limited maximum usable sensitivity —Recommendation 331), in
other cases, and in most services, it may be limited by external quasi-impulsive interference, and
that it is desirable to have a standard method of measurement for this sensitivity;

that methods are available for describing certain types of noise and for calculating their
effects upon the receiver for the case of telegraphic reception (see Report 183);

that it is possible to develop pulse generators representing the effects of some types of quasi-
impulsive interference, for example for facilitating theoretical as well as practical studies of
the response of receivers to such interference;

that representative' values, for the response of receivers to quasi-impulsive interference, are
necessary for system planning purposes, and that data on the values of quasi-impulsive inter-
ference, permissible in normal operation, are required;

UNANIMOUSLY DECIDES that the following qilestion should be studied:

is it possible for Administrations to determine practically, and in a satisfactory manner, the
characteristic values of the interference as they have been defined in Report 183, and to
calculate the susceptibility of telegraphic receivers subjected to such interference;

is it possible to extend these methods to other types of receivers, such as those used for tele-
phony and television;

is it satisfactory to substitute a pulse generator (e. g. generating pulses of identical shape at a
controllable average rate and-with a controllable amplitude distribution), at the input of the
receiver, for a source of interference, and does thlS simulate, with good approximation, the
effect of quasi-impulsive interference; :

what are the methods of measuring the most useful definitions of the response of receivers.
to quasi-impulsive interference, taking into account any non-linear effects that may occur in
practice;

what is the amount of quasi-impulsive interference permissible in normal operation for a
given signal level;

what are representative figures for the impulse-limited sensitivity of receivers?

‘Note 1. — The above question should again be brought to the attention of the U.R.S.I,, and the

C.I.S.P.R., by the Director, C.C.I.LR., with a view to encouraging those organizations to expe-
dite their work bearing on these studies, requesting these organizations to inform the C.C.LLR.
of the results of this study.

Note 2. — Tt is considered that the information obtained as an answer to §§ 1,2, 5, and 6, should

be communicated as soon as possible to the C.L.S.P.R.

* This Question replaces Question 125,
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QUESTION 176(1I) *

SPURIOUS EMISSIONS FROM RECEIVERS
EXCLUDING SOUND-BROADCAST AND TELEVISION

The C.CIR,, (London, 1953 — Warsaw, 1956 — Los Angeles, 1959)

CONSIDERING

(a) that many receivers, excluding special types such as high grade HF long distance communi-

cation receivers (see Report 193), produce spurious radiation which may harmfully interfere
with different services;

(b) that the L.E.C. lays down measurement methods only for emissions from sound-broadcast

and television receivers **;

(c) that the CI.S.P.R. is, as a matter of priority, firstly establishing limits for the emissions

from sound-broadcast and from television receivers which affect other similar receivers;

UNANIMOUSLY DECIDES that the following question should be studied:

to what extent is it necessary for the C.C.I.R. to establish methods of measurement and limits
for undesired emissions from types of receivers, other than sound-broadcast and television;

are the methods established by the I.E.C. for measuring émissions from'broadcast and tele-
vision receivers also suitable for measuring the emissions from other classes of receivers; if
not, what methods should be used;

what are typical values for fields in the different bands and, possibly, for different types of
services, that should not be exceeded by these undesired emissions;

what are the best techniques to reduce these fields?

QUESTION 177(II) ***

DISTORTION IN FREQUENCY-MODULATION RECEIVERS
DUE TO MULTIPATH PROPAGATION

The C.C.I.R., (Warsaw, 1956 — Los Angeles, 1959)

CONSIDERING

(a) that experience with VHF (metric) frequency-modulation broadcasting and other services has

shown that secondary, delayed signals may be received in addition to the primary signal;

(b) that both the phase and the amplitude of the composite signal will thereby be affected;
(c) that not all receivers have directional antennae discriminating effectively against reception

of the secondary, delayed signal;

(d) that efficient circuits (for example, limiters associated with ratio-detectors), in the receiver, will

reduce the effect of amplitude variations, without impairing the suppression of impulsive

N

* This Question replaces Question 126.
** T E.C. Publication 106.

**% This Question replaces Question 127.
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(e)

(f)

(a)
{b)

(c)

(d)

interference, but in some receivers these circuits may be missing, be inadequate or require
critical tuning;

that consequently the subjective effect of residual amplitude modulation of the composite
signal may be much more serious than that associated only with phase distortion, particularly
if the path difference between the primary and secondary signals is large, for example, 8 km
or greater;

that display method of measurements, as described in I.E.C. Publication No. 91 “ Recom-
mended Methods of Measurement on Receivers for Frequency-Modulation Broadcast Trans-
missions ”, are insufficiently sensitive for C.C.I.LR. purposes;

UNANIMOUSLY DECIDES that the following question should be studied:
are the methods described, and the input signal levels recommended in Report 190, suitable
for measuring amplitude-modulation suppression in FM VHF receivers;
what values are obtained using the above methods;

what is the minimum amplitude-modulation suppression ratio necessary to eliminate, as far
as is practicable, avoidable distortion of the received signal for typical values of path difference
and amplitude ratio between direct and indirect signals?

QUESTION 225 (II)

DIVERSITY RECEPTION
UNDER CONDITIONS OF MULTIPATH PROPAGATION

: (1962)

The C.C.I.R.,
CONSIDERING

that multipath propagation is one of the major factors causing distortion of received signals;

that, in many instances, methods of diversity reception substantially reduce the effect of
multipath propagation and increase the reliability of radiocommunications;

that numerous methods of diversity reception, such as space diversity, frequency diversity,
polarization diversity, diversity of wave arrival angle in the vertical plane, etc., and numerous
systems for putting these methods into practice have been devised;

that there exists no clear classification of the various diversity methods and systems, and no
assessment of their respective merits, with the result that the choice and wide-scale use of
the best systems is rendered difficult;

DECIDES that the following question should be studied:

what classification of diversity reception methods could be proposed, with a view to including
all those of practical interest for the various services, in the various bands, and for the various

classes of emission;

what would be the best ways of assessing the effectiveness of diversity reception, under the
conditions described in § 1;

how effective are the individual methods?
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QUESTION 228(11) *
SENSITIVITY AND NOISE FACTOR

(Stockholm, 1948 — Geneva, 1951 — London, 1953 — Warsaw, 1956 -
The C.CIR,, ) Los Angeles, 1959 — Geneva, 1963)

CONSIDERING

(a) that it is desirable to have available recent data on receivér sensitivity and noise factor;
(b) that there exist several different methods of measuring the sensitivity of receivers for F3

emissions for various services **, e. g.:

— to determine the input signal Wthh gives a specific output signal-to-noise power ratio, as
given in Table I of Recommendation 331;

— to determine the unmodulated input signal which causes a specified reduction in the output
noise power (quieting);

— to determine the input signal necessary for a specified ratio of (signal + noise + distortion)-
to-(noise + distortion); (e. g. the method proposed by the Electronic Industries Association,
US.A);

(c) that, for receivers for amplitude-modulation it is possible?

— to determine the input signal which gives a specific output signal-to-noise power ratio, as
given in Table I of Recommendation 331;

— to determine the input signal nccessary for a specified ratio of (signal + noise + distortion)-
to-(noise -+ distortion);

(d) that, for radiotelegraphy receivers for automatic reception, it is desirable to have data on the
maximum usable sensitivity limited by:

— signal distortion or mutilation,

— character errors in the reproduced text;

UNANIMOUSLY DECIDES that the following question should be studied:

1. what are representative values of sensitivity and noise factor, for the various types of apparatus
used for the reception of different classes of emission in the different services, and for receivers
other than those for automatic reception of radiotelegraphy ***;

2. for receivers for frequency-modulation, what methods of measurement should be used for
receivers for various services, and what frequency deviation and output criteria are appropriate;

3. for receivers for amplitude-modulation, what output criteria are appropriate;

4. for receivers for automatic reception of radiotelegraphy, what are the values of maximum
usable sensitivity limited by:

— signal distortion, mutilation or element error-rate **¥%*,
— character error-rate in the reproduced text? ****

* This Question replaces Question 172.
** For sound broadcast receivers see Recommendation 237,
*** See Recommendation 331 (Annexes IV and VI).
*#** Using, for example:
~ the Q9S code (C C.I.T.T. Recommendation R.51, Volume III)
~ the standard synchronized arrangement for Q9S- text (idem)
~ a noise-keyed generator.
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QUESTION 229(11) *

SELECTIVITY OF RECEIVERS

(Geneva, 1951 - London, 1953 — Warsaw, 1956 — Los Angeles, 1959 —
The C.CIR,, Geneva, 1963)

CONSIDERING
that selectivity measurements so far produced have been limited primarily to receivers suitable
for Al, A2 and A3 classes of emission, little information being available for other types of
receiver (F1, F2, F3, F4, pulse-modulation, television, etc.);
that such measurements as are available have been chiefly made by the single-signal method,
not enough information being available on measurements made by the multiple-signal method;

that, in determining the selectivity of the receiver, that is to say, its ability to separate the
wanted signal from unwanted signals, there are cases where the determination of the usual
selectivity curve (amplitude/frequency characteristic), is insufficient and that other character-
istics should be taken into consideration;

that multiple-signal methods, suitable for receivers for A1, A2, F1 and F3 signals, have not been
fully considered;

that there are numerous instances where this is true, particularly where the signal shape may
be of importance (e. g., telegraphy, facsimile, pulse modulation, television);

that certain factors, such as the non-linearity of various stages of the receivers, amplitude-
modulation suppression, the time constant of detectors, etc., play an important part in deter-
mining the multiple-signal selectivity of receivers;

that cross-modulation and intermodulation, of the type ZF”', — F,”", can be calculated one from
the other as far as the frequency-differences between F,’, F,”’ and F, are small compared with
the input (radio-frequency) bandwidth of the receiver, because both are effects of third-order
distortion of the radio-frequency stages. .

UNANIMOUSLY DECIDES that the following question should be studied:

what are representative figures for the single-signal selectivity of types of receivers, for classes
of emission other than Al, A2 and A3;

what are the representative figures for interference in frequency-multiplex-systems (especially
radiotelegraphy), with neighbouring channels due to transients in any channel;

what methods are suitable for measuring and expressing the multlple—51gnal selectivity of
receivers for Al, A2, F1 and F3 signals **;

what are representative figures for mult1ple signal selectivity of various types of receivers,
including those for class A1, A2, A3, F1 and F3 signals;

what are the design features in receivers aﬂ‘ectmg the multiple-signal selectIVIty and how
should their parameters be chosen to minimize interference from unwanted signals;

in what circumstances does cross-modulation adequately represent third-order non-linear
effects; when is it necessary to assess the effects of combined interference of the type (2F,” —
F Il) r’

Note. — Contributions to the study of this Question are contained in Docs. 31 (Japan) and 102, 105,

106, 108, 110 and 123 (U.S.S.R.) of Los Angeles, 1959.

* This Question replaces Question 178.
* Doc. 109 of Los Angeles, 1959 contains some opinions on this point.
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QUESTION 230(II) *
TUNING STABILITY OF RECEIVERS

The C.CIR,, (London, 1953 — Warsaw, 1956 — Los Angeles, 1959 — Geneva, 1963)

CONSIDERING

(a) that the values collected ** on tuning stability occasionally show that there are wide variations

for receivers of the same type;

(b) that, in certain receivers, automatic frequency-control (a.f.c.) is provided to reduce the effect

of instability of receiver oscillators and variation of the signal frequency due to propagation
effects as well as variations in the transmitting frequency;

(c) that, in certain receivers, €. g., those in which the frequency-change oscillators are crystal

controlled or those which incorporate automatic frequency control, the stability of the filters
may be a deciding factor in determining the overall stability;

(d) that there is insufficient information on the permissible values of unwanted phase modulation

5.

of conversion frequency voltages in receivers with frequency synthesizers;

UNANIMOUSLY DECIDES that the following question should be studied:

what are the maximum acceptable values of the tuning instability of receivers designed for
various purposes, taking into account typical frequency response curves for the receivers
used;

what are the data on tuning instability under various operating conditions, more particularly
as regards wide temperature variations and ordinary temperature, humidity and supply voltage
variations;

what measurements are necessary to determine the performance of a.f.c. systems, in respect
of accuracy of synchronization, capture range, speed of operation, etc. ***;

what are representative values for the stability achieved, for instance, with crystal filters,
magnetostriction filters, complex filters with electrically controlled characteristics, etc.;

what are the permissible values for the parameters of phase modulation of conversion fre-
quency voltages in receivers designed for different services, using frequency synthesizers ?

Note. — Administrations are requested to present the results in the form laid down in the Annex

t0 Recommendation 333.

* This Question replaces Question 173.
** See Recommendation 333

*** Some information is available in Doc. I1/5 (Federal Republic of Germany) of Geneva 1962,
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QUESTION 231(II) *
ASSESSMENT OF STABILITY OF A RECEIVER

The C.C.ILR,, (Los Angeles, 1959 — Geneva, 1963) *

CONSIDERING
(a) that criteria and methods for assessing the stability of receivers used for the various services
should be improved;
(b) that, because of the complexity of the effects which result from lack of sufficient stability,
there must be consideration of several aspects (fidelity, signal-to-noise ratio, selectivity, etc.);

(c) that the frequency variation of the local oscillator is the main cause of instability, but not the
only cause;

UNANIMOUSLY DECIDES that the following question should be studied:

1. what criteria and methods for assessing the stability are preferred for each class of receiver,
fixed or tunable, and for any type of service;

2. in particular, does a measurement of the degradation of two-signal selectivity constitute a
useful criterion for certain types of receiver ? **

STUDY PROGRAMME 127(II) ##*
PROTECTION AGAINST KEYED INTERFERING SIGNALS

The C.C.IR., (Geneva, 1951 - London, 1953 — Los Angeles, 1959)

CONSIDERING

(a) that the reduction of interference between adjacent channels is a very important problem, the
solution of which should be sought with great care and by all possible means;

(b) that, for keyed telegraph transmissions, a partial solution has already been reached by con-
sidering separately:

— the transmitter, by reducmg the extent and amplitude of the spectrum (Recommendation
328);
— the receiver, by increasing the selectivity in regular operation (reduction of bandwidth and
increase of slope on each side of the passband) (Recommendation 332).
These measures are quite effective when applied simultaneously and have already led to
important improvements, but do not fully solve the problem;

(c) that, in practice, telegraphic emissions involve, outside the band necessarily occupied, com-
ponents of levels in excess of that indicated in Recommendation 328; while, even with the
rounding of the keyed signals at present in use, the spectrum often still encroaches on the
necessary band of an adjacent channel, thus preventing full advantage being realized from
the high selectivity possible in receivers;

(d) that, on the other hand, the envelope of the components of the emitted spectrum and the
selectivity curve of the receiver, obtained in normal or non-keyed operation, are not the only
factors involved;

* This Question replaces Question 174.
** See § 5.1 of Annex III to Doc. 130 (Sweden) of Geneva, 1963.
*** This Study Programme replaces Study Programme 43. It does not refer to any Question under study.
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that, for instance, Recommendation 328 indicates the limit-contour within which the am-
plitudes of the different components should be restricted; but that the amplitude and phase
of each individual component can vary in accordance with the manner in which the restriction
is achieved; the resulting distortion of the shape may also vary;

that the selectivity curve of receivers is not perfectly rectangular, but there is some irregularity
in the passband response and a limited slope on the sides of the passband, so that each com-
ponent of the signal suffers some change in amplitude; furthermore, they suffer a phase
change, usually of an indeterminate amount, which increases with increasing slope of the sides
of the passband. In combining these components, the resultant output signal differs in shape
from the input signal; this may result in amplitude distortion effects. Further distortion may
be caused by non-linearity in other parts of the receiver;

that it is difficult to calculate the distortions mentioned in §§ (e¢) and (), or the total distortion
which results over the complete transmission system; in particular, if the total distortion is
fixed, that is, if the quality of the transmission is predetermined, it may be that the division of
distortion between receiver and transmitter could modify the interference produced in adjacent
channels; in this case, the division should be chosen so as to produce minimum interference.
The theoretical optimum division might, of course, have to be modified in the light of technical
difficulties or economic factors (relative costs of filter circuits at transmitter and receiver, etc.),
and of propagation effects;

UNANIMOUSLY DECIDES that the following studies should be carried out:

the interference produced when the wanted and unwanted signals have such degrees of round-
ing as are implied in Recommendation 328;

investigation of the receiver characteristics which will, for the wanted signal, add the least
possible distortion to that produced by the rounding of the dot at the transmitter, but at the
same time provide the greatest possible protection against adjacent keying signals; the inves-
tigation should include also the transient effects in the receiver, which are influenced not only
by the usual selectivity curve (amplitude/frequency characteristic), but also by the phase/
frequency characteristic and by non-linearity;

investigation of the total permissible rounding of dots from the transmitter input to the out-
put of the receiving apparatus on a system basis, to reduce interference to a minimum while
retaining a maximum of intelligibility, with special attention to the best compromise on the
fraction of the rounding to be assigned to the effects of the transmitter, of propagation and
of the receiver respectively (see Note);

the investigation should be made with the wanted and the unwanted signals of Al, A2, Fl
and F4 type in all possible combinations, and for various keying speeds and frequency shifts;

the extent of the interference when the lowest level of the wanted signal is such, that the dis-
tortion or mutilation resulting from noise is negligible; the level of the unwanted signal which
is recorded should be that which produces the degree of distortion or error rate used for sen-
sitivity measurements in Recommendation 331 (Annex II, § 5), and should be measured, using
as parameters, the frequency spacing and the strength of the wanted signal;

the extent of the interference when the wanted signal is A3 (telephony and sound broadcasting)
and A3B (single-sideband telephony).

Note. — Study Programme 43, § 3, contained a programme of investigation into the division of the

rounding of the signals between the transmitter and the receiver. Since this aspect of the ques-
tion concerns the whole circuit, it was decided at Geneva, 1958, to confide it to the new
mixed Working Group (I, II and TIII) established at that time.

In these conditions, Study Group II has ceased to discuss this point and is content to
record the contributions in the following documents: 236 (Netherlands) of London, 1953,
2 (Netherlands), 9 (Belgium), 319 (Japan) and 174 (France) of Warsaw, 1956 and I/31 (United
States of America) of Geneva, 1958.

It notes also, that there is a connection between this subject, Report 178 and Study
Programme 3A (III).
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STUDY PROGRAMME 185(II) *
TYPICAL RECEIVERS
The C.CIR., ’ (Geneva, 1963)

CONSIDERING

(a) that No. 636 of the Radio Regulations, Geneva, 1959, requires that the technical standards of

the International Frequency Registration Board shall be based, inter alia, upon the Recom-
mendations of the C.C.LR.;

(b) that No. 668 of the Radio Regulations, Geneva, 1959, requires that, as far as is compatible

with practical considerations, the choice of receiving equipment shall be based on the most
recent technical progress, as indicated, inter alia, in the C.C.I.LR. Recommendations;

(c) that Recommendation No. 6 of the Administrative Radio Conference, Geneva, 1959, invites

the C.C.I.R. to continue the study of the characteristics of various types of apparatus used for
the reception of different classes of emission in various services;

(d) that Part D, Section III, § 8 of the Interim Report of the Group of Experts, Geneva, 11-29 Sep-

tember, 1962 draws attention to the necessity for the C.C.I.R. to study minimum values of
the characteristics of receivers;

(e) that it is necessary for all Administrations, particularly those who need special assistance, to

have available a guide to help them in the choice of characteristics of various categories of
receivers;

UNANIMOUSLY DECIDES that the following studies should be carried out:

to determine, for all categories of receivers **, the values of characteristics corresponding to
a typical receiver. The values are of two kinds:

1.1 Typical values

The typical values should, in principle, be the median of those values measured on receivers,
based on the most recent technical progress (the median value is that which is exceeded by
50%; of the receivers). However, when the number of receivers measured is too small to
establish median values, Administrations should have the possibility of indicating the arith-
metic mean values. Furthermore, Administrations should also give some additional informa-
tion: the number of receivers tested the date of manufacture, the date of test and references
to the standards of test.

1.2 Minimum values

Minimum values are those which should be considered as the limiting values that give
an acceptable performance. Some minimum characteristics of certain categories of receivers
are the subject of national or iriternational specifications.

1.3 In some instances (for example, fixed service receivers), the typical values, which are usually

better than the minimum values, may be very close to or even identical with the minimum
values.

* This Study Programme does not refer to any Question under study.
** Administrations should give their attention first to receivers for fixed and mobile services, broadcasting and television;

subsequently, studies should be carried out on receivers for special services, e.g. for radio-location and radionavigation.
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ANNEX

1. The Annex to this Study Programme is given in the form of Tables, an example of which is
Table 5.1.
For economy in space, the complete list of characteristics and the heads of the vertical
columns of the tables are given separately in 3 and 4 of the Annex.

2. The various categories of receiver are given at the heads of the vertical columns of the tables.
Numbers, representing the corresponding numbers of the lines representing the different
characteristics of the various categories of receiver, have been inserted in the horizontal spaces
of the Tables. Certain characteristics, which are of but minor importance for certain cate-
gories of receiver, are not indicated in the corresponding Tables.
Each list of characteristics is accompanied by explanatory notes.

3. Fixed and mobile services
3.1 List of characteristics .

3.2 Notes for the lines of the characteristics table

Line Al: See § 1 and § 4.1 of Recommendation 332.

Line A6: See § 4.3 of Recommendation 332.

Line A7: See § 4.4 of Recommendation 332.

Line A8: See § 4.5 of Recommendation 332. '
Lines A9 to A12: These points are to be considered only for receivers for the reception

of automatic telegraphy which have a passband comparable with
the necessary bandwidth (see Recommendation 328).

Line B1: Channel spacing in services with regular channel spacing.

Lines B2 to B5: See § 6.2 of Recommendation 332.

Lines B6 to BS8: See § 6.3 of Recommendation 332.

Lines C2 to C16: See § 6.4 of Recommendation 332, except § 6.4.5.

Lines C2, C3 and C4:  The frequency F,’ should be chosen to keep the difference F,’ — Fyz/2
small.

Lines C5, C6 and C7:  The frequency F,”’ should be chosen to keep the difference F,”’ —F,
small.

Lines C8, C9 and C10:  The frequency F,” should be chosen to keep the difference F,' — F,/2
small.

Lines C11, C12 and C13: The frequency F,” should be chosen to keep the difference F,” — F,
small. .

Lines C14, C15 and C16: The frequency F,” should be chosen in order to keep the difference
F,) — F; small.

Line DI1: See § 2 of Recommendation 331.

Line D3: See § 4 of Recommendation 331 or wV/m for receivers with bullt-m

antenna (e. g. portable receivers).
Lines D7, D8 and D9:  See § 9.1 and § 5.4 of Annex II of Recommendation 331. It will
' be necessary to standardize the appropriate text for this test.

Line E1: Other types of instability may be considered, particularly for the

mobile service (see Report 192 and Annex I1I to Doc. 130 (Sweden)
v of Geneva, 1963).

Line F5S: The diversity characteristic is the difference, in db, required at the
input to the receivers in diversity connection, to obtain a reduction
at the output, of the weaker signal 30 db below that of the stronger.

3.3 Types of receivers

See Tables 3.3.1 to 3.3.20.
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Characteristics

Al. Passband (kc¢/s)
A2. Bandwidth at 26 db (kc/s)
A3. Bandwidth at 46 db (kc/s)
A4, Bandwidth at 66 db (kc/s)
. . A5, Bandwidth at 86 db (kc/s)
Single-signal | A6.  Image attenuation (db)
selectivity A7 IF attenuation (db)
AS. Other spurious responses (db)
A9. Group delay time at centre frequency (ms)
A10. Maximum deviation of group-delay time (ms) 3
All.  Within the bandwidth specified 6
Al2." by attenuation (db) of 12
BI. F;—F, (kc/s)
B2. (Blocking) Desensitization of 3 db 0
Two-signal gi l Level of unwanted signal (db) for level of wanted signal 4218
selectivity BS. J (db) of 60
s B6. Cross modulation of 20 db 20
Selectivity B7. Level of unwanted signal (db) { 40
BS. for level of wanted signal (db) of 60
i Cl. Wanted frequency F; (Mc/s)
C2. 20
C3. F/'+F/'' = Fy { 40
C4. 60
/ Cs. 20
Cé6. F/'—F' = Fy { 40
C7. . 60
Three-signal | CS8. Intermodulation: level of unwanted 20
selectivity Co. signal (db) for level of wanted | F,/’+F,' = F; { 40
C10. | signal (db) of 60
C11. 20
Ci2. F/'—F/'" =Fy { 40
Ci13. 60
Ci4. 20
C15. 2F,—F,) = Fy { 40
Cl6. { 60
Common DI1. Noise factor )
. D2. Post detection bandwidth (kc/s for 3 db)
| D3. Sensitivity (db rel. to 1 pV)
D4. Signal-to-noise ratio (db)
Telephony | 15" NModulation (%)
Sensitivity De. Maximum frequency deviation (kc/s)
D7. Distortion or mutilation (D or M)
I[))g Sensitivity for an element error-rate of { }?igggo
Telegraphy DI10. Frequency shift (c/s)
D11. Keying speed (Bauds)
D12. Automatic gain control (a.g.c.)
Stability El. Tuning stability
FI1. Input (balanced or unbalanced)
. F2. Nominal impedance (€2)
Miscellaneous F3. Balance ratio (db)
F4. Spurious radiation
F5. Diversity characteristics




3.3.1 Fixed service — Telephone receivers — Band 14 - 200 kc/s

Typ.| Min.| Typ.| Min. Typ.lMin.

Telephony
For public network ! Not for public network
Characteristics !
A3 A3A A3H A3) A3 A3A A3H A3J
Typ.‘ Min. Typ.’ Min. Typ.’ Min.‘ Typ.| Min. | Typ.| Min,|

Al-AS8,Bl - B§, Cl -
Cl6, D1 - D6, D12,
El, F1 - F4

3.3.2 Fixed service — Telegraph, facsimile and general purpose receivers — Band 14 — 200 kc/s

Fac-simile

General purpose

Telegraphy
Half-tone “ Black and white
Characteristics |
Al A2 Al A2
Auto. Auto. F1 F6 Ad F4 A4 F4 Aural Aural A3
Typ.|Min. Typ.‘Min. Typ.'Min, Typ.‘Min. Typ.\Min, Typ.|Min. Typ.\Min. Typ.lMin. Typ.‘Min. Typ.<Min. Typ.'Min.

Al-A12, B1-BS, Cl-
C16, D1-D12, El, F1-
F4

|
i

3.3.3 Fixed service — Telephone receivers — Bands 1605 — 30 000 kc[s

Telephony
For public network Not for public network
Characteristics |
A3 A3A A3H A3) A3B A3 A3A A3H A3l A3B
Typ.| Min. Typ.?Min. Typ.‘Min. Typ.‘Min. Typ.lMin. Typ.\Min. Typ.‘Min. Typ.IMin. Typ.IMin.l Typ.|Min.

Al - A8,BI - B8, CI -
Clé, D1 - D6, DI2,
El, F1 - F5

— 1T —
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3.3.4 Fixed service — Telegraphy, facsimile and genéral purpose receivers — Bands 1605 — 30 000 kels

Fac-simile
Telegraphy 2 General purpose
Half-tone Black and white
Characteristics
Al A2 : Al A2
Auto. Auto. F1 Fé6 ATA A7B A4 F4 A4 F4 Aural Aural A3
Typ.|Min.| Typ.| Min. Typ.‘Min. Typ.{Min. Typ.IMin. Typ.'Min. Typ.\Min. Typ.!Min. Typ.‘Min, Typ.|Min4 Typ.tMin. Typ.‘iMin. Typ.| Min.

Al-Al12, B1-B8, Cl-
C16, D1-D12, El, F1-
F5

3.3.5 Fixed service — Telephone receivers — Frequencies above 30 Mc[s

Telephony
For public network Not for public network
Characteristics
A3 A3A A3H A3J A3B F3 A3 A3A -A3H A3J A3B F3
Typ.| Min.| Typ.| Min. Typ.\Mm Typ.‘Min, Typ.| Min| Typ.| Min. Typ.‘Min. Typ.‘Min. Typ.| Min.| Typ.| Min.| Typ.| Min.| Typ.| Min.
Al - A8, Bl - B8, Cl
-Cl16, D1 - D6, D12,
El, F1 - F5
3.3.6 Fixed service — Telegraphy, facsimile and general purpose receivers — Frequencies above 30 Mc/s
R Fac-simile
Telegraphy General purpose
Half-tone Black and white
Characteristics
Al A2 Al A2
o e, F1 F6 ATA ATB A4 F4 Ad F4 Anral A A3 F3
Typ.| Min. Typ“Min. Typ. Min.| Typ.| Min.| Typ.| Min.| Typ. Min.| Typ.| Min. Typ.| Min. Typ.‘Min. Typ. | Min, Typ.| Min. Typ.| Min. Typ.| Min. Typ.| Min,

Al-A12, B1-B8, Cl-
Cl16, D1-D12, E1, F1-
F5-

S81 °d'S
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3.3.7 Maritime mobile service — Mobile station receivers — Band 10 — 525 kc/s

Facsimile

General purpose

Characteristics

A4

F4

Al A2

Aural Aural

Typ. Min. Typ.

Min.

Typ.

Min. Typ. Min.

Al - A4, A6 - A8, Bl
- B8, C14 - C16, D1 -
D6, D12, El, F1 — F4

3.3.8 Maritime mobile service — Coast stations receivers — Band 10 — 525 kc/s

Characteristics

Facsimile

General purpose

A4

F4

Al A2
Aural Aural

Typ.

Min. Typ.

Min.

Typ.

Min. Typ. Min.

Al-A4, A6-A8, BIl-
B8, C14-Cl16, D1-D6,

D12, E1, F1-F4

3.3.9 Maritime mobile service — Mobile station receivers — Bands 1605 — 30 000 kc/s

Characteristics

g}:giy Telephony Facsimile General purpose
Al A2
Fi A3 SSB A4 F4 Aural Aural A3
Typ.'Min. Typ.‘Min. Typ.!Min. Typ.lMin. Typ.|Min. Typ.|Min. Typ.|Min.| Typ.| Min,|

Al-A4, A6-A8, BI-
B8, C14-Cl16, D1-Dé,
D12, E1, F1-F4

s8I °d’S



3.3.10 Maritime mobile service — Coast station receivers — Bands 1605 — 30 000 kc/s

Characteristics

Tele-

Telephony
graphy e
Facsimile General purpose
For public Not for public
network network
F1 A3 SSB A3 SSB A4 F4 Al A2 A3
. | Aural Aural
Typ.|Min. Typ.}Min. Typ.‘\Min. Typ.‘Min. Typ.‘Min.!Typ.'Min. Typ.\Min. Typ.\Min. Typ.|Min. Typ.‘Min. »

D12, El, F1-F4

Al-A4, A6-A8, BI-
B8, C14-Cl6, D1-D6,

|
|

3.3.11 Maritime mobile service — Mobile station receivers — Frequencies above 30 Mc/s

Characteristics

Telephony (F3)

Exlcuding bands
156-157-4 and
160-65-162 Mc/s

Bands 156-157-4
and
160-65-162 Mc/s

Typ. Min.

Typ.

Min.

D12, El, F1I-F4

Al-A4, AG-A8, BI-
B8, C14-C16, D1-D6,

S81 'd’'S



3.3.12 Maritime mobile service — Coast station receivers — Frequencies over 30 Mc/s

Characteristics

Telephony (F3)

Outside the bands 156-157-4 and
160.65-162 Mc/s

Bands 156~-157-4

and
. 160.65-162 Mc/s

For public Not for public
network network
Typ. Min. Typ. Min. Typ. Min,

Al — A4, A6 - A8, BI
- B8, C14 - C16, D1 -
D6, D12, El1, F1 - F4

3.3.13 Aeronautical mobile service — Mobile station receivers — Band 200 — 415 kcs

Characteristics

Telephony General purpose
Al A2
A3 Aural Aural A3
Typ. Min. Typ. Min. Typ. Min. Typ. Min.

Al - A4, A6 — A8, Bl
D6, D12, E1, F1 - F4

- B8, C14 - C16, D1 - |

3.3.14 Aeronautical mobile service — Aeronautical station receivers — Band 200 — 415 kcls

Characteristics

Telephony General purpose
Al A2
A3 Aural Aural A3
Typ. Min. Typ. Min. Typ. Min. Typ. Min.

Al - A4, A6 - A8, Bl
- B8, C14 - C16, D1 —
D6, D12, El, F1 - F4

— §TT —
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3.3.15 Aeronautical mobile service — Mobile station receivers — Bands 1605 — 30 000 kc/s

Characteristics

Tele-
graphy

Telephony

Facsimile General purpose

F1 A3 A3A

A3H A4

Al

A2
F4 Aural Aural A3

Typ.| Min.| Typ.| Min. Typ.lMin.

Typ.l Min.| Typ.| Min.

Typ.|Min.{ Typ.| Min.| Typ.| Min.| Typ.| Min/|

Al-A4, A6-A8, BIl-
B8, C14-C16, D1-D6,
D12, E1, F1-F4

3.3.16 Aeronautical mobile service — Aeronautical station receivers — Bands 1605 — 30 000 kc/s

Characteristics

;:gi]'y Telephony Facsimile General purpose
Al A2
F1 A3 A3A A3H A4 F4 Aural Aural A3

Typ.] Min. Typ.| Min. Typ.l Min.

Typ.l Min. Typ.‘ Min.

Typ.‘Min. Typ.IMin. Typ.|Min.| Typ.| Min |

Al-A4, A6-A8, BIl-
B8, Cl4-Cl16, D1-D6,
D12, El, FI-F4

3.3.17 Aeronautical mobile service — Frequencies above 30 Mc/s

Characteristics

Telephony (A3)
Mobile stations ’ Aeronautical stations
Except band Band Except band Band
100-156 Mc/s 100-156 Mc/s 100-156 Mc/s 100-156 Mc/s
Typ. | Min. Typ. I Min, Typ. Min. Typ. Min.

Al-A4, A6-A8, Bl-
BS, Cl4-Cl16, D1-D6,
D12, El, F1-F4

S81 °d’'S
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3.3.18 Land mobile service ~ Mobile station receivers — Bands 1605 — 30 000 Mc/s

g’flefh-y Telephony General purpose
Characteristics Al A2 |
F1 .A3 ’A3A A3H F3 Aural Aural A3
Typ.,Min. Typ.IMin. Typ.]Min. Typ.IMin. Typ.lMin. Typ.| Min.| Typ.| Min.| Typ.| Min,
Al-A4, A6-A8, Bl-
B8, C14-C16, D1-D6,
D12, El, F1-F4
3.3.19 Land mobile service — Base station receivers — Bands 1605 — 30 000 kc/s
Tele- Telephon, General purpose
graphy P y purp
Characteristics 3 Al A2 A3
F1 A3 A3A A3H Aural Aural
Typ.lMin. Typ.‘Min. Typ.IMin. Typ.“Min. Typ.‘Min. Typ.|Min. Typ.IMin. Typ.lMin.
’ -
Al-A4, A6-AS, BI- )
B8, C14-C16, D1-D6,
D12, El1, F1-F4
3.3.20 Land mobile service — Frequencies over 30 Mc/s
Mobile stations Base stations
Telephony General purpose Telephony General purpose
Characteristics Portable Vehicle
Al A2 Al A2
Aural Aural A3 F3 A3 F3 Aural Aural A3 F3
A3 F3 A3 F3
Typ.lMin. Typ.|Min. Typ.]Min. Typ.\Min. Typ. Min.iTyp.‘Min. Typ.|Min. Typ.'Min. Typ.|Min.| Typ.| Min, Typ.‘Min. Typ.’Min. Typ.‘Min. Typ.| Min,|

Al-A4, A6-A8, BIl-
B8, C14-C16, D1-D6,
D12, El, F1-F4

N
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4. Monochrome television

4.1 Picture Channel

4.1.1 List of characteristics

— 228 —

Al. System
B1. Adjacent-channel sound (picture) carrier
B2. F 1-5 Mc/s
B3. F 1-25 Mc/s
B4. F 1 Mc/s
BS. -+ 1 Mc/s
B6. + 2 Mc/s
B7. =+ 3 Mc/s
Attenuation BS. =+ 3-5 Mc/s
(db) for B9. + 4 Mc/s .
B10. 4 45 Mc/s
Selectivity Bil. 45 Mc/s
B12. -+ 55 Mc/s
B13. + 6:5 Mc/s
B14. + 7 Mc/s
B15. + 11-15 Mc/s
B16.  Adjacent-channel picture (sound) carrier
B17.  Group-delay (total spread) (ns)
B18.  Image frequency attenuation (db)
B19.  IF attenuation (db)
B20.  Attenuation of other spurious responses (db)
Cl. Noise factor (db)
C2. Gain-limited sensitivity (db)
Sensitivit C3. Noise-limited sensitivity (db)
y C4. Synchronizing sensitivity (db)
Cs. a.g.c. characteristic (db)
Cé6. Maximum usable input signal level (db)
Di1. 1
D2. Frequency drift (10—%) during the heating-up periods 10
D3. (min) . 30
D4. 60
Stability Ds. ) 120
D6. | g . N + 109
D7 requency-shift due to variations in the supply voltage {_ 10%
DSs. Frequency-shift due to change of ambient temperature.../...°C
DS. Frequency-shift due to variations of the input
El. Modulation-frequency response (db)
Distortion Eg Unit step response { gs:;tsﬁzt(lz%)
E4. Low-frequency square-wave response (%)
F1. Input circuit (B or U)
F2. Nominal input impedance (2)
. F3. Balance ratio (db)
Miscellaneous F4. :
F5.
F6.
F7.
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4.1.2 Notes to Tables of characteristics of monochrome television receivers (picture channel)

General

The procedure to be followed is that recommended by I.E.C. in Publication 107

and its revision.
Line Al:

Lines B1 to B16:

Line B17:

Lines C2, C3, C4 and C6:
Line C5:

Line D9:

Line E1:

Line E2:

Line E4:

Line F1:

4.2 Sound channel

4.2.1

List of characteristics

This line gives the number of lines in the system under
consideration and when applicable, in brackets, the video
frequency bandwidth.

The reference frequency is that corresponding to the picture
carrier. Measurements should be made for both positive
and negative deviations from the picture carrier.

Difference between the maximum and minimum group-
delay variations with frequency for the HF and IF stages
of the receiver.

Input level in dbm.

Variation in input level (db) for an input level change from
—20 dbm to —50 dbm.
For an input variation from —70 dbm to —30 dbm.

The figure represents the maximum difference in db of the
response to modulation frequencies comprised between
100 kc/s and the upper nominal video frequency limit.

Time taken to pass from 109 t6 90%; of the final amplitude
of the signal. :

Ratio (%), of the step level variation of the response to the
front amplitude of that response.

B = balanced, U = unbalanced.

Al. 3 db passband (kc/s)

A2. —400
A3. —300
" A4, —200
Selectivity 122 Two-signal selectivity for a frequency deviation of (kc/s) —%88
AT. : 200
AS8. 300
A9, 400
A10.  Attenuation of other spurious responses (db)
- BI1. Signal-to-noise ratio
Sensitivity | B"  Noise-limited sensitivity

4.2.2 Notes to Tables of characteristics of monochrome television receivers (sound channel)

Line Al: For AM sound-channel reception.

Lines A2 to A9: For FM sound-channel reception. Unwanted-to-wanted signal
ratio (db), enabling a wanted-to-unwanted signal ratio of 30 db to
be obtained at the output for the frequency separations given. The
wanted signal level at the input is —40 db (mW).

Line B2: db in relation to 1 mW at the input.



4.3.1 Receivers for monochrome television

Characteristics

Bands I and III

Bands IV and V

625 625 819 819 625 625 819
405 525 | (s Mefs) | (6 Me/s) \ (6 Mcfs) | (10 Mcjs) | 405 525 | (5 Mels) | (6 Mcjs) | (6 Mcf9)
Typ.IMin. Typ.iMin. Typ.IMin. Typ.lMin. Typ.iMin. Typ.[Min. Typ.lMin. Typ.[Min. Typ,IMin. Typ.| Min|

Typ.[ Min.

Al - A10, BI, B2

|

|

‘T'€'y SIqeL 938
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5. Broadcast receivers

5.1 Table of characteristics (for domestic, portable, pocket and vehicular receivers)

A3
ke/s kefs ke/s ke/s F3
150 525 2300 5950
Al. Receiver category 285 1605 5060 26100
Typ. | Min. | Typ. | Min. | Typ. | Min. | Typ. | Min. | Typ. | Min.
BI. passband at 6 db points
g§| B2 atL1d
3 B3. at+4-2d
ol B4. at 4 4d
2/ &la|B5. at+8d
& |@ || B6. image frequency
2 a | B7. intermediate frequency (db)
3 S| B8.  at other spurious frequen-
s cies (db)
_|§ S
1S|<|BY. att1d
2 |B10. att2d
& BIl. at-+3d
S B12. at4-4d
Cl. Noise factor (db)
> C2. Noise-limited sensitivity for
= a signal-to-noise ratio =
B~ 30 db at the output
g C3. Gain-limited sensitivity for
n C4. automatic gain-control !
characteristic (a.g.c.) |
Di1. Frequency drift 1
D2. (x107%) during the 10
D3. heating-up period 30
D4, (min) 60
2 Ds5. 120
= D6. | Frequency shift | +10%
}3 D7. f dueto variations J —109%;
»n in the supply
voltage
8. Frequency shift due to
change of ambient tempe-
rature .../... °C .
g El. Input circuit (B or U)
3 E2. Nominal input impedance
=t (for FM) (Q)
= E3. Maximum usable output
o power (W) ¢
E E4. Remarks (for example,
fidelity)




S.P. 185

— 232 —

Notes referring to the lines in Table 5.1

General

The measurement procedure to be followed in all cases is that recommended by the
L.E.C. in Publication 69 with the corresponding revisions. :

Lines B2 to BS:
Lines B9 to B12:

Lines C2 and C3:

Line C4: . .

Lines D1 to D8:
Line El:
Line E2:

d = 9 kc/s (for A3), except where other channel spacings are used.

d =9 kc/s for A3, except where other channel spacings are used and
100 kc/s for F3. . Input level of the wanted signal: 30 db above the sen-
sitivity level for F3 and at the sensitivity level for A3. Output level of
the wanted signal: 30 db below reference power in both cases.

For A3:dbrel. 1 wV or dbrel. 1 pV/m for receivers with a built-in antenna.

For F3: db rel. to 1 mW.
Signal-to-noise ratio 30 db at the output.
For an output power of 50 or 500 mW.

The figure of merit of the a.g.c. is given by the change in output power
(db), for an input level change of 40 to 100 db (wV), for A3 reception and
of —80 db to —20 db (mW) for F3 receivers, from... to... db (wV/m)
for receivers with ferrite antennae.

May ‘only be significant for receivers with indirectly heated tubes.
B = balanced, U = unbalanced.
For FM only.
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6. Spurious emissions from broadcast and television receivers
1 Type or system of receiver
2 - 150 kcfs
3 & 500 kcfs
4 _c_‘:q 1600 kc/s
5 x g 4 Mc/s
6 1<) 2 :t):‘ 10 Mc¢/s
7 2 8 30 Mc/s
2 19)
— ° g
8 k= 3 150 kcfs
9 Injected g ©ly 500 ke/s
10 voltage = e 1600 kc/s
11 V) ks 4 Mc/s
12 3 10 Mc/s
13 30 Mc/s
| Frequencies
14 | below 30 Mc/s 150 kc/s
15 500 kc/s
16 Into 1600 kc/s
17 the antenna 4 Mc/s
18 10 Mc/s
19 30 Mc/s
— |
g(l) electric db ;5)3 Eg;:
2 (V/m) 1600 kefs
Field-strength
2 (television only) b 150 kes
24 magnetic 500 kcfs
25 (uV/m) 1600 ks
26 50 Mc/s
27 100 Mc/s
28 150 Mc/s
29 200 Mc/s
. 25
;‘1) Frequencies Field-strength 3 08 xg;z
32 above 30 MC/S (db “‘V/m) 400 MC/S
33 500 Mc/s
34 600 Mc/s
35 800 Mc/s
36 1000 Mc/s

General Note

In accordance with I.LE.C. Publication 106 and its revisions (see Recommendation 239).

Lines 2 to 36:
Lines 23 to 25:

Approximate radiated frequency.

In accordance with convention adopted by the L.E.C. (Publication 106).
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LIST OF DOCUMENTS OF THE Xth PLENARY ASSEMBLY CONCERNING STUDY GROUP 1I

18

91

105

129

130
141

146

153

197

216

241

264
268

275
292
321
361
464
488
489

490
491
516
517
535

Origin

Chairman, Study
Group II
Belgium

United States
of America

India

C.C.L.R. Secretariat
C.C.LR. Secretariat
Belgium
Netherlands

C.C.I.R. Secretariat

" USS.R.

United Kingdom

P.R. of Poland
U.S.S.R.
Italy

Italy
Study Group II

Title

Report by Chairman of Study Group II
(Mr. P. David)

Interference caused to FM reception by AM
and FM VHF mobile stations

Report on figures of merit for radio receiving
systems in the presence of noise or unwan-
ted-signal interference and the concepts of
operating noise-factor and operating noise-
temperature — Report ’

Design and performance of VHF receiving
equipment for reception of extremely weak
signals of solar and galactic origin in the
metre wavelength region

Bibliographic references in the volumes of
the C.C.L.R.

Replies to Circular AC/65

Interference to FM reception by emissions
from VHF (metric) mobile AM- and FM-
stations :

Performance of telegraph systems and re-
ceivers -

Refinement of LF.R.B. technical standards

Noise and sensitivity of receivers

Proposed amendments and corrections to
Annexes of Doc. 2 (Report by Chairman of
Study Group II)

Typical monochrome television receivers

Clarification of Recommendation 234

The national situation on the measurement
of spurious emissions from broadcast and
television receivers

Remarks on Doc. 2

Summary record of the first meeting
Typical receivers

Summary record of the second meeting
Typical receivers

Modifications to Annex 2/19

Response of broadcast and television recei-
vers to impulsive and quasi-impulsive inter-
ference

Modifications to Annex 2/2
Modifications to Annex 2/1
Assessment of stability of a receiver
Modifications to Annex 2/21
Modifications to Docs. 18 and 141

Reference

Other
Study
Groups

concerned

Q. 172

Circ. AC/65

Q. 178
Q. 163 (XIID)

Rec. 234
Rep. 105 (I11)

Q. 172
(Doc. 11/38)

Doc. 2

Circ. AC/65
(Doc. II/59-Rev.)

Rec. 234
Rec. 239

Doc. 2

Draft S. P.

Draft S. P.

Draft Rec.

Draft Q.

Q. 178

XIII

v

v

I-XI1V

X1

I

1, 100, V,
VI, X,
XI1, X1

XI



Doc.

547
583
602

2051
2052

2053
2054
2055
2056

2057
2058
2059
2060
2061
2062
2063
2064

2191

2195
2230
2231

2232 .

2295
2296
2297
2298

Sub-Group II-A

. Origin

Study Group II
Study Group II

Drafting Committee
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Title

Modifications to the Annex of Doc. 321
Summary record of the third meeting

Summary record of the fourth and last
meeting .

Tuning stability of receivers

Sensitivity, selectivity and stability of tele-
vision receivers

Sensitivity and noise factor
Selectivity of receivers
Tuning stability of receivers

Usable sensitivity of radio receivers in the
presence of quasi-impulsive interference

Choice of intermediate frequency and pro-
tection against unwanted responses of super-
heterodyne receivers

Selectivity of receivers

Mqltiple—signal methods of measuring selec-
tivity

Protection against keyed interfering signals
Criteria for receiver tuning

Methods of measuring phase/frequency or
group-delay/frequency characteristics of
receivers

Suppression of amplitude modulation (due
to multipath propagation) in FM receivers

Tuning stability of receivers

Response of broadcast and television recei-
vers to impulsive and quasi-impulsive inter-
ference

Typical receivers

Tolerable receiver tuning instability
Selectivity of receivers

Noise and sensitivity of receivers
Typical receivers

Assessment of stability of a receiver
Spurious emissions from receivers

Interference caused to FM reception by AM
and FM VHF mobile stations

Reference

Doc.

321

Rec. 333

Rec.

330

Q. 228
Q. 229
Q. 230

Rep.

Rep.

Rep.

Rep.

Rep.
Rep.
Rep.

Rep.

Rep.

Rec.

S. P.
Rep.
Rec.
Rec.
S. P.

183

184

185
186

187
188
189

190

192
334

185
191
332
331
185

Q. 231

Rep.
Rep.

193
194

Other
Study
Groups
concerned
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RECOMMENDATIONS OF SECTION K: VOCABULARY

RECOMMENDATION 430 *

UNIT SYSTEMS
(Resolution 6)
The C.C.ILLR.,, (London, 1953 — Geneva, 1963)

CONSIDERING

(a) that the use of the rationalized MKS system (also known as the rationalized Giorgi system),
has been recommended by the International Electrotechnical Commission (Technical Com-
mittee No. 24 meeting, held in Paris on 17th and 18th July, 1950) and that it is now very
widely used by radio engineers and by the authors of radio publications;

(b) that the C.C.I.T.T. recommended the use of this system, at its IInd Plenary Assembly, New
Delhi, 1960, in its Recommendation B.3 (an amended version of the former C.C.LLF. Recom-
mendation 6);

{c) that the Administrative Radio Conference, Geneva, 1959, itself, in Recommendation No. 9,

supported the gradual adoption of the system, in particular on the grounds of its use by the

C.CIR.;

UNANIMOUSLY RECOMMENDS

that Administrations and private operating agencies should make every effort, in their relations
with the I.T.U. and its permanent organs, and most particularly with the C.C.I.R., to bring
about a generalized and exclusive adoption of the unit system (comprising those units which,
in the system referred to by the International Weights and Measures Commission as the
international unit system, concern geometry, mechanics, electricity and magnetism), known as
the MKSA or the GIORGI system and incorporating the use of the rationalized form of
the electrotechnical relations.

RECOMMENDATION 431 **

NOMENCLATURE OF THE FREQUENCY AND WAVELENGTH BANDS
USED IN RADIOCOMMUNICATIONS

(Question 73)

The C.C.LR., (London, 1953 — Warsaw, 1956 — Los Angeles, 1959 — Geneva, 1963)

CONSIDERING

(a) that the merits of Heinrich Hertz (1857-1897), as a research worker on the basic phenomena
of radio waves, are universally recognized, as was confirmed at the centenary of his birth, and
that as early as 1937 the L.LE.C. adopted the Hertz (symbol: Hz) as a name for the unit of
frequency (see, inter alia, the International Electrotechnical Vocabulary, publication 50/05,
1954 edition: 05-35-055, page 44, and 05-35-110, page 47);

* This Recommendation replaces Recommendation 143.
** This Recommendation replaces Recommendation 324.
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(b)
(c)

(d)

that the C.C.I.T.T. also uses the Hertz (cf. Red Book, French version);

that in this Recommendation the table should be as synoptic as possible and that the expres-
sion of frequencies should be as concise as possible;

that the Administrative Radio Conference, Geneva, 1959, adopted the nomenclature con-
tained in the table given in Recommendation 324 (Los Angeles, 1959), which is reproduced as
an Annex to this Recommendation, with the three notes contained in No. 112 of the Radio
Regulations, Geneva, 1959 (Note 3 shows the correlation between the designation of the
frequency bands by numbers in the new nomenclature and the adjectival designations, VLF,
LF, etc., in the previous nomenclature).

UNANIMOUSLY RECOMMENDS

that the Hertz (Hz) be accepted for use, alternatively with cycles per second (c/s), as a name
for the unit of frequency;

that Administrations should always use the nomenclature of the frequency and wavelength
bands given in No. 112 of the Radio Regulations, Geneva, 1959, except in those cases where:
this would inevitably cause very serious difficulties.

ANNEX -
Band Frequency/range (lower limit Corresponding metric
number exclusive, upper limit inclusive) subdivision
4 3to 30ke/s (kHz) Myriametric waves
5 30to 300 kc/s (kHz) Kilometric waves
6 300 to 3 000 k¢/s (kHz) Hectometric waves
7 3to 30 Mc/s (MHz) Decametric waves
8 30 to 300 Mc/s (MHz) Metric waves
9 300 to 3 000 Mc/s (MHz) Decimetric waves
10 3to 30 Ge/s (GHz) Centimetric waves
11 "30to 300 Ge/s (GHz) Millimetric waves
12 300 to 3 000 Ge/s (GHz) or Decimillimetric waves
3 Tc/s (THz)

Note 1. — “ Band number N ” extends from 0-3 X 10N to 3 X 10N ¢/s (Hz).

Note 2. — Abbreviations:

c/s = cycles per second, Hz = Hertz
k = kilo (10%), M = mega (10%), G = giga (10%), T = tera (10?)

Note 3. — Abbreviations for adjectival band designations:

Band 4 = VLF Band 8 = VHF
Band 5 = LF Band 9 == UHF
Band 6 = MF Band 10 = SHF

Band 7 = HF Band 11 = EHF
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REPORTS OF SECTION K: VOCABULARY

REPORT 321 *

TERMS AND DEFINITIONS

Right-hand (clockwise) or left-hand (anti-clockwise) elliptically
or circularly polarized (electro-magnetic) waves

(Resolution 21)

(Geneva, 1963)

It has become clear that the definitions found in the main existing publications (British
Standards Institution, B.S. 204, 1960: No. 51 009 and 51 010; - Institution of Radio Engineers
1950; — International Electrotechnical Commission, draft 1/60 (Secretariat) 281: No. 60.20.030
and 60.20.035), on the direction of rotation of the electric field vector in waves elliptically or
circularly polarized, might be easily misunderstood, with serious practical consequences,
especially at a time when space communications are being developed.

Doc. 108 (U. K.) of Geneva, 1963, points out the causes of ambiguity and offers solutions.
The following definitions have been drafted to avoid any danger of ambiguity in future.

1. Right-hand (clockwise) pdlarized wave

An elliptically or circularly-polarized wave, in which the electric-field-intensity vector,
observed in any fixed plane, normal to the direction of propagation, whilst looking in (i. e.
not against), the direction of propagation, rotates with time in a right-hand or clockwise
direction.

Note. — For circularly-polarized plane waves, the ends of the electric vectors drawn from any
points along a straight line normal to the plane of the wave front, form, at any instant, a
left-hand helix.

2. Left-hand (anti-clockwise) polarized wave . .

An elhptlcally or circularly-polarized wave, in which the electric- ﬁeld—mten51ty vector,
observed in any fixed plane, normal to the dlrectlon of propagatlon whilst looking in (i. e. not
against), the direction of propagatwn, rotates with time in a left-hand or anti-clockwise direc-
tion,

Note. — For circularly-polarized plane waves, the ends of the electric vectors drawn from any
points along a straight line normal to the plane of the wave front, form, ar any instant, a
right-hand helix.

* This Report was adopted unanimously.
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STUDY GROUP XIV
(Vocabulary)

Terms of reference :

To study, in collaboration with the other Study Groups and, if necessary, with the C.C.1.T.T.,
the radio aspect of the following: vocabulary of terms and list of definitions, lists of letter and
graphical symbols and other means of expression, systematic classification, measurement units, etc.

Chairman : Mr. R. VILLENEUVE (France)
Vice-Chairman : Mr. A. FERRARI-ToNiOLO (Italy)

RESOLUTION 21 *

TERMS AND DEFINITIONS
The C.C.LLR,, (Geneva, 1963)

CONSIDERING

(a) that it is important, for the ease and efficiency of the work of the C.C.I.’s, that means of
expression of all kinds (terms, symbols, etc.), and the conditions of their use, be rendered and
maintained as uniform as possible;

(b) that, among the tasks to be accomplished in this respect, by far the most important and also
the most difficult is establishing a definitive terminology, and that the I.T.U. Administrative
Council has recommended (Resolution 283), that as a first step a “ List of definitions of essential
telecommunication terms ” (known hereafter as the “ List ), should be compiled in English
and in French, Part I of which (general terms, telephony, telegraphy), has been published by
the I.T.U. and is now being revised by the C.C.I.T.T. (Study Group VII), and Part II of which,
relating to radiocommunications and for which the C.C.I.R. has responsibility, has yet to
be prepared;

(c) that, since its VIth Plenary Assembly, Geneva, 1951 (Recommendation 144), the C.C.I.R.
has consistently confirmed the imperative need for such work to be based on actual and
efficient cooperation with any organization engaged on vocabulary matters in all or part of the
same technical sphere, and above all with the International Electrotechnical Commission
(I.LE.C.), whose Committee I has been working for several years on a chapter in its “ Inter-
national Electrotechnical Vocabulary » devoted to radiocommunications, as a means of
avoiding, unless imperatively necessary, real or apparent contradictions between the conven-
tions respectively adopted;

(d) that the I.E.C., which has demonstrated a reciprocal willingness to cooperate, has now finished
its bilingual draft and that, when submitting the draft to its national Committees * for
approval according to the six months rule ”, it also sent a considerable number of copies to
the C.C.LLR. Secretariat, which undertook to distribute them as a basic document (Doc.
XIV/1 of Geneva, 1963), for the work on the vocabulary, as envisaged in the Annex to Resolu-
tion 62 ** (Los Angeles, 1959);

(e) that preliminary use of this basic document was made at the Xth Plenary Assembly by small
“Joint Working Groups ” set up (as suggested by the Chairman of Study Group XIV in his
Report — Doc. 14 of Geneva, 1963), from members of Study Group XIV and any of the other
Study Groups, where at least one of the two “ Specialized Collaborators ”, requested by Study
Group XIV (cf. Annex to Resolution 62 **), had been or was about to be appointed;

* This Resolution replaces § 1 of Resolution 62.
** The appropriate sections of the Annex to Resolution 62 are reproduced in Annex II to this Resolution,
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UNANIMOUSLY RESOLVES

that the work already started will be continued by correspondence with all possible despatch,
in accordance with the programme annexed hereto, by an international Working Group under
the guidance of the Chairman of Study Group XIV with the assistance of the Vice-Chairman;

that the members collaborating in this Working Group shall be:

— unless notified to the contrary by their respective Administrations, the “ specialized colla-
borators > appointed respectively by:

Study Group I: Mr. J. LoCHARD (France), Mr. D. E. WATT-CARTER (United
‘ Kingdom);

Study Group 1I: Mr. P. Davip (France), Mr. K. VREDENBREGT (Netherlands), and
possibly Mr. Lowry (United Kingdom);

Study Group III: Mt. F. THABARD (France), Mr. S. G. YouNG (United Kingdom);

Study Group IV: Mr. M. THuE (France), Mr. S. M. Myers (U.S.A.);

Study Group V: Mr. L. Borraias (France), Mr. F. HorNER (United Kingdom),
and Mr. HerssTREIT (U.S.A.);

Study Group VI: Mr. J. VoGt (France), Mr. P. A. Morris (United Kingdom);

Study Group VII: Mr. B. Decaux (France), Mr. J. M. STEEL‘E (United Kingdom);

Study Group VIII: Mr. oo Mr. ..

Study Group IX: Mr. J. VERREE (France) M. e

Study Group X: Mr. S. LAcHarRNAY (France), Mr, G Jacoss (U.S.A.), and
possibly Mr. L. W. TurNEr (United Kindgom);

Study Group XI: Mr. L. Goussot (France), Mr. ...t iiieiinnnnens

Study Group XII: ML, o M. o

Study Group XIII: Mr. J. BEes (France), Mr. G. H. M. GLEADLE (United Kingdom);

Study Group C.M.T.T.: i\/IT{AI)J GoussoT (France), Mr. ANDERsON (United Kingdom,

each Study Group Chairman being responsible for appointing persons to complete this
list of names and, if necessary, for filling any gaps;

a “ National Collaborator ” .(see § 1.4 of the Annex to Resolution 62 *) to be appointed
by each of the following Administrations: United States of America (Prof. H.R. Mismo),
France, United Kingdom (and, possibly, other countries where work is being done on the
vocabulary which would enable them to supply helpful contributions in English and
French).

ANNEX I

PROGRAMME OF WORK

Fach member of the Working Group will find in the Annex to Resolution 62 (Los:
Angeles, 1959), some general information on the broad outlines of the work and the division
of duties.

‘* The appropriate sections of the Annex to Resolution 62 are reproduced in Annex II to this Resolution.



1.1

1.2

1.3

243 — ‘ Res. 21

If he has not already received one in Geneva, a copy of the basic document (Doc. XIV/1
of Geneva, 1963), will be sent to him by the C.C.LLR. Secretariat, to the address he has given
for mail relating to the Group’s work by correspondence.

Each “ Specialized Collaborator > for the various Study Groups will start by informing
the Chairman or the C.C.I.R. Secretariat, as soon as possible, on which sections of the document
he intends to make a contribution : some sections obviously apply to the terms of reference
of specific Study Groups; others are of interest to several (or all) Study Groups; while others
may not concern any of them.

Use of the LE.C. draft

The first stage in the work has been partly covered in Geneva and could be very quickly
finished. It consists of sorting into three categories, indicated by a letter (a, b or ¢), opposite
each French or English term and the corresponding definition in both French and English
(i. e. four replies to be given for each serial number in the I.LE.C. draft vocabulary), as follows:

(a) entirely satisfactory;
(b) provisionally acceptable for a first issue pending revision;

(¢) unacceptable even provisionally, with the utmost tolerance; it would be preferable to
leave a blank in the “ List ” until the requisite amendments have been found.

The most frequent defects observed will probably be discrepancies (serious or not), between
the French and English definitions. This can be indicated by the letter (d), between brackets:
e. g., b (d), will mean that the definition can be tolerated in spite of a discrepancy with the
definition in the other language opposite it.

Lastly, a member replying to only a part of the terms in a section can mark the terms he
has not dealt with by the letter » (“ nil ™).

The booklets, or parts of booklets (loose-leaf), with these annotations will be forwarded
to the Chairman, or to the Secretariat of the C.C.I.R., who will work together to obtain a
coherent aggregate text.

This text will be forwarded to all the members of the Working Group and to the I.LE.C.
which should logically have the fullest possible information on the stages of the work.
Administrations, which envisage subsequent translation of the List into other languages
and wish to save time by beginning the translation of those parts which seem likely to be
adopted, will also receive copies on request. It can also be forwarded to any of the Chairmen
who so request. )

The second stage of the work will be to draw up definitions and terms to replace the points
in category ¢. Each member of the Working Group, to save time, is urged to start on the
second stage as soon as he has finished and sent in his contribution to the first stage, without
awaiting receipt of the aggregate text. Best of all would be for him to send in his proposed
modifications for points in category ¢ in successive batches.

The Chairman and the C.C.LLR. Secretariat will together collect these proposals and
will also take account of any information they may get from the I.E.C. in its own review of
the draft; they will endeavour to find satisfactory solutions for any difficulties that might
arise.

As and when such solutions are obtained, they will be assembled and forwarded in batches
to the various addresses listed in the last sub-paragraph of § 1.1.

Towards the end of the second stage of the work, the situation should have become sufficiently
clear to be able to determine, by consultation with the members of the Working Group, what
proposals should be made to Administrations as to the best use to be made of the results
obtained. It might perhaps be wise to operate in two stages: to prepare first of all, by a
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2.1

2.2

2.3

1.4

cheap method (roneo), a comprehensive document suitable for temporary use, and only at a
later stage to issue the final printed version, the details of which could be decided later.

Additional items to be studied on proposal of Study Groups or Administrations

Terms of particular interest to a specific Study Group

An example of this type if given by the proposal contained in Doc. 121 of Geneva, 1963 -
Terms relating to ARQ systems. The study of this proposal was able to be made in Geneva,
in a small “ Joint Working Group ”, set up by Study Groups III and XIV. The result was
deemed sufficiently acceptable to be added as Annex VIII to Recommendation 342, but it
was obtained in such a short time that a revision would appear necessary (particularly for the
French text), before it can constitute a complement to the future “ List ”. This revision
could be done, when time permits, by correspondence, within the framework of the activities
of the Working Group, with the aid of the “ specialized collaborators > of Study Group III.

Terms concerning more than one specific Study Group

An example of this type is given in Doc. 195 (U.S.S.R.) of Geneva, 1963, which proposes
terms to be used in the theory of reliability of radio systems. The proposal is of considerable
interest. The addition of an Annex to the document, giving a translation of the Russian
terms and definitions, was of great assistance in the assessment of the proposal. The French

" text only was distributed at the end of the third week of the Plenary Assembly.

As these terms, for the most part, touch upon far wider fields of application than merely
those of radiocommunications, it would appear risky for the C.C.LR. to approve the proposed.
vocabulary, without first receiving sufficient information on the various works on terminology
at present being undertaken by the different organizations concerned with the theory of
reliability in general.

Study Group XIV has therefore requested its Chairman to take up contact with these:
organizations, and thus to collect all useful data, before drawing up, with any help he may
obtain by correspondence from members of the Working Group, a text which could become:
a complement to the “ List ”.

For this task, the Working Group might be augmented by national collaborators,
appointed by those Administrations that could take an active part in it. To that end, in view
of the delay in distributing the English text of the Addendum to Doc. 195 of Geneva, 1963,
the Secretariat of the C.C.I.R. is requested to consult the Administrations taking part in the
work of Study Group XIV, in the same way as for Doc. XIV/1, by sending them Doc. 195
of Geneva, 1963, its Addendum and this Resolution.

The same method of procedure could be applied to any other type of proposal, which might
be submitted at any time to the Working Group, and which might give rise to complements.
to the future “ List ™.

ANNEX II

EXTRACT FROM THE ANNEX TO RESOLUTION 62 (Los Angeles, 1959)

The other active collaborators of Study Group XIV, whose cooperation has been envisaged
in principle, are those referred to in § 2 of Recommendation 144 as National Correspondents.
In this case, too, the results have fallen short of expectations.

The Chairman of Study Group XIV earnestly requests the Administrations of each
country, in which work on the vocabulary is being actively carried out and which can supply
contributions in English or French, to designate by name a National Collaborator for Study
Group XIV. o

The help of such collaborators will be a decisive factor in the establishment of terms and
definitions to be adopted by the C.C.I.LR., whose vocabulary must be as close as possible to-
any vocabularies appearing in the countries of certain Member Administrations.
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The cooperation must not, however, be limited to communicating to the Chairman of
Study Group XIV the final result of the work whose slow and laborious nature is well known.
In the interests of efficiency and speed, which are particularly desirable in such a rapidly
expanding field as radiocommunication, drafts and other working documents should be
available at the beginning of the work and at the successive stages.

RESOLUTION 22 *

COORDINATION OF THE WORK OF C.C.LR. AND OF OTHER
ORGANIZATIONS ON UNIFICATION OF MEANS OF EXPRESSION

The C.C1R., (Geneva, 1963)

CONSIDERING

that it is important, for the ease and efficiency of the work of the C.C.I’s, that means of
expression of all kinds (terms, symbols, etc.), and the conditions of their use, be rendered and
maintained as uniform as possible;

that the desired unification means avoiding, unless imperatively necessary, real or apparent
contradictions between the conventions accepted by the C.C.I.R. and those used by other
qualified organizations, especially the International Electrotechnical Commission (I.LE.C.);

that the subjects open to study, as regards the means of expression, may be of very unequal
practical importance from the standpoint of C.C.I.R. needs and that it is natural that the choice
of subjects to be dealt with and the amount of time and effort to be devoted should be decided
upon according to the degree of importance, bearing in mind the rather limited means available,
entailing the risk of further delaying the already, of necessity, slow advancement of the most
important tasks;

that, as regards C.C.I.R. needs, most Administrations consider a decimal classification to be
of little use, and that Question 72, initiated at the VIth Plenary Assembly in Geneva, 1951,
at the instigation of the International Federation of Documentation (F.I.D.), has remained
in abeyance, without any result other than the unimplemented proposal contained in Report 95
(Warsaw, 1956), issued as a supplement to Report 37 (London, 1953);

UNANIMOUSLY RESOLVES

that the C.C.LR., moved by a constant concern to ensure coordination with other competent
organizations dealing with terminology on the same subjects, is anxious to examine the
question of means of expression answering its own particular needs. According to the degree
of importance of such needs and depending on circumstances, in some cases, no more than a
mere contact consisting of an exchange of information or documents will be required, while
in others, a close co-operation will be needed, with a view to achieving practical results and
efficiency not only at the final stage of the work but also, if possible, at the different preparatory
stages; )

that the C.C.I.R. is prepared, if necessary, to accept proposals for participation in the work
of mixed Study Groups, set up in collaboration with other organizations. If such proposals
are received long before the date of the next Plenary Assembly, the Director, C.C.I.LR. and
the Chairman of Study Group XIV shall jointly assess, according to the urgency of the

* This Resolution replaces § 2 of Resolution 62,
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(a)

(b)

(c)

(d)

(e)

(f)

proposals and the interest they present, whether they merit consultation by correspondence with
the Administrations taking part in the work of that Study Group;

that, as regards the classification in which the F.I.D. is concerned, the study of Question 72
has been terminated and Reports 37 and 95, arising from that Question, have been cancelled.
These arrangements, of course, enable the F.I.D. to keep the C.C.I.R. informed of the pro-
gress made in its work, if it should wish to do so.

RESOLUTION 23

GENERAL GRAPHICAL SYMBOLS FOR TELECOMMUNICATION

The C.CIR,, (Geneva, 1963)

CONSIDERING

that it is important, for the ease and efficiency of the work of the C.C.1.’s, that means of expression:
of all kinds (terms, symbols, etc.), and the conditions of their use, be rendered and maintained
as uniform as possible; :

that the desired unification means avoiding, unless imperatively necessary, real or apparent
contradictions between the conventions accepted by the C.C.I.R. and those used by other
qualified organizations, especially the International Electrotechnical Commission (I.E.C.), and
that actual and efficient cooperation must be secured for this purpose;

that the I.LE.C., having to prepare a document standardizing general graphical symbols for
telecommunications to replace its Publication 42 entitled “ International symbols (Part III):
Graphical signs for weak current installations ”, which has not been revised since July 1939
(2nd edition), and is thus out of date, has proposed that the C.C.I.T.T. and the C.C.L.R.
should join in this work by setting up a joint I.E.C./I.T.U. Committee, with an equal number
of LT.U. (C.CLT.T. and C.C.I.R.) representatives and I.E.C. representatives;

that the C.C.I.T.T. decided to accept this proposal at its Second Plenary Assembly, New
Delhi, 1960 (minutes of the VIIIth Plenary Meeting, Doc. AP/II/90);

that, the L.LE.C. and the C.C.L.T.T. having scheduled the first meeting of the Joint Committee
for late 1962 or early 1963, the Director, C.C.I.R. consulted Administrations taking part in
the work of the C.C.L.LR. Study Group XIV by Circular G XIV/154 (27 August 1962), on the
reply to be given to the I.LE.C. proposal;

that all the replies from Administrations to this consultation Circular were in favour of
C.C.IR. participation in the Joint Committee and that the three places reserved for the
C.C.IR. in its membership have been filled, thanks to nominations proposed by the Adminis-
trations of France, Italy and the United Kingdom;

UNANIMOUSLY RESOLVES

that the C.C.I.R. confirms its agreement to take part in the work of the Joint 1.E.C./I.T.U.
Committee, set up at the proposal of the I.LE.C., for the preparation of a.publication for the
international standardization of general graphical symbols for telecommunication. The
three C.C.L.R. representatives on this Joint Committee will find general directives for their
participation in the note annexed to the consultation Circular mentioned in § (e). They will
keep the Director, C.C.I.R. and the Chairman of Study Group XIV informed of the progress
of the work.
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