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SERIES R RECOMMENDATIONS 

RECOMMENDATIONS CONCERNING TELEGRAPH CHANNELS

Index o f Series R Recommendations, page 7 to 9

RECOMMENDATION R.4

METHODS FOR THE SEPARATE MEASUREMENTS OF THE DEGREES 
OF VARIOUS TYPES OF TELEGRAPH DISTORTION

(New Delhi, 1960)

For separate measurement of the degree of characteristic distortion, bias distortion 
and fortuitous distortion affecting a telegraph modulation or restitution, the following 
is recommended.

1. Measure the overall distortion (at the actual mean modulation rate) on text, for 
instance on the text of Recommendation R.51 (called Q9S text)

Let A be the measurement obtained.

2. Measure the distortion on reversals at the modulation rate used in measurement 1
Let Ax be the measurement obtained.

Aj is the sum of the bias and fortuitous distortions.

By using a compensator fitted to the distortion measuring equipment, for example 
a compensating winding on the distortion meter relay, reduce the distortion reading 
obtained to its minimum value.

Let this figure be 5 .

For practical purposes 5 is the fortuitous distortion.
Ax — 5 is, for practical purposes, the bias distortion.

3. Keep the distortion meter adjusted as for the measurement of 8.
Measure the distortion at the actual mean modulation rate on text (text Q9S, for 
instance).

Let A' be the reading.

A' — 8 is, for practical purposes, the characteristic distortion.

(R.4)
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Notes.—
1. This method gives approximate results; it is possible that the equation 

Aj +  A' — S =  A may not be exactly satisfied.

2. The method can be applied by using either an isochronous distortion measuring 
set or a start-stop distortion measuring set.

3. The fact .that dhe separate measurement of degrees of different types of distortion 
is said to be possible, and that a method is recommended for such a measurement, does 
not mean that separate measurements of the degrees of different types of distortion are 
to be recommended when international routine maintenance measurements are carried out.

RECOMMENDATION R.5

OBSERVATION CONDITIONS RECOMMENDED 
FOR ROUTINE MEASUREMENTS OF DISTORTION 

ON INTERNATIONAL TELEGRAPH CIRCUITS

(New Delhi, 1960)

The C.C.I.T.T., in view of Recommendations R.51, R.54 and R.55

CONSIDERING

that, for the measurement of signal distortion on an international telegraph circuit, 
it is necessary to specify the best condition of observation in order to be sure that the 
measurement obtained gives a good indication of what the performance of the circuit 
will be during periods of normal traffic;

that the observation conditions should be such that their duration or their complexity 
do not unduly increase the load on the maintenance services;

that certain Administrations, to determine these conditions, have carried out statistical 
measurements of the degree of individual start-stop distortion using distortion analysers, 
the results of which seem to be in agreement;

UNANIMOUSLY DECLARES THE VIEW

that the text transmitted during measurements should be that of Recommendation 
R.51;

that, during normal maintenance testing, the duration of the observation should be 
approximately 30 seconds whatever the type of distortion meter used, isochronous or start- 
stop;

that, for tests with a start-stop distortion meter, the observation time could be 
divided into two periods: 15 seconds during which the significant instants in advance of 
their theoretical position could be observed, and 15 seconds during which the significant 
instants coming after their theoretical position could be observed.

(R.5)
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CALCULATION OF THE DEGREE OF DISTORTION OF A TELEGRAPH CIRCUIT 
IN TERMS OF THE DEGREES OF DISTORTION OF THE COMPONENT SECTIONS

(New Delhi, 1960)

In general the isochronous standardized test distortion (reference 33-07 and 33-12 
of the List of Definitions) of a telegraph circuit consisting of a number “ n ” of links in 
tandem, lies between the arithmetic sum and the square root of the sum of the squares of 
the degrees of distortion of the individual links,

RECOMMENDATION R .ll

n being the number of sections in tandem.
The few exceptions to this rule which have been observed related to extremely long 

circuits (for example, 4 links, each of approximately 3500 km looped at voice-frequency 
at the distant end to give the equivalent of 4 links (each 7000 km go and return) and a total 
length of approximately 28000 km on cable and open wire carrier telephone channels).

For such purposes as the planning of network, the degree of distortion of a telegraph 
circuit consisting of n channels or links in tandem in the telex service (where a great 
number of channels will be interconnected at random) is given fairly approximately by:

Similarly, for the combination of a transmitter and a telegraph circuit consisting of 
n channels or links in tandem in the telex service, the degree of distortion is given fairly 
approximately by:

înherent =  the probable degree of inherent standardized test start-stop distortion 
<5text =  the probable degree of gross start-stop distortion in service

where

the degree of characteristic start-stop distortion of a single channel or link
the degree of synchronous start-stop distortion of the transmitter
the degree of start-stop distortion due solely to the difference between the 
mean transmitter speed and the standardized speed. (The difference to be 
considered is equal to six times the mean difference for one element.)

(R .ll).
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<5 bias =  the degree of asymmetrical (bias) distortion of one channel measured 
using 1 : 1 or 2 : 2 signals (either 1 : 1 or 2: 2 signals should be used according 
to which is normally employed for adjusting the channels).

*5 irreg. =  the degree of fortuitous distortion of one channel measured using 1: 1 or 
2 : 2 signals.

The values of distortion (with exception of <5C) inserted in the foregoing formulae must 
have the same probability of being exceeded (p).

The degree of characteristic distortion dc of a channel is fairly constant for each type 
of voice-frequency channel and can be determined in laboratory tests.

Nevertheless, the maximum degree of characteristic distortion is reached for only 
about 20% of the signals of international telegraph alphabet No. 2.

Empirical values for dc can be obtained with reasonable accuracy by measuring the 
total distortion with Q9S signals after bias has been adjusted to minimum, and subtracting 
from it the irregular distortion measured using 1:1 or 2 :2  signals. Except in the case 
of old V.F. telegraph systems incapable of transmitting accurately a long train of 1: 6 signals, 
one may use instead of the degree of distortion of Q9S signals, the degree of distortion 
of 1:6 or of 6:1 signals, if either of these is larger than the degree of distortion of the 
Q9S signals.

The probability of exceeding the degrees of distortion <5inherent and <5text calculated
20

with the aid of the above formulae is X p.

Note. In connection with this Recommendation, see the Supplement published in the 
Red Book, Volume VII, page 226: Statistical distribution of start-stop telegraph 
distortion in tandem-connected voice-frequency telegraph channels (United 
Kingdom).

RECOMMENDATION R.20

TYPES OF INTERNATIONAL TELEGRAPH LINES

(former C.C.I.T. Recommendations B.22 and B.27, Warsaw 1936, amended,
New Delhi, 1960)

The C.C.I.T.T.

CONSIDERING

that cable lines are better protected from disturbance than aerial lines;
that it will however be necessary in certain cases to continue to employ aerial lines,

UNANIMOUSLY DECLARES THE VIEW

that for the international high-speed telegraph service as much use as possible should 
be made of the circuits of the long-distance cable system;

CONSIDERING

that the standardization of the modulation rate of telegraph circuits serves to ensure 
an economical organization of the international telegraph network,

(R.20)



UNANIMOUSLY DECLARES THE VIEW

1. that the telegraph transmission channels making use of telephone cables should allow 
the operation of standardized equipment with a modulation rate of 50 bauds;

2. that, for the services using equipment which work at a different speed, Administrations 
should reserve the right of mutual agreement among themselves on the employment 
of special circuits;

3. that the existing aerial lines should be excepted from modulation rate standardization.
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RECOMMENDATION R.21

CHARACTERISTIC FACTOR OF THE QUALITY OF BALANCE

(former C.C.I.T. Recommendation B.4, Brussels, 1948, amended at Geneva, 1956)

The C.C.I.T.T.,

CONSIDERING

that the quality of a telegraphic communication is best characterized by distortion; 
that the measurement of telegraphic distortion is now a common practice,

UNANIMOUSLY DECLARES THE VIEW

a) that the quality of balance of a duplex telegraph circuit can provisionally be 
characterized by the difference in the degrees of distortion of the signals restituted:

1. when no signals are transmitted on the sending channel;
2. when signals are transmitted over that channel;

b) that measurements should be made at both ends of the circuit. .

Comment: The quality of balance thus characterized is applicable to standardized 
telegraph systems for which measurements of the degree of distortion are usually made.

RECOMMENDATION R.22

EARTHING OF TELEGRAPH INSTALLATIONS

(former C.C.I.T. Recommendations B.6 and B.7, Warsaw, 1936, 
amended at Geneva, 1956, and New Delhi, 1960)

When a local cable is not exposed to any induction phenomena, the earthing of the 
centre point of the common source of transmission currents may have the advantage of

(R.22)
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ensuring better balance of the supply voltages of the telegraph circuit with respect to the 
cable sheath and to other telegraph circuits.

Further, it is advisable not to have any earth connection at any point in a long-distance 
cable circuit.

For these reasons, the C.C.I.T.T.

. UNANIMOUSLY DECLARES THE VIEW:

1. that, when common batteries are used for transmission currents on line circuits, it is 
advisable to earth the centre point of these batteries in cases when no induction pheno­
mena are to be feared;
that, in the case of a local network cable exposed to induction phenomena, it is advis­
able to use a separate source with no earthing for each telegraph circuit;

2. that there should be no earth at any point in a telegraph installation or line having 
metallic connection to a long-distance cable circuit; the connection with a long- 
distance cable should be made by means of a transformer providing a metallic discon­
tinuity in the telegraph circuit;

3. that if, however, for special reasons it is necessary to earth a line or an installation 
connected to the conductors of a cable, the following precautions should be taken:
a) the earthing must be carried out in such a way that the balance of the circuits, 

with respect to earth and to adjacent circuits is not disturbed;
b) the break-down voltage of all the other conductors of the cable together, with 

respect to the earthed circuit, must be appreciably higher than the highest voltage 
which could exist between these conductors and the earthed circuit as a result 
of induction from adjacent power lines;

4. that an investigation must be made of installations already earthed to ascertain whether 
condition 3 b) will continue to be satisfied in the event that new distribution networks 
or new electric railway lines are put into operation, in which case suitable measures 
must be taken.

RECOMMENDATION R.23

STANDARDIZATION OF DIRECT CURRENT. TELEGRAPH CIRCUITS 
EMPLOYING TELEPHONE CABLES

(former C.C.I.T. Recommendation B.8, Warsaw, 1936, amended at Geneva, 1956)

The C.C.I.T.T.,

CONSIDERING

that, to effect smooth co-operation of direct current telegraph devices functioning 
on channels in telephone cables (telegraphy on phantom or double phantom cables) as

(R.23)
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much from the technical as from the operational point of view, it is necessary that the 
equipment of the circuits should be established on uniform principles,

UNANIMOUSLY DECLARES THE VIEW

that in the matter of direct current telegraph circuits, 
making use of telephone cables, 
terminated at their extremities by telegraph relays, 
served at the modulation rate of 50 bauds,
and making use of currents taking only two values in steady state, 

circuit and supervisory equipment should satisfy the following conditions:

a) for the excitation of relays and the transmission of signals, a working current 
and a resting current of equal intensity in steady state, but in opposite directions, 
should be used;

b) as a general rule, arrangement will be in differential duplex; however, in certain 
special cases, particularly those of telephone cables with unidirectional transmis­
sion, operation will be carried out by separate channels for the two directions 
of transmission;

c) the excitation current of the receiving relay will be between 4 and 8 milliamperes 
for telegraphy on phantom and double phantom circuits;

d) in general, repeaters will comprise separate receiving and transmitting relays; 
however, in special cases, the same relay may serve for both functions-;

e) equipment will be constructed in such aw ay that one may, easily and speedily:
— replace the source of current by a resistance equal to the internal resistance 

of that source;
— insert, during operation, an apparatus for measuring distortion;
— change lines and apparatus by means of jacks and plugs;

f )  supervisory equipment should allow the following operations to be accomplished 
in the minimum time:
— emission of symmetrical alternations at the modulation rate of 50 bauds;
— measurement in steady state of the effective of operational currents, receiving 

relays and currents coming from transmitting relays;
— measurement of currents in local circuits;
— determination of data concerning the quality of the circuit balance.
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RECOMMENDATION R.24

COEXISTENCE IN A SAME CABLE OF TELEPHONY 
AND DIRECT CURRENT TELEGRAPHY

(former C.C.I.T. Recommendation B.9, Warsaw, 1936, amended at Arnhem, 1953, 
at Geneva, 1956, and at New Delhi, I960)

The C.C.I.T.T.,

CONSIDERING

that technical processes exist by which telephone traffic and telegraph traffic can be 
passed through the same cable either on separate conductors or even on common conductors; 
that by these processes, if the precautions described below are observed, the telephone 
circuits, including phantom circuits, are to all intents and purposes uninfluenced by the 
telegraphy as regards both their electrical properties and the flow of traffic;

that, even when the cable is subject to the influence of electric power installations 
(particularly AC railway lines), undisturbed telephone and telegraph services can be 
obtained by the use of devices which have been proved to be effective;

that, moreover, the simultaneous use of a long-distance cable for international 
telephony and telegraphy is to be recommended for economic jeasons,

UNANIMOUSLY DECLARES THE VIEW

that it is possible to allow in a same cable the coexistence of telephony and D.C. tele­
graphy, provided that the conditions listed below are fulfilled:

A. Simultaneous telegraphy on single or double phantom circuits.

(Note: The Vlth Plenary Assembly of the C.C.I.T., Brussels, 1948, considered that 
the study of questions concerning infra-acoustic telegraphy had become pointless and 
should be abandoned.)

1. The e.m.f. introduced by the telegraph transmitter into the circuit containing 
the cable conductors must not exceed 50 volts.

2. Where a resistance of 30 ohms, substituted for the cable conductors, is placed 
across the terminals of this telegraph transmitter, the current flowing through this resistance 
must not exceed 50 milliamperes.

This limit is raised to 100 milliamperes if the cable is fitted with coils having a pow­
dered iron core or a core of some other material with equally satisfactory characteristics.

3. Noise produced by all the telegraph apparatus on a telephone circuit must 
not exceed, at the point of relative level o f—1.0 neper or— 8.7 decibels and with
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an impedance of 600 ohms, a value which corresponds to a psophometric e.m .f. of 
1 millivolt. To fulfil this condition, it is advisable to insert low-pass filters in the transmis­
sion on all telegraph circuits operated by direct current. This limit may have to be lowered 
when the telephone circuit is already subject to considerable disturbance from an adjacent 
power-line.

4. The simultaneous telegraph installations must not introduce unbalance relative 
to earth in the telephone circuits (Directives for the protection of telecommunication lines 
against the harmful effects of industrial power-lines).

5. The increase,, in crosstalk produced by the simultaneous telegraphy installations 
in the telephone circuits must not exceed a value corresponding to a decrease of 0.5 neper 
or 4.34 decibels in the near-end crosstalk attenuation.

6. The circuits of which the single or double phantom circuits used for telegraphy are 
composed must not be used for broadcast relays.

B. Telegraphy and telephony coexistent on separate conductors.

1. Case in which the telegraph uses coil-loaded conductors which may afterwards be 
used for telephony:

The conditions set out above under A. 1, 2 and 3 must be fulfilled.

2. Case in which the telegraph uses unloaded conductors:
The conditions set out above under A. 3 only must be fulfilled.

RECOMMENDATION R.25

COEXISTENCE ON THE SAME CONDUCTORS OF A CABLE 
OF V.F. TELEGRAPHY AND TELEGRAPHY ON PHANTOM 

OR DOUBLE PHANTOM  CIRCUITS

(former C.C.I.T. Recommendation B.10, Warsaw, 1936)

The C.C.I.T.T.,

CONSIDERING

that it is advisable not to complicate V.F. telegraphy circuits,

UNANIMOUSLY DECLARES THE VIEW

that, when the telegraph current on phantom or double phantom circuits does not 
influence the magnetic field of the loading coils, the technical conditions stipulated for the 
coexistence of telephony and telegraphy on phantom or double phantom circuits are also
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applicable for the coexistence of harmonic telegraphy or phototelegraphy, on the one hand, 
and telegraphy on phantom or double phantom circuits, on the other;

that when the telegraph current influences the magnetic field of the loading coils 
and there is doubt about their qualities as far as the effects of these fluctuations are con­
cerned, it is not advisable to resort to such coexistence;

that, in general, it is not advisable to resort to such coexistence.

RECOMMENDATION R.26

STANDARDIZATION OF AERIAL TELEGRAPH CONDUCTORS

(former C.C.I.T. Recommendation B.28, Warsaw, 1936)

The C.C.I.T.T.,

CONSIDERING

that it is desirable to standardize the characteristics of international telegraph con­
ductors ;

that the tests made with the object of obtaining circuits not subject to contact and to 
variations of insulation, by using wires provided with insulation other than rubber and 
paper, have not given satisfactory results;

that the use of wires insulated by rubber would not guarantee the perfect handling 
of traffic for a very long period and would increase expenses;

that the use of wires insulated by paper and lead would greatly increase costs,

UNANIMOUSLY DECLARES THE VIEW

1. that, for aerial conductors used in the international high-speed telegraph service, 
it is desirable to employ copper or bronze wires answering the following specifications:

Copper
Bronze

tensile resistivity at
diameter strength 20 degrees centigrade
at least at least maximum

3 40 1.820
2.5 60 2.780
mm kg/mm2 microhms-cm

2. that it is not desirable to replace open wires by insulated wires with the aim of 
improving the electrical properties of the conductors.
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CHOICE OF METHODS OF MODULATION 
FOR VOICE-FREQUENCY TELEGRAPH SYSTEMS

(former C.C.I.T. Recommendation B.47, Geneva, 1956)

The C.C.I.T.T.,

CONSIDERING

1. that most voice-frequency carrier telegraph systems are applied either to audio 
circuits conforming to C.C.I.T.T. Recommendation H.14 (Red Book, Volume III) or to 
carrier telephone channels conforming to C.C.I.T.T. Recommendation H.13 (Red Book, 
Volume III);

2. that some voice-frequency telegraph systems are applied to telephone channels 
subject to greater variations of equivalent than are permissible according to C.C.I.T.T. 
Recommendation G.13 (Red Book, Volume III) but that, in general, the variations in 
equivalent of these telephone channels are not rapid, being due, for example, to climatic 
variations causing changes in telephone circuits in aerial lines;

3. that some voice-frequency telegraph systems are applied to telephone channels, 
which are subject to excessive noise and whose equivalent may vary widely and rapidly, 
for example, some carrier telephone channels working on open wire lines;

4. that, despite improvements that have been made by telephone Administrations, 
there remain many telephone circuits of all types whose equivalent varies suddenly to an 
extent and with a frequency of occurrence which is important, and that it may prove 
impossible to reduce this trouble to a negligible degree,

UNANIMOUSLY DECLARES THE VIEW

1. that amplitude-modulated voice-frequency telegraph systems standardized by the
C.C.I.T.T. do give satisfactory service when applied to telephone circuits conforming to
C.C.I.T.T. Recommendations, provided the frequency and amplitude of sudden variations 
in the equivalent of these telephone circuits is small;

2. that amplitude-modulated voice-frequency telegraph systems can give satisfactory 
service on telephone lines whose equivalent varies slowly by about +  1 neper, provided 
that there are very few large and sudden variations of equivalent, and provided that special 
measures are taken (such for example as the provision of a pilot channel), but that, on the 
other hand, at least equally satisfactory service can readily be obtained in these same 
circumstances by a frequency-shift modulated voice-frequency telegraph system;

3. that when the equivalent of a telephone circuit varies widely and rapidly, and 
particularly when noise is severe, a frequency-shift modulated voice-frequency telegraph 
system is less adversely affected than any other known type of voice-frequency telegraph 
system.

RECOMMENDATION R.30

(R.30)
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RECOMMENDATION R.31

STANDARDIZATION OF AMPLITUDE-MODULATED VOICE-FREQUENCY 
TELEGRAPH SYSTEMS, FOR A MODULATION RATE OF 50 BAUDS

(ex C.C.I.T.T. Recommendations B .ll ,  B.12, B.13, B.14, B.15, Brussels, 1948, amended 
at Arnhem, 1953, Geneva, 1956, and New Delhi, 1960)

The conditions of use of international telephone-type circuits for voice-frequency 
telegraphy are described in detail in Recommendations H .l l ,  H.13 and H.14 (Volume III 
of the Red Book) *.

It is recalled that heavy or semi-heavy load audio-frequency circuits can take 12-channel, 
50-baud voice-frequency telegraph systems, while 18 channels are feasible over audio­
frequency circuits having a lighter load. •

High-speed carrier circuits permit of 24 channels 50 bauds.
4-wire circuits are to be preferred for voice-frequency telegraphy. The composition 

of a 4-wire circuit for voice-frequency telegraphy differs from that of a telephone circuit 
in that there are no terminating sets, ringing repeaters and echo suppressors.

With 2-wire circuits, a duplex assembly would be out of the question since these circuits 
cannot be balanced with the necessary precision to avoid reciprocal influence. If the low 
frequencies are used for transmission in one direction and high frequencies for the other 
direction, a 2-wire circuit can be used for voice-frequency telegraphy.

Taking the foregoing into consideration, the C.C.I.T.T.

UNANIMOUSLY DECLARES THE FOLLOWING VIEW:

1. It is advisable to adopt, for amplitude-modulated voice-frequency telegraph systems 
and for a modulation rate not exceeding 50 bauds, the series of frequencies formed 
by odd multiples of 60, the lowest frequency being 420 c/s.

Channel Frequency Channel Frequency
Number c/s Number c/s

1 420 13 1860
2 540 14 1980
3 660 15 2100
4 780 16 2220
5 900 17 2340
6 1020 18 2460
7 1140 19 2580
8 1260 20 2700
9 1380 21 2820

10 1500 22 2940
11 1620 23 3060
12 1740 24 3180

* Some extracts of these Recommendations are published in the Red Book, Volume VII, pages 241 
and following.
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This numbering is valid whatever use is made of the channel (e.g. traffic channel, 
pilot channel, etc.) or the method employed to obtain the line frequencies, e.g. by 
group modulation;

2. However, in special cases (for example, circuits using long submarine telegraph cable 
on a section of their route), the Administrations concerned may agree upon the use 
of a different series of frequencies;

3. The frequencies applied to the bearer telephone circuit should not deviate by more 
than 6 c/s from the nominal value when the telegraph channels supplied are operating 
over a telephone circuit composed exclusively of audio-frequency sections, and not 
more than 3 c/s in other cases;

4. The power levels of carrier waves transmitted on the line and measured successively 
in as short a period as possible should not differ from one another by more than
0.2 neper when they are operating on a constant impedance;

5. The power of each of the carrier waves transmitted on the line should not vary in 
operation by more than ± 0 .1  neper when it operates on a constant impedance;

6. The amplitude of the signals transmitted should remain within the tolerances of the 
following diagram 1 in which the values tQ, y2 and yx are fixed as follows:

tQ =  11 milliseconds
J i  =  95
y2 =  110

A m plitude in % o f  the reference am plitude

Figure 1. -— Diagram o f tolerances to assess the signal-wave form sent 
in amplitude-modulated voice-frequency telegraphy systems.

7. • If 1 to 1 reversals at frequency f p corresponding to the modulation rate are sent over 
a channel with mid-frequency F0, the voltage at frequency F0 ±  3 f p must not exceed
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3 % of the nominal voltage of frequency F0 and the voltage at the frequencies F0 +  5/p 
must not exceed 0.4% of the nominal voltage of frequency F0.

{Note. — These tolerances will only be required for future systems; Administrations 
should try to bring systems satisfying these tolerances into service on international relations 
as far as possible).

8. Systems should be able to tolerate slow level variations of at least ±  6 db (0.67 N ); 
Administrations should equip systems which are unable to .tolerate such variations 
with a common amplifier to enable them to tolerate at least variations of ±  6 db 
(0.67 N);

9. If an audio-frequency telephone-type circuit is used, the voice-frequency telegraph 
installations should satisfy the following conditions:

The instantaneous maximum voltage produced by the whole of the telegraph 
signals corresponding to the frequencies simultaneously used on a single circuit must 
not exceed that of a sine wave with a power of 5 milliwatts at the point of relative 
level zero calculated from the level diagram of the telephone circuit.

The harmonic frequency telegraph emitter is not, in the majority of cases, 
connected to the input of the telephone circuit, but to a point where the relative 
level h is different from zero. The power of the sine wave corresponding to the 
instantaneous maximum power permissible in that point is thus:

In the frequency division multiplex telegraph with N  frequencies, this voltage 
Umax will not be exceeded, if, for any of the frequencies, the r.m.s. value Uf  of the 
voltage does not exceed the Nth part of Umax •

Or, introducing the relative voltage level hv in the place of the relative power 
level h,

The measurements are taken during transmission of a continuous dash on each 
frequency in the circuit one after the other. For this purpose, each generator is 
adjusted in such a way as to attain, for each frequency, the voltage indicated above.

Pmax — 5 e2h milliwatts (h in nepers).

The maximum voltage for an impedance Z  of the circuit is thus: 

U m a x  =  [(5.10-3) e2* . Z ]1'- volts.max

it comes:

The measurement of the voltage which is to be taken at the input of the circuit used
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for multiplex harmonic frequency telegraphy may be taken with any standard volt­
meter.

If usual level measuring sets are used, which are calibrated for absolute levels, 
the value of the absolute level not to be exceeded is, for a N  channels system:

Ur
^meas =  loSe = K  +  0.8 -  loge N  in nepers.

. If the relative voltage level rises at the input of the harmonic frequency telegraph
circuit to hv =  0.7 neper, or 6.1 decibels, for example, it will be necessary to make 
adjustments according to the following measurement scale:

3-channel system: Ameas =  0.7 +  0.8 - lo g e 3 =  +  0.4 neper or +  3.5 db.
6-channel system: /zmeas =  0.7 0.8 - lo g e 6 =  -  0.3 neper or -  2.0 db.

12-channel system: Ameas =  0.7 +  0.8 - lo g e 12 =  -  1.0 neper or -  8.7 db.

T a b l e  I

Normal power limits per telegraph channel in amplitude-modulated voice-frequency telegraph system routed 
over a telephone circuit of the audio-frequency type

Voice-frequency telegraph system

Mean admissible power per telegraph channel 
at a point of 0 relative level

expressed 
in microwatts

expressed by an al 

nepers

jsolute power level 

decibels

3 channels at least . . . . 555 — 0.295 — 2.55
6 c h an n e ls ..................... 140 — 0.985 — 8.54

12 c h an n e ls ............................. 35 — 1.67 — 14.5
18 ch an n e ls ............................. 15 — 2.1 — 18.25
24 channels . . . . . . . . . 9 — 2.4 — 20.9

It is considered that there is no necessity to check the voltages and the powers 
in operation;

10. If a telephone-type 24-channel carrier circuit is used, the permissible limit for the 
power of the telegraph current on each telegraph channel, when a'continuous tone is 
being transmitted, is equal to a maximum of 9 microwatts at the point of zero relative 
level.

The power of 9 microwatts corresponds to

5 milliwatts 
(24)2

This number is subject to revision if a statistical study of the peaks of the total 
telegraph current (on a telephone channel providing 24 telegraph channels) shows 
this to be advisable.

It may happen that a telephone channel gives a relatively high level of noise, 
in which case the telegraph service must abandon the use of 24 telegraph channels
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on such a telephone channel and limit itself to 18 channels only. In such a case, 
the maximum permissible power for each telegraph channel is

5 milliwatts
 —-r  =  about 15 microwatts18z

The power per telegraph channel should never in any case exceed 

5 milliwatts
 -----  =  or about 35 microwatts,

calculated for a 12-channel telegraph system in accordance with the principles indi­
cated above;

T a b l e  II
Normal limits for the power per telegraph channel in amplitude-modulated voice-frequency telegraph systems

routed on a carrier type telephone circuit

Voice-frequency telegraph system

Allowable power per telegraph channel 
at a point of zero relative level

In microwatts

In an absolute power level

nepers decibels

12 telegraph channels, or less . . . . 35 — 1.67 — 14.5
18 telegraph c h a n n e ls ............................. 15 — 2.1 — 18.25
24 telegraph c h a n n e ls ............................. 9 — 2.4 — 20.9

11. The audio frequency is transmitted to line when a stop unit, in conformity with 
International Telegraph Alphabet No. 2, is sent.

12. It must be possible to subject any channel to a test without withdrawing from service 
a channel other than the return channel of the circuit planned;

13. Local tests must be made at each of the ends before making the two terminal offices 
work together, if this is necessary;

14. In graded harmonic frequency telegraphy, it is desirable that the same frequencies 
be used separately for circuits established on different successive sections of a 4-wire 
circuit;

15. In graded harmonic frequency telegraphy, the attenuation of the filters which pass 
a group of frequencies must, in the suppressed frequency band, be higher by at least 
4 nepers than that shown in the transmission band;

16. In graded harmonic frequency telegraphy, in order to facilitate local tests, the fre­
quencies used for communications set up between two international offices in one 
direction should also be used in the opposite direction, if possible.
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RECOMMENDATION R.32

USE OF STATIC RELAYS FOR TRANSMISSION

(former C.C.I.T. Recommendation B.16, Brussels, 1948)

The C.C.I T.T.,

CONSIDERING

that the substitution of static relays utilizing the properties of metal rectifiers for electro­
magnetic transmitting relays for voice-frequency telegraphy is already widely adopted 
and ensures a reduction of distortion of the transmitted signals, great stability, and dispenses 
with all necessity for adjustment once the device is in service;

that the devices in use in different countries differ in detail but operate satisfactorily, 
so that it appears unnecessary to recommend any particular one, and that it seems sufficient 
to indicate how the characteristics of interest in the practical application of such devices 
can be defined, without specifying the values of these characteristics, with the exception 
of the difference in the attenuation introduced by the relay in the transmitting and the 
non-transmitting conditions;

UNANIMOUSLY DECLARES THE VIEW

a) that the use of static relays utilizing metal rectifiers properties for transmission on 
voice-frequency telegraph channels is advantageous;

b) that in the study of the specification of a static relay the following quantities should 
be considered:

1. Band of carrier frequencies to which the device is adapted;

2. Input resistance (or impedance characteristics) of the direct current control 
circuit;

3. Maximum value of the controlling direct current (as determined by the dimensions 
and properties of the rectifiers used);

4. Minimum value of the controlling direct current (as determined by the curvature 
of the characteristics of the rectifiers used);

5. Impedance of the system as measured from the carrier current input terminals a) 
in the case of transmission and b) in the case of non-transmission of signals;

6. Impedance of the system as measured from the line terminals a ) in the case of 
transmission and b) in the case of non-transmission;

7. Voltage of the carrier frequency;

8. Loss introduced by the relay in the case of transmission, in the case of non- 
transmission, and in the absence of any controlling direct current;
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9. Maximum coefficient of harmonic distortion;

10. Particulars of the variations in the essential properties of the relay with changes 
of temperature, ageing, etc.;

11. Symmetric quality of the device;
■c) that the difference in the loss introduced by the relay in the cases both of transmission 

and of non-transmission should be as high as possible and, in any case, at least equal 
to 3.5 nepers or 30 decibels.

RECOMMENDATION R.33

STANDARDIZATION OF OPERATING CONDITIONS 
FOR STATIC SENDING RELAYS OF AMPLITUDE-MODULATED 

YOICE-FREQUENCY TELEGRAPH SYSTEMS

(former C.C.I.T. Recommendation B.46, Geneva, 1956)

The C.C.I.T.T.,

CONSIDERING

1. that it is essential that voice-frequency telegraph receivers should operate to the 
condition corresponding to a start element (clearing signal) when the control current 
fails in the sending relay;

2. that it is necessary under the foregoing condition for the sending static relay to have 
adequate attenuation even in the presence of parasitic currents such as may occur 
in the sending line associated with ,the channel;

3. that it is not considered to be very objectionable if the receiver operates to the condition 
corresponding to stop polarity for short intervals (e.g. -false calling signals) as the 
result of the combined effects of line noise and the incompletely suppressed signal 
from the sending relay;

4. that it is of little consequence whether the suppression of the signal resulting from the 
interruption of the control current is instantaneous or occurs after a short delay 
(e.g. due to a slow relay);

UNANIMOUSLY DECLARES THE VIEW

1. that, in the event of failure of the control current in the sending static relay, the 
attenuation of the residual signal relative to the nominal level should be at least
3.1 nepers (27 decibels);

2. that this attenuation of the signal need not occur immediately after the failure of the 
control current.
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RECOMMENDATION R.34

THRESHOLD OF SENSITIVITY FOR AMPLITUDE-MODULATED 
VOICE-FREQUENCY TELEGRAPH RECEIVERS

(former C.C.T.T. Recommendation B.45, Geneva, 1956)

The C.C.I.T.T.,

CONSIDERING

1. that, in the absence of a voice-frequency signal, the detectors of a voice-frequency 
telegraph system should not respond to noise;

2. that, in accordance with C.C.I.T.T. Recommendation R.31, the power allocated to 
one channel of a 24-channel voice-frequency telegraph system is 9 microwatts at a 
point of zero level (corresponding to a level of -  2.4 nepers);

3. that the C.C.I.T.T. is at present engaged in studies regarding the maximum values of 
noise which may be experienced on carrier telephone circuits, but it is nevertheless 
necessary to make a provisional recommendation regarding the threshold of sensitivity 
for the receiving equipment of amplitude-modulated voice-frequency telegraph systems 
now;

4. that the experience of certain Administrations has shown that the operation of the 
receiving equipment of a voice-frequency telegraph system is not in general disturbed 
by noise, if during no-tone periods a signal whose frequency corresponds to the 
nominal frequency of the channel and whose voltage corresponds to an absolute 
level of -  4.5 nepers at a point of zero relative level is applied without producing any 
response in the receiving relay;

UNANIMOUSLY DECLARES THE VIEW

1. that it is necessary to fix a threshold of sensitivity for the detector of an amplitude- 
modulated voice-frequency telegraph channel;

2. that, when a signal the frequency of which is equal to the nominal frequency of the 
channel, and whose level is 2.1 nepers below the normal signal level of the channel, is 
applied to the detector of a 24-channel voice-frequency telegraph system, the receiving 
relay should not respond.

Note. — It will be useful to review this Recommendation when the studies now in
progress regarding the maximum value of noise have been finished.
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RECOMMENDATION R.35

STANDARDIZATION OF FREQUENCY-SHIFT MODULATED 
YOICE-FREQUENCY TELEGRAPH SYSTEMS 

(FOR A MODULATION RATE OF 50 BAUDS)

(former C.C.I.T. Recommendation B. 48, Geneva 1956, amended at New Delhi, 1960)

Frequency-shift modulated voice-frequency telegraph circuits are being used more and 
more on telegraph networks, and it should be possible to introduce them into international 
services; it may even be necessary to use them on international long-distance telephone 
circuits operating in unfavourable conditions.

It is, moreover, important to be able to make the maximum use of telephone-type 
bearer circuits and to be able to use frequency-modulated voice-frequency telegraph circuits 
in switched telegraph networks.

For the above reasons, the C.C.I.T.T.

UNANIMOUSLY DECLARES THE FOLLOWING VIEW:

1. Frequency-shift modulated voice-frequency telegraph systems should be able to 
provide 24 channels.

2. The nominal modulation rate should be standardized at 50 bauds.

3. For the nominal mean frequencies, the series formed by the odd multiples of 60 c/s
should be adopted, the lowest frequency being 420 c/s in accordance with Recommen­
dation R.31, paragraph 1, the mean frequency F0 being defined as the half-sum of the 
two characteristic frequencies corresponding to the permanent “ start polarity ” F1 and 
“ stop ” polarity F%.

4. The mean frequencies at the sending end should not deviate from their nominal value 
by more than 2 c/s.

If there are no sudden changes in the telegraph current at the input to a channel, 
the current at which this mean frequency

p  _ U + f 2 
-  — j —

is reached will have to be less than I.k.A *.

where /  is the nominal telegraph current
k  is the minimum value of the ratio of the unit interval to the time taken by

the current to change from one steady value to the other 
A is the maximum tolerable bias distortion of the transmitting modulator.

5. The difference between the two characteristic frequencies (corresponding to the start 
and the stop conditions) should be 60 c/s, although a difference of 70 c/s may be used 
by mutual agreement between the Administrations concerned.

* The explanation of this formula is given on page 275 of Volume VII
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6. The tolerance permitted in this difference should be at most ±  3 c/s.

7. The total average power transmitted to the telephone line by all the channels of a 
system is normally limited to 135 microwatts at a point of zero relative level. This 
sets, for the average power of a telegraph channel (at a point of zero relative level), 
the limits given in Table 1.

T able  1

Normal limits for the power per telegraph channel in frequency-modulated 
voice-frequency telegraph systems

Voice-frequency telegraph system

Allowable power per telegraph channel 
at a point of zero relative level

In microwatts

In an absolute power level

nepers decibels

12 telegraph channels, or less . . . . 11.25 —  2.25 —  19.5
18 telegraph c h a n n e ls ................................. 7.5 —  2.45 —  21.25
24 telegraph c h a n n e ls ................................. 5.6 —  2.6 —  22.5

Nevertheless, by agreement between interested Administrations or Private Operat­
ing Companies and taking into account the possibilities offered by carrier telephone 
systems, these power limits may be raised for frequency-modulated telegraph signals 
established on an audio-telephone circuit or on a very long voice-frequency telegraph 
circuit routed on a channel of an open wire-carrier system, or on the channel of a 
radio-relay system, or on a channel of a cable carrier system. The limits thus raised 
should never exceed those which have been fixed for the power (at a point of zero 
relative level) corresponding to the transmission of a continuous tone for amplitude- 
modulated voice-frequency telegraphy and which are recalled in Table 2.

T able 2

Limits which may be applied, by agreement between Administrations, for the power 
per telegraph channel in frequency-modulated voice-frequency telegraph systems

Allowable power per telegraph channel 
at a point of zero relative level

Voice-frequency telegraph system

In microwatts
In an absolute power level

nepers decibels

12 telegraph channels, or less . . . .
18 telegraph c h a n n e ls .................................
24 telegraph c h a n n e ls .................................

35
15

9

—  1.67
—  2.1 
—  2.4

—  14.5
—  18.25
—  20.9

(R.35)
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8. The tolerance for the variation in the mean level of signals at the frequency correspond­
ing to start polarity and at the frequency of stop polarity is ±  0.2 neper.

The tolerance for the ratio of the signal level at the frequency corresponding to 
start polarity and the signal level at the frequency corresponding to stop polarity 
on the same channel is 0.2 neper.

9. The frequency for the corresponding transmitted condition to the start polarity is the 
higher of the two characteristic frequencies and that corresponding to the stop polarity 
is the lower.

10. In the absence of telegraph current controlling the channel modulator, a frequency 
should be transmitted, within ±  5 c/s of the frequency normally transmitted for the 
start polarity. This frequency need not be sent immediately after interruption of the 
control current.

11. That the receiving equipment should restore to start polarity when the receiving 
level falls to 2.4 N  ±  0.3 N  below the nominal level.

The nominal level is the level resulting from the choice of power per channel 
(Table 1 or Table 2 under 7) and the number of channels (12, 18 or 24) on the circuit.

Choice of the level to control an alarm is left to individual Administrations.

12. The degree of tolerable telegraph distortion on the channels should have the following 
values, which are applicable to measurements made after the channel has been adjusted, 
when bias distortion has been eliminated and when neighbouring channels are in 
operation and in adjustment:
a) in the case of normal transmission level and without frequency error in the tele­

phone circuit; 5% for inherent isochronous distortion;
b) in the case of slow variations from +  1 neper (-f 8.7 db) above to 2 nepers 

(17.4 db) below the normal level of the received signals: 7%;
c) in the case of abrupt variations in the level of the received signals, by steps of 1 neper 

(8.7 db), in the range from +  1 neper (+  8.7 db) to -  2 nepers (- 17.4 db): 10%;
d) owing to the presence of a sinusoidal interference whose level is 2.3 nepers (20 db) 

below the level of the signal and whose frequency is equal either to the mean 
frequency, or to either of the frequencies corresponding to the stop and start 
polarities:

10% for the degree of overall distortion, it being understood that there it is 
a question of overall distortion including the increase caused by the presence of an 
unwanted frequency and not the distortion due merely to the unwanted frequency;

e) if the frequencies are displaced by 3 c/s and by 5 c/s by transmission through the 
telephone circuit:

3 c/s, 10% at normal level, total distortion being understood (including that 
* due to the drift);

5 c/s, 15% at normal level, total distortion being understood (including that 
due to the drift).

Note. — These values are given by way of information and should be considered as
provisional; see Question 14/JX.

(R.35)
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13. Frequency deviations on modern telephone circuits are generally less than 2 c/s. 
Hence, it is not indispensable to recommend frequency drift control.

For circuits where the frequency deviation of ±  2 c/s cannot be guaranteed, 
compensation of drift seems necessary. Two methods can be used:
— drift can be compensated for each channel up to about 15 c/s;
— drift can be compensated for all the channels by pilot. In this case, the receiving 

end must be able to request a n d . obtain a pilot frequency. Administrations 
should agree among themselves on the advisability of sending the pilot and the 
choice of frequency. 3300 c/s or, preferably, 300 c/s are recommended, with a 
tolerance of ±  1 c/s. The mean power emitted at the relative zero point on this 
frequency should not exceed that recommended for a telegraph channel in the case 
of a 24-channel group, i.e. -  2.6-N  ( -  22.5 db). .

14. The number of significant conditions of the modulation is fixed at two; this number 
may be increased if necessary, by mutual agreement between the Administrations 
concerned.

RECOMMENDATION R.36

CHANNELS FOR MODULATION RATES GREATER THAN 50 BAUDS 
COEXISTING W ITH 50-BAUD VOICE-FREQUENCY TELEGRAPH CHANNELS

( New Delhi, 1960)

There is a need to introduce for international traffic frequency shift voice-frequency 
channels for speeds of at least 75 bauds capable of coexisting with 50-baud channels in a 
single voice-frequency telegraph system on a telephone circuit.

For that reason, the C.C.I.T.T.

UNANIMOUSLY DECLARES THE VIEW:

1. It is convenient to adopt for the nominal mean frequencies of these channels the series
of frequencies 480 +  n X 240 cycles per second in such a way that one or more 
channels of 240 cycles per second bandwidth can replace one or more pairs of normal 
channels of 120 cycles per second bandwidth.

2. The difference between the two characteristic frequencies of a channel of the greater 
bandwidth is fixed at 120 cycles per second corresponding to one half the spacing 
between the mean nominal frequencies as for 50-baud channels.

3. The mean power transmitted to line at a point of zero relative level remains normally
limited to 135 microwatts for the aggregate of the channels of the system. Each
of the wider band channels can then be transmitted with a power equal to twice that

(R.36)
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of each of the normal channels it replaces (i.e. at a level 3 db above the normal channel 
level) without ever exceeding the value of 35 microwatts fixed for a 12-channel system.

4. It should be possible to establish these wider band channels of 240 cycles per second 
either on an amplitude-modulated or a frequency-modulated voice-frequency telegraph 
system.

Notes. — See contribution by F. R. of Germany in the Supplements to series R 
Recommendations concerning frequency-shift voice-frequency telegraphy systems with 
channel separation of more than 120 c/s.

— See Question 16/IX.

RECOMMENDATION R.39

VOICE-FREQUENCY TELEGRAPHY ON RADIO CIRCUITS 

(former C.C.I.T. Recommendation B.49, Geneva, 1956) ~

A. Radio circuits the frequency o f which is below approximately 30 Mcjs 

The C.C.I.T.T., -

CONSIDERING

1. that it is necessary to distinguish between the case in which the radio frequency used 
is below approximately 30 Mc/s, and the case in which the radio frequency used is 
greater than approximately 30 Mc/s;

2. that, in the case of radio circuits whose frequency is less than approximately 30 Mc/s, 
it appears that the use of amplitude-modulated voice-frequency telegraph systems, 
as defined by C.C.I.T.T. Recommendation R.31, cannot be recommended;

3. that, in the case of radio circuits whose frequency is less than approximately 30 Mc/s, 
the nature of the telephone channels available for telegraph operation may vary 
widely according to the radio system used, and that several systems of telegraph 
transmission are available (e.g. two or four tone telegraph systems, frequency-change 
modulated systems, etc.);

4. that as a result of this third consideration, a general standardization of the character­
istics of the voice-frequency telegraph systems to be used on radio circuits whose 
frequency is below approximately 30 Mc/s cannot be recommended at present;

UNANIMOUSLY DECLARES THE VIEW

1. that amplitude-modulated voice-frequency telegraph systems as standardized by
C.C.I.T.T. Recommendation R.31 cannot be recommended;

2. that, in general, frequency-change modulation is the method to be recommended

(R.39)



SPECIAL CASES OF ALTERNATE; CURRENT TELEGRAPHY 37

(two and four-tone telegraph systems being considered, for the purpose of this Recom­
mendation, as frequency-change modulated systems);

3. that frequency-change modulated systems, if designed for cable circuits, must often be 
specially adapted for use on radio circuits as mentioned in the 19th Report of the
C.C.I.R. (London 1953), paragraph 2.

B. Radio circuits the frequency o f which is above approximately 30 Mc/s

The C.C.I.T.T.,

CONSIDERING, FURTHER

1. that it would be very desirable if telephone circuits which are derived from radio 
systems whose frequency is above about 30 Mc/s and which are allocated for telegraph 
service, could be suitable for the application (without modification) of standardized 
voice-frequency telegraph systems conforming with C.C.I.T.T. Recommendations 
R.31 or R.35;

2. that the C.C.I.T.T. does not know whether the quality of the telephone circuits thus 
derived would be adequate for the standardized voice-frequency telegraph systems, 
nor in what ranges of radio frequencies operation would eventually be satisfactory;

3. that on the other hand the C.C.I.T.T. is studying the standardization of frequency 
change modulated systems;

DECLARES THE VIEW

that attention should be drawn to the difficulties (frequency or level variations, inter­
ruptions, etc.) which may result from the use of telephone circuits derived from radio 
telegraph systems whose frequency is above approximately 30 Mc/s for telegraphy,

and that regular tests of the operation of voice-frequency telegraph systems on telephone 
circuits derived from such radio systems should be made.

Notes. — See the Supplements to series R Recommendations, page 269 and following.
— See Questions 3/IX and 17/IX. .

RECOMMENDATION RAO

COEXISTENCE IN THE SAME CABLE OF TELEPHONY 
AND SUPRA-ACOUSTIC TELEGRAPHY

(former C.C.I.T. Recommendation B.17, Brussels 1948, amended at Geneva, 1951) 

The C.C.I.T.T.,

CONSIDERING

that this process provides only one telegraph channel, in addition to the telephone 
channel, and that it can be applied only in comparatively few cases (lightly loaded, or 
unloaded circuits, which cannot be used for multi-channel carrier telephony);

(R.40)
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that in such cases, the Administrations and Private Operating Agencies concerned could 
in most cases by common agreement contemplate, the possibility of making use of some 
other more suitable process, which would provide, in addition to the V.F. telephone 
channel, more than one telegraph channel;

UNANIMOUSLY DECLARES THE VIEW

that the use of supra-acoustic telegraphy should not prejudice the quality of trans­
mission over the adjacent telephone channel and that, in particular, it should not limit the 
band of frequencies necessary for good speech reproduction (300 to 3400 c/s at least).

RECOMMENDATION R.41

UTILIZATION OF THE INTERCHANNEL FREQUENCY BAND OF CARRIER 
TELEPHONE CIRCUITS FOR TELEGRAPH TRANSMISSION

(former C.C.I.T. Recommendation B.18, Geneva, 1951, amended at New Delhi, 1960) 

The C.C.I.T.T.

UNANIMOUSLY DECLARES THE VIEW

that in the present state of technical development the utilization for telegraph com­
munication of the interchannel frequency band of telephone channels on cable carrier 
systems is neither technically nor economically desirable.

RECOMMENDATION R.42

NON-SIMULTANEOUS TRANSMISSION OF TELEPHONY AND TELEGRAPHY 
ON LEASED INTERNATIONAL TELEPHONE CIRCUITS

(former C.C.I.T. Recommendation B.19, Geneva, 1951, 
amended at Arnhem, 1953, and at Geneva, 1956)

The C.C.I.T.T.,

CONSIDERING

that the C.C.I.F. has issued Recommendations on the subject of alternate transmis­
sion of telegraphy or telephony on leased international telephone circuits (vide C.C.I.F., 
Red Book, Volume III, Recommendation H.21),

(R.42)
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UNANIMOUSLY DECLARES THE FOLLOWING VIEW:

1. The frequency of 1500 c/s is recommended for private telegraph transmissions between - 
telephone stations permanently connected by leased international circuits.

2. For the steady telegraph emission of a continuous dash, a maximum power of 0.3 mW 
(corresponding to an absolute power level of -  0.6 nepers, or about -  5 db) at a 
point of zero relative level.

When leasing an international telephone circuit that might be used for such 
telegraph transmissions, it is advisable to ensure, by measurements, that this limit is 
not exceeded.

Administrations and Private Operating Agencies concerned are responsible, as 
regards their own national networks, for taking the necessary precautions to avoid 
interference to their domestic telephone services from such telegraph transmissions. 
Such precautions may consist in limiting the telegraph transmission power or the 
duration of use of telegraphy, or may concern the method of telegraph transmission.

3. Y.F. ringing sets on telephone circuits leased for private telegraph transmissions 
between two permanently connected telephone stations must be insensitive to telegraph 
signals. It has been observed that one existing type of ringing set is sensitive to them, 
but measures may be taken to correct such ringing sets so that there is no great difficulty 
for the frequency chosen.

4. The maximum limit of 250 milliseconds adopted for the hangover time of echo sup­
pressors on international telephone circuits does not appear long enough to suppress 
(even partially) the transmission of the answer-back signals when start-stop apparatus 
reply.

RECOMMENDATION R.43

SIMULTANEOUS COMMUNICATION BY TELEPHONE AND TELEGRAPH
ON A TELEPHONE CIRCUIT

(former C.C.I.T. Recommendation B.50, Geneva, 1956)

The C.C.I.T.T.,

CONSIDERING

1. that the exceptional use of a leased telephone circuit for simultaneous communication 
by telephone and telegraph is envisaged in Recommendation H.22 of the C .C .I.T.T.;

2. that the C.C.I.F. has indicated conditions under which the simultaneous use of 
telephone circuits for telephony and telegraphy is technically tolerable;

(R.43)
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3. that standardization of the characteristics of apparatus permitting simultaneous use of 
a telephone circuit for telephony and telegraphy is not justified, but that it is necessary 
to limit the power of the signals transmitted and to avoid the use of frequencies that 
will interfere with any telephone signalling equipment which may remain connected 
to the telephone circuit;

4. that new demands for the allocation of particular frequencies for special purposes 
frequently arise and the number of frequencies used for any one purpose should not 
be unnecessarily multiplied,

UNANIMOUSLY DECLARES THE VIEW

1. that in the case of the simultaneous use of a telephone circuit for telephony and 
telegraphy, the telegraph signal, if continuously transmitted, should be maintained 
at or below a level of -  1.5 nepers at a point of zero relative level;

2. that not more than three such telephone circuits should be included in any one primary 
group of 12 telephone circuits nor more than 15 in any one coaxial cable system;

3. that the telegraph signals transmitted must not interfere with any signalling apparatus 
that may remain connected to the telephone circuit,

ANE> NOTES

that some Administrations have permitted the use for simultaneous telephony and 
telegraphy of the frequencies 1680 c/s and 1860 c/s both by amplitude and by frequency- 
shift modulation.

RECOMMENDATION R.49

INTERBAND TELEGRAPHY OVER OPEN-WIRE 3-CHANNEL 
CARRIER SYSTEMS

(New Delhi, 1960)

It is considered necessary to introduce, for international traffic, an open-wire carrier 
system which uses common line repeaters for telephone and interband telegraph channels.

This is important for some Administrations which desire to have a small number of 
telegraph channels (up to six) without having to use a standard voice-frequency telegraph 
system on one of the telephone circuits, thereby effecting an economy, as all the telephone 
circuits are retained entirely for telephone traffic.

The arrangement of line frequencies so far as the telephone channels are concerned 
should be as specified in Volume III of the Red Book (Recommendation G.361).

(R.49)
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UNANIMOUSLY DECLARES THE FOLLOWING VIEW:

Four interband telegraph channels, for a modulation rate of 50 bauds, can be set up 
over an open-wire carrier system by the use of line repeaters common to the telephone 
channels and the telegraph channels provided that the system in question conforms 
to C.C.I.T.T. Recommendation G.361 B {Red Book, Volume III).

The nominal frequencies of these four telegraph channels are as follows:

a) Low-frequency direction o f transmission

3.22 — 3.34 — 3.46 and 3.58 kc/s

b) High-frequency direction o f transmission

ba) telephone channels occupying the frequency band 18 — 30 kc/s:
30.42 — 30.54 — 30.66 and 30.78 kc/s

bb) telephone channels occupying the frequency band 19 — 31 kc/s:
18.22 — 18.34 — 18.46 and 18.58 kc/s.

When in-band signalling is employed on the telephone channels (as opposed to out- 
band signalling outside the 4 kc/s bandwidth), it becomes possible to provide two 
additional telegraph channels having the following nominal frequencies:

a) Low-frequency direction o f transmission 

3.70 and 3.82 kc/s.

b) High-frequency direction o f transmission

ba) telephone channels occupying the frequency band 18 — 30 kc/s:
30.18 and 30.30 kc/s,

bb) telephone channels occupying the frequency band 19 — 31 kc/s:
18.70 and 18.82 kc/s.

In those cases where, as a result of agreement between the Administrations concerned, 
the system employs an upper pilot of 17 800 kc/s, the following frequencies may be 
used as alternatives to those specified in paragraphs 2.bb) and 3.bb) above. This 
alternative arrangement permits, in certain types of systems, a more economical 
modulation process:

31.42 — 31.54 — 31.66 and 31.78 kc/s.

instead of 18.22 — 18.34 — 18.46 and 18.58.

also 31.18 and 31.30 kc/s instead of 18.70 and 18.82 kc/s.

This Recommendation applies to amplitude-modulated telegraphy and to frequency- 
modulated telegraphy.



6. It is not considered desirable to standardize absolutely the power transmitted to the 
line as this may be dependent upon the conditions on the open-wire route. Under 
favourable conditions a recommendable value for the power on each telegraph channel 
would be -  2.35 N  (-  20 db) referred to one milliwatt at a point of zero relative 
level.

For amplitude modulation the tolerance on the sent frequency will be ±  6 c/s 
and for frequency modulation, the tolerances given in Recommendation R.35 will 
apply.

In tests made on the local end, equipments should meet the distortion conditions 
described in Recommendation R50, point 2, of the C.C.I.T.T. for amplitude modu­
lation, and those described in Recommendation R.35, point 12, for frequency modu­
lation.

7. The correspondence between the significant conditions described in paragraph 11 
of Recommendation R.31 and paragraph 9 of Recommendation R.35 applies to these 
channels for interband telegraphy.

42 TRANSMISSION QUALITY

RECOMMENDATION R.50

TOLERABLE LIMITS FOR THE DEGREE OF ISOCHRONOUS DISTORTION 
OF TELEGRAPH CIRCUITS EXCLUDING APPARATUS

(former C.C.I.T. Recommendation B.24, Arnhem, 1953)

The C.C.I.T.T.,

CONSIDERING

that, to facilitate the study of plans for the establishment of international telegraph 
circuits, it is convenient to set limits for the degree of isochronous distortion of the telegraph 
circuits and channels;

• that, for whatever purpose normally used, these circuits should be capable of use with 
start-stop apparatus;

that, in certain cases, limits have been set by Recommendations R.57 and R.58 for 
the isochronous distortions of the trunk sections of circuits and for that of voice-frequency 
telegraph channels;

UNANIMOUSLY DECLARES THE VIEW

1. that circuits should be established and maintained in such a manner that the degree of 
isochronous distortion will not exceed 28 %, whether they are equipped with regener­
ative repeaters or hot.

2. that the degree of isochronous distortion of each channel which may form part of a 
circuit should be as small as possible, and should not in any case exceed 10%.

(R.50)
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RECOMMENDATION R.51

DETERMINATION OF THE STANDARDIZED TEST DISTORTION 
OF THE ELEMENTS OF A COMPLETE CIRCUIT

(former C.C.I.T. Recommendation B.32, Warsaw, 1936, amended at Geneva, 1956)

The C.C.I.T.T.,

CONSIDERING

that, for a precise definition of the degree of service distortion permitting the com­
parison of results of measurements obtained under similar conditions in different places, 
it is advisable to standardize the wording of the text which should be transmitted for the 
test;

that it is best to choose a text which can be received directly by start-stop apparatus 
and which also presents a sequence of the combinations recognized as those which generally 
cause the maximum distortion,

UNANIMOUSLY DECLARES THE VIEW

that the text to transmit in the course of measurements of the degree of service distor­
tion should be the following:

1 i i
| • ; | 

n 3 i t  p i4 p i
I ! 9 IJ space 1 ,

this text corresponds to the following sequence of signals emitted by a start-stop apparatus, 
letters, S, carriage return, line change, Q, figures, space, 9;

AND CONSIDERING, ON THE OTHER HAND,

that, in maintenance adjustments and in the various distortion measurements that may 
arise in the study of lines and equipment, it would be necessary to make use of a single 
apparatus offering the possibility of transmitting the different combinations of signals 
recognized as the most practical for this purpose;

that the unification of the list of these combinations would permit comparison of 
results obtained in various places,

UNANIMOUSLY DECLARES THE VIEW

that it is appropriate to recommend the construction of special transmitters for distor­
tion measurements which could transmit, with one or the other polarity:

1. the specified text for the measurement of the degree of distortion;
2. a continuous sequence of alternations, the duration of each element being that of the 

unit interval corresponding to the anticipated telegraph modulation ra te ;

! b i 1
letters j 1 carnage i line change I

return

(R.51)
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3. a continuous sequence of alternations, the duration of each element being double the 
unit interval corresponding to the anticipated telegraph modulation rate;

4. a continuous sequence of signals, each formed by an emission of a duration equal to 
that of the unit interval, followed by an emission of a kind distinct from the first and 
equal duration to that of six unit intervals.

RECOMMENDATION R.52

TESTS OF CIRCUITS EQUIPPED WITH START-STOP APPARATUS

(former C.C.I.T. Recommendation B.33, Brussels, 1948)

The C.C.I.T.T.

UNANIMOUSLY DECLARES THE VIEW

1. that it is not necessary to standardize an international text for the measurement of 
the margin of a teleprinter;

2. that nevertheless it would be of interest to recommend to the operating Administrations 
the use of either of the following texts according to choice:

VOYEZ LE BRICK GEANT QUE J’EXAMINE PRES DU W HARF.
THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG.

RECOMMENDATION R.53

PERMISSIBLE LIMITS FOR THE DEGREE OF DISTORTION 
ON AN INTERNATIONAL AMPLITUDE-MODULATED 

V.F. TELEGRAPH CHANNEL

(former C.C.I.T. Recommendation B.36, 1951, amended at Arnhem, 1953)

The C.C.I.T.T.,

CONSIDERING

that the numerous tests made on V.F. telegraph equipment in service now make it 
possible to establish limits for the degree of distortion outside which a V.F. telegraph 
channel must be regarded as being out of order;

that these tests should be made with reversals and with standard text at the modu­
lation rate used for adjustment;

that, when equipment is put into service and when it is adjusted, the minimum distortion 
should be sought and therefore limits for the degree of distortion need not be established 
in this case,

(R.53)
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UNANIMOUSLY DECLARES THE VIEW

1. that the degree of bias distortion of reversals on an international voice-frequency 
telegraph channel at the modulation rate employed for adjustment should not exceed 
a value corresponding to 4% at the standard modulation rate of 50 bauds;

2.* that the degree of isochronous service distortion of an international V.F. telegraph 
channel on the standardized text should not exceed 10%;

These limits, except where otherwise stated, apply to a modulation rate of 50 bauds 
and take account of the accuracy of the measuring equipment.

They are provisional and may be amended according to the technical development 
of V.F; telegraphy and of studies of telegraph distortion.

RECOMMENDATION R.54
t

CONVENTIONAL DEGREE OF DISTORTION

(former C.C.I.T. Recommendation B.51,. Geneva, 1956)

The C.C.I.T.T.,

CONSIDERING

1. that in telegraph communications used in the general service, in the telegraph sub­
scribers’ service and in the leased land-line circuit service using 5-unit start-stop 
apparatus, a maximum admissible rate of error of 3 per 100 000 alphabetic telegraph 
signals transmitted should be provisionally recommended;

2. that, at present, interruptions of the telephone circuit account for a much higher error 
rate than that recommended by the C.C.I.T.T.;

3. that, therefore, without taking into account the degree of distortion caused by appa­
ratus and voice-frequency telegraph channels, it is at present impossible to obtain 
an error rate of 3 for 100 000 telegraphic signals;

4. that, because the number of interruptions is likely to be diminished in the future, it is 
appropriate, in anticipation, to recommend a limit for that part of the error rate 
which is due to distortion;

5. that, in view of the foregoing considerations, it appears reasonable provisionally to 
recognize an error rate due to distortion of 2 per 100 000 alphabetic telegraph signals 
transmitted;

6. that, in planning telegraph circuits, it may be convenient to limit the conventional 
degree of gross start-stop distortion of complete circuits (including telegraph apparatus) 
to the nominal margin of the receiving apparatus;

(R.54)



7. that, if the conventional degree of gross start-stop distortion of signals is to agree with 
the margin of a receiver to which they are applied when the error rate is 2 erroneous 
translations per 100 000 alphabetic telegraph signals, then it is believed that the value 
assigned to the probability mentioned in the definition of conventional distortion 
must be 1 occurrence of excessive distortion per 100 000 significant instants of modu­
lation,

UNANIMOUSLY DECLARES THE VIEW

1. that the conventional degree of distortion shall be the degree of distortion the proba­
bility of exceeding which is 1 per 100 000, i.e. 1 occurrence of distortion exceeding 
the conventional degree of distortion per 100 000 significant instants of modulation;

2. that, to make direct observations of this conventional degree of distortion, it is neces­
sary to measure it during one hour as often as may be necessary. These measurements, 
unless otherwise specified, should be made during “ busy hours ” and on “ busy days ” ;

3. that, when calculating the degree of conventional distortion from rapid observations, 
it is necessary to ensure that these basic observations correspond to the average con­
ditions existing during a period of one hour, which unless otherwise stated should be a 
“ busy hour ” on a “ busy day ”.

Note. — See Questions 6/IX and 7/IX.
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RECOMMENDATION R.57

STANDARD LIMITS OF TRANSMISSION QUALITY TO BE APPLIED IN 
PLANNING INTERNATIONAL POINT-TO-POINT TELEGRAPH COMMUNICA­
TIONS AND SWITCHED NETWORKS BY MEANS OF START-STOP APPARATUS

(AT 50 BAUDS)

(former C .C .I.T . Recommendation B.25, 1951, amended at Arnhem, 1953, 
and New Delhi, I960, see Recommendation R.58)

Administrations must agree on the composition of the international section and the 
national sections before setting up an international point-to-point telegraph circuit.

For the interconnection of switched public or private national network a distribu­
tion plan of telegraph distortion between national networks and international circuits 
connecting the international terminal exchanges is required.

For this purpose, provisional standards, based on the results of practical experience 
and on studies of the composition of telegraph distortion, should be laid down for Adminis­
trations.

(R.57)
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On well maintained channels, with modulation at the standard rate of 50 bauds, the 
following values should not normally be exceeded on the trunk sections (see Recommenda­
tions R.53 and R.75).

Number 
of channels 
in tandem 

within 
the trunk 

circuit 
(excluding 
the local 
section at 
each end)

The limit of 
distortion on 

reversals at the 
modulation rate 

employed for 
adjustment shall 

be equivalent 
to the following 

values at 
50 bauds:

Limit 
of the degree 

of
isochronous 

distortion 
on standardized 

text

Limit of the 
degree of 
inherent 

start-stop 
distortion,

* in service on 
standardized 

text

1 4% 10% 8%
2 7%

oo 13%
3 10% 24% 17%
4 12% 28% 21%
5 25%

(The above values are valid whether the channels are amplitude-modulated or frequency- 
modulated.)

For the above reasons, the C.C.I.T.T.

UNANIMOUSLY DECLARES THE FOLLOWING VIEW:

a) * In planning international point-to-point telegraph communications, the Administrations 
should use the following standard limits valid for start-stop apparatus and for 50-baud 
channels conforming to the recommendations of the C.C.I.T.T. and set up by amplitude- 
modulation or frequency-modulation;

1. Limit of the degree of gross.start-stop distortion, measured by a start-stop 
distortion measuring set at the beginning of the trunk section of the circuit 
(i.e. at the point where the circuit enters the long-distance line telegraph 
equipment) and including the effect of the emission distortion of the 
transmitting a p p a r a tu s .......................................................................................  12%

2. Limit of the degree of standardized test isochronous distortion in the 
trunk section of the circuit:

When one voice-frequency telegraph channel is used for the communication 10 % 
When two voice-frequency telegraph channels are used for the communica­

tion  ...................................  .     18%
When three voice-frequency telegraph channels are used for the commu­

nication ................................................................  . .   24%
When four voice-frequency telegraph channels are used for the commu­

nication .............................................................. ............................................. 28%

* Note 1 :  Although the figures in Rec. R.57 are for planning purposes, they do not correspond 
to conventional degrees of distortion but to routine measurements (see Question 20/IX).

(R.57)
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8%
13%
17%
21%
25%

30%

b) These standards take no account of the possibility of including regenerative repeaters 
in circuits;

c) These standards presuppose that the distortion introduced by the local section of the 
circuit is negligible, and that, should that not be so, Administrations should agree 
amongst themselves on the degree of distortion admissible in the various sections of 
the communication, and on the number of voice-frequency telegraph channels which 
can be used;

d) Administrations should use them, in order to agree on the maximum number of voice- 
frequency telegraph channels which may compose the international section of a circuit 
and in order to determine the characteristics of their national networks due to be 
connected to the networks of other countries, on the understanding that the synchro­
nous service distortion, originated by the trunk section, may not in any circumstances 
exceed 28 %. ■

RECOMMENDATION R.58

STANDARD LIMITS OF TRANSMISSION QUALITY 
FOR THE GENTEX AND TELEX NETWORKS

(New 'Delhi, 1960) • .

To enable national switched networks to be interconnected, it is necessary to have a 
distribution plan of the telegraph distortion between national networks and the interna­
tional junction circuits connecting up the international switching centres (international 
terminal switching centres).

* N ote 2 :  The lim its for the degrees o f  isochronous and start-stop distortions indicated under 2 
and 2 his do not establish a law  o f  correspondence betw een the degree o f  isochronous distortion and the 
degree o f  start-stop distortion; this law  o f  correspondence depends on the com position  o f  the distortion  
(relative im portance o f  characteristic and fortuitous distortions).

or *

Ibis. Limit of degree of standardized test inherent start-stop distortion of the 
trunk section of the circuit:

When one voice-frequency channel is used for the communication . . . 
When two voice-frequency channels are used for the communication . . 
When three voice-frequency channels are used for the communication . 
When four voice-frequency channels are used for the communication . . 
When five voice-frequency channels are used for the communication . .

3. Limit of the degree of the gross start-stop distortion, measured by a start- 
stop distortion measuring set, which can be present in signals at the input 
of the local section of the c irc u it ......................................................................
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The following diagram (fig. 2) shows the points of entry and exit of the national net­
work and the ends of the international junction circuit.

National 
network A

Frontier(s) National 
network B

to country A 
subscriber

International
terminal
switching centre 
Country A

National section

To country B 
subscriber

International junction circuit

International
terminal
switching centre 
Country B

National section

Entry or exit point 
of network A

Entry or exit point 
of network B

F igure 2

It is difficult to lay down standards applicable both to small and to large national 
networks.

However, it has been possible to fix limit values for large countries and they could 
apply to the great majority of telex subscriber stations or gentex stations taking part in 
the international service.

For the above reasons, the C.C.I.T.T.

UNANIMOUSLY DECLARES THE FOLLOWING VIEW!

1. The following standards of transmission quality are observed for the interconnection 
of 50-baud national networks set up by means of telegraph channels and start-stop 
apparatus in accordance with C.C.I.T.T. recommendations (national gentex or telex 
networks):

a) degree of gross start-stop distortion in service (i.e. including the effect of distortion 
due to the sending apparatus) at the point of exit of the national network: not 
more than 22%;

b) degree of inherent start-stop distortion of the international junction circuit: not 
more than 13 %.

2. Although the degrees of distortion to be inserted in the recommendations relative to 
the planning of networks are normally conventional degrees of distortion, the maximum

(R.58)
4
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values mentioned under 1 correspond to the results which would be provided by the 
routine measurements carried out in accordance with Recommendation R.5.

3. These limit values are applicable to large countries which are directly connected without 
switching in a transit country. The stations taking part in the international service 
which cannot satisfy condition l a )  will have to be specially equipped, for example 
with distortion correctors.

4. Small countries (defined as countries in which all stations can be reached with not 
more than 1 long-distance telegraph circuit in the national network) will have to try 
to obtain values less than the maximum of 22 % for the measurements corresponding 
to l a ) .

5. The standard limits mentioned under 1 can also apply to private switched networks. 

Note. — See Questions 20/IX and 21/IX.

RECOMMENDATION RAO

CONDITIONS TO BE FULFILLED BY REGENERATIVE REPEATERS

(former C.C.I.T. Recommendation B.20, 1952, amended at Geneva, 1956)

The C.C.I.T.T.

UNANIMOUSLY DECLARES THE VIEW

1. that regenerative repeaters for start-stop signals should work at a speed of 50 bauds, 
with a speed tolerance in service not greater than ±  0.5 per cent;

2. that the effective synchronous margin of regenerative repeaters should be at least 
40 per cent;

3. that the difference between the significant instants of modulation retransmitted by a 
start-stop regenerative repeater and the corresponding instants of modulation of a 
perfect start-stop apparatus having the same average modulation rate, should not 
exceed +  1 millisecond, it being assumed that the significant instants of the commence­
ment of the start signals are the same in the two cases;

4. that the significant instants corresponding to the beginning of the start signals emitted 
by the start-stop regenerative repeater should in no case be spaced by less than 7- 
unit intervals.

(RAO)
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RECOMMENDATION R.61

CONDITIONS TO BE FULFILLED BY REGENERATIVE REPEATERS 
EMPLOYED FOR 7-UNIT START-STOP TRANSMISSION

(former C.C.I.T. Recommendation B.21, 1951, amended at Geneva, 1956)

The C.C.I.T.T.,

in view of Recommendation R.62 regarding the siting of regenerative repeaters in 
international telex circuits;

in view of Recommendation S.3 on the transmission cycle of start-stop apparatus;

CONSIDERING

that as there are at present large numbers of start-stop instruments having a 7-unit 
transmission cycle, it is necessary to define the conditions to be satisfied by 7-unit regene­
rative repeaters;

that, since it is unlikely that the growth of the international telex network will demand 
the use of regenerative repeaters on transit international trunk circuits for some years, 
the regeneration of 7-unit signals need only concern those Administrations having start-stop 
instruments which transmit 7-unit signals,

Note. —  Administrations are recommended to withdraw any apparatus which does 
not transmit at the rate of 7.5 (or a minimum of 7.4) units for the international service as 
far as possible, owing to the difficulty of regenerating 7-unit start-stop signals when they 
are sent automatically.

UNANIMOUSLY DECLARES THE VIEW

that the duration of the stop element should never be less than 18 milliseconds, and 
consequently the mean speed must b e :
a) either the theoretical speed, with a tolerance of ±  0.1 %, in which case it is necessary

to employ a device to control the duration of the stop signal;
b) or the mean speed of the transmitter, with a suitable tolerance, in which case such a

device is unnecessary;
that the degree of gross start-stop distortion of the retransmitted- signals, including 

the stop signal, should be less than 10%;
that the synchronous margin should not be less than 40 %; ,
that it seems desirable to permit dialling impulses to bypass the regenerative repeater

when the transmission of these impulses has to be envisaged, but that the study of this 
question should, however, continue;

that the arrangements to be adopted for the present for the transmission of dialling 
impulses should be bilaterally agreed between the Administrations concerned;

that the regenerative repeaters should be capable of retransmitting the various super­
visory signals employed in switching systems (except that when arrangements are made for
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the dialling impulses to bypass the regenerative repeater it could equally be unnecessary 
for certain of the supervisory signals to be transmitted by the regenerative repeater).

RECOMMENDATION R.62

SITING OF REGENERATIVE REPEATERS 
IN INTERNATIONAL TELEX CIRCUITS

(former C.C.I.T. Recommendation B.26, 1951, amended at Geneva, 1956)

The C.C.I.T.T.,

CONSIDERING

that insufficient experience has been acquired in the use of regenerative repeaters;
that it nevertheless seems desirable to lay down a provisional rule governing the siting 

of regenerative repeaters, with a view to the preparation of plans for international telegraph 
communications by switching;

that it would ‘also appear desirable that the signals transmitted by an international 
terminal exchange should not be affected by a relatively high degree of distortion,

UNANIMOUSLY DECLARES THE VIEW

that, when the transmission quality demands it, Administrations agree with one another 
on the necessity for inserting regenerative repeaters and for taking the necessary steps so that 
the location chosen ensures that the expenses are equally shared between the Administra­
tions and is appropriate to the organization of their telex and general switching networks 
and to the quality of transmission which it is possible to provide on complete connections.

RECOMMENDATION R.70

DESIGNATION OF INTERNATIONAL TELEGRAPH CIRCUITS

(former C.C.I.T. Recommendation B.29, 1951, amended at Arnhem, 1953)

The C.C.I.T.T.

UNANIMOUSLY DECLARES THE VIEW

that international telegraph circuits will be designated:
a) first by the localities or terminal offices, arranged in alphabetical order according 

to the spelling of the country;

(R.70)
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b) by an indication of the service using the circuit according to the following table:
Public service, point-to-point c i r c u i t ......................... TG
Private service, point-to-point c i r c u i t ........................ TGP
Circuit of the public switching network (gentex) . . TGX
Telex c irc u it .........................................   TX
Circuit of a private switching n e t w o r k .................... TXP
Service c i r c u i t ..................................... ............................  TS

c) by a serial number, using a separate continuous series for each group of circuits.

Note. — In order to avoid the possibility of confusion in the case of TGP and TXP 
circuits, a number formerly allotted to a ceased circuit should not be re-allotted to a new 
circuit until a period of at least 2 years has elapsed.

RECOMMENDATION R.71

ORGANIZATION OF THE MAINTENANCE OF INTERNATIONAL TELEGRAPH
CIRCUITS

(former C.C.I.T. Recommendation B.30, Brussels, 1948, amended in 1951 and at Geneva, 1956) 

The C.C.I.T.T.,

CONSIDERING

that, in order to ensure satisfactory co-operation between Administrations and Private 
Telegraph Operating Agencies interested in the maintenance of international telegraph 
circuits, and in order to ensure the maintenance of satisfactory transmission in the inter­
national telegraph service, it is necessary to unify the essential action to be taken for the 
establishment and maintenance of international telegraph circuits,

UNANIMOUSLY DECLARES THE VIEW

1. that periodical maintenance measurements should be taken on international V.F. 
telegraph systems, and that documents relating to such measurements should be 
exchanged;

2. that the responsibilities for the maintenance of satisfactory transmission, and (as and 
when necessary) the removal of faults on an international V.F. telegraph system should 
be assumed by one of the terminal stations of the system.

The terminal station in question to be known as the system control station.
The said station to be appointed for the purpose by the Administrations and Private 

Telegraph Operating Agencies concerned on the occasion of the establishment of the 
V.F. telegraph system concerned.

The system control station to be entrusted with co-ordination of the execution of 
the maintenance measurements to which paragraph 1 above relates;

(R.71)
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3. that the responsibilities for the maintenance of satisfactory transmission, and (as and 
when necessary) the removal of faults on an international telegraph system should be 
allocated between the different stations concerned as indicated below.

One station of the circuit should assume the principal responsibility for the main­
tenance of satisfactory service on the circuit.

The station in question should be known as the controlling testing station.
This station should be equipped with testing equipment to enable it to make 

telegraph transmission measurements and in this connection it exercises an executive 
control over all the other stations on the circuit.

It should be appointed by agreement between the Administrations concerned on 
the occasion of the establishment of the telegraph circuits concerned.

It should be, wherever possible, one of the terminal stations of the circuit, save 
in so far as otherwise agreed by the services concerned.

For example, in the case of V.F. telegraph circuits, the controlling testing station 
should be one of the terminal voice-frequency telegraph stations as nominated by 
common agreement between the Administrations concerned.

The controlling station is responsible for co-ordinating all operations required 
when there is a breakdown in the circuit. It keeps a record of all circuit breakdowns.

To facilitate supervision, a reference number must be allocated to each break­
down reported.

When a fault comes to the notice of another station on the circuit, this station 
should take steps to secure suitable action on the part of other stations concerned; 
but the controlling testing station is nevertheless responsible for ensuring that the 
fault is cleared as soon as possible.

The controlling testing station should be in a position to furnish all requisite 
information in reply to enquiries on the subject of faults—e.g. in regard to the time 
of any fault, the location of the fault, the orders given for dealing with it and the times 
of restoration of the circuit.

In order, however, to increase the flexibility of the organization and the rapidity of 
the removal of faults, the controlling testing station will confine itself in each foreign 
country to securing the co-operation of a station to be known as the sub-control station 
of the circuit.

The sub-control station should assume, within its own territory, the responsibilities 
indicated above in the case of the controlling testing station and should therefore be equipped 
with testing equipment to enable it to make telegraph transmission measurements.

Such delegation of responsibility shall not affect the authority of the controlling testing 
station, with which the primary responsibility for the maintenance of satisfactory service 
on the circuit will continue to rest.

The sub-control station shall be appointed by the technical service of the Administra­
tion concerned.

It shall furnish detailed information to the controlling testing station regarding faults 
occurring in its own country.

Administrations or Private Recognized Telegraph Operating Agencies shall be free to 
organize the maintenance measurements on those portions of international point-to-point

(R.71)
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circuits and switched connections (including apparatus) which lie wholly within their control, 
but the methods adopted should be not less efficacious than those recommended for inter­
national circuits.

To facilitate the control of tests, circuits shall be divided into test sections (parts of a 
circuit between two telegraph stations). Each section shall be under the control of a 
testing station responsible for the localization and removal of faults on the section con­
cerned. The testing station shall furnish, detailed information as to the faults occurring 
in the section under its control to the sub-control station (or, if necessary, the controlling 
testing station).

In the case of V.F. telegraph channels, each channel shall constitute a test section. 
The testing station will in this case be the principal V.F. telegraph station at the end of 
the section concerned.

RECOMMENDATION R.72

PERIODICITY OF MAINTENANCE MEASUREMENTS TO BE CARRIED OUT 
ON THE CHANNELS OF INTERNATIONAL VOICE-FREQUENCY TELEGRAPH

SYSTEMS

(former C.C.I.T. Recommendation B.34, 1951, amended at New Delhi, 1960)

The C.C.I.T.T.,

CONSIDERING

that for such supervision, maintenance measurements on international voice-frequency 
telegraph channels are necessary,

UNANIMOUSLY DECLARES THE VIEW

1. that maintenance measurements be carried out on international voice-frequency 
telegraph channels once every three months;

2. that there is no need to carry out measurements more frequently on channels making 
up long circuits or circuits used in switching networks.

RECOMMENDATION R.73

MAINTENANCE MEASUREMENTS TO BE CARRIED OUT ON AMPLITUDE- 
MODULATED V.F. TELEGRAPH SYSTEMS

(former C.C.I.T. Recommendation B.35, 1951, amended at New Delhi, 1960)

The C.C.I.T.T., in view of Recommendation R.72 on the periodicity of maintenance 
measurements to be made on international V.F. telegraph channels,

(R.73)
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CONSIDERING

that it should be clearly laid down what maintenance measurements are indispensable
to ensure the correct operation of V.F. telegraph channels,

UNANIMOUSLY DECLARES THE VIEW

1. that maintenance measurements and any necessary adjustments of V.F. telegraph 
channels should be made of:
a) the voltages and frequencies of the V.F. carrier supplies (these measurements

must be made at least once a month, but in the case of a central V.F. carrier 
supply, daily tests are recommended);

b) the power supply voltages (these measurements should be made at least once per
m onth);

c) the output level of each “ send ” filter;
d) the output level of each “ receive ” filter;
e) the receiving apparatus, to ensure that it is operating at the optimum point of

its level regulation characteristic;
f )  the receiving relay, if necessary;
g) the distortion with symmetrical signals 1/1 or 2/2 after adjustment of the relay

or of the receiving equipment for minimum distortion;
h) the distortion on the standard text given in Recommendation R.51 (it would be

advisable for the last measurement to be made at the levels: normal, maximum 
and minimum);

2. that, unless otherwise specified, the measurements should be made at a modulation 
rate of 50 bauds;

3. that the results of the measurements made on the international channels should be 
exchanged directly by telegraph or telephone between the measuring stations, at the 
request of a station.

RECOMMENDATION R.74

CHOICE OF TYPE OF TELEGRAPH DISTORTION MEASURING APPARATUS

(former C.C.I.T. Recommendation B.52, Geneva, 1956)

The C.C.I.T.T., in view of Recommendation R.90,

A. CONSIDERING

1. that tests of distortion made with the text specified in Recommendation R.51 are 
normally applied only to telegraph channels;

2. that it may in principle be desirable to measure the distortion of telegraph channels 
in terms of start-stop distortion, but that degrees of distortion determined in rapid 
measurements are at best only indications of the quality of transmission;

(R.74)
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3. that appropriate standards for the quality of telegraph channels in terms of isochronous 
distortion have been established, and that it would be necessary to set other standards 
for start-stop measurements;

4. that all important terminals of voice-frequency telegraph systems are equipped with 
isochronous distortion measuring equipment and that their replacement by start-stop 
instruments would be expensive;

UNANIMOUSLY DECLARES THE VIEW

1. that, for the normal maintenance of telegraph channels, isochronous distortion 
measuring sets should be used;

2. that Administrations may nevertheless, by common consent, use, for this purpose, 
start-stop distortion measuring sets, but that if they do, new standards for the quality 
of transmission of telegraph channels in terms of start-stop distortion should be 
established;

B. CONSIDERING ALSO

1. that measurements of the quality of start-stop signals cannot normally be made 
without start-stop distortion measuring sets;

2. that the planning and establishment of telegraph networks are to be judged in terms of 
conventional degrees of start-stop distortion, and that degrees of start-stop distortion 
may also prove to be the best basis for calculations of the summation of degrees of 
distortion and for calculation of conventional start-stop distortion;

UNANIMOUSLY DECLARES THE VIEW

that all international switching and testing centres (I.S.T.C.’s) should be equipped
with start-stop distortion measuring apparatus.

RECOMMENDATION R.75

MAINTENANCE MEASUREMENTS ON INTERNATIONAL SECTIONS 
OF INTERNATIONAL TELEGRAPH CIRCUITS

(former C.C.I.T. Recommendation B.44, Arnhem, 1953, amended at New Delhi, 1960) 

The C.C.I.T.T., in view of Recommendations R.50, R.57 and R.90,

CONSIDERING

1. that, for the technical supervision of international telegraph circuits, it is necessary 
to make periodic measurements of distortion on their international sections when they 
are made up of two or more channels;

(R.75)
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2. that certain Administrations consider it desirable to have available apparatus for 
making simple measurements automatically and periodically, giving an indication 
of the performance rating and transmitting an alarm when this rating exceeds the 
limits permitted for automatic switched channels;

UNANIMOUSLY DECLARES THE VIEW

1. that it is desirable to make distortion measurements every three months on the inter­
national sections of international telegraph circuits made up of at least two channels;

2. that these measurements should be made at a modulation rate of 50 bauds
a) with reversals,
b) with standard text according to Recommendation R.51;

3. that the following values for the inherent distortion in service must not be exceeded 
on the international section of a telegraph circuit:

Number of channels 
in tandem 

- within the 
international 

section

Distortion of reversals 
at the modulation 

rate employed 
for adjustment shall 

be equivalent to 
the following values 

at 50 bauds

Isochronous 
distortion 

with standardized 
text

Inherent 
start-stop 
distortion 

with 
standardized text

2 7% 18% 13%
3 10% 24% 17%
4 12% 28% 2 1 %
5 25%

4. that these values do not take into account the possibility of inserting regenerative 
repeaters in the international section;

5. that these values can be regarded only as provisional and the study of them should 
be continued;

6. that, in future, measurements made with the apparatus mentioned above (item 2 of 
the consideranda) will no doubt make it possible to eliminate the maintenance measure­
ments referred to in the previous paragraphs.

Note. — The columns giving the limits for degrees of isochronous distortion and 
start-stop distortion on the test are not intended to establish a law of relationship between 
the degrees of start-stop distortion and the degrees of isochronous distortion; this law of 
relationship depends on the constitution of the distortion (relative importance of character­
istic and random distortions).

(R.75)
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RESERVE CHANNELS FOR MAINTENANCE MEASUREMENTS ON CHANNELS 
OF INTERNATIONAL V. F. TELEGRAPH SYSTEMS

(former C.C.I.T. Recommendation B.38, 1951)

The C.C.I.T.T.,

CONSIDERING

that it is desirable that maintenance measurements on the channels of international 
voice-frequency telegraph systems should disturb communications as little as possible,

UNANIMOUSLY DECLARES THE VIEW

that, whenever possible, measurements on a working channel of a voice-frequency 
telegraph system should be carried out only after the channel concerned has, if necessary, 
been replaced by a spare channel,

and to this end, the C.C.I.T.T. considers that it is desirable that one channel should be 
reserved for this purpose in each voice-frequency telegraph system.

RECOMMENDATION R.76

RECOMMENDATION R.77

RESERVE CIRCUITS FOR VOICE-FREQUENCY TELEGRAPHY

(former C.C.I.T. Recommendation B.39, Brussels, 1948, amended at New Dehli, 1960)

All necessary action should be taken for the duration of interruption of voice-frequency 
circuits to be reduced to a minimum and, for this purpose, it is expedient to standardize 
some of the methods to be adopted for replacing defective 4-wire circuits in voice-frequency 
system;

Although it does not appear necessary for these methods to be the same in details 
in every country, it would be advisable to reach agreement regarding the general directives 
to be followed;

The curves showing the differences in relative power levels, in relation to frequency, 
between the normal voice-frequency telegraph circuit and its reserve circuit at the sending 
end and receiving end respectively, should not differ at any frequency by more than 0.2 
neper, so that when a voice-frequency telegraph system is switched to its reserve circuit, 
there should be no variation in power level causing excessive distortion in the voice-fre­
quency telegraph system, especially for the upper and lower frequencies in the frequency 
band transm itted;

(R.77)
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The telephone network being what it is, no such limitation can be guaranteed. 
Generally speaking, the voice-frequency telegraph circuit and its reserve circuit are made up 
differently, and it often happens that one is an .audio-frequency circuit while the other is a 
telephone channel of a carrier-system. Although adjustments can be made to the “ equi­
valent frequency ” curve of an audio-frequency circuit, it is difficult to modify the curve 
in the case of a telephone channel in a carrier-system, since it depends essentially on the 
filter characteristics of the carrier-system;

Moreover the semi-automatic or fully-automatic operation of telephone circuits is 
gradually becoming general;

For the above reasons, the C.C.I.T.T.

UNANIMOUSLY DECLARES THE VIEW

1. that for each voice-frequency telegraph circuit or group of circuits between the same 
terminal stations, a reasonable number of working telephone circuits be designated 
as reserve circuits ;

2. that the choice of the reserve circuit should be made by taking, if possible, a circuit 
which is routed differently from that of the normal circuit;

3. that the changeover should be effected at two points at the same relative power level 
of telephone transmission on the normal voice-frequency telegraph circuit and on the 
reserve circuit;

4. that the maintenance measurements taken on the reserve circuits should be the same 
as those carried out on the normal telephone circuits;

5. that the normal circuits and their reserve circuits should pass through the same change­
over panel at each of the terminal stations concerned;

6. that, in view of the above recommendations, the reserve circuits should be clearly 
distinguished from other possible circuits;

7. that the procedure to be adopted for the changeover from the normal circuit to the 
reserve circuit and vice versa should be jointly agreed upon by both Administrations 
or Private Operating Agencies concerned;

8. that, should the alarm indicating that the voice-frequency circuit is faulty be received 
by a station other than the group control station, this other station shall interrupt 
the return direction of the alarm channel towards the group control station in order 
to advise the latter to take the necessary action ;-

9. that the necessary steps must be taken so that the reserve circuits are not faulty or busy 
for a long period and that if it should happen that all the reserve circuits are faulty 
or already in use as reserves, the technical departments of the Administrations or 
Private Operating Agencies concerned should take immediate joint action to find 
a temporary remedy;

(R.77)
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10. that it would be desirable, in view of the distortion which may occur in certain tele­
graph channels, that when the changeover from the normal to the reserve circuit 
takes place there should be the greatest possible similarity between the overall response 
characteristics of these two circuits in respect of relative power levels against frequency;

11. that, when on a given route there are manually operated circuits and automatic or 
semi-automatic circuits, the use of manually operated circuits as reserve circuits for 
voice-frequency telegraphy is technically and operationally preferable to the use of 
automatic or semi-automatic circuits for that purpose;

12. that, with manually operated reserve telephone circuits, it should be possible, after 
prior agreement between the controlling officers at the international terminal exchanges 
concerned, for an operator to break into a call in progress to advise the correspondents 
that the circuit is required and that the call should be transferred to another circuit, 
if it lasts longer that six minutes;

13. that, with automatic or semi-automatic reserve telephone circuits, direct indication 
that the reserve circuits are busy should be given at the changeover point mentioned 
in paragraph 5;

that, if no reserve circuit is available when needed, all the reserve circuits should 
be blocked against any further call as soon as the calls in progress are finished;

that, when a reserve circuit has actually been seized, the preliminary blocking 
should be removed from the other reserve circuit and the reserve circuit in use should 
be marked as engaged in the telephone switching equipment.

RECOMMENDATION R.78

PILOT CHANNEL FOR VOICE-FREQUENCY TELEGRAPH SYSTEMS 
USING AMPLITUDE MODULATION

(New Delhi, 1960)

C.C.I.T. Recommendation B.43 already suggested the use of a pilot channel to give 
an alarm in the case of an abnormal drop in the receiving level of the telephone bearer 
circuit in amplitude-modulation systems.

Service channels could have been used as pilot channels for this alarm signal, but 
since there is not always a service channel in each V.F. group, it is suggested that channels 
be chosen for the alarm signal.

For these reasons,

the C.C.I.T.T. UNANIMOUSLY DECLARES THE VIEW

1. that it is advisable to use a pilot channel to give the alarm in the case of an abnormal 
drop in the receiving level of the bearer circuit carrying an amplitude-modulated 
voice-frequency telegraph system;

(R.78)
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2. that the level at which the alarm should work should be fixed by the Administration 
at the receiving end;

3. that the pilot channel should be on frequency 300 c/s, transmitted with a power level 
corresponding to that of a frequency-modulated channel in accordance with Table 1 
of Recommendation R.35;

4. that, if such an arrangement cannot be adopted, the Administrations concerned should 
agree on the use of one of the standardized frequencies for the pilot channel used 
for alarm purposes.

Note. — The case of frequency-modulated systems is dealt with in Recommendation 
R.35, point 11.

RECOMMENDATION R.80

CAUSES OF DISTURBANCES TO SIGNALS IN V.F. TELEGRAPH CHANNELS 
AND THEIR EFFECT ON TELEGRAPH DISTORTION

(former C.C.I.T. Recommendation B.41, 195], amended at Arnhem, 1953
and at Geneva, 1956)

The C.C.I.T.T.,

CONSIDERING

that the great majority of international telegraph circuits are routed on V.F. 
telegraph channels;

that V.F. telegraph channels are liable to disturbance from the following causes:

1. Variations in the voltage and frequency of the source of telegraph carrier frequency 
due to variations in the power supply, and variations in the signalling load in the case 
where the carrier source supplies several channels;

2. Abrupt or gradual changes in the transmission equivalent of the telephone circuit;

3. Intelligible crosstalk from other telephone circuits, particularly near end crosstalk;

4. Unintelligible crosstalk resulting from the cross-modulation of telephone circuits 
when operated by carrier currents;

5. Noise induced from electrical power and traction systems;

6. Telegraph crosstalk from other telegraph channels, e.g.

a) production of odd harmonics of the telegraph carrier frequencies in certain channels 
falling within the pass-band of other channels;

b) intermodulation in filter coils, etc.;
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7. Variations of power supplies affecting the amplifier and detector of the V.F. telegraph 
channel and sometimes the receiving relay;

8. The effects of mechanical vibration upon valves (microphonicity) and relays;

9. Bad contacts (e.g. test points and valve bases) and badly soldered joints;

10. Deterioration of component parts, e.g. ageing valves;

11. Failure of power supplies, e.g. on changeover from main to reserve supply;

12. Accidental disconnections made during the course of maintenance and construction 
works;

13. On overhead lines, effects of atmospheric electricity, frost, etc.;

that the disturbances account for practically all the distortion in telegraph channels, 
except for characteristic distortion (which is chiefly a function of filter and amplifier- 
detector design), some bias (due to misadjustment of controls and relays, etc.) and, in the 
case of the lower frequency channels, the distortion which arises from the low ratio of 
carrier frequency to signalling frequency;

that many of the causes of disturbance are individually negligible and the more im­
portant of the others have been found; in the experience of several Administrations, to be 
capable of elimination by careful maintenance both on the V.F. telegraph equipment and 
at all points on the telephone circuit;

that the C.C.I.T.T. is also studying the causes of disturbance in telephone circuits 
and the precautions to be taken to minimize their occurrence;

that the results of the C.C.I.T.T. study will be of great importance to telegraphy;
that, as resul t of the considerable investigations already made by certain Admini strations 

on the causes of disturbances in telephone and telegraph circuits, the relative order of 
importance of these causes appears to be approximately as follows:

a) in the case o f telephone circuits :
high resistance and unsoldered connections;
noisy and microphonic valves, and poor contact between valve pins and valve holders; 
working parties engaged on cable operations; 
noisy and high-resistance U-links;
changes in line level not compensated at the detector input; 
crosstalk;
errors in setting up, for example incorrect equalization, line transformers incorrectly 

connected, faulty components;

b) in the case o f V.F. telegraph equipment: 
high resistance and unsoldered connections; 
valves deteriorated beyond permissible limits;
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bad contacts;
faults on power changeover equipment; 
frequency error of the carrier supply,

UNANIMOUSLY DECLARES THE VIEW

that it is desirable for Administrations to undertake investigations of the causes, and 
frequency of occurrence of disturbances on V.F. telegraph channels routed on the various 
types of telephone circuit likely to be employed for international telegraph circuits;

that in doing these tests and in order that the results may be of the greatest use to 
telegraphy and telephony, the incidence of disturbances should be measured according 
to their duration as follows:

a) Lasting less than 5 milliseconds
b) ,, between 5 and 20 milliseconds'
c) ,, ,, 20 and 100 ,,
d) ,, „ 100 and 300 ,,
e) ,, more than 300 milliseconds

that the results should be classified according to the type of telephone circuit, viz. audio 
or carrier, cable of overhead line.

“ Measurements of disturbances should be made at the direct current output of the 
voice-frequency telegraph channel which is under observation.”

Note. — In connection with the study of these disturbances, attention is drawn to 
the Netherlands contribution made to the V llth  Plenary Assembly of the C.C.I.T. (docu- - 
ment A.P. VII/51, paragraph 2, publishedin the Supplements to Arnhem Documents, page 200). 

See the Supplements to series R Recommendations, page 224 and following.

RECOMMENDATION R.81

MAXIMUM ACCEPTABLE LIM IT FOR THE DURATION OF INTERRUPTION 
OF TELEGRAPH CHANNELS ARISING FROM  FAILURE OF THE NORMAL

POWER SUPPLIES

(former C.C.I.T. Recommendation B.40, 1951)

The C.C.I.T.T.,

CONSIDERING

that in switched telegraph networks an interruption of 0.3 second of the telegraph 
current would be translated into a release of switches, and that the relays controlling the 
release are arranged to operate in slightly less than 0.3 second,
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UNANIMOUSLY DECLARES THE VIEW

that it is desirable that no interruption of the telegraph current should occur as a 
result of failure of a normal power supply.

If, however, it is impracticable to avoid an interruption, then its duration should in 
no case exceed 0.150 second.

RECOMMENDATION R.82

APPEARANCE OF FALSE CALLING AND CLEARING SIGNALS 
IN CIRCUITS OPERATED BY SWITCHED TELEPRINTER SERVICES

(former C.C.I.T. Recommendation B.42, 1951, amended at Arnhem, 1953)

The C.C.I.T.T.,

In view of Recommendation R. 80, on the causes of disturbances affecting signals 
in telegraph channels, and their effect on the distortion of telegraph signals;

CONSIDERING

that precautions should be taken with circuits used in switched teleprinter services to 
prevent the appearance of parasitic signals which would give rise to false calling and 
clearing signals;

that special monitoring or indicating devices should be provided on voice-frequency 
telegraph systems, the channels of which are used for international switched circuits;

that special steps might well be taken to discover the causes of false signals due to 
transient changes in transmission level or momentary increases in noise level, on voice- 
frequency telegraph circuits;

that it would be desirable to draw up operating standards in this connection,

UNANIMOUSLY DECLARES THE VIEW

that the following precautions should be taken:
a) to avoid false clearing signals:

— the security and stability of power supplies and of sources of carrier frequencies, 
both telegraph and telephone, should be ensured;
— a characteristic marking should be used to denote telegraph and telephone circuits 
used for the operation of switched teleprinter circuits, both in terminal and inter­
mediate stations;
— precise instructions should be given to staff in order that false entry into the above- 
mentioned circuits may be avoided;
— the number of non-soldered connections should be reduced as much as possible, 
together with the number of break points; unsoldered connections, e.g. U links and 
screw terminals, etc., should be checked with particular care. In this connection,
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attention is drawn to the methods of inspection by vibration tests used by the United 
Kingdom Administration (described in the note appearing on page 276 of C.C.I.F. 
Green Book, Volume IIIZ>A);

— the amplitude of variations in the equivalent of telegraph circuits used for voice- 
frequency telegraphy should be limited, and abrupt variations in this equivalent should 
be studiously avoided;

b) to avoid false call signals:
— limit the crosstalk mentioned in Recommendation R.80;
— limit induced voltage caused by electric power of traction systems;
— limit the microphonicity of valves in repeaters and of valves used in voice-frequency 
telegraphy;
— reduce the sensitivity of voice-frequency modulators and receivers to disturbing - 
signals, while keeping an adequate margin for regulation of level;
— avoid, in switched teleprinter services, the use of supervision signals having a short 
duration in relation to the transitory phenomena due to filters and time-constants in the 
level-regulators of voice-frequency telegraph systems;
these precautions, inasmuch as they concern telephone circuits used for voice-frequency 
telegraphy, must be taken simultaneously on normal and reserve circuits; 
for the permanent monitoring of groups of voice-frequency telegraph channels the lines 
of which are used for international switched circuits, it is advisable to use a monitoring 
channel. An alarm should be given to indicate when either the system or the monitoring 
channel is out of order;
it would be'advisable to register the transmission level, in order to discover and localize 
the causes of the false signals on circuits behaving particularly badly; 
it is not yet possible to lay down operating standards in this connection.

RECOMMENDATION R.83

CHANGES OF LEVEL AND INTERRUPTIONS IN VOICE-FREQUENCY 
TELEGRAPH CHANNELS

(former C.C.I.T Recommendation B.53, Geneva, 1956)

The C.C.I.T.T.,

CONSIDERING

1. that an alarming situation for the telegraph service has been created by interruptions 
on voice-frequency telegraph channels, and by changes of level which have the same 
effect as interruptions;

(R.83)



DETECTION AND REPAIR OF FAULTS 67

2. that the consequences are such that, at present, the error rate which is attributed to 
voice-frequency telegraph channels is still very far above the tolerable limit fixed by 
considerations of operational requirements (3 in 100 000 for international communica-

- tions, including apparatus);

3. that certain Administrations have observed an improvement in the situation, and that 
this improvement seems to result from the measures taken by the telephone services, 
for instance, systematic percussion tests, precautions in the switching of power 
supplies, etc.;

4. that it has been confirmed that the number of interruptions is much increased during 
the normal hours when maintenance staff are present, and is reduced when, despite 
very heavy traffic, maintenance is suspended, so that the Telegraph Administrations 
are now convinced that one of the principal causes of interruptions on telegraph 
channels is intervention by maintenance personnel and perhaps by operating personnel;

5. that it has also been observed that the number of interruptions appears greater on ' 
international circuits than on national circuits;

UNANIMOUSLY DECLARES THE VIEW

that the drive against interruptions should be continued vigorously and that, in order 
to observe the progress of this drive, Administrations should continue to make systematic 
observations of the frequency and duration of interruptions on voice-frequency telegraph 
channels;

AND DRAWS THE ATTENTION

of the maintenance Study Group of the C.C.I.T.T. especially to the study of practical 
measures to remedy the situation.

RECOMMENDATION R.90

ORGANIZATION OF LOCATING AND CLEARING FAULTS 
IN INTERNATIONAL TELEGRAPH SWITCHED NETWORKS

(former C.C.I.T. Recommendation B.55, Geneva, 1956, amended at New Delhi, 1960) 

The C.C.I.T.T.,

CONSIDERING

that it is desirable that faults affecting communication between stations on international 
switching networks (e.g. telex and gentex service) should be reported and cleared as 
quickly as possible;
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that it is necessary to unify the essential action to be taken and methods to be employed
for locating and clearing faults;

that, for this purpose, it is necessary to determine the essential testing equipment which
is to be provided at the switching centres responsible for locating and clearing faults;

UNANIMOUSLY DECLARES THE VIEW

1. that it is necessary to set up switching and testing centres (S.T.C.s) as defined by the
following: -

switching centres equipped with measuring apparatus for testing telex subscribers 
and public station lines and equipment and also telegraph channels;

2. that each telex subscriber and each public station in the general switching service 
should have access to a S.T.C. for the purpose of reporting faults and co-operating 
in tests;

3. that the international switching and testing centres (I.S.T.C.s) are the S.T.C.s which 
are also international line-head offices;

4. that all S.T.C.’s should be subscribers to the telex network, both for the purpose of 
receiving fault reports and for communication for maintenance purposes. They 
should also be provided with a telephone exchange line. The telex and telephone 
numbers should be furnished to the Secretariat of the C.C.I.T.T. and any subsequent 
changes should be similarly advised. The Secretariat should have a complete list 
published and arrange for the issue of amendments thereto at regular intervals. The 
list should indicate the I.S.T.C.s;

5. that each S.T.C. should be responsible for co-ordinating action in locating and clearing • 
faults on all station lines connected to the exchange and on all trunk circuits for which
it is nominated as the controlling office. It should also co-operate with other S.T.C.s 
in locating faults on connections established through two or more exchanges.

It should carry out a preliminary location of faults by finding out whether they 
affect channels, switching gear or apparatus. The faults are then accurately located 
by the engineers responsible for each part of the circuit and the S.T.C. co-operates 
with them for this purpose: it may assume the direction of the fault-locating pro­
cedure should there be disagreement between these services.

Internationally, it is responsible to the S.T.C.s of other,countries with which it 
has telex connections.

The organization of the liaison between the S.T.C. and the different technical 
services is shown in the following diagram (fig. 3):

The S.T.C.s must check that the performance given by the equipment involved 
in the switched service, i.e. V.F. channels, switching equipment and apparatus, is 
satisfactory;
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Figure 3

6. that the staff employed at S.T.C.s should be selected with a view to avoiding language 
difficulties and should be conversant with all types of telegraph equipment used in the 
switching network, i.e. automatic or manual switching equipment, V.F. telegraph 
equipment, telegraph machines and regenerative repeaters. The staff need not neces­
sarily be fully competent to maintain all these items of equipment, but should have 
sufficient knowledge of them to be able to form an appreciation of the effect that 
faults on any of them may have on a switched connection. In addition, the staff 
of I.S.T.C.s should have some general knowledge of the types of equipment used in 
the countries to which they are connected, particularly of the signalling conditions 
which will be encountered;

7. that each S.T.C. should be provided with the following measuring equipment:

a) A 50-baud start-stop distortion m eter;
b) A test transmitter for generating undistorted 50-baud start-stop signals;
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c) Apparatus to measure the modulation rate of teleprinters at a distance;

d) Apparatus for measuring the speed and impulse ratio of dials, where appropriate;

e) Apparatus for measurement of the condition of direct current lines; for example, 
continuity, resistance, insulation.

The arrangements for access to established connections for making test measure­
ments should be such as not to cause interruption or reduce the quality of transmission.

Considering that some Administrations have found it desirable to have available 
at the S.T.C. other items of apparatus to expedite the clearing of faults, all Adminis­
trations are invited to consider the utility of these devices, namely:

f )  Apparatus for measuring teleprinter margin ;

g) Recording distortion meters for testing established connections,

h) Apparatus for measuring continuously, periodically and automatically, the distor­
tion on subscribers’ lines and apparatus;

8. that the following procedure for reporting, locating and clearing faults should be 
adopted: faults should be reported to the S.T.C. concerned by the subscribers or opera­
tors who have experienced difficulty in operation. In the same way, it would be useful, 
in order to give the S.T.C.s a full picture of the situation, that the maintenance engineers 
should inform them of faults noted during the periodic maintenance operations. 
Faults should preferably be signalled by teleprinter, if their nature does not preclude 
this procedure.

A reference number should be given by the S.T.C. to the subscriber or service 
notifying the fault. This number can then be quoted in any subsequent enquiries 
as to the progress of fault clearance.

On account of the difficulties that may arise in the detection of faults on the inter­
national section of a communication (due to lack of knowledge of languages, etc.), 
care should be taken in each country to see that the national sections of the commu­
nication, including subscribers’ lines and apparatus, are not involved before approach­
ing the S.T.C. of the corresponding country.

Complete holding of a connection which is reported to be faulty should be avoided.

The S.T.C. notified of a fault should therefore begin by ascertaining that it is not 
located in the national section of the communication and for this purpose should, if 
necessary, approach the other S.T.C.s of its country concerned in the circuit. The
S.T.C. of the distant country is then advised and, in turn, checks the national section 
routed over its network. The international section of the communication is not 
checked until the terminal national sections of telegraph circuit have been definitely 
exonerated. The S.T.C.s in different countries will communicate with one another, 
either directly or via their LS.T.C.s, as determined by the Administrations concerned.

If the tests of the two local ends fail to reveal any fault condition, the S.T.C. should 
report the fault to its I.S.T.C. which will decide what further action, if any, is necessary.
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'As a rule, isolated fault reports would not justify a test of all trunk circuits on a route, 
and it would be assumed that the condition giving rise to the fault would be cleared 
on the next routine adjustment. If, however, several fault reports were received, 
some of which might have been due to a faulty circuit on a particular route, then a 
special routine test of all the circuits on the route might be justified.

In general,it is considered that the procedure will be broadly the same for manual, 
semi-automatic and automatic systems.

9. that the abbreviations annexed below should be used in calls exchanged between 
services responsible for the maintenance of telegraph equipment.

A N N E X  T O  R E C O M M E N D A T IO N  R.90

List of service abbreviations for maintenance of telegraph circuits

No.
Fran?ais English Abreviation

m
Abbreviation

I. Service general —  General Service

1 I c i ......................................
Here is ............................

ICI . . .

2 Mauvaise transmission su r.....................................
Bad transmission on ...............................................

BR TR . . .

3 Veuillez donner numero de reference 
Please, give reference number

QREF

4 Veuillez indiquer resultat 
Please report result

QRES

5 Numero reference.........................
Reference number is ..................

R EF . . .

6 Voici le resultat de l ’essai effectue s u r ......................................
Here is result of test o n ...............................................................

RES . ..

7 Appareil en derangement 
Machine faulty

DERA

8 Circuit en derangement 
Circuit faulty

D ER CCT

9 Equipement de position en derangement 
Position equipment faulty

DERPS

10 Derangement releve 
Fault now cleared

DERR

11 Aucun derangement trouve 
No fault found

•

NDER

(R.90)



72 DETECTION AND REPAIR OF FAULTS

No.
Franpais English Abr6viation

Abbreviation

12 Veuillez transmettre message d’essai avec............% de distor-
sion s u r ......................................

Please send test message w ith ............% distortion o n .............
TESTD . . .  SVP

13 Veuillez mesurer la distorsion sur .....................................  et
indiquer le resultat

Please measure distortion o n ......................................and report
result

QDIS . . .

14 Appelez-moi d a n s ............minutes s’il vous plait
Please call me i n ............ minutes

RAP . . .  MNS SVP

15 Je vous rappel lerai d a n s ............minutes
1 shall recall you i n ............minutes

RAP . ..  MNS

16 La distorsion s u r ......................................est d e .............
The distortion o n ......................................i s ..............%

% . . .  DIS . . .

17 Vos signaux sont illisibles 
Your signals are unreadable

ZSU

18 Portez-vous sur circuit n ° ............
Meet me on circuit N o...............

MEET . . .

19 Veuillez verifier l’abonne n ° ............
Please check subscriber N o...............

VERX . . .

20 Veuillez verifier la vitesse ......................................
Please check the speed .........................................

VERS

21 Veuillez verifier la distorsion a l’emission 
Please check the transmitter distortion

VERED

22 Veuillez verifier la marge 
Please check the margin

VERM

23 Ecart de vitesse est d e ............%
Speed deviation i s ............%

DEVS .. .

24 La marge est d e ............%
The margin i s ............ %

MAR . ..

25 La distorsion a remission est d e ............ %
The transmitter distortion i s ............ %

EDIS . . .

26 Aucun signal de connexion d e ......................................
No call-connected signal f ro m ............ .........................

NCS . : .

27 Aucun signal de confirmation d’appel s u r ..................
No call-confirmation signal on ...................................... .........

NCFM . . .

28 Signal d’occupation en permanence d e .........................
Permanent busy signal from ......................................... .........

OCC OCC . . .

29 Signal de prise permanent s u r ......................................
Permanent call o n ............................................................

PERC . . .

30 Bloquez s’il vous p la it......................................
Please h o ld .........................................................

BL . . .  SVP
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No.
Frangais English Abr6viation

Abbreviation

30 bis Je b loque....................................
Holding .....................................

BL

31 Ddbloquez s’il vous p la it......................................
Please clear ............................................................

NBL . . . SVP

31 bis Je debloque......................................
C learing............................................

NBL . . .

32 Je reqois correctement 
I am receiving correctly

ZOK

33 Derangement de telegraphie harmonique sur .........................
Fault on voice-frequency system ...............................................

DER VF . . .

34 Les signaux requs ont une distorsion biaise d e ............ % (pola­
rite de depart prolongee)

The received signals h a v e ............% bias (start polarity pro­
longed)

ZKWA . . .

34 bis Les signaux requs ont-ils une distorsion biaise (polarite de 
depart prolongee) ?

Have the received signals a bias distortion (start polarity pro­
longed) ?

Q DIS A . . .

35 Les signaux requs ont une distorsion biaise de ............ %
(polarite d’arret prolongee)

The received signals h a v e ............% bias (stop polarity pro­
longed)

ZKWZ . . .

35 bis Les signaux re?us ont-ils une distorsion biaise (polarite d’arret 
prolongee) ?

Have the received signals a bias distortion (stop polarity pro­
longed) ?

Q DIS Z . ..

36 Reduisez la distorsion biaise 
Reduce the bias

ZYN

37 Recevez-vous mon signal d’appel ? 
Are you receiving my calling signal ?

QRCS

37 bis Je regois votre signal d’appel 
I am receiving your calling signal

CSR

38 Veuillez mettre hors service le circuit n ° ............
Please take out of service circuit N o ...............

CCT . . .  OUT SVP

38 bis J ’ai mis hors service le circuit n ° ............
I have taken out of service circuit N o...............

CCT . . .  OUT

39 Veuillez retablir le circuit n ° ............
Please restore circuit N o...............

CCT . . .  IN  SVP

39 bis J ’ai retabli le circuit n ° ............
I have restored circuit N o...............

CCT . . .  IN

40 Je ne reqois pas votre signal de polarite de depart permanent 
I am not receiving your permanent start polarity signal

N PER A
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No.
Franpais English Abr6viation

Abbreviation

41 Je ne r ego is pas votre signal de polarite d’arret permanent 
1 am not receiving your permanent stop polarity signal

N  PER Z

42 Je ne regois pas votre signal d’invitation a numeroter 
I am not receiving your proceed-to-select signal

NPS

43 La communication est liberee apres la selection sur le circuit 
n ° ............

The connection is releasing after dialling on circuit N o..............

CRD .. .

44 Veuillez envoyer signaux 1/1 
Please send 1:1 signals

SIG 1/1 SVP

45 Veuillez envoyer signaux 2/2 
Please send 2: 2 signals

SIG 2/2 SVP

46 Signal de depart permanent constate s u r ..................................
Permanent start polarity signal o n ............................................

PER A

47 Signal d’arret permanent constate s u r ......................................
Permanent stop polarity signal on ............................................

PER Z

48 Veuillez envoyer signal de depart s u r ..... :...............................
Please send permanent start polarity signal o n .........................

PER A SVP

49 Veuillez envoyer signal d’arret s u r ............. ........................
Please send permanent stop polarity signal o n ..................

PER Z SVP

50 Nous ne recevons pas votre indicatif 
We are not receiving your answer-back code

N  IND

51 L’enregistreur ne fonctionne pas 
Register does not operate

D ER  REG

52 Votre bande’perforee contient des erreurs 
Your perforated tape is faulty

D ER TAPE

53 Bouclez le c ircu it............ s’il vous plait
Please loop the c ircu it............

LOOP , . .  SVP

53 bis J ’ai boucle le c ircu it............
I have looped c ircu it............

II. Service Multiplex — Multiplex Service

L O O P . . .

54 A remission, votre cycle de repetition contient des erreurs dans
le code a 7 moments — Veuillez verifier la voien0 ............

Your repetition cycle transmission contains faults in 7-unit 
code — Please check channel N o.............

RQFS

55 Je regois des erreurs dans le code a 5 moments — Veuillez
verifier la voie n ° ............

I am receiving errors in 5-unit code — Please check chan­
nel N o .............

RFC

56 Votre manipulation sur vo ie ............dereglee; veuillez verifier
Your keying on channel............ is affected; please check

ZYK
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No.
Fran?ais

English

Abreviation

Abbreviation

. 57 Passez de teleimprimeur simplex a multiplex 
Change from single printer to multiplex

ZYM

58 Passez de multiplex a teleimprimeur simplex 
Change from multiplex to single printer

ZYP

59 Reception mutee s u r ......................................
Reception switched over t o ......................................

RS

60 Emission mutee s u r ............-
Transmission switched over t o ..................

TRS

61 Enregistrement mute s u r ......................................
Storage switched over t o ......................................

s s  . . .

62 Distribution mutee s u r ......................................
Distribution switched over to .........................

DS . . .

63 Veuillez mettre en phase le system e......................................
Please phase system ..................................................................

PH . . .

64 Ecart de vitesse du distributeur a votre extremite 
Deviation of distributor speed at your end

DEVD

65 Dephasage sur system e......................................
Out of phase on system ...............................

OPH .. .

66 M ultiplex............ sans protection; veuillez retablir signal de
repetition automatique (ARQ)

M ultip lex ............  unprotected; please re-establish automatic
request for repetition (ARQ)

N A R Q . . .

67 Veuillez envoyer signal alpha sur la voie m ultiplex............
Please send alpha signal on multiplex channel............

TRAS . . .

68 Veuillez envoyer signal beta sur la voie m ultiplex............
Please send beta signal on multiplex channel............

TRBS . ..

69 Votre transmetteur envoie ARQ en permanence 
Your transmitter is sending permanent ARQ

ZYC

70 Je regois signaux mutiles sur voie m ultiplex............ Veuillez
verifier votre emission en code a 7 unites

I am receiving garbled signals on multiplex channel............
Please check your 7-unit output

RMUT . . .

71 Cessez trafic sur toutes les voies; transmettez des A sur la 
voie A pour reperage 

Cease traffic on all channels; send A ’s on A channel for 
line-up

ZYA

(R.90)
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LIST OF INTERNATIONAL VOICE-FREQUENCY TELEGRAPH SYSTEMS

(New Delhi, 1960)

The C.C.I.T.T.

RECOMMENDATION R.91

UNANIMOUSLY DECLARES THE VIEW

1. that the Administrations and Recognized Private Operating Agencies should inform the 
C.C.I.T.T. Secretariat, not later than 1 October every year, of the international V.F. 
telegraph systems with which the terminal installations in their respective countries are 
equipped. The information for each system should indicate the type of modulation 
(AM or FM), the circuit capacity, the number of channels in service and the name 
of the system’s control station ;

2. that the Administrations and Recognized Private Operating Agencies should inform the 
C.C.I.T.T. Secretariat, not later than 1 October every year, of the switching and testing 
centres (S.T.C) taking part in the international service, with their telephone and telex 
call numbers (Recommendation R.90);

3. that the C.C.I.T.T. Secretariat should publish the information assembled in this way 
in a document entitled “ List of international voice-frequency telegraph systems ” 
and send it, upon request, to the Administrations and Recognized Private Operating 
Agencies.

(R.91)
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RECOMMENDATIONS CONCERNING 
ALPHABETICAL TELEGRAPH APPARATUS

Index o f  Series S  Recommendations, pages 9 and 10

RECOMMENDATION S.l

DEFINITIONS OF THE APPARATUS MARGIN 
(OR OF THE LOCAL END WITH ITS TERMINATION)

(former C.C.I.T. Recommendations C.l and C.2, amended, New Delhi, 1960)

The C.C.I.T.T.

UNANIMOUSLY DECLARES THE VIEW

that it is advisable to adopt the following definitions:
1. The margin of a telegraph apparatus (or the local end with its termination) represents 

the maximum degree of distortion of the circuit at the end of which the apparatus 
is situated which is compatible with the correct translation of all the signals which 
it may possibly receive (definition 34.03 of the List of Definitions);

Note. — The maximum degree of distortion which results in incorrect translation 
applies without reference to the form of distortion affecting the signals. In other words 
it is the maximum value of the most unfavourable distortion causing incorrect translation 
which determines the value of the margin.

2. The theoretical margin is that which could be calculated from the construction data 
of the apparatus, assuming that it is operating under perfect conditions (definition 34.06 
in the List);

3. The effective margin of an apparatus considered individually is that which could be 
measured on the apparatus under actual operating conditions (definition 34.04 in the 
List);

4. The nominal margin of a type of apparatus represents the minimum value set for the 
effective margin of these pieces of apparatus under standard operating and adjustment 
conditions for the type (definition 34.05 in the List);

(S. l )
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For start-stop apparatus (or for the local end with its termination).
5. The margin is the maximum degree of start-stop distortion of the modulation, which 

it is possible to apply to the apparatus compatible with the correct translation of all 
the signals which it should be able to receive, whether the signals composing the 
modulation are transmitted at intervals or whether they follow one another with the 
maximum rapidity corresponding to the modulation rate (definition 34.07 in the List);

6. In particular, it is convenient to consider:
a) The net margin, which is represented by the degree of distortion indicated in 5, 

when the rate of modulation applied to the apparatus is exactly equal to the stand­
ard theoretical rate (definition 34.08 in the List).

b) The synchronous margin, which is represented by the degree of distortion indicated 
in 5, when the mean unit interval of the modulation applied to the apparatus is 
equal to that which would result from a transmission from the apparatus under 
examination, assuming it to include a transmitter as well as a receiver (definition 
34.09 in the List).

RECOMMENDATION S.2

TRANSMITTER DISTORTION OF APPARATUS 
(OR OF THE LOCAL END WITH ITS TERMINATION)

(New Delhi, 1960)

The C.C.I.T.T.

UNANIMOUSLY DECLARES THE VIEW

that the following definitions be adopted:
1. Transmitter distortion: a signal transmitted by an apparatus (or a signal at the

output of a local line with its termination) is affected by telegraph distortion when the
significant intervals of this signal have not exactly their theoretical durations;

2. The definitions of degree of individual distortion (definition 33.06 in the List), of
degree of isochronous distortion (33.07 in the List), of degree of start-stop distortion 
(33.08 in the List), of degree of gross start-stop distortion (definition 33.09 in the List), 
of degree of synchronous start-stop distortion (definition 33.10 in the List), of degree 
of distortion in service (definition 33.11 in the List), of conventional degree of distor­
tion (definition 33.14 in the List), of fortuitous distortion (definition 33.16 in the List), 
of bias distortion (definition 33.17 in the List), of cyclic distortion (definition 33.18 in 
the List) are applicable to transmitter distortion.

(S.2)
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RECOMMENDATION S. 3

CHARACTERISTICS, FROM  THE TRANSMISSION POINT OF VIEW, OF THE 
LOCAL END WITH ITS TERMINATION WHEN A 50-BAUD START-STOP 
APPARATUS IN ACCORDANCE WITH THE INTERNATIONAL ALPHABET

No. 2 IS USED

(former C.C.I.T. Recommendation C.4, amended at New Delhi, 1960)

This Recommendation applies — except where otherwise specified (for example, the 
case of regenerative repeaters which is covered by Recommendations R.60 and R.61) — to 
start-stop apparatus, in the wide sense of the term as defined in 34.14 of the List of Defini­
tions, Part I, and that it covers reperforators, service signals sent by the switching equip­
ments, the signals of answer-back units, automatic transmitters, etc.

Some apparatus (apparatus for single current working, for instance) cannot be separated 
during operation from their supply and repeater devices; hence the measurements under 
operating conditions must apply to the local end with its termination (in French: ensemble 
terminal) defined as follows:

The whole of the apparatus', lines, telegraph repeaters and any control units between 
the apparatus and the first (or last) point of the connection where the quality of transmission 
can be measured.

The characteristics laid down below are those which should be evident in service 
conditions on the local ends with their terminations which are likely to be connected to the 
international network. It should be noted, however, that they apply to such local ends 
with their terminations only if the influence of the line in the local end produces negligible 
distortion.

The C.C.I.T.T.

UNANIMOUSLY DECLARES THE VIEW:

Characteristics o f apparatus
1. The nominal modulation rate should be 50 bauds;
2. The difference between the mean modulation rate of the signals when in service and 

the nominal rate should not exceed ±  0.75%;
3. The nominal duration of the transmitting cycle should be at least 7.4 units (preferably 

7.5), the stop element lasting for at least 1.4 unit (preferably 1.5);
4. The receiver must be able to translate correctly in service the signals coming from a 

transmitter with a nominal transmitting cycle of 7 units;

Transmitter characteristics o f a local end with its termination
5. The degree of gross start-stop distortion of transmitted signals, measured at the output 

of the local end with its termination, must not exceed 10%. This value applies to all 
working conditions of the apparatus under consideration encountered during normal 
service, whether the signals are transmitted separately or whether they succeed each 
other at the maximum rate compatible with the modulation speed, in service. It is 
recommended that the measurement should be made with a start-stop distortion 
measuring set for two consecutive periods, each of them corresponding to the trans­

(S.3)
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mission of about 300 transitions (i.e. about 15 seconds), early distortion being observed 
during one period and late distortion during the other;

Receiver characteristics o f  a local end with its termination
6. The effective net margin measured from the input of the local end with its terminations 

should not be less than 35 %, for signals sent by a transmitter having a nominal cycle 
equal to or greater than 7 units.

It is recommended that the measurement should be made under the following 
conditions, in service:
— cycle of 7 y2 units for the signals;
— use of one of the signal trains specified in Recommendation R. 52;
— first test with an identical distortion rate on all the transitions of the signal train, 
obtained by lengthening the start element;
— a second test with the same rate of identical distortion on all the transitions of the 
signal train, but obtained in this case by shortening the start element;
— reading the margin when less than one error per sentence of the Recommendation 
R.52 is obtained.
Note 1. — It will be up to Administrations using some other measuring method to 

work out for their own use figures to give equivalent results to those which would have 
been obtained by the recommended method.

Note 2. — Administrations are recommended to withdraw from the international 
service apparatus not meeting this Recommendation. If this cannot be done immediately, 
then, in view of the special difficulties which are encountered in the regeneration of auto­
matically transmitted 7-unit start-stop signals, it is recommended that urgent attention 
should be given to the replacement of 7-unit automatic transmitters by 7.5 (or 7.4 minimum)- 
unit automatic transmitters.

RECOMMENDATION S.4

USE OF INTERNATIONAL TELEGRAPH ALPHABET No. 2

(former C.C.I.T. Recommendations C.7, C.8 
and-C.12, modified at New Delhi, 1960)

A. Secondaries of letters F, G, H-combinations 6, 7 and 8.
Some Administrations exercise, whereas others do not, the right granted by the Tele­

graph Regulations to assign the secondaries of letters F, G  and H to internal use and it is 
desirable to avoid disadvantages which might result from exercising this right in inter­
national services.

For these reasons, the C.C.I.T.T.
UNANIMOUSLY DECLARES THE VIEW

1. that the use of secondaries of F, G and H should be prohibited in international services, 
except by direct agreement between Administrations;

2. that, in all services, the secondaries of F, G and H should be shown in some special 
manner on the keyboard;

(S.4)
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3. that services in which these secondaries are not used should place on the secondary 
position on the printing blocks of the letters F, G and H an arbitrary sign, such, for 
instance, as a square, the appearance of such sign on the paper to indicate,an abnormal 
impression;

B. Control symbols for operating the “ who are you ? ” (secondary of letter D, combina­
tion 4) and “ alarm ” (secondary of letter J, combination 10) devices.

The C.C.I.T.T.

UNANIMOUSLY DECLARES THE VIEW

that such Administrations as are desirous of confirming the reception or the trans­
mission of signals “ secondary of D ” (“ who are you ? ” signal) or “ secondary of J ” 
shall effect this confirmation by printing:

the symbol £§3 for the confirmation of the signal “ secondary of D ” ; 
the symbol for the confirmation of the signal “ secondary of J ” :

C. Sequences of combinations used for special purposes.
As quoted in Recommendations S.l 1, U.21,U.22, certain sequences of combinations 

from international alphabet No. 2 are devoted to special purposes and they should not be 
used for other purposes when the equipment on such networks introduces special facilities 
for which these sequences are reserved.

These are:
a) ZCZC  start-of-message signal in retransmission systems using perforated tape or 

equivalent devices;
b) GGGG start-of-text signal in retransmission systems using perforated tape or 

equivalent devices (the use of this sequence is recommended only provisionally);
c) +  +  +  +  end-of-telegram signal in retransmission systems using perforated tape or 

equivalent devices; ■ ^
d) NN N N  end-of-message signal, a switching signal in switching systems using per­

forated tape or equivalent devices for retransmission; also used for restoring the waiting 
signal device in accordance with Recommendation U. 22;

e) GCCC for switching into circuit, by remote control, a reperforator (or equivalent 
device);

f )  FFFF for switching out of circuit, by remote control, a reperforator (or reperforator 
device);

Note. — The sequences of secondaries of these combinations — although they are not 
to be used for the purposes devoted to these sequences — are subject to the same restric­
tions in use, the equipment haying to recognize only the sequence of combinations.

In international services these sequences are:
+  : +  : =  corresponding to ZCZC (combinations 26, 3, 26, 3),
ZZZZ =  corresponding to +  +  +  +  (combinations 26, 26, 26, 26),
, , , , =  corresponding to NNN N (combinations 14, 14, 14, 14),
: : : : — corresponding to CCCC (combinations 3, 3, 3, 3).

(S.4)
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ANNEX TO RECOMMENDATION S.4

Table illustrating the use of various sequences of combinations for special purposes

Sequence
Method of operation

Purpose of sequence recommended 
in S.4 Message switching 

(including storage)
Through switching 

(without message storage) Point-to-point operation

Start of message ZCZC Required in most systems Could be useful in special cases Not ordinarily required

Start of text * GGGG Useful for presentation of address 
for routing purposes in some 
semi-automatic systems, etc.

Could be useful in special cases Not ordinarily required

Suppression of delay 
signals

HHH H N ot required (delay signal not 
envisaged)

Required for some types of mes­
sage (e.g. cypher) when routed 
over synchronous error-cor­
rected radiotelegraph channels

N ot required on public systems 
(delay signal not envisaged)

End of telegram 1 +  +  +  +  f ] zzzz \ Could be useful in special cases Could be useful in special cases N ot ordinarily required

End of message NNNN Essential in most systems to sepa­
rate individual messages at 
relay centres and to control 
message switching

Required only when it is neces­
sary positively to re-connect 
delay signal facility after use 
of suppression of delay signals 
facility

Not ordinarily required

Connection of reper­
forator (or equi­
valent device) 

Disconnection of 
reperforator (or 
equivalent device)

cccc

FFFF

N ot normally used (as storage 
is incorporated in the system); 
could be used for connection 
and disconnection of a sup­
plementary storage device

Could be useful for special pur­
poses ; requires special equip­
ment at point of reception

Could be useful for special pur­
poses; requires special equip­
ment at point of reception

* N o t e :  Objection has been raised to the use of GGGG as “ start-of-text ” signal — Must be regarded as provisional only.
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g ) the signal “ line feed ” (combination 28) followed by 4 signals “ carriage return ” 
(combination 27) for the signal of operator recall on a telex connection made over a 
radio-telegraph circuit (see Recommendation U.21);

h) HHHH to prevent transmission of the delay signals described in Recommendation 
U.22, made up from combination 32 as described in D below;

D. Use of combination 32.
1. Combination 32, repeated at intervals of 1,2 second can be used as a delay signal to

indicate that the error-correcting system is controlling a repetition;

2. Combination 32, repeated at intervals of 5 seconds can be used as a delay signal to
indicate that the storage device is not yet empty;

3. The reception of combination 32 shall not cause any spacing of the paper on tape-
printing or page-printing teleprinters.
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RECOMMENDATION S.5

STANDARDIZATION OF PAGE-PRINTING START-STOP APPARATUS AND 
CO-OPERATION BETWEEN PAGE-PRINTING AND TAPE-PRINTING START-

STOP APPARATUS

(former Recommendation C.6 o f C.C.I.T., Warsaw, 1936, amended at Arnhem, 1953) 
(former Recommendation C.10 o f C.C.I.T., Brussels, 1948, amended at Arnhem, 1953) 

(former Recommendation C.8 o f  C.C.I.T., Brussels, 1948, amended at New Delhi, 1960)

The C.C.I.T.T.

UNANIMOUSLY DECLARES THE VIEW

1. that the number of characters which the line of text of the page-printing apparatus 
may contain should be fixed at 69;

2. that tape-printing apparatus required to work in co-operation with page-printing 
apparatus should be equipped with:
a) keys for the transmission of the “ carriage return ” and “ line feed ” signals;
b) means to ensure the transmission of the “ carriage return ” and “ line feed ”

signals in time to prevent any overprinting on the 69th character;
that for controlling the alarm, several signals “ figures J ” one signal “ carriage 

return ”, one signal “ line feed ” should be transmitted in the order indicated.

3. That such Administrations as are desirous of confirming on a tape machine the reception 
or transmission of the signals “ carriage return ” and “ line feed ” shall effect this, 
confirmation by printing:
a) the symbol <  for the signal “ carriage return ” ;
b) the symbol =  for the signal “ line feed ” ;

(S.5)
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4. that, if the printing of the symbols indicated in paragraph 3 is not desired, the reception 
of at least one of these signals shall nevertheless cause the paper to move forward. 
When one only of these signals causes the paper to move forward, the signal should 
preferably be the “ line feed ” signal.

RECOMMENDATION S .6 '

CHARACTERISTICS OF ANSWER-BACK UNITS 
FOR START-STOP APPARATUS OF THE TELEX SERVICE

(former C.C.I.T. Recommendation C.9, Warsaw, 1936, amended at Brussels, 1948) 

The C.C.I.T.T.,

CONSIDERING

that the start-stop apparatus is capable of receiving communications without the help 
of an operator;

that this advantage may be useful to the subscribers to the international telegraph 
service operated by start-stop apparatus;

that it is therefore desirable that a calling subscriber should be able to check the 
identity of his correspondent, if there is no reply;

that it may be necessary to check the correct working of the subscriber’s line and of the 
called terminal equipment from an automatic switching unit or from an international telex 
position,

UNANIMOUSLY DECLARES THE VIEW

that it is advisable
1. to supply a code transmitter to all the subscribers’ sets taking part in the international 

telex service;

2. to effect the operation of the code transmitter by combination 4 (letter D) in Inter­
national Telegraph Alphabet No. 2, preceded by the signal “ figures ” ;

3. to compose the code-emission by a series of 20 signals, as follows:
1 signal “ letters ”,
1 carriage return,
1 line feed,
1 signal “ letters ” or, if necessary, “ figures ”,

15 signals chosen by each Administration for the code signal of the subscriber,
1 signal “ letters ” ;

4. when the code signal does not comprise 15 characters, to distribute them by inserting 
as many “ letters ” signals as are, necessary to make up the total of 15 signals; this 
would give the calling subscriber the chance of noting clearly the end of the requested 
code transmission;

(S.6)
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5. that the answer-back signals should be 7.5- (minimum 7.4) unit signals sent at the 
maximum cadence with a modulation rate of 50 bauds and subject to the tolerances 
specified in Recommendation S.3;

6. that the delay between the beginning of reception of the start unit of combination 4, 
by the apparatus in the “ figures ” position, and the beginning of the start unit of the 
first signal of the answer-back sent by this apparatus should lie between 150 and 
600 milliseconds.

Note. — Points 1, 2, 5 and 6 apply to apparatus of the gentex network.

RECOMMENDATION S.7

CONTROL OF THE MOTORS IN START-STOP TELEPRINTER APPARATUS 
FOR PUBLIC OR PRIVATE POINT-TO-POINT CIRCUITS

(former C.C.I.T. Recommendation C.13, amended at Arnhem, 1953) . ■

The C.C.I.T.T.,

CONSIDERING

that, in the case of public and private point-to-point circuits, it is desirable that the 
teleprinter motors shall be started with the commencement of traffic signalling, and stopped 
with the cessation of such signalling;

that the general practice on such circuits is to utilize a time-delay device associated 
with the teleprinter which allows of such operation,

UNANIMOUSLY DECLARES THE VIEW

a) that, in the case of public and private point-to-point circuits, the terminal apparatus 
shall be so equipped as to allow of the starting and stopping of the teleprinter motors 
with the commencement and completion respectively of the traffic;

b) that these facilities shall normally be provided by means of a time-delay device incor­
porated in the teleprinter, whereby the teleprinter motor is started immediately upon 
commencement of the signalling of traffic, and is stopped within a time not less than 
45 seconds after the last signal of traffic;

CONSIDERING

that more strict unification of the delay-time of these automatic devices might give rise 
to serious technical complications;

(S.7)
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that precautions should thus be taken lest an operator, the motor of whose apparatus 
is still rotating, should transmit signals to an apparatus of which the motor has just stopped;

UNANIMOUSLY DECLARES THE VIEW

c) that, in the case of a pause in' transmission for a period equal to or longer than 
30 seconds, operators or subscribers are recommended to send the signal 29 of alphabet 
no. 2 (“ letter-shift ”) and to wait at least 2 seconds after the emission of this signal 
before recommencing transmission;

CONSIDERING

that, for reasons associated with the unification of terminal apparatus and for others, 
certain Administrations have expressed a preference for the utilization of a method whereby 
calling and clearing signals are used, as in the telex service, to effect the starting and stopping 
of the teleprinter motors;

UNANIMOUSLY DECLARES THE VIEW

d) that, notwithstanding b) above, Administrations can, if they find it convenient, arrange 
between themselves to use an alternative method whereby the teleprinter motor is 
started by the use of a call signal, and stopped by the use of a clearing signal. In 
such cases the calling and clearing signals employed should conform to those stan­
dardized for the telex service, namely Recommendation U .l.

RECOMMENDATION S.8

INTERCONTINENTAL STANDARDIZATION OF THE MODULATION RATE 
OF START-STOP APPARATUS AND OF THE USE OF THE COMBINATION

“ SECONDARY OF D ”
(former C.C.I.T. Recommendations C.5, and C .l l , Arnhem, 1953)

The C.C.I.T.T.,

CONSIDERING

1. that the standardized modulation rate recommended for start-stop apparatus employed 
in international (including intercontinental) service is 50 bauds, in accordance with 
Recommendation S.3;

2. that there are nevertheless certain areas (notably in the U.S.A.) in which a different 
modulation rate for start-stop apparatus is employed;

3. that, even though it is recognized that universal adoption of a standardized modula­
tion rate would be advantageous in the intercontinental service, it is not possible, at 
present, to secure universal adoption of a standard;

(S.8)
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4. that it is essential to do everything possible to facilitate the establishment of inter­
continental services, notwithstanding difference in modulation rates which may exist 
between the start-stop apparatus employed;

5. that there are in existence methods, employing automatic storage equipment in the 
circuit, which enable start-stop apparatus having different modulation rates to inter­
work ;

6. that, furthermore on certain intercontinental circuits, e.g. radio circuits, the employ­
ment of special forms of synchronous equipment in association with storage equip­
ment is sometimes essential and is already in use in the intercontinental sections of 
start-stop circuits,

UNANIMOUSLY DECLARES THE VIEW

1. that, when it is necessary in the intercontinental service to operate between start-stop 
apparatus having a modulation rate of 50 bauds, and start-stop apparatus having a 
non-standard modulation rate, then conversion equipment, for example automatic 
storage and retransmission equipment, must be inserted in the international circuits 
concerned in a manner to be agreed bilaterally between the Administrations and/or 
Private Operating Agencies concerned;

CONSIDERING

that the use of different signs or functions for combination 4 in the figure case of the 
international alphabet no. 2 on start-stop apparatus having to work together in the 
same system leads to operational difficulties which ultimately amount to rendering the use 
of this combination impossible;

that, the use of this combination to operate the answer-back unit, by allowing the 
caller to check the connection and the satisfactory working of his correspondent’s appa­
ratus, results in a considerable reduction in the time of establishing the communication, 
thereby facilitating operation of the service,

UNANIMOUSLY DECLARES THE VIEW

2. that combination 4 (figure case) of the international telegraph alphabet no. 2, 
should be reserved exclusively, both in international service, and in intercontinental 
service, for operating the answer-back unit;

3. that, in intercontinental service, when apparatus not permitting the use of the answer­
back unit is being operated, the methods of using combination 4, (figure case), should be 
the subject of bilateral agreement between the Administrations and/or Private Operat­
ing Agencies concerned.

(S.8)



88 TELEGRAPH APPARATUS

SWITCHING EQUIPM ENT OF START-STOP APPARATUS 

(former C.C.I.T. Recommendation F.60, modified at New Delhi, 1960)

In view of Recommendation U .l relative to signalling conditions to be applied in the 
international telex service;

in view of Recommendation F.60 relative to Regulations for the telex service (Red 
Book, Volume II bis, page 231 et seq.),

the C.C.I.T.T.

UNANIMOUSLY DECLARES THE VIEW

1. that start-stop apparatus used in the telex service should be so equipped, or provided 
with the necessary devices, to permit of operation in accordance with Recommenda­
tions U .l and F.60;

2. that if a subscriber’s apparatus is such that he can us'e his teleprinter outside commu­
nication periods in order to prepare perforated tapes,'for local checking of those tapes, 
for staff training, etc. the possibility of taking the answer-back may be delayed for a 
period not exceeding 3 seconds after connection is established with the called subscriber.

RECOMMENDATION S.9

RECOMMENDATION S. 11

USE OF START-STOP REPERFORATING APPARATUS 
FOR PERFORATED TAPE RETRANSMISSION

(former C.C.I.T. Recommendation C.19, Arnhem, 1953, amended at New Delhi, I960)

When a station is equipped with receiving reperforating apparatus, it is often necessary 
to clear the perforated tape of the reperforator to ensure transmission of the last characters 
of a message received during the perforation of the first characters of the next message;

This operation of clearing the tape may lead to mutilation of the beginning of the 
message which is being perforated (particularly if insufficient message separation signals 
have been transmitted);

For these reasons, the C.C.I.T.T.

UNANIMOUSLY DECLARES THE VIEW.

1. it is recommended that arrangements be made to avoid the mutilation of signals 
. transmitted at the head of a message and received on start-stop reperforating apparatus.

(S.11)
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If the reperforating apparatus is provided with local means for feeding the paper, 
not more than one mutilated signal should be tolerated. The wording of the message 
must make allowances for this fact.

It is recommended that the “ message separation ” signals should be sent at the 
end of a batch of telegrams following a given route at centres equipped with receiving 
reperforators. The choice of the type and number of signals to be sent for this pur­
pose is left for agreement between the Administrations concerned. Use of a series 
of “ letter shift ” signals appears particularly desirable for this purpose;

2. if the reperforator is to be switched into circuit and out of circuit under control of the 
transmitting station, the following sequences of signals should be used:

Combination 3 repeated 4 times (CCCC) for switching the reperforator into
circuit by remote control.

Combination 6 repeated 4 times (FFFF) for switching the reperforator out of
circuit by remote control.

These operations may equally well be controlled by the secondaries of CCCC 
and FFFF, but for convenience in operating the primary signals CCCC or FFFF  only 
should be used by operating staff.

If  the sequence four times combination 6 has not been received before the arrival 
of the clearing signal (or the end of message signal), receipt of the clearing signal 
(or end of message signal) should cause disconnection of the reperforator.

RECOMMENDATION S. 12

CONDITIONS W HICH MUST BE SATISFIED BY SYNCHRONOUS SYSTEMS 
OPERATING IN CONNECTION WITH START-STOP TELEPRINTER SYSTEMS

(former C.C.I.T. Recommendation C.23, Geneva, 1956, amended at New Delhi, 1960)

The C.C.I.T.T.,

CONSIDERING ON THE ONE HAND

that the receiving portion of the sending end of the synchronous system can be likened 
to a teleprinter receiver,

UNANIMOUSLY DECLARES THE VIEW

that the receiving portion of the sending end termination shall satisfy the conditions 
laid down in Recommendation S.3, paragraphs 1, 2, 3 and 4;

CONSIDERING ON THE OTHER HAND

that the retransmitting portion of the receiving end of the synchronous system can be 
likened to a start-stop transmitter having special characteristics, because of the high speed 
stability of synchronous systems,
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UNANIMOUSLY DECLARES THE VIEW

that the start-stop signals provided by the retransmitting portion of the receiving 
termination of the synchronous system shall have the following characteristics:

1. Nominal modulation rate, 50 bauds;

2. Gross start-stop distortion of the signals, less than 5 %;

3. Interval between the beginnings of successive start elements, 145 5/ 6 milliseconds with 
a tolerance of ±  1/10 000.

Note. — For a better understanding of the Recommendation, the general arrangement 
of a communication system involving transmission over a synchronous channel is shown 
below (fig. 4):

Figure 4. Synchronous system

In this diagram: . 
ta and tb are start-stop teleprinters.
T'a  and t 'b are repeaters with or without storage.
a and b represent the networks connecting teleprinters ta  and tb to the repeaters T'a  and t 'b . These 

networks may comprise any number of channels in tandem, relays or regenerative repeaters’.
Sa  and sb are the distributors of the synchronous system, the complexity of which it is not necessary 

to state.
r denotes a synchronous radiotelegraph channel.

It is agreed that, for the study of this question, the synchronous system includes all the equipment 
shown between lines X and Y on the diagram.

The input and output of the synchronous system are thus directly connected to  the start-stop net­
works.

(S. 12)
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USE ON RADIO CIRCUITS OF 7-UNIT SYNCHRONOUS SYSTEMS 
GIVING ERROR CORRECTION BY AUTOMATIC REPETITION

(former C.C.I.T. Recommendation C.24, Geneva, 1956, amended at New Delhi, 1960) 

The C.C.I.T.T.,

CONSIDERING t

a) that it is essential to be able to interconnect terminal start-stop apparatus employing 
International Telegraph Alphabet No. 2 by means of radio-telegraph circuits;

b) that radio-telegraph circuits are required to operate under varying conditions of radio 
propagation, atmospheric noise and interference that introduce varying degrees of 
distortion which m ay,at times exceed the margin of the receiving apparatus;

c) that, in consequence, the transmission of 5-unit code signals over radio circuits is 
liable to errors and that such errors are not automatically detectable by the receiving 
apparatus;

d) that an effective means to reduce the number of wrongly printed characters is the use 
of codes permitting the correction of errors, either by their intrinsic constitution or 
by detecting the error and automatically causing repetition;

e) that the methods using automatic repetition (ARQ) are well known at present;
f ) that in certain cases there is a need to subdivide one or more channels in order to provide 

a number of services at a proportionately reduced character rate,

UNANIMOUSLY DECLARES THE VIEW

1. that when the direct use of a 5-unit code on a radio circuit results in an intolerable
error rate and there is a return circuit, a 7-unit automatic error-correction system be 
considered. In such a case, the 7-unit system described below should be adopted as 
a preferred system:

I. Code conversion table.

II. Repetition cycles for error-correction.

— Four characters for normal circuits which are not subject to excessive propagation 
tim e;

— Five characters on circuits for which the four-character repetition cycle is 
inadequate, provided sub-channelling is not required;

— Eight characters on circuits for which the four-character repetition cycle is inade­
quate and sub-channelling is required. The cycle should comprise one repetition 
signal, three signals (1 and four stored characters, or one repetition signal and 
seven stored characters;

RECOMMENDATION S. 13

(S.13)
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5-Unit Code 7-Un:t Code

A Z Z A A A A A Z Z A Z A
B Z A A Z Z A A Z Z A A Z
C A Z Z Z A Z A A Z Z A A
D Z A A Z A A A Z Z Z A A
E Z A A A A A Z Z Z A A A
F Z A Z Z A A A Z A A Z Z
G A Z A Z Z Z Z A A A A Z
H A A Z A Z Z A Z A A Z A
I A Z Z A A Z Z Z A A A A
J Z Z A Z A A Z A A A Z Z
K Z Z Z Z A A A A Z A Z Z
L A Z A A Z Z Z A A A Z A
M A A Z Z Z Z A Z A A A Z
N A A Z Z A Z A Z A Z A A
O A A A Z Z Z A A A Z Z A
P A Z Z A Z Z A A Z A Z A
Q Z Z Z A Z A A A Z Z A Z
R A Z  A Z A Z Z A A Z A A
S Z A Z A A A Z A Z A Z A
T A A A A Z Z A A A Z A Z
U Z Z Z A A A Z Z A A Z A
V A Z Z Z Z Z A A Z A A Z
w Z Z A A Z A Z A A Z A Z
X Z A Z Z Z A A Z A Z Z A
Y Z A Z A Z A A Z A Z A Z
Z Z A A A Z A Z Z A A A Z

Carriage return A A A Z A Z A A A A Z Z
Line feed A Z A A A Z A Z Z A A A
Figures Z Z A Z Z A Z A A Z Z A
Letters Z Z Z Z Z A A A Z Z Z A
Space A A Z A A Z Z A Z A A A
Unperforated tape A A A A A A A A A Z Z Z
Signal repetition A Z Z A Z A A
Signal a A Z A Z A A Z
Signal p A Z A Z Z A A

N o t e :  Symbols A and Z have the meanings defined in the List o f Definitions, P art I, No. 31-38

2. that the start-stop sections of the receiving and transmitting portions of the radio­
telegraph circuit should satisfy the conditions of Recommendations S.3 and S. 12;

3. that if such systems are used in establishing telex connections, the signalling position 
should conform to the arrangements shown in:

U.20,
U.21,
U.22.

Note 1. — In conformity with Recommendation S. 12, the aggregate keying speed 
for a 2-channel time division multiplex system will be 96 bauds and for a 4-channel system 
will be 192 bauds.

Note 2. — This Recommendation will be completed when the C.C.I.R. concludes its 
study on the channels and sub-channels arrangements (see Question 6/VIII).

(S.13)
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RECOMMENDATION S. 14

SUPPRESSION OF UNWANTED RECEPTION IN RADIOTELEGRAPH 
MULTI-DESTINATION TELEPRINTER SYSTEMS

(former C.C.I.T. Recommendation C.22, Geneva, 1956, amended at New Delhi, 1960) 

The C.C.I.T.T.,

CONSIDERING

1. that in a radio-telegraph system in which a radio teleprinter transmitter broadcasts
messages simultaneously to a number of receiving stations, this broadcast is sometimes 
required only by a restricted number of these stations;

2. that it is desirable in such cases to prevent the reception of the message at the other
offices to avoid wastage of paper;

3. that such wastage can be avoided by the use of selective calling systems whereby only
those stations required to receive the transmission are connected whilst it is in progress;

4. that various technical methods are available for achieving this, using either:
a) pulse signalling (e.g. by dial), or
b) signalling with 5-unit signals;

5. that a wide variety of systems may be devised based upon the methods in 4 above;

6. that such systems are normally used only for special services in which agreement can
be reached on the particular type of system to be adopted,

UNANIMOUSLY DECLARES THE VIEW

1. that when it is desired to avoid wastage of paper at receiving stations in radio-telegraph
multi-destination teleprinter systems a selective calling system should be used;

2. that it is neither necessary nor desirable to recommend the use of any particular type
of system for international use.
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SERIES T RECOMMENDATIONS

RECOMMENDATIONS CONCERNING APPARATUS AND 
TRANSMISSION FOR FACSIMILE TELEGRAPHY

Index o f Series T Recommendations, page 10

RECOMMENDATION T.l

STANDARDIZATION OF PHOTOTELEGRAPH APPARATUS

(former C.C.I.T. Recommendation D .l, amended at New Delhi, I960)

The C.C.I.T.T.,

CONSIDERING

that the transmission of pictures is possible only if certain characteristics of the trans­
mitting and receiving equipments are identical,

UNANIMOUSLY DECLARES THE VIEW

that phototelegraph apparatus and the associated modulating and demodulating 
equipment should be constructed and employed according to the following standards:

Direction o f scanning
At the transmitting apparatus the plane (developed in the case of a drum transmitter) 

of the message surface is scanned along lines running from right to left commencing at the 
top so that scanning commences at the top right-hand corner of the surface and finishes 
at the bottom left-hand corner: this is equivalent to scanning over a right-hand helix on a 
drum. The orientation of the message on the scanning plane will depend upon its dimen­
sions and is of no consequence.

At the receiving apparatus scanning takes place from right to left and top to bottom 
(in the above sense) for “ positive ” reception and from left to right and top to bottom 
(in the above sense) for “ negative ” reception.

Index o f co-operation
The index of co-operation (M ) is defined:

a) for apparatus with drum scanning; by the formula:

D
M  = -  = DF

(T.l)
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in which D is the drum diameter, P  is the pitch of the helix formed by a series of 
scanning lines, F  is the scanning density (or lines per unit length);

b) for apparatus with flat-bed scanning, by the formula:

1
M =  -  LF  

n

where L  is the length of a scanning line, F  is the scanning density (or, number of lines 
per unit length).

The normal index is 352.
The preferred alternative index, for use when less dense scanning is required, or when 

the characteristics of circuits (and particularly combined line and radio circuits) so demand, 
is 264.

The foregoing standards assume that the size of the scanning spot bears the most 
appropriate relationship to the index-of co-operation in use.

Drum factor

The drum factor is the ra tio :

usable drum length U
drum diameter D

Before a picture is transmitted, it is necessary to verify that

transmitter drum length used 
transmitter drum diameter

is not greater than the receiver drum factor.

Dimensions o f drum and picture

The normal drum diameter is 66 mm.
The preferred alternative drum diameters are 70 and 88 mm.
The drum factor shall be not less than 2.4. ;
The drum factor of the sending apparatus shall not be more than 2.4.
The drum factor of the receiving apparatus shall not be less than 2.4.

In the case of the normal drum, the width of the two picture-retaining clips together 
may not exceed 15 mm. An allowance of 5 mm is also made for phasing. Thus, since 
the total circumference of the drum is about 207 mm, the usable circumference will be 
187 mm.

The normal dimensions of the pictures are 130 mm x 180 mm.
The existence of a number of variations from the recommended values of drum 

diameter and index of co-operation has been observed and it is recommended that Admi­
nistrations and Private Operating Agencies should for the future endeavour to conform, 
as far as possible, with the recommended values.
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The following table gives corresponding values of M, D, P  and F  for apparatus in 
most common use:

M Z)(mm) P(mm) F(lines/mm)

264 66 1/4 4
264 70 1/3.77 3.77
264 88 1/3 3
350 70 1/5 5
352 66 3/16 16/3
352 88 1/4 4

Drum rotation speed

The following are the normal and approved alternative combinations of drum rotation 
speed and index of co-operation:

Drum
Index of co-operation

rotation speed 
(r.p.m.) Metallic

circuits
Combined metallic 
and radio circuits

Normal conditions 60 352 352
90 264

Lower speed for use when radio propagation 
conditions demand it

45 264

Alternatives for use when the phototelegraph 90 264.and 352
apparatus and metallic circuits are suitable 120

150
264 and 352 

264

Note. — In the case of transmitters operating on metallic circuits, the index 264 is 
not intended to be used with an 88 mm drum. . In the case of transmitters operating on 
combined metallic and radio circuits, the index 264 associated with a drum diameter of 
88 mm is intended to be used only exceptionally.

The rotation speed of transmitters must be maintained as nearly as possible to the 
nominal speed and in any case within +  10 parts in 106 of the nominal speed. The rotation 
speed of receivers must be adjustable and the range of adjustment should be at least 
+  50 parts in 106 from the nominal speed. After regulation, the speeds of the transmitting 

and receiving sets should not differ by more than 10 parts in 106.

Judder

The stability of the rotation speed should be such that the maximum shift of the drum 
surface from the average position should not exceed one quarter of the pitch (P) of the helix 
formed by the scanning lines, which, at normal index 352, means that the maximum angle 
of the oscillations should not exceed 0.08 degree measured from the average position.

(T .l)



Positive and negative reception

Selection of positive or negative reception should be made by adjustment at the 
receiver.
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Equalization o f  speeds

When .phototelegraph stations have available a standard of frequency which is better 
than ±  5 parts in 106, verification of the synchronism between the two stations may be 
dispensed with. In view of the saving of time, this method should be adopted wherever 
possible.

To compare the speeds of a transmitter and a receiver, an alternating current whose 
frequency bears an unvarying relationship to the transmitter drum speed, and has a nominal 
value of 1020 c/s, is used. This current is received by some form of stroboscope at the 
receiver.

The speed of the receiver is adjusted to within 10 parts in 106 of the speed of the trans­
m itter; the required condition is indicated when the phase slip of the stroboscopic display 
does not exceed one white sector plus one black sector (or their equivalent) in either two' 
minutes or one minute according to whether the flashing frequency is equal to or double 
the comparison frequency.

Where there is the possibility that the transmitter and receiver may be connected by a 
circuit liable to introduce frequency changes, for example, by a carrier telephone circuit, 
the use of the simple 1020 c/s synchronizing tone is unsatisfactory. The preferred method 
of overcoming this difficulty is to transmit the phototelegraph carrier (1900 c/s or 1300 c/s) 
modulated by the 1020 c/s synchronizing tone.

At the receiving end, the 1020 c/s synchronizing frequency is restored by detection 
and can then be used in the normal manner. For technical reasons the use of 1900 c/s 
is to be preferred and Administrations should endeavour to use this frequency.

Phasing

Phasing is performed after the speeds of the transmitter and receiver drums have 
been equalized and before scanning of the picture area begins.

The transmitter emits a series of short phasing signals within the periods when the 
scanning beam is passing across the dead sector (clip position).

The phasing signals are used at the receiver to position the drum so that they fall within 
the dead sector.

The phasing operation aims to ensure that a given instant in the phototelegraph signal 
bears the same time relation in both transmitter and receiver to the instant at which the 
scanning beam passes out of the dead sector.

For amplitude-modulation transmission, the phasing signal should be sent at the level 
of the white signal. Any frequency convenient for transmission may be used, for example 
the 1020 c/s synchronizing tone or the phototelegraph carrier.

For frequency-modulation transmission the phasing signals should be at the white 
frequency.

(T .l)
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Modulation and demodulation equipment

1. Amplitude modulation

Phototelegraph equipment shall normally provide for transmission and reception of an 
amplitude-modulated audio-frequency carrier, which is the normal mode of transmission 
for international metallic circuits.

The level of the output signal of the transmitter shall be greatest for white and least 
for black. It is desirable that the ratio of nominal white signal to nominal black signal 
should be approximately 30 decibels.

To simplify multi-destination operation and AM /FM  conversion for radio operation, 
it is desirable that the amplitude of the transmitted signal should vary linearly with the 
photocell voltage and that no corrections for tone scale should be made at the phototelegraph 
transmitting station.

For audio-frequency telephone circuits, the frequency of the picture carrier-current is 
fixed at about 1300 c/s. This frequency gives the least delay distortion on lightly loaded 
underground cables.

In the case of carrier telephone circuits providing a transmission band from 300 to 
3400 c/s, a carrier-current frequency of about 1900 c/s is recommended.

2. Frequency modulation

Preferably phototelegraph apparatus should also provide for transmission and reception 
of a frequency-modulated audio-frequency carrier for use when the characteristics of the 
metallic portion of the circuit permit:

a) on combined metallic and radio circuits,

b) on wholly metallic circuits.

In  such a case, the characteristics of the frequency-modulated output should be:

The deviation of frequency should vary linearly with photocell voltage or, in the case 
of conversion from amplitude modulation to frequency modulation, with the amplitude of 
the amplitude-modulated carrier.

The stability of the apparatus must be such that the frequency corresponding to a 
given tone does not vary by more than 8 c/s in a period, of 30 seconds and by more than 
16 c/s in a period of 15 minutes.

mean frequency 
white frequency 
black frequency

1900 c/s 
1500 c/s 
2300 c/s 
1500 c/sphasing signal frequency

(T .l)
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RECOMMENDATION T.3

DIRECTION OF SCANNING FOR DIRECT RECORDING FACSIMILE SYSTEMS
NOT REQUIRED TO RECEIVE AND RECORD HALF-TONES

(former C.C.I.T. Recommendation D.6, Geneva, 1956

The C.C.I.T.T.,

CONSIDERING

that there is not yet sufficient information as to the requirements which would need 
to be met in the use in the international telegraph service of direct recording facsimile 
systems (not required to receive and record half-tones) to permit full standardization of 
the equipment;

but that, nevertheless,in order to avoid future difficulties, it is very desirable to stan­
dardize the direction of scanning to be employed,

UNANIMOUSLY DECLARES THE VIEW

that the direction of scanning to be employed in connection with direct recording 
facsimile systems (not required to receive and record half-tones) which are intended for use 
in the international telegraph service, should be such that the plane (developed in the case 
of a machine using a drum) of the message surface is scanned along lines running from 
left to right commencing at the top, so that scanning commences at the top left-hand corner 
of the surface and finishes at the bottom right-hand corner; this is equivalent to scanning 
over a left-hand helix on a drum.

RECOMMENDATION T .ll

PHOTOTELEGRAPH TRANSMISSIONS ON TELEPHONE-TYPE CIRCUITS*

(former C.C.I.T. Recommendation D.3, amended at New Delhi, 1960)

The C.C.I.T.T.,

CONSIDERING

that both audio and carrier telephone circuits may be used for phototelegraph 
transmissions **;

that such transmissions on telephone circuits may, in special cases, use frequency 
modulation as an alternative to amplitude modulation,

* Recommendation H.31 of Volume III.
** See Question 5/XIV for the extension of this Recommendation to other types of facsimile telegraphy.

(T .l l )
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UNANIMOUSLY DECLARES THE VIEW

that phototelegraph transmissions on telephone circuits demand that the following 
conditions be observed:

A. Circuits permanently used for phototelegraphy

It seems that these circuits are few. In any case, they should even more easily meet 
the characteristics given in para. B below.

B. Circuits used normally (and preferentially) for phototelegraphy

a) Types o f circuit to be used
Two-wire circuits have no practical value for phototelegraphy because of feed back 

phenomena.
For the same reason, four-wire circuits should be extended to the phototelegraph 

stations on a four-wire basis at the appropriate amplifier stations, the terminating 
units and echo-suppressors always being disconnected.

b) Overall loss
The same conditions apply to the overall transmission loss of four-wire circuits used 

for phototelegraphy as apply, in general, for telephony.

c) Sent signal power
The emission voltage for the phototelegraph signal corresponding to maximum 

amplitude should be so adjusted that the absolute power level of the signal, at the zero 
relative level point deduced from the hypsogram of the telephone circuit, is 0 neper (0 deci­
bel) for amplitude-modulation facsimile transmission and -  1.15 neper (-  10 decibels) 
for frequency-modulation facsimile transmissions. In the case of amplitude-modulation 
the level of the signal corresponding to black is usually about 30 decibels lower than that 
of the signal corresponding to white.

d) Relative levels
If phototelegraph transmissions take place simultaneously from a transmitting station 

to several receiving stations, arrangements shall be made at the junction point so that, on 
the circuits following the junction point, the same power levels are maintained as those 
prescribed for individual transmissions.

e) Attenuation distortion

When amplitude modulation is used, the attenuation distortion between phototele­
graph stations should] not exceed 1.0 neper (8.7 decibels) in the band of frequencies to be 
transmitted for the facsimile telegraph transmission. As a distortion of 1.0 neper (8.7 deci­
bels) is already assumed for the telephone circuit itself, it may be necessary at times to 
compensate for the distortion of the lines joining the phototelegraph stations to the 
amplifier stations.

f U .I .T .
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In the case of frequency modulation, it suffices to use telephone circuits conforming to
C.C.I.T.T. Recommendations regarding attenuation distortion'(see paragraph C of Recom­
mendation G 131 — Volume III).

f) Variation o f equivalent with time

The overall loss should remain as constant as possible during the picture transmission. 
In  the case of amplitude modulation, abrupt variations of even 0.1 neper (0.9 decibel) 
have an effect. It is, moreover, necessary to avoid any interruption of the circuit, however 
rapid. For this reason, the greatest attention should be paid to the measurements made 
on the amplifiers and lines and to the changing of batteries. To reduce the likelihood of 
disturbance, it is desirable that the terminal trunk exchanges should be excluded from the 
circuit when it is extended to the facsimile stations!

Special precautions should be taken to make sure that no modulation of the carrier 
is caused by the line or the amplifiers, even if the modulation is inaudible. Such modula­
tion may be due, in particular, to variations in the voltage of the supply batteries, or to 
sub-audio telegraphy equipment.

In the case of frequency modulation, sudden changes of even 1.15 N  (10 db) can be 
tolerated and telephone circuits, even when set up without special precautions, have suffi­
cient stability.

This observation does not mean that sudden variations of level should not be avoided 
just as much in the case of circuits carrying frequency-modulated phototelegraphy.

g) Phase distortion

Phase distortion limits the range of satisfactory phototelegraph transmissions. Differ­
ences between the group delays of a telephone circuit, in the interval of the phototelegraph 
transmission, should not exceed

f p =  Maximum modulating frequency corresponding to the definition and scanning 
speed

(See Recommendation T .l2).

h) Interference

Interfering currents, whatever their nature, should not exceed the C.C.I.T.T. recom­
mended limits for telephone circuits.

C. Telephone circuits rarely used for phototelegraphy

a) Transmission characteristics

It seems that the majority of the characteristics specified by the C.C.I.T.T. for modern 
telephone circuits are sufficient to permit frequency modulated-phototelegraph transmis­
sions on a circuit chosen at random in a group of circuits normally used for telephone

( T . l l )
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working. However, it is not certain that such a circuit would have a sufficiently low phase 
distortion for such use, particularly channels 1 and 12 of a 12-circuit group, use of which 
is not advised. This point is under study.

With amplitude modulation there is a further risk that phototelegraph transmissions 
will be subject to faulty modulation because the special precautions applied to circuits 
regularly used for phototelegraphy (see B. f) above cannot be applied to circuits taken at 
random.

b) Precautions concerning signalling

So long as automatic]switching for phototelegraph circuits is not envisaged, the signal 
receiver can be disconnected so that no signalling disturbances can occur even when 
frequency modulation is used. However, if frequency modulation is used for photo­
telegraph transmission and if it is impracticable to disconnect the signal receiver, then it 
would be desirable, in the case of the one-frequency system, that a blocking signal be 
transmitted along with the picture signal to operate the guard circuit and render the 
receiver inoperative.

It is also apparent that the frequency of such a blocking signal should lie well outside 
the range of frequencies involved in the picture transmission and the frequency and the 
level of the blocking signal must depend on the characteristics of the Y.F. receiver (or 
receivers in the case of a tandem international connection), as designed by different Admi­
nistrations to meet the specification to be prescribed for international signalling.

In the case of the two-frequency international signalling system, the C.C.I.T.T. has 
indicated its view that no interference will take place.

RECOM M ENDATION T.12

RANGE OF PHOTOTELEGRAPH TRANSMISSIONS 
ON A TELEPHONE TYPE CIRCUIT*

(former C.C.I.T. Recommendation D.3, amended at New Delhi, 1960)

1. The differences between the group delays of the various frequencies and the width 
of the transmission band actually usable on a circuit for telephony give rise, when photo­
telegraph signals are started or stopped, to transient phenomena which limit the photo­
telegraph transmission speed;

* Recommendation H.32 of Volume III.

(T. 12)
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2. The range of photo telegraph calls of satisfactory quality, for a given transmission 
speed, depends especially on the constitution of the circuit, i.e. on:

— the loading and length, in the case of audio-frequency circuits;

— the number of 12-channel group links used in the case of carrier circuits, and on the 
choice of the carrier frequency for amplitude-modulated phototelegraph transmission, 
or on the mean frequency in the case of frequency m odulation;

3. Photo telegraph transmission of satisfactory quality requires that the limits of 
difference between the group delays in the transmitted frequency band, as shown in the 
graph below (fig. 5), are not to be exceeded;

A

in r. p. m. ------------ —

Figure 5. — Permissible delay distortion in the transmitted frequency band as a function 
o f the phototelegraph transmission speed.

Note. — The spot is assumed to have the same dimensions in both directions (square or circular).

4. The C.C.I.T.T. has recommended the following for international circuits, whether 
they be audio-frequency circuits of any type or carrier circuit:

if tm is the group delay for nominal lower limit of the frequency band to be trans­
mitted,

(T. 12)
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if tM is the group delay for the nominal upper limit of the frequency band to be 
transmitted,

if ?mjn is the minimum group delay in the whole of the frequency band to be trans­
mitted, the following must be respected:

- ? m i n  ^  20 I D S  

f M - t  m i n  ^  1 0  mS

For these reasons, the C.C.I.T.T.

UNANIMOUSLY DECLARES THE FOLLOWING VIEW:

As regards the effect of phase distortion on phototelegraph transmission quality, the 
carrier frequency (where amplitude modulation -is used) or the mean frequency (when 
frequency modulation is used) must be chosen in such a way that it is as near as possible 
to the frequency which has the minimum group delay on the telephone circuit.

A. Circuits permanently used for phototelegraphy

1. It will generally be possible, by agreement between Administrations, to choose 
a circuit satisfying stricter limits than those specified above from the point of view of phase 
distortion.

2. Moreover, it will be possible to compensate phase distortions by inserting phase 
equalizers and to effect phototelegraph transmissions occupying the whole nominal band 
of the circuit,

B. Circuits normally (or preferentially) used for phototelegraphy

1. The greater the differences between the delays in the transmission intervals, the 
narrower should be the bandwidth chosen (leading to a lower phototelegraph definition 
dr transmission speed).

2. Hence, audio-frequency circuits should in any case have only small loads.

3. Phase distortion is well within the limits indicated above, in the case of carrier 
circuits, if a single modern-type carrier system (providing at least 12 telephone channels) 
is considered (and considering especially the telephone channels in the middle of a 12-channel 
group of such a system).

4. Nevertheless, it would be unjustifiable from the financial point of view to make the 
aforementioned recommendation concerning phase distortion stricter, simply with a view 
to the occasional use of only a few circuits for high-speed phototelegraph transmissions.

5. The following curves (fig. 6 and fig. 7) give information on the relative perform­
ances of amplitude and frequency-modulated phototelegraph transmissions on audio­
frequency and carrier telephone circuits. These curves give a provisional idea of the range 
of phototelegraph transmissions. They still have to be verified by the Administrations.

(T. 12)
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Distance

  Mambre des translations de frequences
Number of frequency translations

F igures 6 and 7. — Range o f phototelegraph transmission 

C. Telephone circuits rarely used for phototelegraphy

If phototelegraph connections are set up on circuits selected at random from modern- 
type groups of telephone circuits (for example, by automatic switching), a circuit may be 
taken which has too high a degree of phase distortion, particularly if it has been set up on 
channels 1 or 12 of a 12-channel group, use of which is deprecated. It is impossible, in 
this case, to draw up general information on the range o f phototelegraph transmissions;

(T. 12)
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however, it will be possible to meet the conditions for a transmission of adequate quality 
if the phototelegraph connection comprises only one 12-channel group link and if trans­
mission is effected in normal conditions as outlined in Recommendation T .l.

Note. — Documentation on phase distortion, which is practically to be found on 
carrier systems channels, is given in the Supplements to Series -T Recommendations 
(page 328 et seq.).

RECOMMENDATION T .l5

PHOTOTELEGRAPH TRANSMISSIONS OVER COMBINED RADIO 
AND METALLIC CIRCUITS

(former C.C.I.T. Recommendation D.4, modified at New Delhi, 1960)

Having considered C.C.I.R. Resolution No. 244 (Los Angeles, 1959),

The C.C.I.T.T.

UNANIMOUSLY DECLARES THE VIEW

That phototelegraph transmissions over combined radio and metallic circuits should 
conform to the following provisions:

1. over the radio path,

a) when sub-carrier frequency-modulation system is used, the following character­
istics should be observed:

(the 1500 c/s frequency is also used for the phasing signal);

b) when a direct frequency-modulation system is employed, the following character­
istics should provisionally be observed:

centre frequency (corresponding to assigned frequency) =  f 0 
frequency corresponding to white =  f 0 -400 c/s 
frequency corresponding to black =  / o+400 c/s

(The frequency f 0 -  400 c/s is also used for the phasing signal.)

c) in both systems the stability of frequencies should be such that the variations are

centre freq u en cy .............................
frequency corresponding to white 
frequency corresponding to black

1900 c/s 
1500 c/s 
2300 c/s

less than:
8 c/s during a period of 30 seconds, 

16 c/s during a period of 15 minutes;

(T. 15)
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2. for the present, the following apparatus characteristics should be used:

a b
index of c o -o p e ra t io n ......................................... 352 264
speed of rotation of drum in r.p.m ................... . . 60 90

45*

3. frequency modulation or amplitude modulation may be used in the metallic portions 
of the combined circuit. When conversion from amplitude modulation to frequency 
modulation" (or vice versa) is required, the conversion should be such that the deviation 
of the frequency-modulated carrier varies linearly with the amplitude of the amplitude- 
modulated carrier.

The standards for both amplitude-modulation and frequency-modulation trans­
missions will be found in C.C.I.T.T. Recommendations T .l and T .ll .

Each Administration will decide, when the question arises, on the location of 
modulation converters. They will be placed either at the terminal phototelegraph 
station or at the control station associated with the radio station, in order to permit 
speech on the circuit used for phototelegraphy, if the radio channel will carry speech.

Comments: The recommendations of paragraph 2 above are not intended to require 
the imposition of such standards on users who use their own equipment for the transmission 
of pictures over private circuits.

Note. — Pending the solution of technical difficulties when the study of Question 9/XIV 
is concluded, the connection in tandem of a F.M. metallic circuit and a radio circuit with 
direct carrier frequency modulation should be avoided.

RECOMMENDATION T .l6

(C.C.I.R. RECOMMENDATION 243) FACSIMILE TRANSMISSION 
OF METEOROLOGICAL CHARTS OVER RADIO CIRCUITS

(former C.C.I.T. Recommendation D.7, Geneva, 1956, C.C.I.R., Los Angeles, 1959) 

The C.C.I.R. and the C.C.I.T.T.,

CONSIDERING

a) that increasing use is being made of facsimile telegraphy for the transmission of 
meteorological charts for reception on direct-recording apparatus;

b) that it is desirable to standardize certain characteristics of the radio circuits for this 
purpose,

* Lower speed for use when radio propagation conditions demand it. 

(T. 16)
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DECLARE THE VIEW

1. that when the sub-carrier frequency-modulation system is employed for the facsimile 
transmission of meteorological charts over radio circuits, the following characteristics 
should be used:

sub-carrier frequency  .........................................  1900 c/s
black f r e q u e n c y .................................   1500 c/s
white f r e q u e n c y ............................   2300 c/s

2. that when direct frequency modulation is employed on radio circuits the following 
characteristics should provisionally be used:

centre frequency (corresponding to assigned
frequency)........................  • • ■ /o

frequency corresponding to b l a c k   / 0 -  400 c/s,
frequency corresponding to w h i t e ................. /o +  400 c/s;

In special cases, for example on lower frequency circuits, a smaller deviation may 
be used, but it is too early to fix any standard shift.

Note. — The normal index of co-operation is 576 associated with a speed of 60 r.p.m. 
The same index of co-operation is also used in association with speeds of 90 and 120 r.p.m. 
It is to be observed that, whereas with the drum speed of 60 r.p.m. satisfactory reception 
can usually be expected, the quality of the recording may be impaired at higher drum  speeds 
depending upon the composition of the circuit and the presentation of the original document.

RECOMMENDATION T.20

STANDARDIZED TEST CHART FOR FACSIMILE TRANSMISSIONS 
(INCLUDING PHOTOTELEGRAPHY)

(New Delhi, 1960)

It will be a great advantage to use a standardized test chart to cheek the quality of 
facsimile transmissions. Such a chart would provide the receiving office with a reliable 
and rapid means of checking the quality of test transmissions according to uniform prin­
ciples and of making comparisons between different transmission results in a precise way. 
The chart has been designed both for measuring the quality of both half-tone and black- 
and-white transmissions and it enables the apparatus used and the communication channels 
to be judged, by means of objective measurements, the results of which may be expressed 
in code.

(T. 20)
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UNANIMOUSLY DECLARES THE FOLLOWING VIEW:

1. Tests of facsimile transmission quality (including phototelegraph transmissions) will 
be carried out in the international service with the aid of the “ C.C.I.T.T. standardized 
test chart ”.

2. This test chart will conform to the specimen and description annexed to the present 
Recommendation. It will be made by the I.T.U. under the supervision of the C.C.I.T.T. 
and should be offered for sale by the I.T.U.

Important N o te : The specimen of the test chart printed in the Annex cannot be used 
for measurements.

For the above reasons, the C.C.I.T.T.

A N N E X

The C.C.I.T.T. standardized test chart

1. T he test chart has the follow ing dim ensions:

length =  25 cm 
w idth =  11 cm

It m ust be fixed to  d rum  appara tu s so th a t the length follows the d rum ’s circumference.
I t  is divided in to  reference sections by m eans o f the  sectionalized tracings delivered with 

each test chart.

2. Section 10, upper, and  Section 10, lower, serve fo r adjusting the chart to  the  size o f the 
drum . A djustm ent lines num bered 1 to  6 are  traced on  each o f these tw o sections. T he chart 
m ust be shortened according to  the d ru m ’s circum ference so that, finally, adjustm ent lines bearing 
the sam e num ber appear a t the top  and the bottom .

In  this way, the initial phase can be controlled.

3. Sections 1 and  2 contain  2 tone  scales, each o f  w hich-contains 15 tone steps varying 
in density from  black to  w hite and  vice versa.

T he density corresponds to  the definition:

D  =  log A
T

where A =  the  intensity o f the light reflected by the unexposed paper.
I  =  the intensity o f the light reflected by the tone step considered.
I f  D lb is the m axim um  density, the densities o f steps 1, 2, 3, 5 and  8 are fixed as follows:

al =  0
A =  0.01 A
At =  0.03 A
At =  0.13 A
A. =  0.33 A

T he densities o f the interm ediate steps change an  equal am oun t per step betw een the  densities 
o f the steps given above.

(T.20)
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N ote  —  The densities actually ob tained fo r each step will be specified when the  test charts  
are delivered.

These sections serve fo r the exam ination o f the reproduction  o f the  half-tones; they  enable 
the optim um  adjustm ent o f photo telegraph  appara tu s to  be checked as well as the  suitability  o f  
certain  pho tographic  m ateria l (films, papers) fo r phototelegraphy.

4. • Section 3 is occupied by a group o f 9 black lines on a w hite background , in the  shape 
o f hyperbolae. The thickness o f the lines decreases g radually  from  left to  right going from  1 m m  
to  1/6 m m . The w hite spaces betw een the b lack lines likewise decreases regularly  from  left to  
right from  1 m m  to  1/6 mm .

The abscissae, going from  1 to  6, serve to  identify the  scanning density (num ber o f scanning 
lines per mm ). T he length in tercepted on a hyperbola by the vertical line from  a figure fo r scanning 
density on the abscissae, gives the dim ensions o f the scanning spot.

This section enables the scanning density to  be exam ined and  reveals the effect o f the phase  
d isto rtion  due to  the transm ission channel

5. Section 4 has tw o groups o f hyperbolae sim ilar to  those of Section 3 b u t lim ited to  the  
scanning densities lying between 3 and  6.

O ne group  is m ade up  o f grey lines (step 6 o f the tone scale) on  a  white background.
T he o ther group  is m ade up  o f grey lines (step 11 o f the tone scale) on  a b lack background
These groups are  suitable fo r checking m odulation  conditions a t the edges o f  the frequency 

band  if frequency m odula tion  is used.

6. Section 5 contains 3 patterns.
The first is com posed o f 5 black lines on  a white background , the lines having a thickness 

o f  0.25 m m , arranged  in  one group o f 2 lines and  ano ther o f 3 lines; these lines are  separated  by
0.25 mm , and  the tw o groups are separated  by a space o f  1.5 mm.

The second pa tte rn  is the  sam e as the first bu t the lines are w hite on  a b lack  background .
The th ird  pa tte rn  com prises two sim ilar groups o f b lack lines on a white background  as 

follow s:

—  line, thickness
—  separation  . .
—  line, thickness
—  separation  . .
—  line, thickness
—  separation  . .
—  line, thickness

The tw o groups are separated  by a space o f 1 mm.
These patterns are  intended fo r exam ining the effect o f transien t phenom ena w hen passage 

is effected from  a th in  line to  a  thick line o r vice versa, w ith various spacings.

7. Section 6 contains a black tapering  line on a w hite background  and a corresponding  
white tapering  line on a  black background w ith an  apertu re  o f 0.7 m m  to  check the reproduction  
o f  single lines o f different widths.

A t the  top  o f the section is a  line calibrated  in m m ; it shows the  w idth of bands in the fo rm  
o f  a tapering  line.

This p a rt serves to  check the rep roduction  o f isolated lines having different thicknesses.

8. Section 7 contains a strip  corresponding to  step 11 on  a  background o f density step 5; 
this is suitable fo r no ting  transien t phenom ena and  recognizing level variations and  distu rb ing  
frequencies.

1 m m  
0.25 m m  
0.25 m m  
1 mm 
0.25 m m  
0.25 m m  
1 m m

(T.20)



to FACSIMILE TELEGRAPHY



FACSIMILE TELEGRAPHY 113

9. Section 8 accom m odates the pho tog raph  o f the U N E SC O  building in  Paris, w hich 
perm its o f a  subjective assessm ent o f the  quality  o f reception.

10. Section 9 contains tw o circles separated  by 1 m m  the shape o f which varies w hen the 
interw orking m achines do n o t have the sam e index o f co -cpera tion  o r drum  speed. Changes 
o f shape should be in terpreted  as follow s:

1. A  vertical o r horizontal ellipse m eans th a t the indexes o f co-operation  differ;

2. A n oblique ellipse m eans th a t the  d rum  speeds are  n o t the same.

T he square w ith d iagonal lines inside the circle m akes it easier to  recognize irregularities.

11. Section 11 contains a pa tte rn  o f lines w ith a  spacing o f 2.5 m m . I t  is divided in to  tw o 
equal parts  by a vertical lin e ; the colum n on  the  righ t contains w hite rectangles, w hile the  colum n 
on  the left contains alternate  black and  w hite rectangles (step 15 o f  section 1).

This section is used to  detect irregularities in  the  d rum  ro tation .

12 Section 12 contains som e typographical signs; these are  placed so th a t they can  be 
read  sideways. ' '

' Section 12 is divided in to  th ree parts:

The bo ttom  p a rt contains typographical signs (letters, figures and  a few p u n c tu a tio n  m arks) 
as used fo r printing.

The m iddle p a rt contains signs, b u t in  typew riter characters 2.3 m m  in height.
The top  p a rt contains the w ords T EST IN T E R N A T IO N A L  in  tw o lines, the first (TEST) 

being in  black on  a w hite background  and  the  second (IN T E R N A T IO N A L ) being w hite on  a 
black background.

13. Section 13 is to  be com pleted by the sending station , which should enter the  character­
istics o f the apparatus.

Should the appara tus have several indexes o r speeds, the sta tion  should en ter these indexes 
and  speeds (in revolutions per m inute), one after the other. I f  necessary, the receiving sta tion  
should  underline —  on  the received p icture —  the  characteristics according to  w hich the tran s­
mission was m ade.

8

(T.20)
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SERIES U RECOMMENDATIONS 

RECOMMENDATIONS CONCERNING TELEGRAPH SWITCHING

Index o f  Series U  Recommendations, page 10

RECOMMENDATION U .l

SIGNALLING CONDITIONS TO BE APPLIED 
IN THE INTERNATIONAL TELEX SERVICE

(former C.C.I.T. Recommendation E .l, Arnhem, 1953, amended at Geneva, 1956,
and New Delhi, 1960)

Signalling conditions in the international telex service require accurate definition of the 
signals to be used on international telex circuits in putting through, supervising, clearing, 
and charging for international telex calls.

These signals must be such as to take into account that there are some fairly important 
differences in make-up between the telex networks of countries. In some countries, 
selection is done by dialling, in others, by means of start-stop signals; some networks use 
direct selection while others use register translators between some networks, subscriber- 
subscriber automatic selection is used whilst in relations with other networks, semi-auto­
matic or manual selection is still being used.

Hence it has not been possible to lay down uniform signals for all international telex 
relations. While, for certain signals, it has been possible to lay down rules valid for alt 
relations, for others, the choice has been left between two types of signals known as Type A 
and Type B. Within each type, it has sometimes been necessary to provide alternative 
forms for certain signals. The signals with regard to which there is a choice are described 
in Tables I a), l b )  and II of the Recommendation.

The signalling with which this Recommendation deals applies when telex circuits make 
use of synchronous devices. If such devices are required (in particular when radiotelegraph 
circuits are involved), Recommendation U .l must be applied whenever possible, and 
for such a case, Recommendation U.20 lays down the conditions for adapting the signalling 
defined in Recommendation U .l.

(U .l)
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The C.C.I.T.T. therefore

SWITCHING

UNANIMOUSLY DECLARES THE VIEW:

A. That in general so far as signalling over international telex circuits is concerned, 
the outgoing country should conform to the signalling requirements of the incoming 
country. Nevertheless, when in the case of fully automatic service this requirement would 
entail considerable difficulty, alternative arrangements may be adopted by agreement 
between the two Administrations concerned.

B. That the following signals shall be employed, under the conditions indicated:

1. Free line condition.

The “ free line ” is characterized by a permanent signal corresponding to the start 
impulse in accordance with international telegraph alphabet No. 2 on the forward and 
backward signalling paths.

2. Call.

The “ call ” is characterized by the inversion of the condition specified in paragraph 1 
on the forward signalling path.

3. Call-confirmation signal.

A “ call-confirmation ” signal shall be returned over the backward signalling path 
following the initiation of a call to prove the continuity of the line and the response of the 
distant terminal equipment.

The call-confirmation signal shall be returned by the receiving end as quickly as 
possible and in any event with a delay not exceeding 150 milliseconds after the arrival of 
the calling signal at the receiving end.

4. a) Proceed-to-select signal.

In the case of international telex circuits terminated on distant automatic switching 
equipment which cannot accept the selection information immediately (either after the 
reception of the calling signal or after the sending of the call-confirmation signal), a distinct 
“ proceed-to-select ” signal shall be returned over the backward signalling path after the 
call-confirmation signal, to indicate that the selection information may be transmitted.

For 99 calls in 100, the delay in the return by the receiving system of the “ proceed- 
to-select ” signal must not exceed 5 seconds after the reception of the calling signal.

If the automatic switching equipment at the receiving end can receive the selection 
information immediately after the sending of the call-confirmation signal, the call-confirma­
tion signal shall constitute the proceed-to-select signal.

If the automatic switching equipment at the receiving end can receive the selection 
information at the time of receiving the call signal, there shall be no proceed-to-select signal.

b) Proceed-to-transmit signal. ,

In the case of international telex circuits terminated on a distant manual switchboard, 
a “ proceed-to-transmit ” signal shall be returned over the backward signalling path'

(U .l)



SWITCHING 117

following the initiation of a call, to indicate that tthe teleprinter of the distant operator 
has been connected to the international circuit.

5. Selection signals.

a) The selection signals should be in conformity with international alphabet No. 2 
or dial signals in conformity with Recommendation U.2.

b) In the case of dial selection into a system employing letters in the national number­
ing scheme, figures only will be used on international circuits, because of the difficulty in 
transmitting signals other than figures from dials.

c) In the case of selection into a keyboard selection system, the “ prepare for 
digits ” signal will be combinations 30 (figures shift).

d) In those cases where an “ end-of-selection ” signal is required, this signal shall be 
combinations 26, possibly followed by another combination characterizing the class of 
traffic in the incoming country.

e) In systems which use keyboard selection and which require an “ end-of-selection ” 
signal, the subscribers’ numbers shall consist of a uniform number of characters. A 
smaller uniform number of characters is however permitted for special services, provided 
the discrimination of these special services can be affected on the first character.

f )  To avoid undue occupation of lines and equipment, Administrations should take 
all reasonable steps to ensure that the transmission of selection signals over international 
circuits are completed without undue delay. In particular, where excessive delays are 
encountered the incoming country may cause the connection to be cleared.

6. Call-connected signal.

A “ call-connected ” signal shall be returned over the backward signalling path to 
indicate that the call has been extended to a called subscriber. In the case of fully automatic 
switching between subscribers, this signal will start the equipment for determining the 
charge for the call.

Switching systems not giving an automatic return of answer-back signals over the 
international telex circuits shall be arranged to be ready to respond to W RU signals 
(transmitted from the calling country) with a delay not exceeding 3 seconds from the 
beginning of the call-connected signal. (See Recommendation S.9.)

7. Idle-circuit condition.

On an established connection, the “ idle-circuit ” is characterized by a permanent 
signal corresponding to the stop impulse, in accordance with international telegraph 
alphabet No. 2, on the forward and backward signalling paths.

8. Clearing.

a) Clearing signal.

The clearing signal is characterized by a reversion to the condition specified in para­
graph 1 on either signalling path maintained until the complete release of the circuit.

(U .l)
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The supervisory equipment of the international connection shall be arranged to inter­
pret a signal of “ start ” polarity as a clearing signal within 300 and 1000 milliseconds.

b) Clear-confirmation signal.

The clear-confirmation signal is reversion to the condition specified in paragraph 1 
on the other signalling path in response to the clearing signal. When a clearing signal 
transmitted on an international circuit has reached the receiving end of that circuit the 
clear-confirmation signal must be sent back in the other direction within 350 to 1500 milli­
seconds after the initial “ start ” polarity begins.

The minimum period will be increased to 400 milliseconds for future systems.

c) Guard delay.

Guard arrangements at the ends of an international telex circuit should be such that 
the circuit cannot be used for a new call until the distant equipment is free to accept 
another call.

The equipment at the incoming end of the international circuit shall be completely 
released and ready to receive a new call after a maximum period of 2 seconds.

This delay is measured from the moment when in the international switching centre 
“ start ” polarity has appeared on both signalling paths of the circuit.

During this guard period, “ start ” polarity shall be maintained on both signalling paths 
of the international circuit.

9. Service signals.

d) Signals fo r ineffective calls.

If a “ busy ”, “ out of order ”, “ office closed ” , or “ number unobtainable ” (i.e. not 
connected, service ceased or barred access) condition is encountered in the distant network, 
this shall be indicated by the return of a signal to the calling end. If this is done by means 
of written indications, the code expression mentioned in Article 17 of Recommendation F.60 
should be used.

In this case, the code expression should be preceded by the carriage return, line feed 
and letter shift signals and followed by line feed (preferably together with carriage return) 
and then immediately by the clearing signal in all cases.

In principle, unsuccessful telex calls are not chargeable. However, unsuccessfull 
calls are indicated in some networks by character sequences preceded by the “ call-con­
nected ” signal; it might be difficult for some originating Administrations to prevent the 
charging equipment being set off upon reception of the call-connected signal and in this 
way unsuccessful calls might be charged for. To restrict this effect as much as possible 
the clearing signal should be sent immediately after the service sequences.

The Administrations will do their best to reduce the number of cases giving rise to such 
exceptions.

b) Waiting signals.

Study not concluded.
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C. CHARACTERISTICS OF THE SIGNALS 
defined in paragraphs 3, 4, 5, 6 and 9

The characteristics of these signals can be divided into two basic groups: Type A 
and Type B, as given in Tables l a ) ,  l b )  and II.

I. International telex circuits terminated on distant automatic switching equipment

Table la ) .  — Semi-automatic working to subscribers

Signal Type A Type B

Call-confirmation (see 
3 and 4 a )  above)

Permanent “ stop ” polarity 25 ms pulse of “ stop ” polarity (between 
17.5 and 35 ms)

Proceed-to-select (see 
4 a) above)

Teleprinter signal (s) 25 ms pulse of “ stop ” polarity (between 
17.5 and 35 ms)

Selection (see 5 above) Teleprinter signals Dial pulses, or teleprinter signals

Call connected (see 6 
above)

Teleprinter signals 
N ote: The teleprinter signals 
may be preceded by a 150 ms 
( ±  11 ms) pulse of “ start ” 
polarity

“ Stop ” polarity for at least two seconds

Busy (see 9 above) Teleprinter signals followed by 
clearing signal

i) 200 ms pulse of “stop ” polarity followed 
by “ start ” polarity for 1500 ms (tole­
rance: ±  30%) (Note 1)

ii) 200 ms pulse of “stop” polarity (toler­
ance : ±  30 %) followed by teleprinter 
signals and “start” polarity for 1500 ms 
(tolerance: ±  20%) (Note 1)

Out-of-order and num­
ber unobtainable (see 
9 above)

Clearing signals normally pre­
ceded by teleprinter signals

i) Permanent “ start ” polarity
ii) 200 ms pulse of “stop” polarity followed 

by “ start ” polarity for 1500 ms (toler­
ance: ±  30%) (Note 1)

iii) 200 ms pulse of “ stop ” polarity (toler­
ance: ±  30%) followed by teleprinter 
signals and “start” polarity for 1500 ms 
(tolerance: ±  20%) (Note 1)

N o t e  I :  This sequence of signals may be repeated until a clearing signal is sent over the forward signalling path.
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Table I  b). — Fully-automatic working between subscribers

Signal Type A Type B

Call-confirmation (see 
3 and 4 a) above

Permanent “ stop ” polarity 25 ms pulse “ stop ” polarity (between 17.5 
and 35 ms)

Proceed-to-select (see 
4 a) above)

40 ms ( ±  8 ms) pulse of “ start ” 
polarity ’

25 ms pulse of “stop” polarity (between 17.5 
and 35 ms)

Selection (see 5 above) Teleprinter signals Dial pulses, or teleprinter signals

Call-connected (see 6 
above)

150m s(±  11 ms) pulse of “start” 
polarity followed by “stop” po­
larity for at least 2 seconds and 
possibly of teleprinter signals

“ Stop ” polarity for at least 2 seconds

Busy (see 9 above) Teleprinter signals followed by 
clearing signal

i) 200 ms pulse of “stop” polarity followed 
by “start:” polarity for 1500 ms (toler­
ance: ±  30%) (Note 1)

ii) 200 ms pulse “stop” polarity (tolerance 
±  30 % ) followed by teleprinter signals 
and “ start” polarity for 1500 ms (tole­
rance ±  20%) (Note 1)

Out-of-order and num­
ber unobtainable (see 
9 above)

Clearing signal normally pre­
ceded by teleprinter signals

i) Permanent “start” polarity (Note 2)

.ii) 200 ms pulse of “stop” polarity followed 
by start polarity for 1500 ms (toler­
ance: ±  30%) (Note 1)

iii) 200 ms pulse “stop” polarity (tolerance 
±  30 % ) followed by teleprinter signals 
and “start” polarity for 1500 ms ( ±20%) 
(Note 1)

N o t e  1 :  This sequence o f signals may be repeated until a clearing signal is sent over the forward signalling path. 
N o t e  2  : The use o f this signal should be avoided if possible.

II. International telex circuits terminated on distant manual switching equipment

Signal Type A Type B

Call-confirmation (see 
3 above)

Permanent “ stop ” polarity 25 ms pulse “ stop” polarity (between 17.5 
and 35 ms)

Proceed-to-transmit 
(see 4 b) above

Teleprinter signals “ Stop ” polarity followed by teleprinter 
signals

Call-connected (see 6 
above)

Teleprinter signals Teleprinter signals

Busy, out-of-order and 
number obtainable 
(see 9 above)

Teleprinter signals Teleprinter signals
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RECOMMENDATION U.2

STANDARDIZATION OF DIALS AND DIAL PULSE GENERATORS 
FOR THE INTERNATIONAL TELEX SERVICE

(former C.C.I.T. Recommendation E .2 ,1951, amended at Arnhem, 1953, and at Geneva, 1956) 

The C.C.I.T.T.,

CONSIDERING

1. that, when dials and dial pulse generators are used for the process of automatic 
selection of subscribers to the international telex network, it is advantageous to stan­
dardize as far as possible the characteristics of such dials and dial pulse generators;

2. that the standardization of the dialling speed and lost motion periods of dials presents 
no technical difficulty;

3. that, for the satisfactory working of certain automatic systems, the time between 
successive pulse trains should not be less than 500 milliseconds, but that experience 
has shown that the minimum time taken by an experienced operator to rotate the dial 
is of the order of 300 milliseconds;

4. that pulse ratios from 1.2 :1 to 1.9 :1 will ensure the satisfactory working of existing 
automatic switching systems;

5. that these pulse ratios can be usefully adopted with a view to simplifying direct dialling 
between subscribers;

UNANIMOUSLY DECLARES THE VIEW

1. that in the international telex service, when dials or dial pulse generators are used 
for the automatic selection of subscribers:
a) the dialling speed shall be standardized at 10 pulses per second with a tolerance 

of plus/minus ten per cent;
b) the lost motion period of dials shall be not less than 200 milliseconds nominal 

value;
c) the inter-digit pause of dial pulse trains generated by dial pulse generators shall 

not be less than 600 ms;

2. a) that the pulse ratio must be between 1.2:1 and 1.9 :1, the nominal ratio may be
chosen as lying between 1.5 :1 or 1.6 :1; 

b) that, when the selection signals pass through a regenerative repeater it may be
advantageous to use a nominal ratio of 1.5 :1.

(U.2)
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ARRANGEMENTS IN SWITCHING EQUIPM ENT 
TO M INIM IZE THE EFFECTS OF FALSE CALLING SIGNALS

(former C.C.I.T. Recommendation E.3, Geneva, 1956)

The C.C.I.T.T.,

CONSIDERING

— that transmission systems at present in use for international telex trunks are liable 
to generate false calling signals;

— that such false calling signals can seize and engage switching equipment, thereby 
reducing the grade of service. This is of particular importance with systems in which 
common equipment normally used only to set up calls is seized by false calling signals;

— that the ill elfects’of false calling signals can be minimized by delaying the operation 
of the calling relay at the termination of the international telex trunk circuit;

— that, however, when direct dial selection is employed over an international trunk 
line, unless it is a manually selected circuit, not preceded by a stage of automatic selection, 
there is normally insufficient time available between successive digits to permit the use of 
slow operating relays;

— that, nevertheless, Administrations may agree between one another to use digit 
storage at the outgoing end of the circuit so that the inter-train pause can be increased to 
permit the calling relays to be made slow to operate,

UNANIMOUSLY DECLARES THE VIEW

1. that the design and maintenance of transmission systems should be such as to reduce 
to a minimum the number and duration of false calling signals. In this connection 
attention is drawn to the merits of F.M. V.F. systems, particularly with long overhead 
lines;

2. that, wherever possible, calling relays on international telex trunk circuits should have 
an operation lag of at least 100 milliseconds. Administrations using circuits on lines 
prone to long duration false calling signals may agree to use calling relays with longer 
operation lags.

RECOMMENDATION U.3

(U.3)
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RECOM M ENDATION U.4

EXCHANGE OF INFORMATION REGARDING SIGNALS DESTINED TO BE 
USED OVER INTERNATIONAL CIRCUITS CONCERNED W ITH SWITCHED

TELEPRINTER NETWORKS

(former C.C.I.T. Recommendation E.4, Geneva, 1956, modified at New Delhi, 1960)

The C.C.I.T.T.,

CONSIDERING

that certain signals and certain characteristics of signals used in the international telex 
service have been standardized in Recommendation U. 1;

that standardized signals for the European switched network for the public service 
(gentex network) are advocated in Recommendation U.30;

that in view of the foregoing an exchange of information regarding the precise nature 
of the signals proposed to be used in the above-mentioned services by interested Administra­
tions would be very useful;

that certain Administrations have already supplied such details regarding their telex 
services in a useful form (see documents S.G. VII/28, 29, 30, 31 and 32 published in the 
“ Supplements to the documents of the VUIth Plenary Assembly of the C.C.I.T.” pages 184. 
to 213),

UNANIMOUSLY RECOMMENDS

that Administrations concerned in the international telex service and gentex network 
be invited to supply to the C.C.I.T.T. time-sequence diagrams showing in each case the 
signals at present transmitted or proposed to be transmitted over the international circuit 
for incoming calls. The diagrams should show not only the sequence and characteristics 
of the signals, but also the timing tolerances to be expected.

RECOMMENDATION U.5

REQUIREMENTS TO BE MET BY REGENERATIVE REPEATERS 
IN INTERNATIONAL CONNECTIONS

(former C.C.I.T. Recommendation E. 5, Geneva, 1956)

The C.C.I.T.T.,

CONSIDERING

— that it may be desirable to include regenerative repeaters in teleprinter switching 
networks;

(U.5)
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— that the only signals other than teleprinter signals that must be transmitted by a 
regenerative repeater are the clearing signal and the call-connected signal (reference 3.1.3 
below), since all other signals can be bypassed;

— that other signals may be transmitted by regenerative repeaters;

UNANIMOUSLY DECLARES THE VIEW

1'. that when regenerative repeaters are used in switching systems, the clearing signal 
should be retransmitted with a minimum of delay. This delay is of course the same 
as for the retransmission of teleprinter signals ;

2. that to ensure the correct retransmission of the clearing signal and the call-connected 
signal (reference 3.1.3 below) the regenerative repeater must not automatically insert 
the stop element in either of these signals;

3. that for other signals that may pass through regenerative repeaters, the tolerances at 
the origin and after retransmission through the regenerative repeaters are as stated 
below.

Note. — The characteristics and tolerances quoted are for the signals at the origin. 
The tolerances at the input to the regenerative repeater will depend on the degree of distor­
tion in the transmission path from the origin to the input of the regenerative repeater. 
The tolerances at the output will depend on the normal tolerances for the regenerative 
repeater.

3.1. Pulse signals.

3.1.1. Call-confirmation (proceed-to-select) signal. Type “ B ’’ signalling.
A pulse of “ stop ” polarity of duration from 17.5 ms to 35 ms. The nominal 
duration of the pulse after transmission through the regenerative repeater 
should not be less than 20 ms nor more than 40 ms.

Note. — This signal will be transmitted over only one international trunk circuit 
and should thus normally pass through not more than one regenerative repeater.

3.1.2. Dial selection signals. Type “ B ” signalling.

These signals have been standardized (Recommendation U.2 refers) at a dial 
speed of 10 pulses per second ± 1 0 % , and a pulse ratio (s ta rt: stop) between 
the tolerance 'of 1.2 : 1 and 1.9 :1 with a nominal ratio lying between 1.5 :1 
and 1.6 : 1. Such signals after retransmission through several regenerative 
repeaters should not fall outside the tolerances above stated.

3.1.3. Call-connected signals. Type “ A ” signalling.

A pulse of “ start ” polarity lasting 150 ±  11 ms. The nominal duration of the 
pulse after retransmission through several regenerative repeaters should be 
within the limits of 140 to 160 ms.

(U.5)
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3.1.4. Busy signal. Type “ B ” signalling.

Pulses of “stop” polarity lasting 200 ms ±30% , separated by intervals of “start” 
polarity lasting 1.2 second ±  30%. After retransmission through several 
regenerative repeaters neither the pulses nor the intervals should be shortened 
by more than 10%.

3.2. Sequence signals (involving a single change o f polarity)

3.2.1. Calling signal. Types “ A ” and “ B ” signalling.

3.2.2. Call-connected signal. Type “ B ” signalling.

These signals (inversion from “ start ” to “ stop ” polarity) have no timing 
tolerances as such. It is, however, essential that they should be retransmitted 
by a regenerative repeater with a minimum of delay, which in any case 
should not exceed 20 ms.

RECOMMENDATION U.6.

PREVENTION OF FRAUDULENT TRANSIT TRAFFIC 
IN THE FULLY AUTOMATIC INTERNATIONAL TELEX SERVICE

(New Delhi, 1960)

With fully automatic working in the international telex service, the possibility of 
fraudulent routing by subscribers of international calls involving tandem connection of 
international telex trunks might arise whenever subscribers are given automatic access to 
international telex trunk circuits which have, at their incoming ends, automatically switched 
access to other international telex trunk circuits.

By the adoption of a systematic plan, such traffic can be barred without involving 
either expensive or elaborate equipment arrangements.

To be effective such a plan would need to be adopted by all Administrations and 
Operating Agencies since failure to provide barring facilities on the traffic between two 
countries could open the way for irregular routings at the expense of a third country.

The C.C.I.T.T. therefore

UNANIMOUSLY DECLARES THE VIEW!

1. That national telex systems shall be so arranged that the first digit of the selection 
signals transmitted over incoming international telex trunks will'indicate whether an 
automatic transit call is concerned;

2. That where an international telex trunk carrying fully automatic traffic also carries 
traffic requiring access at the incoming end to outlets selected by means of the digit
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characterizing an automatic transit call, the country of origin will bar irregular routings, 
by discriminating on the digits transmitted by calling subscribers;

3. That where an international telex trunk carrying fully automatic traffic does not carry 
traffic requiring access at the incoming end by means of the digit characterizing an 
automatic transit call, the incoming equipment shall be so arranged that the corre­
sponding outlets are not accessible and that when access is attempted, the “number 
unobtainable” signal is returned;

4. That it is not admitted that two Administrations can agree to omit the provision of 
barring facilities on traffic between their respective countries. However, where the 
incoming country has an existing network in which considerable difficulty would be 
experienced in barring in accordance with paragraph 3, the responsibility for barring 
may, by agreement, be assumed by the country of origin in the manner specified in 
paragraph 2.

Note about paragraph 1. — The use of a common first digit to indicate access to both 
international telex trunk circuits and manual switchboards leads to complication in the 
barring arrangements and should therefore be avoided. However, where this would lead 
to exceptional difficulty in existing systems, the use of a common first digit can be allowed.

RECOMMENDATION U.7.

NUMBERING SCHEMES FOR AUTOMATIC SWITCHING NETWORKS 

(former C.C.I.T. Recommendation E.7, Geneva, 1956)

The C.C.I.T.T.,

CONSIDERING

that with fully automatic working between subscribers in the international telex service it is 
desirable to envisage the possibility:

a) to route traffic over the appropriate international trunk route where more than one 
such route exists between two countries;

b) to enable the appropriate tariff to be determined automatically (in the originating 
country), even if the objective country is divided into several tariff zones;

UNANIMOUSLY DECLARES THE VIEW

1. that subscribers’ national numbering plans should be systematically arranged;

2. that, where more than one international trunk route exists between two countries, the 
corresponding geographical division and hence the appropriate point of entry should 
be identifiable by examination of the initial digits of the called subscriber’s number;
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3. that where a multiple tariff scale exists, the different tariff zones should be identifiable 
in the originating country by the initial digits of the called subscriber’s number;

4. that the number of initial digits to be examined should be limited, preferably to one, 
but in any case should not exceed two. When a single digit provides the discrimination 
it will usually be the first digit, but, where the subscribers’ numbers have a uniform 
initial digit (usually “ 0 ”) to permit discrimination on internal calls, the following 
(second) digit should be used.

Note. — The attention of Administrations (and Recognized Private Operating Agencies) 
is drawn to the considerable technical advantage which would result from the adoption 
of a single tariff between two countries.

RECOMMENDATION U.8.

INTERNATIONAL NUMBERING PREFIXES

(New Delhi, 1960)

In an international call, the national number of the called subscriber has to be preceded 
by a prefix which enables access to be given to the called country from the calling one.

A uniform prefix scheme would be one in which the prefix for a called country would 
be the same, no matter what the calling country might be.

The chief advantage of the uniform prefix scheme is that it affords facilities for the 
automatic alternative routing of traffic with fully automatic operation, when such re­
routing involves a transit country other than the normal one.

In the European system, there is no great point in such automatic re-routing, in view 
o f the facilities afforded by voice-frequency telegraph systems.

Between continents the problem is different, because channels are fewer and are more 
heavily loaded, and automatic re-routing over a second choice route might conceivably 
be useful with fully automatic operation.

The uniform scheme would have an advantage in so far as it would prevent Administra­
tions from changing their prefixes too often, which might well cause inconvenience to those 
countries having to use transit connections.

But the drawbacks of a uniform prefix scheme are as follows:

— complication of national networks,
— lack of flexibility,
— present acceptance of future commitments,
— premature expenditure on equipment not required for a considerable time to come.

The absence of a standardized range of country codes or prefixes would not prevent 
the provision of facilities for automatic alternative routing and/or re-routing, although 
there would be some increase in the complexity of the register translators required.
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For these reasons, the C.C.I.T.T. realizes that, for the moment, a uniform prefix 
scheme is not feasible for the European telex and gentex networks, and

UNANIMOUSLY DECLARES THE VIEW

1. that the prefix should characterize the called country from the calling country;

2. that countries providing transit services must avoid frequent changes in the codes 
used for routing transit traffic.

Note. — See Question 8/X concerning intercontinental traffic.

RECOMMENDATION U.10.

EQUIPMENT OF AN INTERNATIONAL TELEX POSITION

(former C.C.I.T., Recommendation F.60, modified at New Delhi, 1960)

An international telex position, which is a manual position in an international telex 
exchange and is used to set up international telex calls, should be so equipped as to permit 
of satisfactory operation in conformity with C.C.I.T.T. Recommendation F.60 (Red Book, 
volume II bis).

For the above reasons, the C.C.I.T.T.

UNANIMOUSLY DECLARES THE FOLLOWING VIEW!

1. An international telex position must be equipped in such a way as to receive the 
clearing signal from both sides.

2. It should not be possible to recall the operator of that position by a signal to an 
established connection, except if Recommendation U.21 is applied.

3. Precaution must be taken that in the event of the operator of the international telex 
position delaying to remove the plug on reception of the clearing signals, a new call 
from a subscriber on one network shall not pass to the other network.

4. When communication has been established, the answer-back signals of apparatus used 
at the intermediate telex positions must not be sent to line, when figure-shift D is 
received.

5. The international telex position must be provided with equipment to determine the 
chargeable time of calls controlled by these positions, this timing equipment to be 
brought into operation in accordance with the provisions of Article 16 of Recom­
mendation F.60 (Red Book, volume II bis), but to be stopped on receipt* of the first 
clearing signal.
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RECOMMENDATION U.20.

TELEX SIGNALLING ON RADIO CHANNELS 

(Synchronous 7-unit systems affording error correction by automatic repetition)

(former C.C.I.T. Recommendation E.6, Geneva, 1956, amended in New Delhi, 1960)

The C.C.I.T.T.,

CONSIDERING

1. that there are radio telegraph circuits working in association with 5-unit start-stop 
apparatus, which make use of error-correcting synchronous systems having a special 
error-detecting 7-unit code enabling errors to be corrected;

2. that, on the radio section, these synchronous systems use two combinations a and (3 
which characterize the permanent conditions of “ start ” polarity and “ stop ” polarity 
respectively, in the start-stop part of the connection;

3. that the special make-up of these systems is such that a change in significant condition 
at the input to the system is not reproduced at the output with a constant delay;

4. that it is desirable to standardize the signalling conditions to be used on synchronous 
error-correcting radiotelegraph systems;

5. that the experience acquired with manual telex switching through these radiotelegraph 
systems seems sufficient to justify the laying down of general rules specifying signalling 
arrangements for manual and semi-automatic working in such international radio 
channels,

UNANIMOUSLY DECLARES THE VIEW

that the signals enumerated in Recommendation U .l, to be used in setting up inter­
national telex calls over radio channels comprising synchronous systems with error correc­
tion by automatic repetition, should be characterized as follows:

A. Free line condition.

Successive a combinations on the forward and backward paths.
\

B. Call.

Transition from combination a to combination [3. Reception of two consecutive (3 
signals over the forward signalling path shall be interpreted as a calling signal.

On circuits automatically operated in both directions, reception of a single (3 signal 
at the end of the circuit remote from the calling subscriber must cause the outgoing equip­
ment on this circuit at that end to be marked busy immediately. This busy condition 
must be applied until two a signals are received.

(U.20)
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C. Call-confirmation signal.

Transition from combination a to combination (3 on the backward signalling
path. Reception of two consecutive (3 signals over the backward signalling path shall be
interpreted as a call-confirmation signal.

D. 1. Proceed-to-select signal (when a separate signal is required).

On the backward signalling path: one or more teleprinter signals.

2. Proceed-to-transmit signal.

On the backward signalling path: teleprinter signals indicating the called operator’s 
position.

The sending of the proceed-to-select or the proceed-to-transmit signal should be delayed 
until two consecutive [3 signals have been correctly received over the backward signalling 
path. Two consecutive (3 signals can be presumed to have been or to be received when 
four (3 signals have been accepted by the storage of the error correcting equipment at the 
sending end.

The receiving equipment shall be arranged so that when two (3 signals are received and 
followed immediately by teleprinter signals [representing the call-confirmation and proceed- 
to-select (or proceed-to-transmit) signals in rapid succession] the recognition of the two S 
signals as the call-confirmation signal will allow the teleprinter signals to be preceded by 
140 ms (minimum) of “ stop ” polarity.

E. Selection signals.

Teleprinter signals over the forward signalling path.

F. Call-connected signal.

1. Manual working: the code DF over the backward signalling path.

2. Semi-automatic working: one or more teleprinter signals, over the backward 
signalling path.

G. Idle circuit condition.

Combination (3 on the forward and backward signalling path.

H. 1. Clearing signal.

The appearance of a combinations in the direction in which the clearing signal is sent. 
Reception of two consecutive a signals will have to be interpreted as a clearing signal.

2. Clear confirmation, signal.

The appearance of a combinations in the direction opposite to that from which a 
clearing signals was sent.

Reception of two consecutive a signals will be interpreted as a clear confirmation signal 
when a clearing signal of * 8 a signals without request for repetition has been transmitted 
on the other path.
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3. Guard delay.

The circuit shall be guarded on release as specified in Recommendation U .l except 
that the delay shall be measured from the moment when the equipment has b o th :

a) transmitted * 8 a signals over the radio path without request for repetition,

b) has received two consecutive a signals over the other signalling path.

During the guard period the free line condition shall be maintained on both signalling 
paths of the international circuit.

I. Service signals.

Corresponding teleprinter signals (OCC, NC, NA, NP, DER, ABS), followed by the 
clearing signal.

For radio circuits employing a 4-character cycle, a sequence of 7 a signals

See Recommendation S. 13 for signals a and p.
See Question 4/X.
See Supplements to Series U Recommendations, page 340.

RECOMMENDATION U.21.

OPERATOR RECALL ON A TELEX CALL SET UP 
ON A RADIOTELEGRAPH CIRCUIT

( New Delhi, 1960)

Experience has shown that, for telex calls set up over a radiotelegraph circuit,' it was 
useful to enable the telex subscriber to cause an operator to re-enter on a call in progress 
without interrupting it.

Such re-entry may be of interest in the following cases as well as in the case of a 
defective connection:

1. When a subscriber decides, in the course of a call, to change from a plain text to a 
cypher he can call the operators in the terminal radio exchanges and ask them to 
interrupt the delay signal which might otherwise disturb the synchronism between the 
cyphering apparatus used at the two ends.

2. When a subscriber has sent a message but waits a very long time for a reply from his 
correspondent, he can ask the operator whether his message is still being stored or 
whether it is expected that any interruption to the radio circuit will continue. If

Note *. — 
is permissible. 

Note 1. — 
Note 2. —
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need be, he can then choose another means of communication (telegram or telephone 
call) to send an urgent message to its destination.

Although it seems that re-entry by an operator will be limited mainly to national 
networks (for example by a subscriber calling the controlling telex operator on the 
radiotelegraph circuit), international standardization of an “ operator recall ” signal 
would be useful if the controlling telex operator on the radiotelegraph circuit is located 
in a transit country, and also for intermediate manual switches; this would no doubt 
prove to be a great advantage when this possibility is generally utilized.

The C.C.I.T.T. therefore

UNANIMOUSLY DECLARES THE FOLLOWING VIEW:

1. If the Administrations concerned agree on the use of a special signal enabling a sub­
scriber to recall an international telex operator’s position making use of radiotelegraph 
circuits, such a recall must not cause release of a call in progress;

2. This “ operator recall ” signal will consist of the following sequence: combinations 
28 (line feed) followed four times by combinations 27 (carriage return);

3. The detection device causing re-entry by the operator will be controlled by the receipt 
of four consecutive combinations 27; combinations 28 will only be used to avoid super­
position of the text on the receiving teleprinter and will not have to be recognized by 
the detection device.

RECOM M ENDATION U.22.

SIGNALS INDICATING DELAY IN TRANSMISSION ON CALLS SET UP 
BY MEANS OF SYNCHRONOUS SYSTEMS 

WITH AUTOMATIC ERROR CORRECTION BY REPETITION

(New Delhi, 1960)

Traffic observations on radio telex channels have shown that the possible delay in the 
reception of text transmitted by one subscriber to another is a drawback from the operating 
point of view. The delay may be caused by repetitions and/or difference in the modulation 
rate of the teleprinters (traffic from Europe to the U.S.A.). In case of such delays a sub­
scriber is left in doubt whether he simply has to await transmission of his message over the 
radio path or whether the delay is due to the tardy answering of his correspondent for which
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he will have to pay. Furthermore, in the case of delays due to long repetition periods a 
receiving subscriber may be tempted to answer prematurely, which' causes garbling of the 
text.

To a certain extent this drawback can be offset by the application of a strict operating 
procedure (“ +  ? ” signal to invite the correspondent to transmit). However, supplemen­
tary technical measures have proved to be desirable.

A good technical solution of this problem is to use combinations 32 as a delay signal 
in the following manner:

a) combinations 32 are returned to the transmitting subscriber at the rate of one every 
5 seconds if he stops transmission during an interval of 10 seconds and the local 
storage device still contains untransmitted tape;

b) combinations 32 are sent to a subscriber at the rate of one every 1.2 second if trans­
mission is delayed by repetitions whenever condition a) does not apply.

The slow delay signals inform a sending subscriber that his message has not yet been 
received by his correspondent. The rapid delay signals inform a receiving subscriber 
that the received message is not yet complete and that he should not cut in.

In the case of cipher messages where combinations 32 may result from the coding 
procedure, delay signals should not be used. Also in the case of full duplex working, 
waiting signals cannot be used. Furthermore it is desirable not to transmit waiting signals 
during the setting-up of semi or fully-automatic calls, since interpolated waiting signals 
would complicate the discrimination of the selection signals and the call-connected signal. 
Therefore, the best solution seems to be to put the switching on and off of the delay signal 
facility under the control of the subscribers: four consecutive combinations 8 or 14 could be 
used for this purpose.

The transmission of these delay signals can obviously not be imposed on an Adminis­
tration which makes the connection by an international land line and a radio channel.

For these reasons, the C.C.I.T.T.

UNANIMOUSLY DECLARES THE VIEW:

1. That, when the Administrations concerned agree that it is necessary to signal to telex 
subscribers about a delay in transmission over the radio telex channel, delay signals 
shall be used having the following characteristics:

a) Combinations 32 at the rate of one every 5 seconds, returned to a sending sub­
scriber when he has stopped transmission for a period of 10 seconds and if there
is still text stored;

b) Combinations 32 at the rate of one every 1.2 second sent to a subscriber whenever
transmission over the radio channel is delayed by repetitions and condition a)
above does not apply.

2. Sending of combinations 32 is cut off as soon as the subscriber starts to transmit again.
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3. No delay signal will be transmitted while the call is being put through.

4. The calling and also the called subscriber can suppress sending of the waiting signal 
at the two ends of the radio circuit by transmitting four successive combinations 8. 
The waiting signal can also be started off again by transmitting four successive combi­
nations 14.

Note. — Administrations must take precautions to ensure that the reception of com­
binations 32 should not cause spacing of the paper on page-printing or tape-printing 
apparatus.

RECOM M ENDATION U.30.

SIGNALLING CONDITIONS FOR USE  
IN  THE INTERNATIONAL GENTEX NETWORK

(New Delhi, 1960)

The conditions in recommendation U .l concerning signalling in the international 
telex service, the specifications in Recommendation U.2 for standardization of dials and 
dial pulse generators in the international telex service, in Recommendation U.3 for the 
reduction of the effect of false calling signals, and in Recommendation U.5 on the charac­
teristics of regenerative repeaters used in international calls, will hold good in the gentex 
network, except those referring specifically to manual or semi-automatic working. In 
some countries, indeed, no distinction is made between the gentex and the telex networks.

The differences between signalling conditions in the telex and the gentex networks are 
essentially due to the possibility of using overflow or waiting in the gentex network, and 
the absence of charges in it.

Hence, the C.C.I.T.T.

UNANIMOUSLY DECLARES THE FOLLOWING VIEW:

1. The recommendations in sections A and B of Recommendation U .l (signalling con­
ditions for use in the international telex service) shall also apply to the gentex network 
subject to the following changes.

Section B  — paragraph 4 b) (Proceed-to-transmit signal)

The proceed-to-transmit signal is not used in the gentex network, since switching 
is always automatic.

Section B  — paragraph 5 (Selection signals)

This paragraph should be read as follows for the gentex network:
c) If  there is selection towards a system in which selection is by teleprinter signal, 

the prepare for digits signal will normally be combinations 30 (figures shift). By 
agreement between the Administrations concerned, this combination could be
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replaced by another combination for gentex calls over circuits used for gentex 
and telex traffic simultaneously, if the network of the country of arrival can 
ensure barring between the two kinds of traffic.

Section B  — paragraph 9 (Service signals).

Should a call be waiting for connection to the called office (see Recommendation
F.22, Article 16) the signal MOM can be sent to the calling exchange as soon as the 
waiting period begins. The waiting period cannot exceed one minute; it shall be 
followed by the transmission of the answer-back of the called station (or possibly by 
the answer-back of an overflow teleprinter if overflow facilities are provided) or in 
the case where there is no teleprinter available at the expiry of the waiting period by 
the transmission of the busy signal.

2. Table l b )  of the characteristics of signals of Section C of Recommendation U .l 
applies to the gentex network.

3. Recommendations U.2 =  Standardization of dials and dial pulse generators for the
international telex service,

U.3 =  Arrangements in switching equipment to minimize the 
effects of false calling signals,

U.5 =  Requirements to be met by regenerative repeaters in inter­
national connections apply to gentex network.

RECOMMENDATION U.31.

PREVENTION OF CONNECTION TO FAULTY STATIONS 
AND/OR STATION LINES IN THE GENTEX SERVICE

(former C.C.I.T. Recommendation E.9, Geneva, 1956)

The C.C.I.T.T.,

CONSIDERING

that correct reception of the answer-back code at the beginning and end of a telegram 
should safeguard the correct transmission of the telegram;

that it accordingly becomes essential to provide adequate signalling for cases when 
a teleprinter is temporarily unable to participate in the international service, on account 
of paper trouble, faults, etc.,

A. UNANIMOUSLY DECLARES THE VIEW

that faults during the transmission of a telegram shall be signalled as far as possible 
by the automatic transmission of a clearing signal;
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RECOGNIZING, HOWEVER,

that it will be impossible to signal all faults that may occur on an established con­
nection,

UNANIMOUSLY DECLARES THE VIEW

that it is essential that absence of paper on a receiving teleprinter should be signalled 
by the clearing signal,

B. UNANIMOUSLY DECLARES THE VIEW

that, since the receiving administration is responsible for the receipt of the telegram 
when the answer-back signals have been correctly exchanged, it is responsible for making 
the necessary arrangements to ensure security of operation (for example, if the tape should 
break or become jammed);

that in the case of a faulty station line or teleprinter at the moment of the call, the 
existing automatic switching networks use one or more of the following signalling condi­
tions: no “ call-connected ” signal, “ busy ” signal, service code “ DER ” or no return of 
answer-back. All these signalling conditions ensure that a telegram is' not transmitted 
over a faulty connection;

that in the case of a faulty station line out of an office group it is essential that the 
faulty line should be busied out as quickly as possible so that traffic may be offered auto­
matically to all the other lines in the group. •
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QUESTIONS TO BE STUDIED BY STUDY GROUP VIII: 
ALPHABETIC TELEGRAPH APPARATUS

Chairman: Mr. K e r r  (Australia)
Vice-Chairman: Mr. S a y i t z k y  (Ukrainian S.S.R.)

Question 1/VIII — Telemargin measurements.
(Continuation o f  Question 2/8 o f  Study Group 8, 1957-1960)

In attempting to measure the margin of a local end (with its terminations) from a 
distant point, through the intermediary of a transmission channel, what relation is there 
between the result of this measurement, the true margin of the local end and the degree 
of inherent distortion in the transmission channel ?

Should such measurements be recommended ?

ANNEX TO QUESTION 1/VIII 

The Administrations will undertake a measurement programme as described below:

1. The measurements should consist of:
a) a margin measurement M  (telemargin) towards the receiving apparatus from the end 

of the transmission channel remote from the receiving apparatus (1 in diagram of fig. 8);
b) a margin measurement [i towards the local end (with its terminations) made from the 

last point at which the signals are repeated (2 in diagram of fig. 8);
c) a measurement of the inherent distortion 8 of the transmission channel between points 1 

and 2.

M

F ig u r e  8

(1/VIII)
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T he follow ing characteristics are  recom m ended for the  m easuring appara tus to  be used:

a )  the  m ean speed accuracy o f th e  m argin  m easuring appara tus should be ±  1/1000; the 
appara tus can, if  necessary, be calibrated  before each m easurem ent o r series o f m easure­
m ents ;

b )  nom inal transm ission cycle o f 7.5 units;

c) use o f one o f th e  texts recom m ended in  C .C .I.T .T . R ecom m endation R . 52;

d)  p roduc tion  o f d is to rtion  by lengthening all the  s ta rt signals (“ late ” d istortion) o r 
shortening all the  s ta rt signals (“ early ” distortion), the  code elem ents retain ing the ir 
nom inal theoretical length, and  the  intervals betw een successive s ta rt signals being 
constan t and  equal to  the  du ra tion  o f the  nom inal transm itting  cycle;

e) m easurem ent o f the  effective n e t m argin, i.e. fo r a  m odulation  speed equal to  th e  s tandard  
theoretical speed (to  ±  1/1000).

2. T he aim  o f the  first series will be to  find, fo r terminal sets, the  curve giving the e rro r ra te  as 
a  function  o f the  d is to rtion  o f  signals a t the  inpu t o f the term inal set.

In  practice, this curve show ing e rro r ra te  as a  function  o f d isto rtion  a t the  term inal set 
input, w ith logarithm ic scale fo r the  ordinates, can  be assum ed to  be a straight line.

A  first po in t in  this stra igh t line was laid  dow n: e rro r ra te : 1/100; degree o f d is to r­
tion : 35% .

M easurements should be made to  fix o ther points, fo r exam ple, those corresponding to

10 5 1
the erro r rates, — j —  -------

100 100 1000

3. T he aim  o f a second series will be to  establish diagram s giving sim ilar curves fo r telem argin,
i.e. fo r the  m argin  m easured across a  channel w ith an  inheren t d is to rtion  degree 8.

M easurem ents will have to  be taken  w ith channels w ith different degrees o f inherent 
d isto rtion  —  degrees o f 81,82, 83, etc. in o rder to  arrive a t the  curves fo r values o f 81, 82, 
83, etc.

These d is to rtion  rates will be m easured in  the conditions indicated  in  R ecom m enda­
tion  R . 5.

A.a) R esults o f m argin  m easurem ents o n  local ends are  given:

—  in  Supplem ents to  th e  Violet B ook  (page 92 and  ff., con tribu tion  o f  F rance);
—  by the  curves below  (curves fig. 9, 10, 11 and  12) extracted  from  a con tribu tion  by th e

Federal R epublic o f G erm any (C O M  8, N o. 7, 1957-1960);
—  in  Supplem ents to  R ecom m endations o f Series S, page 302;

b )  Results o f  m argin  m easurem ents over a voice-frequency telegraph channel are  g iven :

—  in Supplem ents to  th e  Violet B ook  (page 97 and  ff., con tribu tion  o f F rance);
—  by th e  curves below  (curves fig. 13 and  14), extracted  from  a  con tribu tion  by the

Federal R epublic  o f G erm any (C O M  8, N o. 8, 1957-1960).

(1/VIII)
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Avarice Retard Distorsion alternative
Early Late Alternate distortion

Figure 9. — Statistical study o f Lorenz Lo 15 No. 13618 page-printing teleprinter receiver margin

(1/VIII)
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Avance  Retard Distorsion Transmitt er
Early Late de Remission distortion

en % in %

Figure 10. — Statistical study o f Siemens & Halske page-printing T  type 37 i No. 15141 teleprinter margin 
in service on short circuit and with repeaters, taking account o f circuit length

(1/VIII)



Figure 11. — Margin of Lorenz Lo 15 Mo. 10593 page-printing teleprinter with error rate of 2 X 10' 2
as a function of the circuit length
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Voie de raccor dement  
Circuit

Generateur  de 
distorsions

Distort ion generator
Voie de r accor dement  
Circuit

Service a simple couran t 
Single current service

a:  s a n s ,
without repeater 

b:  avec translation 
with repeater

+ + /
▼ m

/ o 0.32  km
1 P

U . . . . ...  ^

Avance  jq Retard  
Early Late

40 35 30
Distorsion de 1'emission en  % 
Transmi tter distortion in %

F i g u r e  1 2 . Margin o f  Siemens & Halske type T  37 h No. 13508 page-printing teleprinter with error rate 
o f 2 x 10~2 as a function o f the circuit length

Question 2/VIII — Start-stop apparatus for more than 50 bauds.
(in te res ts  S tu d y  G roups I  a n d  I X ;  see Q uestion  161 IX )

What standards should be recommended for start-stop apparatus using alphabet 
No. 2 and operating at modulation rate of more than 50 bauds ?

N o te . — The new modulation rates envisaged would be 75 and 100 bauds (so as to 
maintain a simple relationship with the modulation rate of 50 bauds).

Question 3 /VIII — Reception on prepared forms.
( fo rm er Q uestion  5 /8  o f  S tu d y  G roup 8, 1957-1960)
( in te res ts  S tu d y  G roup I ;  see Q uestion  4/1, V olum e I I bis)

Study of the reception of telegrams on prepared forms.

N o te . — This question should not be studied until reply to Question 4/1 has been 
prepared by Study Group I.

(3/VIII) ■
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F i g u r e  13. — Margin o f  the receiving local end ( with its termination) o f  the Lorenz Lo 15 No. 10593 
page-printing teleprinter as a function o f  the terminal line section, measured through V. F. channels 

( Orientation range device symmetrical adjusted in service by short-circuiting the apparatus)

Question 4/VIII — Answer-back signals for telex service.
(interests Study Group I)

Should C.C.I.T.T. Recommendations S.6 and F.60 be amended so that, in the telex 
service, the 4th signal sent by answer-back unit is made freely available to the Administra­
tions ?

A N N E X  TO  Q U E ST IO N  4/V III

(Contribution fro m  the N etherlands: Contribution C O M  8, No. 69, period 1957-1960)

A ccording to  R ecom m endation  S.6 o f the C .C .I.T .T . and  R ecom m endation  F.60 o f the  
C .C .I.T .T ., the answ er-back m ust transm it 20 signals o f w hich 15 m ay be chosen by each A dm inis­
tration .

In  practice, the num ber o f signals left to  the choice o f A dm inistrations is often  used u p ; 
the num ber o f these signals should therefore be as large as possible. I t  w ould thus seem useful 
to  give fu rther consideration  to  the five obligatory  signals. U nder R ecom m endation  S.6, the 
answ er-back transm ission m ust begin w ith the follow ing four signals:

(4/VIII)
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E ar ly  L a t e  D i s t o r s i o n  d e  r e m i s s i o n  e n  %

S i g n a l s  d i s t o r t i o n  in %

Figure 14. — Margin o f  the receiving local end ( with its termination) o f  the Lorenz Lo 15 No. 10593 
page-printing teleprinter as a function o f the terminal line section, measured through V. F. channels 

( Orientation range device symmetrically adjusted in service by short-circuiting the apparatus)

1 signal “ letters ” ,
1 carriage retu rn ,
1 line feed,
1 signal “ letters ” o r “ figures ” (as appropriate).

T he following rem arks m ay be m ade in this connection:

The first signal “ letters ” canno t be om itted  since there is an  au tom atic  switching 
system in which the charging o r n o t o f a call depends on  w hether the  answ er-back begins 
w ith the  signal “ letters ” o r w ith “ carriage re tu rn

The “ carriage re tu rn  ” and  “ line feed ” signals canno t be om itted if  one wishes to  be
sure th a t the full answ er-back is p rin ted  under all circum stances.

O n the o ther hand, the second signal “ letters ” o r “ figures ” (as appropriate) m ay, in
the view o f the N etherlands A dm inistration , be om itted  w hen the text o f the answ er-back
begins w ith letters.

W hen the  text o f the answ er-back begins w ith figures, the  signal “ figures ” should be 
used instead, bu t this signal m ay be left free fo r use a t the  choice o f the A dm inistrations 
concerned.

As far as we know , this signal originally has to  be in troduced as signal “ letters ” o r 
“ figures ” because at th a t tim e telex traffic by m eans o f single-frequency telegraphy over 
telephone-sw itching circuits was still used.

(4/VIII)
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' In  such cases, the possible presence o f echo suppressors on  the telephone circuit m ight 
m ean th a t the  first signal “ letters ” w ould n o t be correctly  received.

A lso bearing  in  m ind the G entex R egulations (R ecom m endation F.22, A rticle 2), the  
N etherlands A dm inistra tion  considers th a t the  o ther A dm inistrations should now  be asked 
to  study w hether it is still necessary to  transm it the  second signals “ letters ” o r “ figures ” 
on  an  obligatory basis w ith teleprin ters used in  th e  telegraph subscribers’ service.

U nder R ecom m endation  S.6, the  last signal transm itted  m ust also be the signal “ letters ” . 
This signal canno t be om itted  because o f the  use o f teleprinters where the  m echanical construc­
tio n  o f the  answ er-back tran sm itte r m akes this signal essential.

Furtherm ore , this last signal “ letters ” is useful w ith teleprinters w here the  signal last 
received is n o t im m ediately p rin ted , preventing the  com plete answ er-back from  being read  
stra igh t away.

Question 5 /VIII — Synchronous telegraphy.

(interests Study Groups IX  and X  and the C .C .I.R .; study to be entrusted to a joint- 
working-group o f Study Groups VIII, IX  and X )

(see also Question 61VIII)

Synchronous modulation enables a larger number of telegraph channels to be consti­
tuted by time sub-division of a standardized telegraph channels.

Such an increase is of particular interest in the case of submarine cables of the
telephone type in view of the resulting economies.

Furthermore, the transmission of some of the telegraph switching signals defined 
in Recommendation E .l is essential when incorporating the telegraph channels thus set 
up into the international switching network.

1. What switching signals is it essential to transmit ?

2. What characteristics should be recommended for telegraph modulation ?

3. What characteristics should be recommended for the transmission of this modu­
lation ?

In the study of this question, it is suggested that consideration should be given, in 
particular, to standardizing the following aspects:

a) code,

b) method of manual and automatic phasing.

c) method of transmitting the full range of telex supervisory signals for type A 
and type B, •

d) standards of performance,

e) method of multiplexing and sub-dividing,

f )  transposition pattern. . ,

(5/VIII)
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A N N E X  TO  Q U E ST IO N  5/V III 

( Contribution o f  the United Kingdom : Contribution C O M  8/66, o f  1957-1960 period)

I .  S y n c h r o n o u s  r a d i o -t e l e g r a p h  c h a n n e l s .

This p a rt o f the  Q uestion is answ ered by R ecom m endation S. 12. The U nited  K ingdom  
A dm inistration  w ould like to  m ake the following com m ent:

Item  3 o f the  proposed  R ecom m endation S. 12 allows a to lerance o f +  10 '4 on  the interval 
betw een successive s ta rt elements.

I f  a synchronous radio-te legraph channel should  be connected in  tandem  w ith a synchronous 
cable channel (see II  below) having a single-character store, one channel being on the  upper and 
the o ther being on the low er limit, the possibility exists th a t two characters in  10 000 will be lost 
ow ing to  this cause.

T he U nited  K ingdom  A dm inistration  proposes therefore th a t the tolerance should be im ­
proved to  +  10'6, which is n o t difficult to  achieve.

I I .  S y n c h r o n o u s  c a b l e  c h a n n e l s .

In  recent years the  U nited  K ingdom  A dm inistration , in com m on w ith certa in  o ther A dm inis­
tra tions and  O perating  Agencies, has em barked on  a  program m e o f laying long-distance subm arine 
telephone cables fo r inter-connecting national netw orks. O n these telephone cables, telegraph 
circuits are provided by m eans o f voice-frequency m ulti-channel equipm ent. T he voice-frequency 
telegraph equipm ent used by the U nited  K ingdom  A dm inistra tion  employs frequency-shift m odula­
ted  channels spaced a t 120 c/s in conform ity w ith R ecom m endation R.35 o f the C .C .I.T .T .

In  view o f the high cost o f establishing such valuable and  stable circuits, and  o f the great * 
dem ands from  poten tia l users o f such circuits, it becomes desirable from  aspects bo th  o f u tilization  
and  econom ics to  ob tain  the u tm ost speed from  these telegraph circuits. The voice-frequency 
equipm ent used by the U nited  K ingdom  A dm inistra tion  provides telegraph channels o f a high 
perform ance— (nam ely n o t greater than  10% d istortion  a t 83 bauds)—w hich enables a telegraph 
channel to  be operated  a t 83 bauds by synchronous technique in  order to  p roduce tw o 50-baud 
channels from  a single standardized voice-frequency channel. A  6-unit code is used on the 
synchronous channel to  provide the  necessary supervisory signals fo r telex.

Such a  voice-frequency circuit has been operated  betw een L ondon  and  M ontrea l since 
January , 1958, and  several m ore sim ilar circuits will shortly  be b rough t in to  service. These 
synchronous channels also furnish half-rate and  quarter-ra te  channels in  the m anner already 
standard ized  for synchronous A R Q  radio-te legraph systems.

I t  is also proposed to  operate such synchronous circuits on  voice-frequency channels on  cable 
circuits betw een L ondon  and  N ew  Y ork  in  the  near future.

T he U nited  K ingdom  A dm inistra tion  proposes th a t in  this study consideration  should be 
given to  the features outlined in  the  A ppendix to  this reply.

APPENDIX

A SY N C H R O N O U S TIM E-D IVISIO N M ULTIPLEX TELEGRAPH SYSTE M  
FOR USE OVER 120 c/s SPACED F.M.V.F.T. CH ANNELS

1. G e n e r a l .

The system is required to provide by synchronous time-division either two or three 5-unit 50-baud 
telegraph circuits over each of a group of similar F.M.V.F.T. channels spaced at 120 c/s; also to provide

(5/VIII)
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facilities for sub-dividing all or any of the channels, i.e. to provide a telegraph sub-channel which is either 
y4 or y2 of the traffic capacity of the full channel, for use as a leased circuit. In addition to the transmission 
of all the signals in the international telegraph alphabet No. 2, provision shall be made for the transmission 
of the 5-unit start-stop idling conditions (i.e. continuous “start” polarity (A) and continuous “stop” polarity (Z) 
by utilizing additional combinations provided by the use of a 6-unit code on the synchronous channel.

Alternative start-stop input and output units shall enable the C.C.I.T.T. telex type A and type B 
signals of Recommendation U.5 to be recognized and reproduced at the receiving ends.

2. Phasing.
To facilitate automatic phasing and to economize in the use of common equipment, the timing for 

a group of up to six equipments shall be controlled from a common oscillator and common pulse generators. 
These equipments shall be locked together in time so that common phasing and synchronizing circuits may 
be used. However, apart from automatic phasing the points of compatibility would also apply to a single 
equipment.

3. Rate of operation.

The transmission cycle shall be 145s/6 ms which for 6-unit 2-channel operation produces an aggregate 
modulation rate of 822/ 7 bauds and for 3-channel operation a modulation rate of 1233/7 bauds, with an 
accuracy not worse than 1 part in 106. The channel input units shall be capable of receiving characters 
arriving at random, at a modulation rate of 50 bauds, at a minimum repetitive character duration of 1455/6 ms. 
The channel outputs shall be at a modulation rate of 50 bauds start-stop only.

4. Multiplexing.

The main channels A and B, or A, B and C shall be multiplexed on a character interleaved basis in 
the following sequence:

ABAB etc. for 2-channel operation;
ABCABC etc. for 3-channel operation.
The sub-channels 1, 2, 3 and 4 shall be operated in the following sequence:
A1 B1 A2 B2 A3 B3 A4 B4 A1 B1 etc. for 2-channel operation;
A1 B1 C l A2 B2 C2 A3 B3 C3 A4 B4 C4 A1 B1 C l etc. for 3-channel operation.

Combinations of sub-channels to provide multiples of y 4 character rate operation shall be in accord­
ance with C.C.I.R. Report No. 108, extracts from which are given below. All characters of B channel 
shall be transmitted with their polarity inverted from that used on A (and C) channels.

5. Phasing and group control signal.

Phasing is herein defined as the action of altering the receiver operation in time until the particular 
elements of the incoming aggregate signal are associated with the respective receiver operation.

Provision shall be made for:

— automatic phasing, automatically initiated,
— automatic phasing, manually initiated, and
— manual phasing.

One quarter-rate sub-channel out of each group (as defined in paragraph 2) shall be permanently 
allocated for timing-control purposes and shall automatically send the character ZZAAZZ repeatedly. 
This shall be termed the “ phasing character ”. '

Automatic phasing of the receiving equipments shall be in steps of one aggregate element per expected 
reception of the phasing character, i.e. every four transmission cycles (5831/ 3 ms). Phasing shall automatic­
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150 q u e s t i o n s : t e l e g r a p h  a p p a r a t u s

ally cease when the phasing character is recognized on the correct sub-channel receiving unit, hence pro­
viding both automatic main channel phasing and sub-channel phasing.

Automatic initiation shall occur when three successive phasing characters have failed to be recognized. 
Automatic initiation shall be inhibited during those periods when the V. F. tone-fail alarm is operated.

The phasing signal shall be capable of being sent on sub-channel A1 of any one aggregate signal in 
a  group, that aggregate signal being termed the “ group control signal ”.

6. Synchronization.

Synchronization is herein defined as the correction of the receiver timing to give optimum inspection 
times of the incoming aggregate signal elements.

Synchronization shall be derived from all transitions of one aggregate signal. An integrating device 
shall be included to reduce unnecessary synchronizing action. The maximum rate of correction (i.e. on 
aggregate reversals) shall be between 1/100 and 1/1000 of an element per element.

A 6-unit code shall be employed the combinations of which shall be utilized in the following manner. 
The 32 combinations of the C.C.I.T.T. 5-unit alphabet No. 2 shall be allocated to those 6-unit combinations 
which commence with an A element and have the remaining five elements as in the 5-unit code. Continuous 
“start” and continuous “stop” polarities shall utilize those 6-unit combinations which commence with a Z 
element and whose remaining five elements are AAAAA and ZZZZZ respectively. Thus the following code is 
obtained:

For transmission of telex signals see paragraph 10.

8. Transposition pattern.

In order to prevent characters being printed correctly on the wrong channel or sub-channel when the 
receiving equipment is out of phase, each of the twelve possible sub-channels shall be transmitted with 
a discreet element sequence. These element transpositions shall be allocated to the sub-channels according 
to  the following pattern.

7. Code.

character 
continuous “ start ” polarity 
continuous “ stop ” polarity 

A 
B

5-unit code 
AAAAA 
ZZZZZ 
ZZAAA 
ZAAZZ

6-unit code
ZAAAAA
ZZZZZZ

AZZAAA
AZAAZZ

etc.

A 1 2 3 4 5 6 ]
B 1 2 3 4 6 5 5- Sub-channel 2
C 1 4 3 2 5 6 J

A 1 2 5 4 3 6 1
B 1 2 3 6 5 4 !  Sub-channel 3
C 1 5 3 4 2 6 J
A 1 2 6 4 5 3 ]
B 1 6 3 4 5 2 1' Sub-channel 4
C 1 6 5 4 3 2 J
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Full character rate and % character rate channels shall take that sequence which is allocated to their 
lowest-numbered sub-channel, i.e. a full character rate channel shall take the sequence for its sub-channel 1, 
a V2 character rate sub-channel using sub-channels 1 and 3 shall take the sequence for its sub-channel 1, 
and a % character rate sub-channel using sub-channels 2 and 4 shall take the sequence for its sub-channel 2.

9. Performance .

The margin of the receiving equipments to the aggregate signals shall not be less than db 45 % when 
synchronization is taken from the test signal. The distortion of the aggregate outputs and start-stop 
outputs shall not exceed ± 3 % .

10. Auto-telex unit.

An alternative start-stop input and output shall permit the C.C.I.T.T. type A and type B telex signals 
(except dialling pulses) to be recognized, and repeated at the distant end. Combinations in the 6-unit 
code shall be utilized to transmit the necessary information. For telex the V. F. tone-fail for over 0.5 sec. 
or loss of phase shall produce a “ start ” signal on the channel outputs. -

The method of transmitting the full range of telex supervisory signals will require international 
agreement. The British Post Office proposes the following for consideration with a view to standardization:

By utilizing existing 6-unit combinations together with “ continuous start ” and “ continuous 
stop ” for multiples of character periods, it is possible to reproduce telex signals within the C.C.I.T.T. 
limits. Special coding equipment would be necessary at the transmit end only thus minimizing 
complexity and cost. The transmission of certain of these signals would be possible only during 
a known period previously set up by the commencement of continuous stop or continuous start.

The following codes would be used:

Input telex signal 6-unit character Start-stop output

Continuous stop 

Continuous start

Type
A

Type
B

40 ms start 
150 ms start 
25 ms stop 

200 ms stop

Successive ZZZZZZ’s

Successive ZAAAAA’s

AAZZZZ (1 character “ V ”) 
ZAAAAA (1 character)
A A AAA A (1 “ unpunched tape ”) 
ZZZZZZ once or twice

Continuous stop

Continuous start

40 ms start 
1455/ 6 ms start 
255/6 ms stop 

1455/6 or 
291% ms stop

It will be seen that the output is substantially within the C.C.I.T.T. limits for the signals and 
no further “ duration error ” should occur during possible tandem transmissions over further mul­
tiplex links.

The above assumes that the “ dialling ” selection signals are converted to keyboard characters 
by common register equipment prior to access to the multiplex channels.

Consideration is being given to the possible advantage of extending the Type B-25 ms “ stop ” 
polarity signal to a duration of 145 ms. This would also require international agreement.
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E xtract fro m  R eport N o. 108 o f  the C .C .I.R . (Los Angeles, 1959)

III. C h a n n e l  a r r a n g e m e n t s .

In  each channel, one character per repetition-cycle is “ m arked ” by inverting its polarity  
w ith respect to  the  o ther characters in this channel.

III. 1 Two channels.

C hannels A  and  B consecutive (A—norm ally direct keying, B—norm ally  reversed keying). 

Channel A :

— for 4-character repetition  cycle (full-speed o r sub-divided): one character keyed reversed 
follow ed by th ree characters keyed direct.

— fo r 5-character repetition  cycle (full-speed only, w here a 4 -character cycle is n o t sufficient): 
O ne character .keyed reversed follow ed by fo u r characters keyed direct.

— fo r 8-character repetition  cycle (for sub-divided opera tion  w here a  4-character repetition  
cycle is no t sufficient): one character keyed reversed follow ing by seven characters keyed 
direct.

Channel B :

— fo r 4-character repetition  cycle (full-speed o r sub-divided): one character keyed direct follow ed 
by th ree characters keyed reversed.

— fo r 5-character repetition  cycle (full-speed only, w here a 4 -character cycle is n o t sufficient): 
one character keyed direct follow ed by fou r characters keyed reversed.

— fo r 8-character repetition  cycle (for sub-divided opera tion  w here a  4-character cycle is n o t 
sufficient): one character keyed direct follow ed by seven characters keyed reversed.

I I I .2 Four channels.

C hannels A  and  B consecutive, 
channel C  interleaved w ith channel A , 
channel D  interleaved w ith channel B.

' (A  and D —norm ally  direct keying,
B and  C—norm ally  reversed keying).

channel A  as channel A  in  III. 1 above, 
channel B as channel B in  III. 1 above, 
channel C  keyed as fo r channel B, 
channel D  keyed as fo r channel A .

I I I .3 “ M arked  ” characters.

T he relative positions o f “ m arked  ” characters in  each channel is
— the  first direct character on  A  transm itted  after the  reversed character on  A  shall be followed 

by the  direct charac te r on  B ;
—  the  direct character on  C  shall be follow ed by the reversed character on  D ;
—  the  reversed character on  A  is elem ent-interleaved w ith the  direct character on  C ;
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— in  the aggregate, A  elem ents precede those o f C  and  B elem ents precede those o f D .

IV. S u b - c h a n n e l  a r r a n g e m e n t s .

IV. 1 T he speed o f opera tion  o f the  fundam ental sub-channel should  be a  qu a rte r o f the 
standard  speed and  m ultiples o f quarter-speed channels m ay be used ;

IV. 2 Sub-channels should be num bered 1, 2, 3 and  4 consecutively.

In  o rder to  ensure the  au tom atic  phasing o f the  sub-channels, the  po larity  o f the  signalling 
o f the sub-channels should  be in  accordance w ith parag raph  II I .3.

O n each m ain  channel, sub-channel num ber 1 should  be th a t allocated to  the  “ m arked  ” 
character.

IV .3 In  th e  case w hen sub-channels o f half-speed o r th ree-quarter speed are  provided, 
com binations o f the  fundam ental sub-channels should be arranged  as show n in  th e  Table 
below.

Proportion of channel 
operating speed

Combination of fundamental 
sub-channels

(1) quarter No. 1
(2) quarter No. 3
(3) half Nos. 2 and 4

(1) half Nos. 1 and 3
(2) half Nos. 2 and 4

(1) quarter No. 1
(2) three-quarters Nos. 2, 3 and 4

Question 6/VIII — Synchronous systems for special codes.

(continuation o f Question 7/8 o f Study Group 8, 1957-1960)
(to be studied together with C.C.I.R.)
(see also Question 5/ VIII)

What procedure and equipment should be used to permit interconnection of circuits 
worked by means of synchronous systems using special codes with circuits on which the 
international telegraph alphabet No. 2 is used ? (see Recommendation S. 13).

Comments

1. T he rad io telegraph  channel is defined as being in  conform ity  .with figure 15 given below . 
(This definition does n o t in  any way affect the  d is tribu tion  o f the study betw een th e  C .C .I.R . 
and  the C .C .I.T .T .).
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In  this diagram  the radiotelegraph channel includes all the  equipm ent con tained  betw een 
lines X  and  Y, th a t is to  say the  rad io  transm itter E  and  rad io  receiver R  p roper, as well as 
the  repeaters T 'A and  T 'B.

T a  and  T b are start-stop  teleprinters linked to  the rad io  channel by parts  a  and  b -of the 
netw ork. These m ay include any num ber o f channel sections, relays, repeaters o r regenerative 
repeaters, etc.

In  the study o f this question it m ight be useful for the  rad io  channel, as defined above, to  
be linked to  a repeater (figure 16) com prising a  receiving elem ent R ' and  a transm itting  elem ent E '.

2. The study o f the operating  conditions to  be im posed on  the rad io  channel could be 
usefully carried ou t in  accordance w ith the  follow ing:

a )  C onditions to  be im posed on  the receiving elem ent R ' o f the repeater equivalent to  the
rad io  channel

b)  C onditions to  be im posed on the transm itting  elem ent E '

c ) C onditions for the  transm ission o f signals o ther th an  those o f in ternational telegraph alphabet
N o. 2, e.g., sw itching signals, con tro l signals, etc.

d )  In  the case o f systems using storage, th e  delay in  the re-transm ission o f the  signals.

e )  W hat arrangem ents are to  be recom m ended fo r the in terconnection  o f tw o o r m ore channels 
in tandem  as m ay be requ ired  in  in ternational telex w orking ?

f )  A s there is som e objection in  certain  circum stances to  the  use o f perfo ra ted  tape  as a m eans 
o f signal storage a t the inpu t to  a synchronous telegraph system, w hat alternative arrange­
m ents can  be recom m ended ?

3. R ecom m endation S. 13 should be com pleted  as regards the  arrangem ent o f channels and  
sub-channels once the C .C .I.R . has concluded the relevant study (see Los Angeles R ecom m enda­
tion  N o. 242 and  R epo rt N o. 108 o f the  C .C .I.R ., extract from  w hich appears in  A ppendix  to  
Q uestion  5/VIII).
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4. Certain long radio circuits, which may include long landline sections, and possibly relay 
stations also, may, however, have an overall propagation time for which the use of a four-character 
repetition cycle is insufficient. For this reason, some Administrations may use a repetition cycle 
comprising five characters (see Recommendation S. 13).

As the cost of providing and operating such systems of great length is necessarily very high, 
Administrations find it convenient to sub-divide these channels and offer leased channels which 
are shared on a time basis by two or more renters, so that for example, the number of words per 

, minute which can be sent by each renter is one-half or one-quarter of the standard rate, although 
each modulation rate remains at 50 bauds.

Although it is possible to use such sub-divided channels in association with the five-character 
repetition cycle, it is not a convenient arrangement and a preference has been expressed that when 
sub-divided channels are used on a circuit which has a propagation time requiring more than four 
characters in the repetition cycle, then a repetition cycle of eight characters shall be recommended.

There should also be a specification for inversion of the polarity of a sub-channel to facilitate 
the provision of a feature which ensures automatic phasing of the system.

It is however possible with such systems for printing errors to occur if automatic phasing 
operation is taking place while the system is open for traffic. It is also necessary for the sub­
divided channels to be correctly phased after the main circuit has been brought into phase. The 
achievement of both those requirements can be realised by inverting the polarity of every nth 
character in such main channel where n is the number of characters in the repetition cycle, irrespective 
of whether these channels are sub-divided or not. By suitably relating this inversion in the main 
channels, a foolproof identity of phase may be recognized. The sub-divided channels, if present, 
are then locked in sequence and position relative to the main channel inversion. Automatic 
phasing is completely effective if the receiver is arranged to check all the characters in the repetition 

' cycle.

Question 7/VIII — Error-detection via the return circuit.

(former Question 21/8 o f period 1957-1960)
(interests also Special Study Group A )

Would it not be desirable in certain cases to make use of the return circuit of telegraph 
connections with a view to ensuring an immediate check at the transmitting end that the 
text transmitted has been correctly received ?

For this purpose the following system might be considered:

a) the connections in question would be established over 2-way simplex circuits;

b) teleprinters should be made available designed with a view to the immediate retrans­
mission, over the return circuit, of the signals corresponding to the characters printed 
by the apparatus when operating as a receiver;

c) the possible use of devices associated with the teleprinters to stop and start retrans­
mission; these devices would be controlled by means of the appropriate signals;

d) the possible use of an automatic device in the sending apparatus to check that the 
texts coincide.
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A N N E X  1 TO  Q U E ST IO N  7/V III

Background o f  the Q uestion, proposed by Belgium

In  m any cases it is im portan t fo r the opera to r sending a m essage by telegraphy (w hether 
in  the case o f  telex, leased circuits, the public sta tion-to -sta tion  service o r the switched service) 
to  be alm ost absolutely sure th a t the  text received by his co rrespondent coincides w ith the  text 
transm itted . This applies fo r exam ple to  financial transactions, price offers, orders, and  the 
transm ission o f num erical da ta  to  accounting machines.

T he sam e also applies in  the case o f circuits w hich are especially subject to  disturbance, 
such as those including a rad io  p a th ; this is particu larly  true  w hen the  la tte r is n o t provided with 
a repeater system, when it is im portan t fo r the  correspondents to  be assured th a t reception  is 
correct.

A  sim ilar requirem ent arises in  the  in ternational public switched service, in w hich the  problem  
o f notification  o f receipt has n o t been solved entirely.

In  none o f the above-m entioned cases does correct recep tion  o f the answ er-back afford 
sufficient guarantee.

A  highly  attractive so lu tion  to  ensure efficient and  im m ediate checking o f good reception 
w ould be to  m ake use o f the  re tu rn  circuit, w hich is very badly utilized a t present and which exists 
in  the sw itching centres as well as in  voice-frequency channels. D uplex is in  fact practically no n ­
existent in  telex and  relatively uncom m on in sta tion-to-sta tion  connections (except in radio  con­
nections o f the  public service). In  o ther w ords the  re tu rn  circuit is really used only for receiving 
the answ er-back.

T he check in question could easily be m ade fo r appara tu s connected by 4 wires (duplex) 
if  teleprin ters could be constructed in  such a way th a t they could im m ediately retransm it signals 
corresponding  to  the  characters they are receiving and  printing. In  this way the text re turned  
w ould be p rin ted  by the sending equipm ent.

A no ther so lu tion  w ould be to  design a device in  the  sending appara tus which w ould au to ­
m atically  check th a t the  signals em itted and  received are similar.

Supplem entary  arrangem ents should  be m ade to  ensure th a t the  answ er-back is released. 
O ne so lu tion  w ould be to  operate  the change to  the  “ retransm ission o f check ” position by rem ote 
contro l, using a sequence o f signals.

A N N E X  2 TO  Q U E ST IO N  7/V III 

(Contribution o f  the United Kingdom: contribution C O M  8/67, 1957-1960)

M uch a tten tio n  is currently  being given to  freedom  from  undetec ted  errors in  reception  o f 
da ta  over telegraph circuits, and  various m ethods have been proposed  for the  detection and  also 
fo r the au tom atic  correction  o f erro rs in  transm ission.

C onventional m ethods rely up o n  the  in terpo la tion  o f  add itional elem ents, such as “ parity  
b its ”, o r o f “ b lock to tals ” to  carry  checking in fo rm ation  against w hich the receiving equipm ent 
can assess the accuracy or otherwise o f the received inform ation . W ith systems in  which checking 
inform ation  is in terpo lated  (the checking in form ation  itself being liable to  m utila tion  in transm is­
sion), there is always a  finite probability  o f  undetected  errors.

If, on the  o ther hand , the  received signals are  re transm itted  back  over the  norm ally-idle 
re tu rn  p a th  to  the  sending sta tion  the  w hole o f the received in fo rm ation  can be com pared, elem ent 
by elem ent, w ith th a t originally transm itted . The results o f such e rro r detection can, if  desired, 
be utilized to  in itiate au tom atic  correction  o f the errors. A lternatively, the retu rned  signals could

(7/VIII)



q u e s t i o n s : t e l e g r a p h  a p p a r a t u s 157

be used to  provide a p rin ted  copy on  the transm itting  teleprin ter instead o f the n o rm al “ local 
record  ” for visual check by the  operator.

In  achieving this app roach  to  the ideal state o f e rro r detec tion  by using the re tu rn  path , 
a num ber o f practical poin ts have to  be observed. F o r exam ple the forw ard  transm ission  m ay 
have been m ade over a tandem -linked circuit such th a t the received signals approach  the  lim it of 
acceptable d is to rtion : it m ay be necessary th a t the  signals re transm itted  back to  the  sending 
sta tion  should first be regenerated  using for exam ple a reperfo ra to r and  au tom atic  tran sm itte r or 
a regenerative repeater. The regenerative device should  ideally have a receiving m arg in  no  better 
th an  the receiving appara tus used for reconstitu ting  the inform ation. The quality  o f the re­
transm itted  signals should be equivalent to  th a t o f the  original transm ission. In  effecting com ­
parison  o f the  sent and  re transm itted  signals, due atten tion  has to  be paid  to  the to ta l p ropagation  
tim e o f the  sending and  receiving paths, w hich m ay vary from  one sw itched connexion to  ano ther; 
and  also to  the physical lim itations in  the  length o f perforated  tape w hich m ust be fed from  reper­
forating  m achines a t bo th  the  receiving and  the sending stations before the tape is accessible for 
in troduc tion  to  an  au tom atic  transm itter (at the receiving station) or a com parato r a t the  sending 
station . In  add ition  it is im p o rtan t to  render ineffective the  norm al teleprin ter tran sm itte r a t the 
receiving station  during the  transm ission to  prevent any interference.

The re transm itted  signals will themselves be liable to  errors during  retransm ission. The 
probability  o f an  erro r in the original transm ission being corrected by a neutralizing e rro r in  re tran s­
m ission o f any given elem ent can  no doub t be dismissed as negligible: the occurrence o f erro rs 
in troduced  in  the retransm ission p a th  and  n o t present in the  original fo rw ard  transm ission m ay be 
regarded as acceptable.

Question 8/VIII — New international telegraph alphabet.

(former Question 22/8-22/21 modified 1957-1960)
( this Question should be studied by a working group o f Study Groups I  and VIII)
( this is Question 6/1 in the Series o f Questions o f Study Group I)

1. Study of the requirements which the telegraph service may be called upon to 
meet in future.

2. Study of a telegraph alphabet which would meet these needs.

A N N E X  1 TO  Q U E S T IO N  8/V III

The aim  is to  ascertain  fo r w hat purpose o r type o f service a new alphabet is needed.
I t  will therefore be useful to  know  the ideas o f operating  services on  the facilities w hich the 

general telegraph service and  the  telex service m ay be able to  offer users in the d is tan t fu ture  
(10 to  15 years).

T hinking ahead  should  n o t be restricted  to  extensions to  existing services, b u t they should  
be sufficiently extended to  cover the  possible requirem ents o f new  services fo r com m erce and 
industry.

This problem  can be simplified, however, if the range o f possibilities could be restric ted  as 
far as possible by excluding features w hich could n o t be provided in  any such service. Two o f 
these possibilities w hich it will p robably  be im possible to  include are:
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—  com patibility  w ith existing alphabets
— the  possibility o f m eeting the  very diverse data-processing code requirem ents which are 

know n to  exist.

I t  appears th a t com patib ility  will be ou t o f the question owing to  technical difficulties, since, 
a lthough  an  a lphabet having m ore th an  five units can  be so coded as to  perm it transm ission to  
m achines designed fo r in ternational a lphabe t N o. 2, transm ission in  the  reverse direction  is
technically difficult because the  transm ission tim e occupied by each transm itted  character in
a lphabet N o . 2 is shorter th an  the  character tim e o f m achines arranged  to  receive the  longer 
alphabet.

As regards d a ta  transm ission, it should  be m entioned th a t the study o f  a standardized  in ter­
national a lphabe t fo r d a ta  transm ission  fo r use either by telex subscribers o r telephone subscribers 
has been called for.

F o r the  m om ent, the g reat m ajority  o f A dm inistrations do n o t wish to  abandon  alphabet 
N o. 2 for general service and  fo r telex.

A n extended a lphabe t is a t p resent needed only fo r the  special requirem ents o f specialized
netw orks. A dm inistrations canno t now  see clearly w hat their requirem ents m ight be in  the  distant 
fu tu re ; it is n o t certain , b u t n o r is it im possible, th a t new requirem ents such as having the sam e 
facilities as typew riters, the in troduction  o f new  con tro l' signals, transm ission o f da ta , etc. 
w ould m ake it necessary one day to  choose an  extended alphabet.

W hen such requirem ents begin to  assum e a  definite form , it will be too  late fo r the C .C .I.T .T . 
to  begin the study o f a  new alphabet, which takes several years.

This is why the  study o f a new a lphabet should be continued. This does n o t m ean, o f course, 
th a t A dm inistrations have decided ultim ately to  apply  the conclusions o f this study, bu t th a t it 
seems th a t such a study w ould m ake it possible to  reach conclusions m ore rapidly  w hen new require­
m ents becom e know n. /

The follow ing represents the m axim um  possibilities to  be expected o f a new a lphabet:

1. the use o f bo th  capitals and  sm all letters

2. the add ition  o f the  follow ing letters w ith diacritical signs:

A N N E X  2 TO  Q U E ST IO N  8/V III

(E xtract fro m  S tudy  Group's report; Warsaw m eeting ; 

D ocument C O M  8/35, period 1957-1960)

a a a
c
e e e

a a  a
4

e $

as

n
o
s

o o 0

n

u u ii
z z

A m ong these letters, it should be possible to  obtain  the  follow ing as capitals o r small
le tte rs :

1 z
0  ae a
a o u
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3. T he add ition  o f the  follow ing signs:

0/  0 //o 100
F r  £  $
§ * (asterisk) & N o. @

M  (underlined)
1/ 1/2 1/4 3/4
2 (squared index) 3 (cubed index)

4. T he add ition  o f the  follow ing punctuation  m arks:

; ! « »

5. A llocation  o f signals fo r the follow ing operations:

retu rn  to  the  preceding line
change o f line spacing
back  spacing
beginning o f  telegram
end o f telegram
message separation
starting  a perforator-receiver
stopping  a perforator-receiver
disturbance signal
delay in  synchronous service
erro r
tabu la tion  (six signs).

There, w ith the  signs already used in  a lphabet N o . 2, need one hundred  and  seventy com ­
binations.

Allow ing fo r fu rther requirem ents and the  p ro tec tion  o f certa in  signals w ould m ean  a to ta l 
o f tw o hund red  com binations.

W ith o u t'sh ift, an  eight-unit code (two hundred  and  fifty-six com binations) is required . 
W ith shift, a  seven-unit code (twice one hundred  and  tw enty-eight com binations) is necessary. 
O n this basis, the  w orking party  studied ju s t how  fa r it was possible to  go w ith a six-unit

code.
I t  was felt th a t one o f the  m ost attractive extensions o f the  telegraph facilities w ould  be th e  

use o f capitals and  sm all letters.
In  m any languages, sm all letters canno t be used w ithou t diacritical signs.
To keep w ithin the lim its o f the six-unit code, diacritical signs can  be used only w ith sm all 

letters, and  n o t w ith capitals. There seems to  be no  g reat objection to  this.
D iacritical signs w ould n o t cause the  carriage to  m ove on a space and  w ould have to  be in  

the sam e shift as the sm all letters.
T he essential characteristics o f the new six-unit code w ould therefore be as follow s:

—  use o f sm all and  capital letters, the sam e code com bination  going w ith the sm all and  cap ital 
versions o f a sam e letter;

— figures in the  sam e shift as the  small letters;
—  diacritical signs which do n o t cause the carriage to  advance and which are placed in the sam e 

shift as the sm all letters;
— no diacritical signs on  capitals.
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Question 9 /VIII — Regional alphabets.

( th is Q uestion  sh ou ld  be  s tu d ied  b y  a  w orking  group  o f  S tu d y  G roups I  a n d  V I I I )

( this is Q uestion  N o . 19/1  in the series o f  Q uestions o f  S tu d y  G roup I )

Study of new regional alphabets for the exchange of information by start-stop appa­
ratus in languages that are not based on roman characters.

The possibility of co-operation of these alphabets with international alphabet No. 2 
will have to be considered.

(9/VIII)



QUESTIONS TO BE STUDIED BY STUDY GROUP IX: 
TELEGRAPH TRANSMISSION PERFORMANCE; 

EQUIPMENT SPECIFICATIONS AND DIRECTIVES 
FOR THE MAINTENANCE OF TELEGRAPH CHANNELS

Chairman: Mr. R o q u e t  (France)
Vice-Chairman: Mr. R e n t o n  (United Kingdom)

Question 1/IX — Individual telegraph distortion.

(former Question 1 o f Study Group 9, 1957 1960)

1. Since the degree of individual distortion of a significant instant depends on the 
choice of the corresponding ideal instant, is it necessary to recommend a particular method 
of choosing the ideal instant ?

If the answer is affirmative, what rules will permit the ideal instant to be determined ?

2. What use can be made of the definition of degree of individual distortion, so 
defined, to simplify the definitions pertaining to degree of distortion of a modulation or 
restitution ?

A N N E X  TO  Q U E ST IO N  1/IX

1. A t the m om ent the definition o f ideal instants o f a m odu la tion  (or a restitu tion) is as 
follows:

(List o f D efinitions — P art I — N o. 33.02)

Instan ts w ith w hich the  significant instants w ould coincide under certain  ideal conditions. 
In  each particu lar case it will be necessary to  indicate how  one (or m ore) o f these ideal instan ts is 
determ ined, all the  others being p laced in  rela tion  to  it (or to  them ) a t intervals equal to  the co r­
responding theoretical significant interval.

C .C .I.T .T . Study G roup  9 proposed  to  am end this definition as follows:

Definition No. 33.02  — Ideal instants o f  a modulation or a restitution

“ Instan ts w ith w hich significant instants w ould coincide under certain  conditions. I t  will 
be necessary to  indicate, fo r each individual case, how  a reference ideal in stan t is determ ined, on  
the basis o f w hich all the o ther ideal instants will be fixed a t intervals equal to  the corresponding 
theoretical significant intervals.”

In  a start-stop  m odulation , the reference ideal instan t fo r each signal coincides w ith the 
beginning o f the start elem ent o f such a signal.

(1/IX)
u
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In  an  isochronous m odulation , the reference ideal in stan t can  be chosed arbitrarily . In  the 
absence o f any o ther criterion, the  in stan t can  be chosen in  w hich there  is greatest condensation 
of significant instants in  the displacem ent zone.

This p roposal was the resu lt o f the following considera tions:

a) Start-stop modulation.

The ideal in s tan t o f a s ta rt elem ent is the instan t a t w hich this elem ent begins.
The ideal in stan t o f each o f the o ther elem ents is n tim es the  theoretical un it in terval later 

th an  the ideal-instan t o f the  s ta rt elem ent o f the sam e signal, n being the ran k  o f this elem ent in 
the signal.

T he standard ized  un it in terval should be taken  as the theoretical u n it interval. The interval 
corresponding to  the  real m ean  speed can  also be taken  provided th a t it  is specified.

T he ins tan t corresponding to  the beginning o f the  s ta rt elem ent should be know n as the 
reference ideal instant.

b) Isochronous modulation.

I t  is difficult to  define the  ideal in stan t o f an  isochronous m odulation  w ithout arb itrarily  
choosing a tim e origin.

The choice o f origin should  depend on the study undertaken , so as to  facilitate such a study. 
T here are  tw o m ain  m ethods we can recom m end:

1) T ha t the instan t o f the  beginning o f a un it elem ent, a rb itrarily  chosen in  the isochronous 
m odulation , be taken  as the  origin. A  significant ideal in stan t o f  ran k  n (n being as large 
as is desired, positive o r negative) is then  situated  a t n tim es the  m ean u n it interval from  
the ideal in stan t th a t has been taken  as the origin.

T he ideal in stan t taken  as the origin should be know n as the reference ideal instant.

2) A n isochronous m odulation  considered during a certain  tim e in terval has no  natu ra l, ra tional 
tim e origin. B ut we can  choose well-defined instants w hich can be taken  as a  basis fo r the 
definition o f the ideal instants o f an  isochronous m odulation .

Thus, fo r exam ple, synchronous apparatus, which m ain tain  synchronism  w ithout recourse 
to  special signals, have organs w hich are set back in  rela tion  to  the corresponding organs on the 
o ther apparatus. The m ean restitu tion  delay suitably affects the m ovem ents o f the organs thus 
directed, speeding them  up  o r slow ing 'them  dow n. F rom  this we can  conclude th a t, w ithout 
m easuring the  restitu tion  delays, we can find the instants corresponding to  the m ean restitu tion  
delays. Pushing m atters fu rther, we can  say th a t in  observing a  d isto rted  isochronous m odulation 
we can find a  series o f well-defined instants a t intervals w hich are m ultiples o f the m ean un it 
interval o f the  m odulation  observed.

Let us, now , assum e th a t we are observing an  isochronous m odu la tion  given by the diagram  (a )  
o f figure 17.

W e can  apply thereto  a tim e scale w ith degrees equal to  the un it interval, provisionally placed 
quite arb itra rily  (diagram  (b) o f figure 17).

W e can now  define the  function  F (trk) as fo llow s:

F  (trk) =  Zfcll (** “  t rk)

The ideal instants will now  be defined by the equation :

F(t ik) =  F( t rk) min

(1/IX)
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tk =  the significant instant of the modulation observed.
trk = the instant corresponding to the instant tk in the arbitrary time scale.
T  =  time taken by the observation.
k  =  an index equal to the number of unit intervals which have elapsed during the observation.
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T he sam e result m ay be set fo rth  in the  following w ay :

T he ideal instants o f an isochronous m odulation  are  the instants which, tak en  as the  basis 
fo r the calculation  o f individual d is to rtion , give th e  sm allest sum  o f the  absolute values o f this 
distortion.

Be it noticed th a t, physically, the ideal instants thus defined coincide w ith the  in stan t o f
m axim um  condensation  o f significant instan ts w ithin the  displacem ent zone.

O ne o f these instan ts can  be taken as the reference ideal instant. The o ther ideal instants 
will be deduced therefrom  as in  the  first m ethod. T he ideal in stan t o f ran k  n will be situated  at 
n tim es the m ean u n it interval o f the  reference ideal instant.

2. The second purpose o f Q uestion 1/IX  is to  exam ine the sim plification w hich the  definition 
o f  the  degree o f individual d is to rtion  (thus specified by the choice o f ideal instants) could bring 
in to  o ther definitions in connection w ith telegraph d istortion .

Study G roup  9 held th a t use o f the definition o f individual d istortion  w ould m ake it possible 
to  abbreviate, and  to  clarify, certa in  definitions. H owever, the form er definitions w ould perhaps 
be preferred by som e people as they have becom e well know n and  w idespread. I t  is therefore 
p roposed  to  let the form er definitions rem ain  an d  to  have the equivalent definitions, established 
o n  the  no tion  o f individual distortion , added.

W ith this in  m ind, Study G roup  9 p roposed :

' Definition No. 33.04 — Telegraph distortion.

A dd to  the existing definition, w hich will be m arked  (a ), the follow ing definition:

(b )  a  m odulation  (or restitu tion) is affected by telegraph d isto rtion  w hen significant instan ts do 
n o t coincide w ith the corresponding theoretical instants.

Definition No. 33.07 — Degree o f  isochronous distortion.

A dd to  the existing definition, w hich will be m arked  (a ), the following definition:

( b )  A lgebraical difference betw een the  h ighest and  low est value o f individual d is to rtion  affecting
the significant instan ts o f the isochronous m odulation . (This difference is independent of 
the choice o f the  reference ideal instant.)
N o change in  the  rest o f the  definition after:

“ T he degree o f d isto rtion  . . . ”

Definition No. 33.08 — Degree o f start-stop distortion.

A dd to  the  existing definition, w hich will be m arked  (a ), the follow ing definition:

(b) T he highest absolute value o f individual d is to rtion  affecting the  significant instants o f a
start-stop  m odulation.
A t the end o f this text, add  a second n o te :

A  distinction can be m ade betw een degree o f late disto rtion  (or degree o f positive 
distortion) and  the degree o f early d is to rtion  (or degree o f negative distortion).

(1/IX)
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Question 2/IX — Inherent distortion.

(form er Question 2 o f  Study Group 9, 1957-1960)

What are the constituent elements of a channel to which the notion of inherent distor­
tion can be applied ?

How can the inherent distortion of these elements be determined ?

A N N E X  TO  Q U E S T IO N  2/IX

T he definition of inheren t d is to rtion  is as follow s:

(List o f D efinitions — P a rt I  —  N o. 33.13)
D egree o f d is to rtion  o f the restitu tion  when the m odulation  is effected w ithout d istortion .

N o tes:  1) By inheren t d is to rtion  is m eant the com bination  o f the  different types o f d isto rtion
caused by the  channel (bias, characteristic, etc.).

2) This no tio n  m ay be extended to  the  constituen t elem ents o f a channel.

3) I t will be necessary to  specify in  w hat conditions the channel is used (type o f appa­
ra tu s, m odulation  rate, m anual o r au tom atic  keying, etc.) and  to  effect the m odu la­
tion  under these conditions.

In  particu lar should  be defined:

—  the p o in t o f entry  a t w hich the  d istortionless m odu la tion  is applied,
—  the term inal p o in t w here the  d is to rtion  is m easured.

The inheren t d is to rtion  o f a transm ission channel o r o f one o f its elem ents canno t be m easured 
w ithout an  outgoing and  an  incom ing sem ator *, fo r d is to rtion  m easurem ents can only be taken  
on m odulation  o r restitu tion  (i.e. rectangular-shaped signals).

A  d istinction  should be m ade betw een:

—  cases in  w hich the  telegraph signals b o th  a t the  inpu t and  a t the ou tpu t o f the  elem ent to  be 
m easured are in the  form  o f a direct cu rren t m odu la tion ;

—  cases in w hich the telegraph signals, a t the  input, o r a t the  ou tpu t, or a t bo th  ends o f the  
elem ent to  be m easured, are in  the  form  o f m odulation  (am plitude o r frequency) o f an  a lte rn a t­
ing current.

1st case (fig. 18).

The elem ent itself includes a  sem ator a t bo th  ends.

For example : a  channel section.
The m easurem ent will be effected:

— by connecting  a tran sm itter o f und isto rted  signals to  the in p u t o f the elem ent ; th is will directly 
contro l the outgoing sem ator o f the channel (norm al opera tion  curren t and  voltage), and

— by connecting a d is to rtion  m easuring set a t the receiving end after the ou tpu t sem ator.

The readings on  the d is to rtion  m easuring set will give th e  degree o f inherent distortion .

* Semator =  the appropriate device of a transmitter (or a receiver) which, assuming definite conditions 
in succession, forms a telegraph modulation (or restitution).
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Channel

Transmitter 
without distortion

2nd case (fig. 18 bis).

T he elem ent includes an  ou tp u t sem ator and  is fed a t its in p u t by (am plitude and  frequency) 
m odulated  a lternating  currents.

For exa m p le : the  receiving term inal equipm ent o f a voice-frequency telegraph channel.
T he m easurem ent will be taken  by placing a perfect modulator (converter) (PM C ) a t the

origin o f the  elem ent in  the follow ing m anner:

—  T he elem ent’s inpu t is disconnected from  the  section o f the  channel, and  is connected to  the
o u tp u t o f the  perfect m odu la to r converter (PM C );

— the P M C  is contro lled  by a  tran sm itte r w ithout d is to rtion  w hich injects an  und isto rted  
m odu la tion  in to  it;

— the  P M C  restitutes the  signals (w ith am plitude o r frequency m odulation) in  such a way 
th a t their envelope (am plitude m odulation) o r their in stan taneous frequency (frequency 
m odulation) will reproduce exactly the  m odu la tion  th a t has been injected;

—  the  signals thus em itted by the  P M C  should  have their characteristics, frequency and  m ean 
level m atched  to  the no rm al conditions a t the  elem ent’s inpu t before it  h ad  been disconnected;

—  the o u tpu t im pedance o f the  P M C  is rea l and  is equal to  the  nom inal im pedance o f the  p a r t 
o f the  channel which has been disconnected.

T he ou tp u t sem ator is connected to  a  d is to rtion  m easuring set, from  w hich the  inherent 
d is to rtion  o f the  elem ent can  be read.

Figure 18 Distortion
measuring set

I ~ 1 1 
i rs*  r \  ,

©
-

! .
V ^ . i

Distortion 
measuring set

Transmitter 
without distortion

Figure 18 b i s
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3rd case (fig. 18 ter).

The elem ent has an  inpu t sem ator b u t em its, a t its ou tpu t, signals in  the  form  o f  the  (am pli­
tude o r frequency) m odu la tion  o f an  a lternating  current.

For exa m p le : T he transm itting  term inal equipm ent o f a voice-frequency telegraph channel.
T he m easurem ent will be taken  by placing a perfect demodulator (converter) (PD C ) a t its 

o u tp u t in  the follow ing m anner:

,— the  elem ent’s o u tp u t is disconnected from  the channel section and  is connected to  the inpu t 
o f the perfect dem odu la to r converter (PD C );

— the  P D C  is term inated  by an  o u tp u t sem ator w hich controls a d is to rtion  m easuring  set;
— w hen fed by a frequency o r am plitude m odulated  signal (of w hich the instan taneous frequency

or envelope reproduces an  und isto rted  m odulation , and  w hose characteristics, frequency and  
m ean level are m atched  to  the norm al conditions a t the  elem ent’s ou tpu t before it was dis­
connected) the P D C  supplies, a t its ou tpu t, an  und isto rted  m odu la tion  iden tical w ith the 
m odu la tion  rep roduced  a t the inpu t;

— the in p u t im pedance o f the P D C  is real and  is equal to  the nom inal im pedance o f  the p a rt 
o f the  channel w hich has been disconnected.

W hen the  inpu t sem ator o f the elem ent is directly connected to  a transm itter o f und isto rted  
signals in  no rm al conditions o f  use, the  degree o f inheren t d is to rtion  o f the  elem ent can  be read  
from  the d is to rtion  m easuring set.

Transmitter Distortion
without distortion F ig u r e  18 ter measuring set

T he n o tio n  o f inheren t d is to rtion  is o f in terest only w here channel elem ents are  concerned 
w hich receive und is to rted  signals and  norm ally  restitu te  d is to rted  signals.

W hen a single telegraph relay, w hich has been norm ally  adjusted  and  fed by an  u n d is to rted  
sem atem e, restitutes a p ractically  und isto rted  sem atem e, the only object o f  inheren t d is to rtion  
m easurem ents w ould be to  detect faulty  adjustm ent. F o r this, how ever, there  are  m uch  sim pler 
m ethods th an  m easurem ent o f inheren t d isto rtion .

Question 3/IX — Effect of interference on telegraph distortion.
(Former Question 6 and item 1 o f former Question 7 o f Study Group 9, 1957-1960)
( Question to be studied jointly with Special Committee C and Study Group IV ).
1. Study of the quality, quantity and distribution in time of the causes of fortuitous 

distortion.
2. What part is played by disturbances to the reception of signals on voice-frequency 

telegraph channels in worsening the resulting distortion ?

(3/IX)
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A N N E X  1 TO  Q U E ST IO N  3/IX

This question was studied  by the  “ N oise ” w orking party  of C .C .I.T .T . Study G ro u p  1 
together w ith Q uestion 7 o f Study G roup  1:

“ Is it possible to  have a to tal-noise clause o f com m on application to  all systems of 
w ideband carrier telephone transm ission ? ”

T he conclusions o f these studies have been recorded, as far as telegraphy is concerned, in 
R ecom m endation G .222 (G eneral noise objectives for the design o f carrier-transm ission systems). 
( Red Book, Vol. I l l)  and  in  R ecom m endation  G .422 fo r telegraphy on line-of-sight rad io  relay links.

Extracts from  R ecom m endation G .222 concerning telegraphy together w ith R ecom m endation
G .422 are published in this V olum e, page 246 e t seq.

A N N E X  II TO  Q U E ST IO N  3/IX

Programme of measurements included under the study of the effect of noise 
on telegraph transmission using radio-relay links

(Extract from contribution CO M  9/43, o f Study Group 9, February 1959)

Study G roup  9 considers tha t, fo r the tim e being, the im m ediate and  m ost im portan t aim  is 
to  elim inate interference due to  hum an  action  o r to  defects in  equipm ent.

S tudy G roup  9 has observed th a t as regards short-term  variations in equivalents on  carrier 
circuits the situation  is n o t satisfactory as fa r as telegraphy is concerned. T he results given show 
an  average o f tw enty-nine isolated sho rt variations and 1.5 series o f sho rt variations (com prising 
series o f m ore th an  one hour) per 1000 kilom etres o f circuit per week. This is far too  m any.

A n e rro r ra te  o f three per one hundred  thousand  is im possible to  ob ta in  in  these circum stances, 
and the  In ternational T elegraph and  Telephone C onsultative C om m ittee canno t be too  uncom - 
prising  as regards noise conditions to  be im posed to  get this standard . This standard , applicable 
to  circuits carried  on  rad io  relay links, if we w ant to  assim ilate these circuits to  circuits carried 
in  cables, nevertheless rem ains an  objective to  be m aintained for the benefit o f all users o f rad io  
relay systems.

F o r th e  tim e being, then, Study G roup  9 considers o f quite extraord inary  in terest the  following 
recom m endation  o f the “ N oise ” w orking party .

T he w orking party  proposes to  recom m end th a t A dm inistrations, in their designs o f  rad io  
links, should do everything possible to  avoid:

a) d isturbances in  pow er supplies,

b) a  large num ber o f sho rt bursts o f noise.

The m easurem ent cam paign called fo r by the  “ N oise ” w orking p a ity  in  connection  w ith the
effect o f noise on voice-frequency telegraph systems should be undertaken  on the  follow ing lines:

Measurement programme within the framework o f the study o f the effect o f noise
on telegraph transmission.

Study G roup  9 invites A dm inistrations to  furnish th e  results o f m easurem ents:

1) o f the characteristics o f the  noise encountered  on rad io  relay links,

2) o f the effect o f this noise on  the  opera tion  o f voice-frequency telegraph channels.

(3/IX)
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T o this end, the  recordings, m ade by A dm inistrations on  radio-relay  systems should  be m ade 
use of. Exclusive a tten tion  should be given to  those portions o f these recordings in w hich noise 
pow er exceeds 105 pW  and  those portions o f recordings in  which the  pow er exceeds 106 pW . 
These portions (which, so the In ternational R ad io  C onsultative C om m ittee affirms, will generally 
last betw een 4 and  9 seconds) will be repeated  so as to  constitu te sources o f artificial noise. (The 
A dm inistrations which have m ade these recordings will be asked to  be so good as to  supply 
copies to  the A dm inistrations anxious to  undertake  this investigation). I t w ould  be well to  
indicate the relationsh ip  betw een the  tim e these recordings take  and the to ta l observation  tim e 
during which they were m ade. Preferably, the observations should include a  second track  
on which will be recorded  a  s tandard  frequency a t a given level w ith an  eye to  facilita ting  the 
rep roduction  o f noise a t th e  correct speed and  level. I t  w ould be even better were provision 
m ade for tw o ex tra  tracks giving tw o frequencies, fo r in this way we should get som e indication  
o f the stability  o f the  characteristic of the  recording frequencies.

1. Measurement o f  characteristics.

W e should analyse the rep roduction  o f the noise produced  by the continuous repetition  of 
these recordings, so as to  ob tain  the following in form ation :

a) the  m ean pow er;

b) the  d is tribu tion  in  the specim en o f the  pow er o f the  noise in  tim e, th a t is to  say, a  curve
show ing the  p ro p o rtio n  o f the tim e in  w hich the  various pow ers are exceeded, these pow ers
being m easured w ith appara tus having a 5-ms tim e constan t;

c) the  d is tribu tion  o f noise pow er according to  frequency. The frequency selector can  be
conveniently obtained  in  the form  o f a  g roup o f voice-frequency telegraph filters. A t the
o u tp u t o f every filter, an  analysis should be m ade in  accordance w ith a ) and b ) above. T he 
corrections appropria te  to  the a ttenuation  a t the  b o ttom  o f the band  of each filter and  to  
the w idth  o f the effective band  should be m ade, and  the m ean pow er a t the  filter inputs 
should  be show n (tha t is to  say, the pow er m easured according to  a ) .

2. Measurement o f the effect o f noise on telegraph transmission.

a) Two series o f m easurem ents are called fo r; one w ith the noise source fu rn ished  by the  
above-m entioned recordings, using the whole o f the possible range o f noise levels, and  the  o ther, 
w ith a w hite-noise generator having a gaussian am plitude distribution . Several different noise 
levels should be used, fo r example, 105, 106, and  2.106 pW . U seful add itional d a ta  could  be 
ob ta in ted  from  tests carried  o u t a t the add itional levels 5.105 and  5.106 pW .

A  com parison  betw een the tw o series o f m easurem ents w ould help us to  determ ine ju s t how  
far rad io  noise resembles w hite noise behaving in  a  gaussian way.

b )  M easurem ents should be m ade o f the  perform ance o f standardized te legraph systems 
used by A dm inistrations. A dditional m easurem ents m ade on  o ther systems (frequency-m odulated, 
high-speed channels) w ould be useful too . I t w ould be well to  indicate certain  characteristics 
o f the  systems under test, fo r example, the thresho ld  o f response to  2/2 signals a t n o rm al speed, 
expressed in re la tion  to  the no rm al level o f the  frequency transm itted  to  line. A nd  w hen a  channel 
uses frequency-m odulation, the degree o f d is to rtion  p roduced  by a sine-wave interference o f the 
variable frequency o f a level, fo r example, o f -2 0  db  in  re lation  to  the telegraph signal, especially 
a t the  frequencies corresponding to  the condition  A  and  the  condition  Z.

c) M easurem ents will be undertaken  to  establish:

(3/IX)
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i) either the  degree o f inheren t d is to rtion  w ith standard  test, m easured on  a d is to rtion  m eter 
o f cu rren t type, the test signal tran sm itte r having, fo r all practical purposes, zero d istortion,

ii) o r the d istribu tion  o f the individual d is to rtion  m easured by m eans o f a  d is to rtion  analyser. 
The results should  be reproduced  in  the  form  of curves giving the  signal-to-noise ra tio  and 
the  p robability  o f exceeding, in  particu lar, d is to rtion  values equal to  8, 14 and  20% . A d­
d itional figures can be given according to  the capacity o f the instrum ents used.
E ach m easurem ent should last abou t five m inutes.

A nd  it w ould be exceedingly valuable if  m easurem ents could be obtained  o f  a sim ilar k ind , 
thanks to  a signal source having a given degree o f distortion , fo r exam ple, 22% , corresponding to 
the p robable  figure a t the ou tpu t o f the last section bu t one o f a channel (this p re-d isto rtion  is m ost 
readily obtained, and  m ost satisfactorily, too , by in troducing an  alternate  bias d istortion). The 
d is to rtion  figures in  (ii) should  be suitably  increased.

3. Study G roup  9 has asked w hether it w ould be possible, w hen fu rther observations are 
m ade, to  in troduce a fu rther significant level o f noise pow er, i.e. 2.106 pW  and  w hether the two 
p ilo t tracks, m entioned in  the in troducto ry  paragraphs above, can  be provided on fu ture  recordings. 
I t is appreciated  th a t this higher level o f noise m ay correspond to  conditions w hich will also affect 
the transm ission efficiency o f the telephone channels. I t  w ould be desirable, w here this possibility 
exists, th a t it should be no ted  and  th a t the  recordings should be accom panied by corresponding 
records o f the received level o f a p ilo t tone  transm itted  over the channel.

The atten tion  o f A dm inistrations is d raw n to  the urgency o f this program m e o f  m easurem ents.

A N N E X  II I  TO  Q U E ST IO N  3/IX  

The follow ing contribu tions published in  Vol. V II refer to  Q uestion 3/IX.

France: Interference caused to  telegraph transm ission  by w hite noise, page 251.

F. R . o f  G erm any: Perm issible m axim um  noise in  a telephone channel w ith reference 
to  voice -frequency telegraph disturbance, page 263.

C .C .I .R .: M easurem ents fo r the  study o f the  effect o f noise on  telegraph transm ission 
over radio-relay  links, page 269.

Question 4/IX — Study of fortuitous distortion^

(items 2, 3 and 4 o f former Question 7 o f Study Group 9, 1957-1960)

1. Study of the possibility of making apparatus to generate a modulation having 
only fortuitous distortion; determination of the characteristics of such a generator.

2. Systematic study of the effect of fortuitous distortion on the total distortion of 
a channel link.

Question 5/IX — Law of distribution of degrees of telegraph distortion.

(former Question 3 amended, o f Study Group 9, 1957-1960)

What method could be recommended for the determination of the law of distribution 
of the various values o f degree of distortion pertaining to a prolonged modulation (or 
restitution) in the case:

(5/IX)



a) of an isochronous modulation (or restitution) ?
b )  of a start-stop modulation (or restitution) ?
c )  when the distortion considered is individual distortion ?
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Comments concerning start-stop modulation

I t m ay be convenient to  consider the curve giving the p robab ility  p  o f exceeding a given degree 
o f individual d is to rtion  d. T he shape o f this curve T  is show n in  figure 19 below.

D isto rtion  analysers m ake it possible to p lo t the curves show ing how  the degrees o f positive 
an d  negative individual d is to rtion  are exceeded, by m eans o f points. I t  is easy to  deduce from  
them  the curve show ing the  p robability  w ith w hich a  degree o f start-stop  d is to rtion  is exceeded.

One interesting p o in t o f these curves is th a t they do n o t vary appreciably w hen the  num ber o f 
significant instan ts exam ined is increased, i.e., w hen the  m easuring tim e is increased.

I t  is thus possible to  trace  the  curve F  w ith a fairly sh o rt m easuring tim e an d  then  to  ex tra­
po late  the results ob tained  w ithout the  risk  o f serious error.

F ig u r e  19

Note. — See the contribution of the United Kingdom on the statistical distribution of start-stop telegraph 
distortion in tandem-connected voice-frequency telegraph channels (Volume VII, page 226 et seq.).

Question 6/IX — Conventional degree of distortion.

Would it be useful to revise Recommendation R.54 which defines the conventional 
degree of distortion, with particular reference to the consideranda of this Recommenda­
tion ?

(6/IX)
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Comments

In  accordance with R ecom m endation  R.54, and in particu lar its consideranda, the conven­
tional degree o f d isto rtion  is m easured a t the last point o f the telegraph channel, th a t is, a t the 
inpu t to  the teleprin ter receiver.

M oreover, the  idea of the  conventional degree of d istortion  m ight be useful fo r m easurem ents 
o f the inherent degree o f d is to rtion  in single circuits, in chains o f circuits, and  o f the degree o f 
teledistortion , m easured at various po in ts on the telegraph channel.

In  the various m easurem ents, there  m ight in  principle be recom m ended different values o f 
p robability  o f exceeding the conventional degrees o f distortion , b u t the reasons in favour o f such 
a  solu tion  are n o t sufficient to  cancel o u t the  advantage o f unifying the  value o f p robability  to  fix 
th e  conventional degrees.

C onsequently, it is necessary to  decide th a t fo r all m easurem ents o f the  conventional degree 
o f distortion , the value w ith a p robability  o f being exceeded o f 10~5 m ust be taken  as the  recom ­
m ended value.

In  theoretical and  practical studies exceptions m ay be m ade to  this rule w hen there are suffi­
cient reasons fo r doing so but, in  such cases the  value o f p robability  chosen m ust al ways be indicated.

Question 7/IX — Relation between the results of routine measurements of distortion and 
the conventional degree of distortion.

(form er Question No. 5, amended, o f  Study Group 9, 1957-1960)

By how much should the measurement results obtained by the current distortion 
measurements carried out in accordance with Recommendation R. 5 be increased so that 
they may be considered as representing the conventional distortion degree ?

A N N E X  TO  Q U E ST IO N  7/IX

T he follow ing results ob tained  from  previous studies by Study G ro u p  9 are subm itted fo r 
checking by A dm inistrations:

1. W hen an  isochronous d is to rtion  m eter is used, if 8t represents the degree o f synchronous 
d isto rtion  m easured on the text and  ob the degree o f bias d isto rtion  m easured fo r balanced 
signals a t th e  m odulation  speed used fo r adjustm ent, the  conventional degree o f d isto rtion  
can be estim ated as

1.15 8, -  0.15 8*

2. W hen a start-stop  d isto rtion  set is used, the values o f early  and  late d isto rtion  should be noted  
separately. T he conventional degree o f start-stop  d is to rtion  can be estim ated by adding 
0.35 o f the  sm aller o f the  tw o values to  the  larger value.
T he derivation  o f the fo rm ula above is as follows:
T he to ta l d isto rtion  observed is 8, and  this represents the  sum  o f bias d isto rtion  8b and  the 

rem aining form s o f d isto rtion  8*
St =  8* +  (1)

A ssum ing the  bias to  rem ain  constan t, b u t the  value o f 8f to  increase w ith the tim e o f observa­
tion  to  a final value k  , the m axim um  value o f to tal d isto rtion  is

Sfmax =  Ŝ  +  k  8| (2)

(7/IX)
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from  (1) we get
&i =  8f -

where
St m ax =  8b +  k  (8( -  8*,) =  k 8t -  (A: -  1) 8*,

In  the  use o f start-stop  m easurem ent the actual observation  is effective only fo r a low er 
num ber of transitions and  so a larger fac to r m ust be used. T he sm aller value o f the  tw o obser­
vations will be the  one fo r w hich the  transitions are  uninfluenced by bias w hilst the larger value will 
con ta in  those w ith bias. Therefore, it is necessary to  add  to  this la tte r value the  p ro p o rtio n  o f 
the  reading practically  unaffected by bias.

To check these form ulae, A dm inistrations are  requested to  carry  o u t several m easurem ents 
in the  conditions specified in  R ecom m endation R .5  and  to  check the  approxim ation  o f th e  form ulae 
to  the  results o f conventional degree m easurem ents.

Question 8/IX — Error rates on unit elements.

Study of a definition for error rates on transitions or on unit elements.

A N N E X  TO  Q U E ST IO N  8/IX

T he follow ing extract from  the  rep o rt by C .C .I.R . C om m ittee III  to  the  IX th  C .C .I.R . 
P lenary A ssem bly (1959), though  it does n o t contain  an  exact definition o f the  e rro r ra te  fo r 
elem ents, is o f in terest in  the  study o f Q uestion 8/IX  and  its u sual extension: re la tion  betw een 
e rro r ra te  on  characters and  e rro r rates on  un it elements.

Extract from the report o f C.C.I.R. Study Group III 
submitted to the IXth,Plenary Assembly o f  the C.C.I.R.

T he perform ance o f a circuit is usually expressed in  term s o f character-erro r rates. 
H owever, fo r calculation o f the  factors w hich determ ine the p lanning  o f circuits, it is m ore 
convenient to  use elem ent-error rates. W ith  such a  requ ired  elem ent-error ra te  an d  the  dem odula­
tion  fac to r o f a given receiver together w ith the  perform ance charts fo r a  reference receiver, it is 
possible to  m ake plans based on  th e  required  perform ance under specified noise and  p ropaga tion  
conditions.

C alculations from  the probability  functions involved give a  sim ple conversion from  an  elem ent- 
e rro r ra te  to  a  character-error ra te  fo r various types o f telegraph code, thus provid ing  a  simple 
relationship  betw een the signal-to-noise ra tio  and  the  num ber o f erro rs on  the  p rin ted  copy w hen 
the signal is steady. T he conversion from  an  elem ent-error ra te  to  a  character-erro r ra te  is m ore 
com plex w hen the  signal fades slowly relatively to  the signalling speed. The p articu la r case fo r 
noise having a gaussian d istribu tion  and  fo r a  steady signal represents a  useful lim iting cond ition  
w hich is approached  closely w hen the  e rro r ra te  is low. I f  the  e rro r ra te  is know n in  term s o f 
e lem ent-error ra te  ra th e r th an  character-error ra te , then  the  calculation  o f circuit perform ance is 
possible m ore directly.

R elationships betw een elem ent and  character erro r rates are  show n in  figures 20, 21 and  22.
In  figure 20, curve (1) represents the  upper lim it o f the character-erro r ra te  fo r a synchronous 

seven-unit code w hen the  elem ent errors are  m utually  independent. I t should be no ted  here th a t 
the character-erro r ra te  is defined as being the num ber o f characters subject to  e rro r a t the  o u tpu t 
o f the  detector and  thus an  e rro r in  a shift character is counted  only once and sim ilarly fo r o ther

(8/IX)
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characters such as carriage return and line feed. However, if the fading characteristics give rise 
to groups of errors, then the curve showing the relationship between element and character-error 
rates becomes asymptotic to curve (2). For element-error rates lower than 10-3 curve (1) is 
appropriate.

1 0 - 3  10-2 i o - i  2 4  6

Element error rate 

F i g u r e  2 0

In figure 21, similar curves for the upper and lower limits applicable to a synchronous five- 
unit code are shown.

In figure 22, the upper limits are shown as follows:
Curve (1) — for a five-unit code as in curve (1) figure 21;
Cuve (2) — for a seven-unit code as in curve (1) figure 20;

(8/IX)
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Curve (3) — for a five-unit start-stop system with tape printing and allowing for errors due to 
loss of synchronism in addition to the simple character-errors;

Curve (4) — for a five-unit start-stop system with page printing, i.e. including an additional 
allowance for multiple errors due to carriage return and line-feed failures. Again, 
as for the previous curves, errors in shift signals are only counted once. It should 
be noted here that in any brief tests the results obtained might lie anywhere between 
curves (1) and (4) or even above (4) if the coincidence of failures abnormally affect 
the stop signals or carriage-return signals;

Curve (5) — one value of element-error rate corresponding approximately to a character-error 
rate (undetected) of 1(H when using a % code with ARQ is shown as one point 
only of curve (5).

Element-error rate

F ig u r e  21

(8/IX)
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Element-error rate 

Figure 22

F R A N C E

Statistical study o f  distortion and error rate on a long-distance radiotelegraph circuit

The aim of this study was to determine the relation between distortion, particularly when 
caused by propagation, and the performance of the circuit as indicated by the number of errors 
observed on a teleprinter.

(8 /IX )
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a) Test conditions.

DAKAR-PARIS radiotelegraph circuit (4200 km).

Tests were made with frequency-shift telegraphy, the shift being 500 c/s. The transmission 
frequency was 15 735 kc/s. Both single and multiple reception were tested, using where necessary 
an antenna producing a circuit of barely commercial value.

b) Apparatus used.

For transmission: automatic, permanent modulation by a standard sentence.
For reception: a "properly adjusted teleprinter capable of tolerating a distortion rate of the 

order of 37%, without automatic carriage return or automatic paper feed; such incidents as wrong 
paper inversion, a missed carriage return or paper jamming may lead to a considerable number 
of errors, and it is impossible on an ordinary circuit to tell whether the mistake lies in the character 
itself or elsewhere.

c) Results obtained.

In gauging the performance of the circuit, we did not count the number of erroneous signals 
reaching the equipment but rathei*—and this is more important from the performance point of 
view—the number of faults made by the teleprinter in the conditions mentioned above in para­
graph (b).

As soon as the circuit suffers from fading, one can observe at regular intervals, during multiple 
reception, the total disappearance of one of the two frequencies, the other being received at a 
relatively high field strength. A great quantity of distorted elements are localized at these times— 
for example, during a test involving 20 000 characters, i.e. lasting about 50 minutes, ten such 
propagation accidents were noted, each affecting 20 to 100 characters at different times. Apart 
from these moments of fading, the field strength remains high on both frequencies and reception 
quality is excellent. The scattering of elements suffering from distortion around 0, remains low, 
about 99% of the elements having a distortion of between +  and -10%.

Comparison o f  single and multiple reception.

On 18 December 1957, two consecutive tests were made on 20 000 characters:
— one with single reception, from 14h.l7 to 15h.l0 GMT,
— the other with multiple reception, from 15h.23 to 16h.l4 GMT.

These showed, respectively, 368 and 7 errors, i.e. 184/10 000 and 3.5/10 000. Two other 
observations of the same kind, with different antennae, carried out on the following day and at 
almost the same times, showed an error rate of 2/10 000 with multiple reception against 20, 10 000 
with single reception.

Relationship o f  the error rate to distortion.

The teleprinter is insensitive to any distortion below 37%. Errors can only occur, therefore, 
from distortion elements in excess of that percentage.

The error rate increases at first linearly in relation to the number of distorted elements: 
one error appears for each distorted element. But the corresponding curve departs quite soon 
from this rule and rises less rapidly. The noise periods due to propagation blanks are localized 
and cause the grouping of distorted elements in a small number of characters (fig. 23).

This curve is quite different from a theoretical curve showing a random distribution of 
distorted elements.

(8/IX)
12
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Y

Figure 23. — Number o f  errors in relation to the number o f  elements whose distortion exceeds 36%
(for 10 000 characters).

It would seem correct, therefore, to distinguish a radiotelegraph circuit by the error rate.
(1) Test curve.
(2) Straight line assimilable to the curve representing the random distribution of 

errors when these occur in small numbers.
(3) Asymptote.
x Number of elements whose distortion exceeds 36% per 10 000 characters.
y Number of errors per 10 000 characters.

Statistical distribution o f distorted elements.

During these tests, it was observed that the statistical distribution of distortion was subject 
to different laws according to reception conditions.

When reception is good, the distortion is strictly concentrated around the value nil.
When fading occurs, the distortion rates are much more scattered although still centered 

round the value nil. Both laws result finally, on the distribution curves, in.a highly localized 
maximum, which corresponds to good reception, as well as in a less rapid fall than that of the 
gaussian law for values which are far from zero (fig. 24).

If a diagram is made of these curves, in which the distortion rate is shown on the abscissae 
and the proportion of elements with distortion algebraically below that rate on the ordinates, the

(8/IX)
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Figure 24. — P e r c e n t a g e  o f  t h e  t o t a l  n u m b e r  o f  e l e m e n t s  w h o s e  d i s t o r t i o n  r a t e  l i e s  b e t w e e n  n — 5 a n d  n %.

(8/IX)
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Figure 25. — C u r v e  s h o w i n g  t h e  d i s t r i b u t i o n  o f  d i s t o r t e d  e l e m e n t s .

(1) and (2) Satisfactory propagation.
(3) Poor propagation, 
x Distortion rate %.
y Percentage of the total number of elements with distortion algebraically less 

than the critical rate on the abscissae.

(8/IX)
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ordinate scale being so selected that the normal distribution laws give straight lines,’ the result 
is not straight lines but curves, whose central parts are fairly straight, steep slopes, curving con­
siderably at the ends where the slope is far less steep. This is explained by the superimposition 
upon the law of distribution during periods of satisfactory propagation of other laws with greater 
scattering corresponding to periods when fading occurs (fig. 25).

Question 9/IX — Efficiency factor and quality index.

(former Question 11 o f Study Group 9, 1957-1960)
(is o f interest for C.C.I.R. and Study Group I)

How can the ideas of “ efficiency factor of a telegraph communication ”, “ quality 
index of telegraph operation ” and “ quality index of a modulation or restitution ” be 
applied to assess the quality of a radio-telegraph communication ?

What method could be used to attain this result ?

Note. — The definitions of terms associated in the ideas concerned are given in the List 
o f Definitions — Part I — under num bers:

33.23 and 33.22

Question 10/IX — Telegraph channel stability and quality coefficients.

1. Is it desirable to introduce new notions, expressed as channel stability and quality 
coefficients, to define the stability and quality of telegraph equipment ?

2. How could the following terms be defined:

a) channel stability coefficient,

b) channel quality coefficient ?

3. What limit values of these coefficients could be required of voice-frequency 
telegraph channels to ensure adequate conditions for co-operation between them ?

Comments

It seems useful to study the possibility of applying some new coefficients, e.g.: 

a channel stability coefficient; 

a channel quality coefficient.

The stability coefficient S  could be defined as follows:

S = —
T

where t is the time elapsing between'the moment when the channel is lined up and the moment 
when the degree of distortion is equal to its maximum permissible value Smax, and 

T  is the period between one line-up and the next (at present T = 3 months).

(10/IX)
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Channels in which S  >  1 can obviously be operated normally; where S  <  1, special pre­
ventive means must be used if the channel is to fulfil its task satisfactorily.

If the channel is lined up and the measurement of Smax is taken in normal operating con­
ditions of a given channel and of other channels, the coefficient S  can be designated as the stability 
coefficient of the channel in operation. If the measurements are carried out on the spot, the other 
channels being put out of operation, the coefficient S  can be designated as the inherent stability 
of the channel equipment.

The channel stability should, as a general rule, be defined for each channel separately, espe­
cially in the period after it has been in operation, when the properties of the equipment have 
already been established.

When the best channel is chosen from those which are made available to us in a large number, 
it appears desirable to make use of the channel quality coefficient, which may be defined as follows:

where S  — is the stability defined above,
§0 — is the degree of distortion of the channel just after it has been lined up, and 
ST — is the degree of distortion of the channel at the end of the period T.

It should be added that the coefficients indicated in this way may also be applied to any 
telegraph apparatus, i.e. to amplitude-modulated as well as frequency-modulated voice-frequency 
telegraph channels.

Question 11/IX — Revision of definitions concerning telegraph transmission quality.

(results to be submitted to Study-Group VII and to Special Committee A )

Revision of definitions relating to telegraph transmission quality:
1. to make them clearer and more coherent;

2) to render them applicable to high-speed transmissions (such as data transmissions).

Question 12/IX — Effect on telegraph distortion of sudden changes of level

(former Question 13, amended, o f Study Group 9, 1957-1960)
( item 1 to be studied jointly with Study Group IV  and Special Committee C)

What maximum transitory distortion can be tolerated on signals when the transmission 
equivalent of circuits carrying voice-frequency telegraph channels suddenly varies ?

The further study of this question should be pursued in the following m anner:

1. What are the duration, amplitude and frequency of occurrence of the level variations ?

2. Are the resulting distortions tolerable when their frequency of occurrence is taken
into consideration ?

(12/IX)
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ANNEX TO QUESTION 12/IX

183

1. The observations made show a satisfactory state of affairs as far as telegraphy is concerned 
as regards long-term variations in equivalent (results probably obtained by use of automatic group 
regulators). It is observed that, for the circuits least favourably placed as regards slow variations 
in equivalent, the variation in equivalent corresponding to three standard deviations is less than
0.6 N, that is to say, is unlikely to entail a major disturbance in voice frequency telegraph systems.

2. On the other hand, as regards short-term variations, the situation is unsatisfactory as 
far as telegraphy is concerned. The figures show an average of 29 isolated abrupt variations 
per 1000 circuit-kilometres per week and 1.5 series of sudden changes (including series lasting 
more than an hour), which is too much.

3. Study Group IX urges that effective action be taken to counteract the excessive number 
of sudden changes on circuits used in V.F. telegraphy. The report by the working group of
S.G. 4 shows from where the majority of these sudden changes comes. These causes had already 
been recognized before and form the subject of Recommendation M.15 (Red Book, Vol. IV).

It is desirable that the attention of Administrations should again be drawn to the appro­
priateness of these provisions.

4. Study Group 9 noted with interest the curve (fig. 26) showing the frequency of these 
sudden changes in relation to their duration. From this curve can be read off the percentage of 
interruptions which can give rise to false clearing signals. It was noted, however, that the lack 
of precision in the operating threshold of the various devices used by Administrations taking part 
in the tests is such that the curves cannot be guaranteed for durations shorter than 20 milliseconds.

Study Group IX desires that for any new measurements to be made by means of this equip­
ment the operating threshold should be adjusted to the value recommended by the Swiss Adminis­
tration in the Annex to Question 2 (page 434, Volume I of the Red Book), that is, approximately 
4 milliseconds, be able to draw more accurate conclusions for the distribution curve with time 
of short-term variations.

5. Study Group IX believes that it would be desirable in future to record short reductions 
in level taking 0.6 neper instead of 1 neper as the operating threshold of the recording device. 
Falls in level of more than 0.6 neper are, in fact, liable to cause considerable distortion in ampli­
tude-modulation systems.

6. It would also be interesting to observe the correlation between the frequency with which 
falls in level greater than or equal to the recommended value of 0.6 neper, on the one hand, 
and a fixed figure of 1.5 neper, on the other hand, appear on a given circuit.

These data would be particularly useful in showing the respective advantages of frequency- 
modulation voice-frequency telegraph systems and of amplitude-modulation voice-frequency 
telegraph systems of modern design which are unaffected by sudden changes in level. Administra­
tions which participated in the tests might be able to carry out this correlation study fairly rapidly 
by using the devices mentioned on page 433 of the Red Book— Vol. I — to make simultaneous 
recordings of falls in level corresponding to thresholds of 0.6 and 1.5 neper.

(12/IX)
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Figure 26. — Integral cufve showing the percentage frequency o f  sudden changes having a duration
less than the values shown on the O X  axis
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7. The telegraph services meanwhile will continue to record interruptions on the alarm 
channels of international voice-frequency telegraph networks. Study Group IX draws the atten­
tion of the telegraph services to the value of making periodic checks of the condition of telegraph 
channel equipment (bad contacts, dry joints, etc.).

8. Study Group IX proposes that, when a new series of tests is made, records should not be 
limited to falls in level of 0.6 neper below the nominal value, but should also include short varia­
tions (both falls and increases in level), the amplitude of which might be greater than 0.6 neper 
and the duration of which might be less than 1 second.

Such a count could be made on a small number of (V.F.T.) circuits to see whether there is a 
significant difference between the number of short variations defined in this way and the number 
of falls in level measured in accordance with paragraph 5 above.

Note. — See, in the Supplements to Series R  Recommendations, the contribution from the United 
Kingdom entitled: Effect of sudden changes of level, on frequency-modulated voice-frequency telegraph 
systems, page 290.

Question 13/IX — Co-operation between different types of amplitude-modulated voice- 
frequency telegraph systems.

(former Question 15, amended, o f Study Group 9, 1957-1960)

Study of co-operation between different types of amplitude-modulated V. F. telegraph 
systems (see Recommendation R.31).

Note. — This question will be examined particularly from the point of unbalance 
noted at the sending output filter and due, for example, to a duration of emission of the 
frequency during the elements “ Z ” differing from its normal value.

It will be necessary to find o u t:

a) the nature of the unbalance,

b) how to measure it,

c) its tolerable values.

Question 14/IX — 50-baud frequency-modulated voice-frequency telegraph systems.

(former Question 16, amended, o f Study Group 9, 1957-1960)

Supplementary study of the standardization of 50-baud frequency-modulated voice- 
frequency telegraph systems (see Recommendation R.35).

Note. — This question should be studied especially from the following angles:

1. The frequency spectrum of the signals transmitted.

2. Fixing of the value for the factor A (maximum tolerable degree of bias distortion for 
output modulation).

(14/IX)
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3. Examination of the values indicated in point 12 of Recommendation R.35 to see
whether they may be considered as final.

4. The unbalance at the output of the sending filter due, for example, to accidental
variations in frequency for the elements A and Z.
It will be necessary to state:

a) the nature of the unbalance,
b) how to measure it,
c) its tolerable values.

ANNEX TO QUESTION 14/IX 
(Item 1)

The determination of the spectrum of the signals transmitted (with limits) is a very difficult 
question. The detailed study of this question should be continued. In the course of discussion 
the following suggestions were put forward by way of example.

In systems in which, at the significant instants of modulation, the frequency of the oscillator 
changes suddenly (but without phase discontinuity) it will suffice, in order to define the frequency 
spectrum of the signals transmitted, to give the attenuation and phase characteristics of the sending 
filters in their pass bands and their attenuation characteristics in their attenuating ranges, because 
the spectrum of a wave whose frequency changes suddenly (with phase discontinuity) is well known.

For systems in which the transition from the “ start ” frequency to the “ stop ” frequency or 
vice versa takes an appreciable time, the spectrum of the signals transmitted should be defined, both 
in amplitude or in phase, either theoretically or empirically, in the band of frequencies F0 +  60 c/s 
(where F0 is the mean frequency) and should be defined only in amplitude in the remainder of the 
frequency band.

In the band of frequencies F0 +  60 c/s one need consider only the discontinuous spectrum 
corresponding to 4 : 4 signals at 50 bauds; for the other frequencies the spectrum should be defined 
by the envelope of the maxima of the components of each frequency for signals whose modulation 
rate may vary from 0 to 50 bauds.

Note: See also the Supplement to the Violet Book, page 70.

Question 15/IX — 50-baud wide-band voice-frequency telegraphy.

(former Question 17, amended, o f  Study Group 9, 1957-1960)
( item 3 is o f  interest to Study Group X V )

1. For the transmission of signals with a modulation rate of 50 bauds, is it necessary 
to introduce for international traffic voice-frequency telegraph systems having a spacing 
between the mean frequencies exceeding 120 c/s ?

2. If so, what characteristics of these systems should be standardized ?

3. If a system with less than 12 channels is set up over a telephone circuit, what 
power limit per channel should be proposed ?

(15/IX)



QUESTIONS: TELEGRAPH TRANSMISSION 187

Note 1. — Would it be worth while, from the point of view of economy and mainten­
ance, to use such systems for short links, for the transmission of telegraph signals at the 
normal modulation rate of 50 bauds ?

Note 2. — The study should cover amplitude-modulated channels and frequency- 
shift modulated channels.

Note 3. — In the Supplements to series R Recommendations, see the contribution 
from the F. R. of Germany entitled: Frequency-shift voice-frequency telegraph systems 
with channel separation of more than 120 c/s, page 287.

Question 16/IX — Telegraph channels for modulation rates of more than 50 bauds.

(former Question 17, amended, o f  Study Group 9, 1957-1960)
( is o f  interest fo r Study Group X V  and Study Group VIII)

Standardization of telegraph channels for modulation rates of more than 50 bauds 
(see Recommendation R.36).

The study , should deal with the use of amplitude modulation and frequency-shift 
modulation.

Question 17/IX — Frequency-modulated voice-frequency telegraphy using radio channels

(to be studied jointly with the C.C.I.R.)

Recommendation R.35 lays down the essential characteristics of frequency-shift voice- 
frequency telegraph systems; is it necessary to modify these characteristics, or to establish 
new ones so that these systems may be used on radio transmission paths, particularly 
on radio-relay links using forward scatter technique ?

Note. — See Report No. 135 by the C.C.I.R. IXth Plenary Assembly entitled: Radio­
relay systems using tropospheric or ionospheric forward scatter (documents of the C.C.I.R. 
IXth Plenary Assembly, Volume III, page 206).

Question 18/IX — Extension of Recommendation R.75 to the case of frequency modulation.

Study of values to be inserted in Recommendation R.75 to make it apply also to links 
composed solely of frequency-modulated channels.

Question 19/IX — Limits of the degree of start-stop distortion.

(former Question 21 o f  Study Group 9, 1957-1960)

What limits to the degree of start-stop distortion can be set for standardized telegraph 
channels ?

(19/IX)
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Question 20/IX — Introduction of conventional degrees of distortion in Recommendations 
R.57 and R.58.

Revision of Recommendations R.57 and R.58 to ensure that the limits indicated in 
them also correspond to conventional distortion degrees.

Question 2I/IX  — Transmission standards in telegraph switching.

(former Question 22 o f Study Group 9, 1957-1960)
( to be studied in co-operation with Study Groups VIII and X )

W hat telegraph transmission standards should be adopted for teleprinter switching 
networks:

a) between a user’s station and an international terminal exchange ?

b) between international terminal exchanges ? (See Recommendation R.58).

Question 22/IX — Maintenance measurements for frequency modulation.

What maintenance measurements could be recommended for channels of international 
frequency-shift voice-frequency modulated systems ?

In the study of this question, the various routine measurements will be examined.

Note. — In particular, a study will be made of the tolerable increases in service with 
respect to the indications provisionally given in point 12 of Recommendation R.35.

Question 23/IX — Locating and clearing faults affecting switched telegraph connections.

(former Question 29, amended, o f Study Group 9, 1957-1960)
( to be studied in co-operation with Study Groups I  and X )

1. What measures should be taken to ensure that faults affecting telegraph switching 
connections are cleared as quickly as possible ?

2. What instructions should be given in the case of the telex service for international 
telex position ?

3. What provision should be made for a technical organization which would quickly 
take the necessary steps on telegraph switching corrections and what simple technical 
methods can be recommended for locating of faults ?
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Note. — Systematic automatic tests might be recommended, but they can be envi­
saged only if mutually agreed upon between Administrations. If such tests should be 
generally recommended, a study of them should form the subject of a special question

Question 24/IX — Revision of Series R Recommendations.

( Question to be examined by a small drafting group)

Revision of Series R Recommendations — in particular — to specify whether they 
apply to a modulation rate of 50 bauds, to amplitude modulation or to frequency modula­
tion (or to both).

(24/IX)



QUESTIONS TO BE STUDIED BY STUDY GROUP X 
TELEGRAPH SWITCHING

Chairman: Mr. J a n s e n  (Netherlands) 
Vice-Chairman: Mr. F a u g e r a s  (France)

Question 1/X — Standardization of signalling in the telex service.

(continuation o f  Question 1 o f  Study Group 10, 1957-1960)

The points to be stressed in this study are the following:

— charging fo r unsuccessful calls in fu lly automatic service (see Annex 3);

— waiting signals.

Should a call reach a line on which waiting conditions prevail, for example in a call 
to a manual switchboard or test table, a waiting signal (MOM) could be sent back, without, 
of course, being followed by the clearing signal.

Separate consideration of continuously repeated signals and signal sequences providing 
a single code MOM seems necessary. In drawing up a recommendation covering con­
tinuous waiting signals, it is obvious that considerable latitude is possible in specifying 
the characteristics of the signals. The significant factors appear to be: the frequency 
of MOM codes, the frequency of carriage return and line feed functions and the inclusion 
of adequate continuous “ stop ” polarity to ensure that callers can clear.

Signal sequences providing a single code MOM are normally used in conjunction 
with access to manual switchboards. Draft Recommendation U .l does not cover the 
signalling conditions governing access to manual switchboards and other service points 
and it seems necessary to add further tables to the recommendation to cover these cases. 
These tables could probably conveniently include the characteristics of the single sequence 
MOM signal.

— re-test signal.

The aim of this signal would be as follows:
Should the call-confirmation signal or the proceed-to-dial signal not be sent back 

over the switching channels within the time shown in paragraphs 3 and 4 a), something 
should be done to ensure that a trunk circuit hold and re-test signal is sent on the forward 
signalling path.

This signal automatically ensures testing of the circuits, so that, if the fault disappears 
while the tests are going on, the international circuit is brought back into service.

See Annex 1.
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Special attention will have to be given to the question of needless holding of recorders.

— backward busying signal.
This would be to facilitate the routine testing of the switching equipment connected 

at the incoming end of an international telex circuit. Arrangements should be made for 
the connection of a signal to the backward signalling path of the circuit concerned to show 
that the input to the circuit at the other end is busy.

See Annex 2.

ANNEX 1 TO QUESTION 1/X

Re-test signal

(E xtract fro m  contributions: C O M  10 —  No. 20, Netherlands, January 1959 
and C O M  10 —  No. 25, United Kingdom, A pril 1959)

Netherlands.

The majority of interruptions of international V.F. telegraph circuits are of relative short 
duration. Therefore in fully-automatic working it is undesirable that a circuit should immediately 
be signalled as “ out of order ” when after a call the call-confirmation is not received. In many 
switching systems a circuit not returning the call-confirmation signal is busied out against sub­
sequent seizure. A number of re-tests is made and only if after an interval of a few minutes the 
call-confirmation is still lacking, the fault signalling device is operated.

The same facility may be required in semi-automatic working if the operator has access to 
the international circuits via selectors.

In many step-by-step switching systems a trunk circuit re-test signal is used consisting of 
sequences of 60 seconds “ stop ” polarity and 1200 ms “ start ” polarity. In the case of both-way 
circuits and interruption of only the backward signalling path this re-test signal has the advantage 
of permanently busying out the equipment at the other end.

However, in the case of switching systems of type A or B using registers, trunk circuit re-test 
signals with long periods of “ stop ” polarity are undesirable. In the case of interruption of only 
the backward path of a V.F. system main line a fairly large number of channels could be brought 
in the re-test condition. This would cause the seizure at regular intervals of an equal number of 
registers at the incoming end for a period equal to the forced-release time of the registers (generally 
in the order of 5-10 .seconds). Thus serious overloading of the group of registers serving inter­
national traffic is to be feared.

Therefore, when interworking with register systems, the period of “ stop ” polarity in the 
re-test signal should be as short as possible. Furthermore, termination of ineffective re-tests after 
an interval of a few minutes is desirable.

It is suggested to recommend for interworking a trunk circuit re-test signal with register 
systems consisting of sequences of 1 second “ stop ” polarity and 29 seconds “ start ” polarity during 
a maximum interval of 3 minutes. In case the circuit remains faulty, the free-line condition should 
be re-established after termination of the test cycle, the trunk relay set remaining of course in the 
busy condition.

(1/X)
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, Certain register switching systems may require a longer period of “ stop ” polarity to return the 
call-confirmation signal. In that case the Netherlands Administration would be willing to accept 
a slightly longer period of stop polarity for the sake of uniformity.

Probably a trunk circuit re-test facility is only required in the case of fully-automatic inter­
working. Since for fully-automatic interworking unidirectional circuits are generally used, the 
re-test signal suggested above might perhaps be recommended for step-by-step systems as well.

U nited Kingdom.

Recommendation U.l. provides for a call-confirmation signal so that international trunk 
circuits can be checked when taken into service for a call. It is customary to provide an alarm 
in the outgoing exchange whenever a fault is found. Some systems however, provide for the 
automatic re-test of trunk circuits for a period of about 2 minutes, or so, following the detection 
of a fault in order to avoid alarms being given for short duration faults. For inland trunks of 
the U.K. system, the automatic re-test is provided by connecting a signal of 29.5 seconds “ stop ” 
and 0.5 second “ start ”, continuously repeated, to the faulty circuit for a period of about 
iy 2 minutes. This signal has the effect of clearing and recalling at l/2 minute intervals, so that 
if the fault disappears during the testing period, the next recall is answered by the call confirmation 
signal and the trunk circuit can be restored to service. If at the end of the V-/2 minute period the 
fault persists, permanent “ stop ” polarity is connected to the trunk circuit.

This facility has proved extremely useful in automatically switched teleprinter networks in 
the U.K. and it is considered desirable to standardize a similar facility for the international telex 
service. In standardizing such a facility it would also be necessary to agree on the form of re-test 
signal and the permanent “ stop ” polarity signal subsequently to be connected to the line when 
the fault persists at the conclusion of the test period.

Regarding the make up of the re-test signal, the following factors require to be borne in mind:

a) The effect of the alarm arrangements provided at the incoming end for indicating false calling
signals. It is usual to provide a delay in the operation of alarms indicating false calling 
signals and it is desirable that the interval between the clearing signals of the re-test signal 
should be short enough to prevent the operation of the alarm at the incoming end whilst 
the trunk is being automatically tested.

b) The duration of the period of “ start ” polarity must be long enough to release the incoming 
equipment but short enough, in the case of bothway circuits, to allow the circuit to remain 
guarded and busied at the distant end during the re-test period.

c) The duration of the period of “ stop ” polarity must not be too long, otherwise, where the
incoming exchange uses registers, failure of a MCVFT system could lead to congestion in 
the incoming exchange.

It is doubtful whether, in view of the conflicting requirements of register [and non-register 
systems, a single signal could be standardized, but it may be possible to standardize signals for 
Types A and B signalling systems respectively.
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I

Possible characteristics are:

Type A. “ Stop ” 2 secs. “ Start ” 28 secs, continuously repeated.

Type B. “ Stop ” 30.0 secs. “ Start ” 0.800 sec. continuously repeated.

Tolerances ± 3 0 %

The signal should be connected to the circuit for a period of 21/ 2 to 3 minutes so as to apply 
5 tests to the trunk circuit.

As regards the signal to be connected to the line when the fault persists at the conclusion of the 
testing period, the choice appears to lie between permanent “ stop ” and permanent “ start ” polarity. 
Here again it is doubtful whether a single signal could be standardized because of the differing 

. requirements of register and non-register systems, unidirectional and both-way trunk working, 
as well as the alarm arrangements at the incoming end. It would probably be necessary, therefore, 
to provide for the use of either signal according to the requirements of the incoming system. 
The U.K. system is designed to accept permanent “ stop ” polarity after an unsuccessful re-test.
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ANNEX 2 TO QUESTION 1/X 

Backward busying signal

(E xtract fro m  contributions: C O M  10 —  No. 20, Netherlands, January 1959, 

and C O M  10 — N o. 41, United Kingdom, Septem ber 1960)

Netherlands.

If switching equipment connected to an incoming or both-way international circuit has 
to be taken out of service (e.g. for maintenance), the other exchange should be informed. In 
actual practice, however, this information is often delayed or not given at all. Therefore an 
automatic trunk circuit hold facility is required as a supplementary measure.

If the return of the call-confirmation signal is suppressed when the switching equipment 
connected to an international circuit has been taken out of service, the outgoing equipment in the 
other exchange can be busied out against subsequent seizure after the first ineffective call. How­
ever, a disadvantage of this method is that there is no distinction between the out-of-order con­
dition due to some fortuitous cause, which requires immediate attention, and the out-of-order 
condition due to the purposely taking out of service of the incoming equipment, which does not 
require action in the outgoing exchange.

Therefore a positive trunk circuit hold signal is to be preferred. It is suggested to recommend 
permanent “ stop ” polarity as trunk circuit hold signal.

A trunk circuit hold signal is not required and is even undesirable if the outgoing equipment 
of a unidirectional circuit is taken out of service.

The Netherlands Administration has an agreement with the Administrations of the countries 
with which the telex and gentex traffic is handled fully automatically to use permanent “ stop ” 
polarity as trunk circuit hold signal. This signal will seldom be returned by the Netherlands 
since incoming and both-way international circuits are connected to the exchange via line finders.

(1/X)
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United Kingdom.

The primary purpose of the backward busy signal is to enable the equipment at the incoming 
end of a trunk to be removed from service for a short period without incurring the need to seek 
the co-operation of the maintenance staff at the outgoing end of the circuit. The need for this 
facility will become more pressing when, as a result of the growth of the telex service, testing 
techniques are made progressively more automatic.

Two cases require to be considered:

a) Fully autom atic working.

It is proposed that for fully automatic working the backward busy signal returned from the 
incoming end of both unidirectional and-both way circuits should be permanent “ stop ” polarity for 
a period not longer than 5 minutes. The need to impose a limit of 5 minutes arises from the fact 
that it is usual in most switching systems to operate an alarm if a permanent stop condition 
persists on a trunk circuit, and, in order to avoid the operation of the alarm when the backward 
busy signal is applied, it will be necessary to arrange that the operation of the alarm has a delay 
period of 5 minutes. For tests requiring the busying of the circuits for periods longer than 
5 minutes it will be necessary to seek the co-operation of the distant terminal.

b) Sem i-automatic working.

For semi-automatic working, it is proposed that the signal to be returned should be either 
permanent “ start ” or permanent “ stop ” . polarity for up to 5 minutes, the polarity to be as 
requested by the outgoing Administration. Where the outgoing equipment is arranged to busy 
the outgoing end of the circuit automatically on receipt of permanent “ stop ” polarity this signal 
is to be preferred. In certain circumstances, however, the use of “ stop ” polarity might produce 
difficulties, e.g. by causing a calling signal to appear on the outgoing manual switchboard. In 
such cases, permanent “ start ” polarity will have to be used.

As regards testing at the outgoing end of unidirectional circuits, there is no need to transmit 
to line a backward busy signal. It is proposed therefore that the outgoing Administration should 
maintain “ start ” polarity on the trunk circuit whenever the outgoing equipment is intercepted for 
maintenance purposes.

ANNEX 3 TO QUESTION 1/X 

Charges for ineffective calls in the fully automatic service

(E xtract fro m  the report by Sub-Group 2/1 , contribution C O M  10 —  No. 15, February 1958)

The question is to decide whether unsuccessful calls should be charged for in certain cases. 
Sub-Group 2/4, dealing with international telephony, did not accept the principle that an unsuccess- 
full call may be charged for.

In the opinion of Sub-Group 2/1, signal sequences sent on ineffective telex calls should not 
involve any tax.

Should this arrangement give rise to great technical difficulty, it would be necessary to keep 
the duration of these signal sequences to a minimum, and to follow them in the shortest possible 
time by a clearing signal.

N ote from  the C .C .I.T .T . Secre ta ria t: At its meeting in Belgrade in January 1958, Sub- 
Group 2/2 confirmed the view of Sub-Group 2/4 that an unsuccessful call should not be charged for.
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E xtract fro m  the contribution by the Netherlands 
(contribution C O M  1 0 —  No. 20, January 1959)

Signalling conditions fo r  semi-automatic or fu lly  autom atic working to service positions and manual
switchboards.

The signalling conditions indicated in the tables 1 a and lb  annexed to Recommendation 
U.l are restricted to semi-automatic and fully automatic working to subscribers. In many 
telex networks different signalling conditions hold for calls to special services (e.g. enquiry and 
engineering positions, test message transmitters, etc.) and manual switchboards. An important 
question is whether subscribers should be allowed fully automatic access to service positions and 
manual switchboards in foreign networks. If such access is required it would certainly be very 
convenient if signalling conditions were the same as for calls to subscribers. As far as known 
subscribers are nowhere allowed to select fully-automatically service positions or manual switch­
boards in foreign networks. However, such access might be required in the future. For example, 
fully automatic access to foreign radio telex positions would certainly be in the interest of the 
intercontinental telex service.

It should be noted that fully automatic access to foreign manual switchboards entails a 
metering problem. Since in this case the charging will be done by a manual operator there should 
be no automatic metering of the call.

Suppression of the automatic metering is possible by examining the digits of the switchboard 
number. . Similar arrangements as in Recommendation U.7 would be required for switchboard 
numbers.

In any case, additional tables covering signalling conditions for calls to service positions 
and manual switchboards are required. Administrations should supply the necessary information 
about their networks. In the Netherlands switching system the same signalling conditions are 
encountered for calls to service positions and manual switchboards as for calls to subscribers. 
However, for calls to manual switchboards the return of the answer-back code is delayed until 
the operator answers. Service positions have 2-digit numbers whose first digit is “ 9 ” or “ 0 ”. 
Manual switchboards have 2-digit numbers whose first digit is “ 7 ”.

E xtract fro m  the contribution by France 
(contribution C O M  10 — N o. 28, M a y  1959)

A. For calls in the French internal telex system, the call-connected signal comprises only 
those teleprinter signals which are controlled by the outgoing switching equipment. These signals 
are, in order:

a ) In the direction opposite to that of selection, the twenty signals of the called subscriber’s 
answer-back.

b) At the same time, sent to both the called and calling stations, a sequence of twelve signals 
showing the day, the hour and the minute when the connection is made.

c) The “ who are you ? ” signal in the backward direction, which causes the caller’s code to be 
transmitted and informs his correspondent as to the origin of the call. While these latter 
signals are being sent, the keyboard of the calling operator is normally blocked, which prevents 
any premature transmission.

Chargeable time is metered in the following manner:
At the first signal train ( a) ,  after checking that the answer-back is indeed one of a telex 

subscriber, the time metering device in the outgoing exchange is connected to a cam providing 
a pulse every ten seconds.
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If the called subscriber has mistaken the number, he immediately realizes he has done so when 
the first answer-back comes in, and the operator can clear down forthwith by giving the clearing 
signal. Even if it happens that the first charging pulse from the 10-second cam occurs at once, 
there will be no charge for the call.

Should the first code of the call-connected signal be in accordance with the operator’s wishes, 
depending on the phase of the 10-second cam, the first charging pulse cannot be sent before the 
start of transmission of the time and date signals, and not later than some five seconds after trans­
mission of the answer-back of the calling station, that is to say, after the end of the complete 
call-connected signal.

The possible inclusion in the chargeable duration of the last teleprinter signals of sequences b) 
and c) above — part of the call-connected signal — is justified by the service rendered. Such a 
call-connected signal can be considered as an automatically transmitted preliminary, which, in the 
long run, saves operators’ time.

There has never been any objection to this on the part of subscribers who used sometimes, 
with the old manually-operated system, to time their calls with a stop-watch. Moreover, it 
represents a just compromise between a standard period of free transmission with a possibility 
of fraud, and excessive charging if there is a mistake in selection.

B. We expect to use the same call-connected signal, with three teleprinter signal sequences, 
for telex or gentex calls (fully automatic) outgoing from France.

But the time'and date signals will be transmitted first, and to the French caller only, in the 
form of a sequence of twenty signals, like that of the answer-back of a telex subscriber, and only 
then will the “ who are you ? ” sequence operating the foreign subscriber’s answer-back be 
transmitted on the international circuit.

Besides the advantages set forth under A, there are two others, as follows:

a) In international manual or semi-automatic operation, the international operator in the out­
going country already controls this complete exchange of answer-backs in both directions 
when the connection signal proper (or the DF sequence), arrives from the incoming network. 
Hence, so far as the subscriber is concerned, excluding time and date signals, the real inter­
national call-connected signal always has two answer-backs in all circumstances, whether 
selection be fully automatic or not.

b) The automatic charging devices used throughout the French network decide when the charge­
able time begins by analysing the first answer-back received. Hence it is possible to use the 
charging devices existing in the outgoing switching equipment, to which the calling subscribers 
are directly connected, for automatic charging of international calls leaving France.
In this way, the international selection devices at the output of the inland network, that is 

to say, at the origin of the international circuit proper, merely have to add the effective commu­
nication times so that international accounts can be drawn up for each circuit or each kind of 
relation. As regards selection, it follows that the basic functions of these automatic devices are 
to carry -out the selection in the distant network, correctly interpret the call-connected signal peculiar 
to the incoming network, and, if need be, replace it by the sequences of the full exchange of answer- 
backs between called and calling subscriber.

C. In the case of a foreign international position selecting a French telex subscriber, the 
present call-connected signal includes the three signal sequences a), b) and c) shown in A above.
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We could have invoked the basic principle of Recommendation E.l, whereby there is an 
obligation to adapt the equipment of the outgoing country to the signalling in the incoming net­
work. Nevertheless, to facilitate interpretation of the call-connected signal in the outgoing 
country, we have agreed that the 150-millisecond pulse should be shown as obligatory in table I b 
for Type A signalling systems. Hence this pulse will be introduced in French automatic switching 
systems for calls coming from foreign telex networks. When the change is complete, the call- 
connected signal will accordingly comprise not only this pulse but, following 3 to 5 seconds of 
“ stop ” polarity after this pulse, the three sequences a),b)  and c) of teleprinter signals shown above.

Hence it will be possible, in the country of origin, depending on the usual habits of the 
subscribers and the preferences of the Administrations concerned:

— either to begin charging on receipt of the 150-millisecond pulse, so as to give the caller the 
benefit of this signal from the incoming network, in which case these signal sequences will be 
included in the charging period;

— or to block the caller’s line until the end of the answer-back control signals, if it be desired 
that the chargeable period should begin only at the .moment when the operator can actually 
transmit. In this case the caller must himself ensure, by manual control, who his corres­
pondent is.

D. There is no plan to bar access to special information and assistance positions, which 
must be accessible from similar positions of other Administrations. When a telex subscriber 
from abroad calls such positions in France, the call will be treated as a normal telex one, and the 
call-connected signal, including the 150-millisecond pulse, will be transmitted to the switching 
equipment of the country of origin, as soon as the call is extended to the required position. Should 
the operator of the required position not be able to answer at once, the first part of the call-con­
nected signal will be a fictitious waiting signal, ending with the sequence MOM. Since such 
calls are exceptional, nothing will be done to postpone the beginning of charging if in the country 
of origin this charging is started simply by reception of the 150-millisecond pulse of the call- 
connected signal.

For similar reasons, and to allow the setting-up of international transit calls, the international 
telex positions of a country must also be accessible to calls from the international positions of 
other countries. Now in most cases, these calls pass via automatic switching equipment in the 
transit country and arrive at the intermediate international positions in the same way as bookings 
by their national subscribers. i

In France, outgoing international calls are charged for without recourse to the 150-millisecond 
pulse of the call-connected signal. When an international telex position (French) intervenes to 
put through a transit call, its intervention must have no effect on the charging system of the country 
of origin. In fact, in such cases, this operator has nothing to do with charging.

This rule remains inevitable, even if selection is fully automatic between two countries, for 
the international telex positions of the incoming country must also be accessible to calls from 
international positions in the outgoing country.

This being so, there is accordingly some danger that telex subscribers in the outgoing country 
will automatically call the international positions of the incoming automatic country, thus getting 
international transit calls free of charge. It seems difficult to cover this risk by laying down 
instructions for operators at the international positions, more especially because of the diversity 
of the answer-backs of the various international positions, which may on occasion lead to confusion 
with subscribers’ answer-backs.

The best thing to do would perhaps be to bar access in the country of origin to international 
positions in other countries. This assumes that in every national telex dialling plan, numbers
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easily identifiable, for example, by means of their first figures, should be used uniformly to denote 
all international connections set up from that national network, no matter how.

E. Two types of service signals are to be considered: those which are given to a subscriber 
in response to a request for information, or requiring him to wait before giving him a call to a 
particular number (e.g., access to an information position); or those intended to show quickly 
why his call cannot be put through.

In the first case, the greatest possible freedom of action should be left to each Administration. 
The only problem that may arise is to know the exact instant at which the call-connected signal 
should be given to start the charging device. As was said in connection with the question of 
access to the information positions, the French Administration considers that charging should 
begin as soon as connection is made to the required line.

In the second case, it is desirable not to set the charging device in motion. If the technical 
difficulties mentioned in contribution COM 10 — No. 15 cannot be overcome, every effort should 
be made to reduce these signal sequences so far as possible and to follow them by an unbroken 
clearing signal until the international circuit is completely cleared.

The French Administration tries to shorten the signal sequences in three main cases of 
ineffective calls, i.e. busy “ OCC ”, barring “ NA ”, and subscriber temporarily out of service 
(sequence “ ABS ”). To ensure correct use of these signals, however, it considers that the sequences 
should be capable of including a maximum of 13 combinations.

Sequences given by other networks will be retransmitted to the French outgoing station in 
the form of the last combinations received, to prevent any confusion with a subscriber’s code in 
the charging device.

E xtract fro m  contribution by Sweden 
(contribution C O M  1 0 —  No. 35, Septem ber 1959)

Pending the issue of an international recommendation on the establishment of accounts for 
fully automatic international telex traffic, telecommunication Administrations have so far been 
reduced to solving this question of accounts as and when it has arisen, by means of bilateral 
agreements. As a contribution to the forthcoming meeting in Munich, we shall describe below 
the agreements concluded by Sweden with regard to the establishment of accounts for this type 
of traffic, and the charging system applied in Sweden for fully automatic telex traffic.

Outgoing telex traffic from Sweden to Belgium, Denmark, the Netherlands, and the Federal 
German Republic is at present operated fully automatically. For this traffic, a charge per minute 
is collected from subscribers, the change in question being the same, at present, as the charge per 
minute for semi-automatic traffic to the country in question. Hence, subscribers are slightly 
favoured by the abolition of the minimum three-minute charge applied to semi-automatic traffic. 
However, C.C.I.T.T. Recommendation F .66 will be adopted in the course of this year. It should 
be mentioned that in the fully automatic service, as in the manual and semi-automatic services, 
Swedish subscribers receive a check ticket for each telex call to another country (with the exception 
of a frontier service to Denmark which is fully automatic). For the charging of fully automatic 
traffic, a non-chargeable delay of 10 seconds is applied, as the meter begins to operate only at the 
end of this delay, after reception of the call-connected signal from the called station. This choice 
of a fairly long uncharged period was motivated by the desire to give subscribers sufficient time 
to cancel a call in case of a fault in the circuits or a wrong call, so that they are not subjected to
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a charge for such calls. The duration of the first chargeable minute, starting from the reception 
of the call-connected signal, may vary from 60 to 70 seconds.

E xtract fro m  contribution by the United Kingdom  
(contribution C O M  10 —  N o. 41, Septem ber 1960)

Charging on ineffective calls.

One of the principal problems in this connection arises from the fact that a number of Admi­
nistrations employ dial selection systems which use Type B signalling and in which the teleprinter 
motors are arranged not to start until the backward signalling path reverts to “ stop ” polarity. For 
such systems it is necessary for the teleprinter characters in service signal texts to be preceded by 
two seconds (say) of “ stop ” polarity. If service signals having these characteristics are used, 
metering will occur on incoming international calls. As a means of overcoming this difficulty, it is 
proposed that on existing systems, where the use of printed service signals having a format in accord­
ance with the current Recommendation U.l is not practicable, a signal sequence format of the form 
shown in the attached sketch (fig. 27) should be permitted. The proposed signal sequence would 
provide for the correct reception of the printed service signal internally, (i.e. the initial 20 ms 
pulse of “ start ” polarity represents “ letter shift ” in the 5-unit alphabet, and would not produce 
a printed character even with the teleprinter motor running slowly), but would provide a means 
so that on international calls it would be possible to discriminate between ineffective calls and 
effective calls if the calling Administration so wishes. As far as the United Kingdom Administra­
tion is concerned, it intends to use in its internal system printed service signals conforming to the 
existing Recommendation U. 1 but would be prepared to receive from other Administrations, 
Type B printed service signals of the format described above. The United Kingdom Administra­
tion proposes, therefore, that service signal sequences of the format described above should be 
admitted as an alternative in those cases where the present standards could not be adopted without 
significant modifications to the system. However, for new systems, the signal sequences shown 
in the current Recommendation U.l should be used.

200 ms 
(± 30% )

2000 m s  MAX.    1500 m s  _
MAX.

20 ms
i i o %  .

F i g u r e  27 . — P r o p o s e d  s e r v i c e  s i g n a l  s e q u e n c e  f o r  u s e  o n  e x i s t i n g  s y s t e m s  w h i c h  a r e  u n a b l e  t o  u s e  e x i s t i n g

s t a n d a r d  p r i n t e d  s e r v i c e  s i g n a l s

Question 2/X — Standardization of signalling for gentex network.

(continuation o f Question 2 o f Study Group 10, 1957-1960)

Note. — See Recommendation U.30.

(2/X)
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Question 3/X — Service signal sequences on telex and gentex networks.

(continuation o f Question 9 o f Study Group 10, 1957-1960)
(interests Study Group I)

Consideration of the standardization of signal sequences and service texts transmitted 
by the switching equipment in the international telex and gentex networks when calls are 
being put through, especially when these calls cannot terminate in the ordinary way.

Note. — See Recommendation S.4.

Question 4/X — Telex signalling over radio circuits.

(continuation o f Question 3 o f Study Group 10, 1957-1960)

Further study of the standardization of switching signals to be used on the inter­
national telex service on calls involving radio circuits operated by means of synchronous 
7-unit systems affording error correction by means of automatic repetition.

Study should stress signalling conditions with fully automatic switching.

Note. — See Recommendation U.20 and Supplements, page 340.

Question 5/X — Gentex signalling over radio circuits.

Gentex signalling over radio channels operated by synchronous 7-unit systems with 
error correction by means of automatic repetition for:

1) a fully automatic operation between two gentex networks directly connected.

2) a fully automatic operation between two gentex networks connected through a third
transit exchange, connected by radio synchronous error-protected channels to an
exchange of the first network and to an exchange of the second network.

Question 6/X — Operator recall on intercontinental circuits.

(interests Study Group I)

Study of the extension of Recommendation U.21 (operator recall on a telex call set 
up on a radiotelegraph circuit) to cover intercontinental telegraph circuits on modern 
submarine cables.

Question 7/X  — Automatic service over intercontinental circuits.

Technique of fully automatic operation of intercontinental telex circuits.

{7/X)
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Comments

1. Having regard to the need for minimizing the time required for establishing a call, as 
well as for simplification of the technical equipment on intercontinental lines, is it desirable or 
necessary that time and date, as well as possibly register numbers, be transmitted over the inter­
continental circuits ?

2. Some of the present European systems automatically request the answer-back sequence 
either by equipment at the calling or called exchange locations. In view of such practice in some 
European systems, and not in others, is it desirable or necessary to provide such an automatic 
function over the intercontinental circuits ? If so, what should be the regulations governing 
this procedure ?

3. In establishing intercontinental connections on a fully automatic basis, it appears that 
a considerable amount of very valuable transatlantic trunk circuit time will be consumed by the 
waiting and operating time of one or more registers and especially so where in some cases an 
alternate route has to be selected. In order to keep the loss circuit time to a minimum, would 
it not be desirable to specify a maximum connection completion time immediately following the 
transmission of the last directory digit over intercontinental circuits ?

Question 8/X  (Question 8/1 of Study Group I) — Numbering scheme and routine plan for 
telex and gentex intercontinental services.

( Question o f  common interest for Study Groups I  and X ; to be studied by a joint 
working group I /X)

Is there a need to draw up an automatic switching plan for the intercontinental telex 
— and perhaps gentex — services ? If so, what standards should be recommended in the 
light of problems of transit signalling, routing and switching in intercontinental traffic 
and the associated operating and financial questions ?

Comments

1. The rapid growth of intercontinental telex and gentex traffic and in particular the deve­
lopment of subscriber dialling in intercontinental relations which has been made possible by the 
provision of intercontinental coaxial cable systems, makes it desirable to consider the economics 
of telex traffic routing on a world-wide basis. The time differences between terminal countries 
in such relations and the consequent differences in the hours of peak traffic loading, may make it 
economic to employ tandem transit routing to a much greater extent than has been necessary in 
the purely European network. However, the development of a comprehensive plan for the 
economic employment of tandem routing depends, amongst other considerations, on agreement 
on numbering and routing plans. Moreover, even when a country is served by more than one 
telex network, the telex number of a subscriber should contain all the digits which must be dialled 
or passed by a correspondent or controlling operator in an overseas country to obtain connection, 
whatever itinerary may be employed for routing a call. It is also desirable to restrict the number 
of digits which must be examined by the equipment to determine the charging rate. It is therefore 
proposed that a question be put to the C.C.I.T.T. for study.
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Question 9/X — Special circuits used in switched services.

(interests Study Groups, XI, XIV, Special A

Is it necessary to provide facilities in automatic switching centres for the selection 
of special circuits for data transmission, facsimile, high speed telegraphy, etc., by means 
of a code number, for example ?

If so, what are the possibilities and what arrangements should be made ?

Question 10/X. — Retransmission of messages.

( Question 10/1 o f  Study Group I)
(question to be studied by a working group o f  Study Groups X, I  and VIII)

What technical, operational and financial arrangements should be prescribed for inter­
national message telegraph systems using message relay techniques with automatic or 
semi-automatic switching of messages and tape or electrical storage?

Comments

In the study of this question account should be taken of the desirability that:

1. such relay systems should be fully capable of inter-working one with another, and

2. other systems using conventional techniques (e.g. point-to-point systems using manula 
transfer of messages between circuits) should be able to inter-work with such relay systems 
with only minimal changes in procedure, etc.

The study of this question should extend to all relevant aspects of the subject, including:

1. the transmission conditions appropriate to message relay operations;

2 . collaboration between telegraph codes used at present, method of operation and speed 
of operation;

3. the message format, with particular reference to any functional signals, destination indicators *, 
priority indicators, etc., required for use at automatic or semi-automatic transit centres;

4. any other information (e.g. accounting information) for which provision should be made 
for automatic operation;

5. any special operational aspects (e.g. limitations on length of messages); and 
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6 . general considerations relating to traffic control, emergency routings, etc., called for par­
ticularly by message relay operations.

* N ote. — The system of destination indicators recommended for use with international message 
telegraph systems using message relay techniques with automatic or semi-automatic switching of messages 
and tape o r  electrical storage, should if possible be also designed in such a way that it could also be used :

a) to provide short designations, of international validity, for the principal offices to which inter­
national telegrams may be sent;

b) in registered abbreviated telegraphic addresses to indicate more precisely the terminal office in 
the international system to which messages.addressed to such addresses should be sent; and

c) to simplify the arrangements at international centres which handle traffic in transit between net­
works employing different techniques (e.g. between a message relay network and a through 
switched network such as the gentex system).

(10/X)



QUESTIONS TO BE STUDIED BY STUDY GROUP XIV: 
APPARATUS AND TRANSMISSIONS 

FOR FACSIMILE TELEGRAPHY

Principal Chairman: Mr. F ij a l k o v s k y  (Poland)
Vice-Chairman: Mr. B it t e r  (Federal German Republic)

Question 1/XIV — Use of the standardized test chart.

How can the quality of a received picture be gauged from the standardized test chart 
for facsimile transmissions ? What can be deduced regarding the overall quality of the 
transmission and of the apparatus ?

Note. — See Recommendation T.20.

Question 2/XIV — Correction of phase distortion for facsimile telegraphy.

(former Question 12 o f Study Groups 1 and 8, 1957-1960)
(results to be submitted to Study Group XV)

Study of the possibility of increasing the speed of transmission for facsimile (including 
phototelegraph) systems in the international service by the use of equipment for correcting 
delay distortion on the carrier telephone circuits utilized.

Note 1. — Administrations should prepare a table giving the speeds and indexes 
standardized in C.C.I.T.T. Recommendation T .l which, if exceeded, give rise to excessive 
group delay variations.

Note 2. — See Recommendation T.12.

ANNEX 1 TO QUESTION 2/XIV

In the case of circuits occasionally used for facsimile transmissions, the additional cost of 
inserting phase compensators would not be justified by the resulting advantages, especially since 
these circuits might have a complicated make-up which makes phase compensation difficult.

The use of phase compensators, therefore, is to be envisaged only for circuits permanently 
allocated or usually used for facsimile transmissions. The time is not yet come for proposing 
an international recommendation about the regular use of phase compensators. In fact, certain
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Administrations consider that such compensators are too costly and that the preliminary adjust­
ments which have to be made before each transmission result in the time gained due to the increase 
in transmission speed being lost. Administrations which wish to use phase compensators to 
increase transmission speed on certain circuits will make bilateral agreements about the method 
to be used. Administrations who do in fact use phase compensators are invited to supply detailed 
information with a view to subsequent standardization.

The above considerations apply to classical methods of facsimile transmission (including 
phototelegraphy) using frequency modulation or double sideband amplitude modulation. Vestigial 
sideband transmission is dealt with in Question 3/XIV.

ANNEX 2 TO QUESTION 2/XIV

E xtract fro m  the contribution o f the Federal German Republic 

(contribution C O M  8  —  N o. 9 or C O M  1 —  N o. 95, November 1957)

The delay distortion on the telephone channels of German long-distance traffic carrier systems 
(see page 332 If.) are shown hereinafter in another diagrammatic form (fig. 28). The b curves 
show the distortions likely on one channel of a carrier system when amplitude-modulation is 
employed (carrier =  1900 c/s). At the same time, the a  curves show what values of distortion 
can be considered admissible if index 352 or index 264 are used, with varying dium speeds. 
According to these indications, the limit for correct facsimile transmissions, in the most favour­
able instance, is 120 or 160 r.p.m. (352 or 264). These figures are confirmed by experience too.

The use of phase distortion correctors maintaining group propagation time in the band 450 
to 3250 c/s within admissible limits would make it possible to increase the transmission speed 
to 150 or 200 r.p.m. Incidentally, amplitude modulation is no longer applicable at higher speeds, 
because the available bandwidth of 2800 c/s is then exceeded. For economic reasons, it is impos­
sible to use phase distortion correctors for the individual correction of circuits designed for facsimile 
transmission. Since, contrary to audio-frequency circuits phase distortion on carrier channels 
remains within known limits the use of standardized phase distortion correctors in conjunction 
with phototelegraph equipment could well be envisaged. In such cases, these phase distortion 
correctors should correct the curve of average values of propagation time (see the dotted-line curve 
in figure 89, on page 333). Because of possible variations around this average value, there will 
inevitably be some residual distortion. The c curves in figure 28 show the values that may be 
attained by such residual distortion in conjunction with German carrier systems, assuming an 
accuracy in the correction of phase distortion of +  0.08 millisecond. Whence it will be seen 
that by the use of standardized phase distortion correctors of the kind described, the transmission 
speed could be increased to about 140 r.p.m. with index 352 or to about 190 r.p.m. with index 264. 
The gain in relation to 120 or 160 r.p.m. is negligible.

In practice, connections between two phototelegraph stations are often made up of several 
carrier sections in tandem. In such circumstances, the outcome of phase distortion correction 
by standardized correctors is doubtful, because dispersions are added thereto statistically. And 
in international service, we have to reckon with a wider range of dispersion. /

(2/XIV)
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Figure 28
a =  Delay distortion admissible in the band transmitted.

b =  Residual delay distortion in a telephone channel of non-compensated V-60 systems.

c =  Maximum delay distortion on a V-60 system telephone channel if a standard phase distortion cor­
rector is inserted.

We hold that an adequate phase distortion correction is possible only if the phase distortion 
correctors, before each transmission, are adjusted to an optimum figure as staggered-action cor­
rectors. In this case, we shall also have to equip transmitting phototelegraph stations with a 
control signal generator, and the receiving ones with an oscillograph. It is doubtful, in our view, 
whether the almost negligible increase in transmission speed justifies such an outlay.
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Besides which, we consider that the question of phase distortion correction is of importance 
for the transmission of half-tones only. For black-and-white transmissions, in which a perfect 
reproduction of the picture in all its details is less important than the intelligibility of the message 
transmitted, greater phase distortion is tolerable. There should be no increase in the cost of 
facsimile apparatus for the transmission of black and white (which will probably be used in greater 
numbers in the very near future) by mounting an additional phase distortion corrector. Equip­
ment should be conceived for speedy, simple operation.

Question 3/XIV — Use of vestigial sideband modulation in facsimile telegraphy.

(former Question 16 o f Study Groups 1 and 8, modified)
(concerns Study Group X V )

Is there a need to envisage the use of asymmetric sideband operation for permitting 
higher operating speeds on facsimile including phototelegraph apparatus working over 
international metallic telephone circuits ?

If so, what characteristics are to be recommended ?

Note. — Such transmissions are envisaged only over circuits set up specially for the 
purpose.

The general expression “ asymmetric sideband operation ” in the wording of this question

it is the method shown in figure 29 which is concerned, and which in the C.C.I.F. has for many years 
been called “ vestigial sideband transmission ”, the method also being used for television trans­
missions on cables. The method shown in figure 30 is described under “ transmission with 
partial sideband suppressed ”, usually also called in English “ vestigial sideband transmission ”. 
Wherever the expression “ asymmetric sideband ” occurs in connection with this question it should 
be understood to mean the same thing as “ vestigial sideband ” as in the case of figure 29.

ANNEX TO QUESTION 3/XIV

could apply to the two methods shown in figures 29 and 30. It should be clearly understood that

Carrier

i

Vestigial
sideband

Frequency

Figure 29
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Figure 30

The results obtained in the U.S.S.R. with asymmetric sideband transmission (at speeds of 240 
and 360 revolutions per minute) were examined.

It appears that such results are possible with standardized phase correctors only with circuit 
equipment having the same characteristics. It is feared that the existing diversity of certain equip­
ment used in carrier circuits for international communications would be an obstacle to widespread 
use of such a method of phototelegraph transmission.

Administrations should study this question both for phototelegraphy and for facsimile with 
direct recording. Some sort of study should be made of the costs of the additional apparatus.

Attention is drawn to the effect, from a transmission point of view, resulting from the use of 
vestigial sideband transmission:

1. So as to reduce the effect of quadrature distortion on facsimile transmission, the ratio of 
white level to black level should be reduced. For example, it has been proposed to reduce 
this ratio to 12 or 14 db instead of 30 db in the case of double sideband amplitude modulation. 
Reduction of this ratio results in an increase in mean signal power. A detailed study of the 
permissible power for this type of modulation has been made. It is probable that the 
maximum permanent white signal level for the existing system could not be increased by 
comparison with double sideband amplitude modulation.

2. Partial suppression of the upper sideband in sending and receiving equipment must be achieved 
in such a way that the sum of the amplitudes at frequencies equally spaced on the two sides 
of the carrier frequency is equal to the total signal amplitude, and this may give rise to 
difficulties on a circuit on which there is attenuation distortion, when the carrier is at a rela­
tively high frequency.

3. The carrier frequency and amplitude should be chosen with these considerations in mind. 
In particular, the higher the vestigial sideband reduction factor, the higher may be the carrier 
frequency. The following frequencies have been suggested:
3100 c/s by the U.S.S.R.
2850 and 2550 c/s by the Federal German Republic.
See also: Contribution by U.S.S.R., Supplements of the C.C.I.T., Violet Book, page 158; 
Contribution by the Federal German Republic , page 336, Volume VII.

Question 4/XIV — Use of frequency-modulated carrier for facsimile telegraphy.

(former Question 15 o f  Study Groups 1 and 8, modified, 1957-1960)
(concerns Study Group X V )

Is there a need to envisage the use of frequency modulation for phototelegraphy 
apparatus working over international metallic telephone circuits ?

If so, what characteristics are to be recommended ?

(4/XIV)
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ANNEX TO QUESTION 4/XIV

209

The difficulty of comparing the advantages of frequency modulation and amplitude modula­
tion is ’due to the fact that the C.C.I.T.T. had no quantity with which to define the quality of 
phototelegraphy reception.

Standardization of the test charts should lead to obtaining an objective factor for defining 
the quality of a phototelegraph reception.

It seems that the majority of the characteristics specified by the C.C.I.T.T. for modern tele­
phone circuits are sufficient to permit frequency-modulated phototelegraph transmissions on a 
circuit chosen at random in a group of circuits normally used for telephone working. However, 
it is not certain that such a circuit would have a sufficiently low phase distortion for such use, 
particularly channels 1 and 12 of a 12-circuit group, use of which is not advised. Administrations 
should carry out measurements to determine the phase distortion (change of group delay with fre­
quency) on carrier telephone circuit equipments, which are the main sources of phase distortion 
in such circuits and in particular on telephone channel modulating equipment. It would be 
interesting, for example, to study the values to be expected on:

a) a telephone circuit set up on a single 12-channel group link,

b) a 2500 km hypothetical reference circuit.

The essential aim of the study will then be to decide if there are cases in which frequency 
modulation should be recommended rather than amplitude modulation or vice versa.

It is requested that frequency modulation tests be carried out and the relative merits of fre­
quency modulation and amplitude modulation compared in respect of: quality of the picture 
received, effect of level and frequency variations, effect of the phase distortion.

Question 5/XIV — Extension of Recommendation T .l l  (H.31).

( concerns Study Group X V )

Recommendation H.31 of Volume III (or Recommendation T.2 of Volume VII) 
of the Red Book defines the conditions to be observed, as far as transmission is concerned, 
when telephone-type circuits are used for phototelegraph transmissions.

Which of these conditions will also be applicable to the transmission of other types 
of facsimile telegraphy and what conditions should be laid down specially for these other 
types ?

Question 6/XIV — Alternate transmission of facsimile and telephony.

( concerns Study Group XVI )

What technical conditions should be. laid down for private facsimile transmission 
(excluding phototelegraphy) alternating with calls over telephone circuits ?

The following cases should be distinguished:

a) a leased circuit operated alternately for telephony and facsimile telegraphy;

(6/XIV)
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b) case in which a telephone subscriber, after having obtained a telephone call 
through the switching of circuits in the general network, substitutes facsimile 
telegraph apparatus in place of the telephone apparatus.

Note 1. — In these two cases, it should be examined whether it is possible to recommend 
the sending levels already recommended for data transmission.

Note 2. — Case b) is covered by Question 7/XIV, as regards the conditions for admitting 
such a service and the standards relative to facsimile telegraph apparatus.

Note 3. — In case b), transmission could be disturbed by metering pulses or by the 
intervention of an operator in the call.

Question 7/XIV — Facsimile service for subscribers.

(continuation o f  Question 18 o f  Study Group 8, 1957-1960)
(concerns Study Groups /, X I and XVI)

a) Is there any need to introduce a new service into the international service to cater 
for the transmission by facsimile between subscribers of messages, business papers and 
similar documents ? -

b) If so, what standards should be specified for such an international service ?

ANNEX 1 TO QUESTION 7/XIV

The following characteristics have already been agreed upon at New Delhi: 
co-operation index =  264
speeds =  normal speed of 120 revolutions per minute, with two other possible speeds: 

60 revolutions per minute for difficult cases;
180 revolutions per minute for easy cases; 

maximum dimensions of documents =  21 cm x* 29.7 cm.
For the study of this question, Administrations should reply to the following questionnaire:

Dimensions.

1. What diameter do you propose for drum apparatus ?

2. What limits do you propose for the drum factor of the sending and receiving drums ? 

Scanning speed. -
Are the speed tolerances in C.C.I.T.T. Recommendation T.l applicable to this service ? 

If not, what tolerances do you propose ?

R em ote control.
Do you consider remote control of the receiving set by the transmitting set necessary or 

desirable ? If so, what signals should be used for:
— passage from telephony to facsimile and starting ?

(7/XIV)
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— stop and return to “ telephony ” ?
— phasing and maintenance of synchronism .?
— choice of speed? etc.

Do you consider it useful to have a return signal:
— to announce that the receiver is ready ?
— to give the identity of the receiving station ?

If so, what signals do you propose ?

Modulation.

Do you recommend amplitude modulation or frequency modulation:
a) for communications by wire,
b ) for communications by radio,
c) for communications by combined wire and radio.

O ther characteristics which should be specified.

ANNEX 2 TO QUESTION 7/XIV

(E xtract fro m  the contribution o f  the Federal German Republic 
contribution C O M 8 /N 0 . 44, January 1959, modified in accordance with decisions taken a t N ew  D elhi)

1. The Postal and Telecommunication Administration of the Federal German Republic 
considers that the use of facsimile apparatus for transmitting business papers, etc., between 
telephone subscribers will become fairly widespread in the near future, even in the international 
service. Even if such a need is not particularly felt at present, the apparatus which will be required 
for this service should be standardized now.

2. We have also made investigations to determine whether such apparatus should be con­
sidered for other purposes. It should be pointed out, in this connection, that the smaller ships 
and aircraft need facsimile apparatus for mobile services in order to receive weather reports 
(general barometric positions, wind forecasts, warnings of sea storms, etc.) from the meteorological 
services. These are simple documents which may be sent in the same way as business papers. 
The same type of facsimile apparatus, therefore, should be used for transmitting business papers 
and receiving small-size weather charts.

5. To take account of the different sizes of business papers used in various countries, fascimile 
apparatus should have a drum diameter of D =  68.5 mm and a usable drum length of L =  33 cm.

6. The facsimile apparatus used by telephone subscribers will usually be (drum type) of a 
combined form which can serve for either transmission or reception. If both instruments have 
the same drum dimensions (see 5 above), no difficulty will arise in the international service. 
Accurate reproduction of dimensions would be ensured in the transmission of drawings. The 
only requirement would be for both subscribers to agree in advance on the length of the document 
to be transmitted.
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' 7. We consider that subscribers’ facsimile apparatus should also be adjustable to a scanning 
density half the normal value, without requiring any alteration either in the transmitting scanning 
beam or in the width of the receiving scanning line. In this way, it would be possible to cut the 
transmission time by half, provided the original to be transmitted was of such a kind as to permit 
a rough reproduction at the receiving end (e.g. certain drawings). Continuous lines thus would be 
reproduced as broken lines.

8. We believe that for the transmission of facsimile messages over telephone lines one should 
select an adjustable carrier frequency between 1300 and 1800 c/s (amplitude modulation) and a 
drum rotation speed of n — 120 r.p.m.

9. The following is a table showing the technical characteristics:

Facsimile apparatus 
for business papers

Small-size facsimile receiver 
for weather charts

Drum diam eter............................................. 68.5 mm
Usable drum length ................................. 33 cm
Paper width for page-printing reception . (about 21 cm) about 21 cm .
Index .............................................................. (264) ?
Scanning density (lines per mm) . . . .

normal (=  scanning density)................ (3.86) ?
sw itch ab le ................................................. (1.98) ?

Type of m o d u la t i o n ................................. amplitude modulation amplitude modulation
Carrier frequency adjustable within the

limits o f ...................................................... 1300 to 1800 c/s 1300 to 1800 c/s
Drum rotation speed (r.p.m.) or lines per 

minute in page-printing:
n o r m a l ...................................................... 120 60
sw itch ab le ................................................. 90 or 120

ANNEX 3 TO QUESTION 7/XIV 

See Annex 2 to Question 8/XIV.

Question 8/XIV — Remote control for the transmission of weather-maps.

(continuation o f Question 19 o f Study Group 8, 1957-1960)
(to be studied together with W .M .O.)

Study of the characteristics to be recommended for apparatus for the facsimile trans­
mission of meteorological charts. (This study is undertaken at the request of the World 
Meteorological Organization. It should be carried on in co-operation with this orga­
nization and the results communicated to it.)

Note. — This question will have to be examined from the point of view of remote 
control. The W.M.O. will be requested to describe its exact requirements.
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A N N E X  1 TO  Q U E S T IO N  8/X IV

T he C .C .I.T . has already replied to  Q uestion 19/8 (see the Supplem ents to  th e  docum ents 
o f the V U Ith  P lenary Assembly, page 151).

Only one p o in t rem ained to  be studied, in  connection  w ith phasing, to  which the  C .C .I.T . 
had  already replied (Supplem ents to  the  docum ents o f the  V U Ith  P lenary Assem bly, page 153):

“ 8. Phasing.

8.1. In  view o f the  increasing use o f au tom atic  continuous ro ll recorders, it is considered 
th a t one s tandard  should  be adopted . T he C .C .I.T . suggests th a t the initial phasing signals should 
be ‘ w hite ’ pulses in  all cases, to  ensure the reliable rem ote con tro l o f the receiver and  to  enable 
the  adjustm ent o f the  black recording level before the  com m encem ent o f transm ission  o f the 
subject-m atter. In  view of the fact th a t there is som e existing receiving appara tus w hich requires 
phasing pulses th roughou t the transm ission  o f the  subject-m atter, these la tte r pulses should  be 
‘ black ’. I t is therefore desirable th a t receiving equipm ent should  be capable of accepting b o th  
‘ phase-w hite ’ an d  ‘ phase-black ’ to  ensure correct opera tion  during the  whole o f transm ission , 
and  to  perm it a  receiver, to be phased correctly to  a transm ission which has already com m enced. ”

T he W .M .O . w anted to  know  w hether the C .C .I.T .T . advised th a t appara tus should  be 
capable o f ad ap ta tion  bo th  to  phasing signals preceding a  transm ission and  phasing signals sent 
during a transm ission  and, a t the sam e tim e, to  phase-w hite and  phase-black.

T he C .C .I.T .T . replied as follows:

“ Phasing during transm ission can be considered from  three aspects:

1. appara tus fo r which it is necessary to  m ain ta in  phase correspondence during transm ission
(a phase-black signal fo r each scanning line);

2. transm ission o f docum ents in  series;

3. receiver connected when the transm ission has already begun. ”

This question  has a  general bearing fo r continuous ro ll facsimile receivers. .
A lthough there are  few m achines a t the m om ent which w ork  w ith phasing o r m ain tenance

of synchronism  during  transm ission, it seems th a t fu tu re  developm ent o f such appara tu s is possible 
and  th a t it is advisable to  look to  the future.

T ransm itters and  receivers should therefore be designed fo r phase-w hite a t the  beginning 
o f the transm ission and  phase-black during transm ission.

T he follow ing reply is given to  the W .M .O .:

“ 8. Phasing.

8.1. In  view o f the  increasing use o f au tom atic  continuous roll recorders, and  th e  fact th a t 
phasing (or m aintenance o f synchronism ) during transm ission will be developed, it seems th a t 
transm itting  appara tu s should be designed fo r emission b o th  o f phasing  signals a t the  s ta rt o f  
transm ission and  phasing signals during transm ission. ”

T he first phasing signals a t the s ta rt o f transm ission will be “ phase-w hite ” signals and  m ay 
allow rem ote con tro l o f the receiver and  ad justm ent o f the  b lack  recording level before transm ission  
o f the docum ent is begun.

T he phasing signals during transm ission will be “ phase-black  ” signals.
O f course, if the  W .M .O . were to  decide th a t its netw ork  should be operated  w ith appara tu s 

requiring only one phasing a t the  s ta rt o f transm ission, this double phasing facility w ould n o t be 
necessary, b u t the C .C .I.T .T . considers it desirable to  provide for the  double facility especially since 
th e  equipm ent necessary is simple and inexpensive.
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A N N E X  2 TO  Q U E ST IO N  8/X IV

( Contribution o f  the Federal German Republic, 
contribution C O M  8 —  No. 70, Septem ber 1960)

Telecontrol signals for the transmission of meteorological charts

1. So far as the  G erm an  A dm inistra tion  know s, there is as yet no  in ternational convention 
dealing w ith a suitable p rocedure fo r au tom atic  transm ission o f m eteorological charts. A ll th a t 
has been done is to  specify which operations are  to  be telecontrolled.

In  view o f the increasing use o f facsimile transm ission, and  particu larly  the  use o f con tinuous 
recorders, the G erm an A dm inistra tion  considers it necessary to  have au tom atic  recording o f m eteo­
rological charts w ithou t staff having to  be perm anently  on  duty.

2. T he sam e problem  also arises in  the case o f facsimile appara tu s used for transm itting  
telegram s and  business papers. In  its con tribu tion  to  Q uestion 18 o f Study G roup  8 (see 
A nnex 2 to  Q uestion 7/X IV ) the G erm an  A dm inistra tion  drew  a tten tion  to  the  fact th a t facsim ile 
appara tus for transm itting  business papers will som etimes also be im portan t fo r the reception  of 
m eteorological messages. I t  w ould thus be logical to  align these tw o cases, n o t only in  respect 
o f the technical characteristics o f the  apparatus, b u t w ith regard  to  the sequence o f au tom atic  
operations. T he G erm an  A dm inistration  th inks th a t the C .C .I.T .T . should  a ttem pt to  b ring  
abou t the necessary co-ordination.

3. In  principle, the au tom atiza tion  o f operations should be so arranged  th a t a m anual service 
could also be carried  on  the whole tim e a t the receiving end. Receiving stations will then  be able, 
if  necessary, to  b reak  in on a transm ission already tak ing  place.

4. T he sequence o f signals in  au tom atic  operation  should  be  chosen in  such a  way th a t the 
transm itting  sta tion  can  operate  b o th  continuously (flat-bed transm itter o r tw o coupled au tom atic  
d rum  transm itters) and  consecutively (drum  transm itter).

The follow ing details (paragraphs 5 to  11) refer to  au tom atic  receivers (drum  receivers). 
T he conditions under w hich d rum  receivers w ould be used in  au tom atic  transm issions are dealt 
w ith in parag raphs 12 and  13.

5. T he au tom atic  con tro l itself m ust fulfil the follow ing conditions:

a )  I t  m ust operate bo th  on m etallic circuits and  on  rad io  channels. T he con tro l signals m ust
n o t lose their identity  w hen converted from  am plitude m odu la tion  to  frequency m odulation  
and  vice versa.

b)  W hen n o t in  operation , the receiver m ust be kep t ready fo r service. T h a t is to  say, the  
appara tu s m ust be connected to  the  m ain  supply and  switched to  au tom atic  reception. T he 
ready-for-service position  m ay be switched in  m anually  o r au tom atically  by m eans o f a  tim e 
switch.

c )  In  d rum  receivers, the  follow ing operations should be carried  ou t:

1) choice o f the index,

2) choice o f the speed,

3) starting  o f the receiver,
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4) adjustm ent o f the level,

5) phasing,

6) stopping o f the  receiver.

A t the sam e tim e, every attem pt should be m ade to  carry  ou t several of these operations 
w ith a single signal.

d ) W hen several charts have to  be transm itted  continuously (flat-bed transm itter o r tw o coupled 
au tom atic  transm itters), the stop signal (6) m ust be sent only after the  last transm ission, 
provided th a t neither the index n o r the speed have been changed during th e  sequence o f 
charts (see parag raph  10).

e) C are m ust be taken  that, in a sequence o f transm issions, the  receivers do n o t m ove from  the 
nom inal phase position  as a result o f slight differences in  speed (in term ediate phase correction).

f )  I f  the  transm itting  station  uses consecutive scanning (w ith d rum  transm itter), care m ust be 
taken  tha t, during the intervals betw een transm issions needed to  change the docum ent, the 
exact phase position  is m aintained a t all the  stations tak ing  p a rt in  the  transm ission.

6. T o ensure sm ooth  running  o f the service, particu larly  in  th e  case o f the  rad io  service, 
the s ta rt and  stop  signals should be such th a t before the  beginning o f the  opera tion  concerned their 
frequency and  du ra tio n  can be selectively checked a t the receiving end.

7. W ith regard  to  the signals m entioned in  5 (c ) ,  the  G erm an  A dm inistra tion  m akes the 
follow ing detailed proposals:

A s regards (1 ) :
(  576 \

R ecom m endation  50 o f the C .S.M . envisages tw o indices I 576 and  288 =  - ^ - 1  and

th ree  different speeds (60, 90 and  120) fo r the  transm ission o f m eteorological charts. In  
o rder th a t the  index and  the  speed m ay be changed a t will, it is necessary to  have a  special 
signal fo r the  choice o f  the index.

I t  seems logical to  choose a  frequency of 

300 c/s fo r  the index 576

because it is already used o r contem plated  by various m eteorological services in  E urope and  
N o rth  A m erica. The signal fo r the  choice o f the index 288 should  be ano ther aud io  frequency, 
which m ust n o t coincide w ith a  harm onic o f 300 c/s. T he G erm an  A dm inistra tion  proposes

675 c/s fo r  the index 288.

T he carrier should, in  each case, be m odulated  by these tw o frequencies fo r 5 seconds 
in  such a  way th a t an  approxim ately rectangular envelope is ob tained  w ith an  am plitude 
difference o f a t least 25 db.

A s regards (2 ) to (5 ) :

F o r the  choice o f the speed and  the adjustm ent o f the  receiver to  the  necessary level, 
th e  G erm an  A dm inistra tion  believes th a t use m ight be m ade a t the  sam e tim e o f the negative
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phasing signal (black, in terrup ted  by w hite pulses) envisaged fo r phasing in  R ecom m enda­
tion  50. This signal should last a t least 36 seconds, m ade up as follows:

1 second fo r  fix in g  the speed  (by spacing tw o successive phasing pulses, the  speed is 
unm istakably  indicated).

5 seconds fo r  starting the receiver and adjusting the level.
^  30 seconds fo r the  phasing (see R ecom m endation 50, para . 8.3).

A  special signal fo r the beginning o f the transm ission itself (scanning start), is n o t con­
sidered necessary. T he end o f the phasing then  also indicates to  the receiver the s ta rt o f 
the recording, while the  transm itter begins the  facsimile transm ission only after the above 
tim e schedule expires.

A s regards (6 ) :

A fter the end o f the  transm ission, the receiver m ust be stopped by m eans o f a special 
stopping frequency. A s in  A m erican systems, the  frequency 450 c/s should  be chosen for 
this purpose. This frequency m odulates the carrier frequency fo r  5 seconds in the  sam e way 
as th a t described above in the case o f the s ta rt signal.

8. Positive phasing pulses (black pulses during scanning in  the dead sector) should  always 
be transm itted  during the transmission. Receiving stations which wish to  take  p a rt in  a transm ission 
already taking place can then  visually recognize the phase position  and correct it by hand.

9. A t the sam e tim e, these phasing pulses should  be used to  offset any possible speed differ­
ences betw een the receiving stations and  the transm itting  stations by automatic phasing correction 
a t specified intervals.

10. Should the index o r the speed be changed, the series o f charts concerned m ust be te r­
m inated  by transm itting  the stop  signal and  a  new series in troduced  by the appropria te  s ta rt signal.

11. W hen the transm itting  sta tion  is w orking w ith a  simple drum  transm itter, it  m ust, if it 
is to  be able to  transm it several charts successively w ithou t a new start-stop  (consecutive scanning) 
schedule, have a t its disposal a special phasing  signal generator which m aintains the phase position  
during the  changing o f docum ents. In the interval between two transmissions, a  positive phasing 
signal (white, in terrup ted  by b lack  pulses) w hich regulates the  transm itter d rum  w hen phasing 
recom m ences should always be transm itted . This phasing signal also ensures a  reliable autom atic  
phasing correction  in  the  intervals betw een the  transm issions (see parag raph  9).

12' D rum  receivers canno t receive autom atic  transm issions w ithout losing p a rt o f the  message 
unless the  receiving station  is equipped w ith tw o m achines operating  alternately. I t  is also 
necessary to  have a special phasing signal generator which, precisely adjusted  a t the beginning o f 
th e  transm ission, brings the  second m achine in to  the  exact phase position  during the transm ission 
o f a chart. C are should also be taken  to  ensure tha t, a t certa in  intervals, the generator can  be 
corrected from  the p o in t o f view o f its phase position.

Otherwise, special m easures m ust be taken  so as to  m ake it possible — and  this also applies 
w hen d rum  receivers are ,be ing  used — to  carry ou t the  phasing during a transm ission which is 
already taking place. In  this case, it is inevitable th a t som e o f the  message will be lost.

13. W hen there is consecutive scanning (see p arag raph  11 above), the positive phasing signal 
m akes it possible fo r d rum  receivers to  take p a rt again in the transm ission w ith an  exact phase 
position  after the  paper has been changed, w ithout any p a rt o f the  message being lost.
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14. Finally, attention should be drawn to the fact that, in radio transmission, the Radio 
Regulations (Chapter V, Article 19) require an identifying signal, which must be sent before 
transmission begins and during the intervals between transmissions.

In view of the fact that transmissions of meteorological charts are often carried out by different 
radio transmitters at the same time, the identifying signal should always indicate the facsimile 
transmitter station. Intervals between successive, individual transmissions of charts — provided 
that they do not last longer than 6 minutes — are not to be regarded as intervals in this sense.

15. The annexed table contains the sequence of signals proposed by the German Adminis­
tration for the automatic transmission of meteorological charts.

A n n e x

Sequence of signals for the automatic transmission of meteorological charts

Signal State Remarks

1. Identification ............................. N ot in operation.
The receivers are in the ready- 

for-service position 1.

The power supply is con­
nected. The identifying 
apparatus is ready to re­
cognize signal 2.

2. Start signal (5 seconds) . . .
a) 300 c/s
b) 675 c/s

Choice of the index.
a) for 576
b) for 288

The receivers are in the ready- 
for-service position 2.

The identifying apparatus is 
ready to recognize signal 3.

3. Negative phasing signal 
( ^ 3 6  seconds) 1 second for the choice of 

the speed.
5 seconds for starting, and 
- adjusting the level.

S; 30 seconds for the phasing.

4. Positive phasing pulses . . . . Transmission No. 1. Manual participation by re­
ceiving stations is possible.

5. Positive phasing signal . . . . Interval between the trans­
missions :
Changing of document and 
rephasing.

With consecutive scanning 
only:
The transmitter station uses 
drum transmitter.

6. Positive phasing pulses . . . . Transmission No. 2. As for 4.

7. Stop signal (5 seconds) . . . 
450 c/s

Stopping of the receivers. 
Return to the non-operating 

position.

See under 1.

Negative phasing signal =  Black, interrupted by white pulses.
Positive phasing signal =  White, interrupted by black pulses.
Positive phasing pulses =  Black pulses during scanning in the dead sector.
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A N N E X  3 TO  Q U E ST IO N  8/XIV 

Proposals and comments from the W.M.O.

(E xtract fro m  contribution C O M  8, N o. 36, June 1958)

8 . P h a s i n g  (m is e  e n  p h a s e ) .

8.1. A p para tu s  should  be capable of operation  using either phase-w hite o r phase-black 
(mise en  phase su r b lanc ou  su r noir).

N o te : In  view o f the  fact th a t in  the case o f  au tom atic  appara tu s designed to  operate on  a 
single standard , the  use o f inverse phasing will p robably  necessitate m anual adjustm ents a t the 
recording term inal, i t  w ould be useful, therefore, to  form ulate  a single s tandard  for appara tus 
operating  entirely by rem ote control.

8.2. Length o f  phasing pulse  (duree de l’im pulsion de mise en  phase). T he length (or 
du ra tion ) o f the  phasing pulse should  be n o t less th an  5 % o f the  to ta l transm ission tim e o f one 
scanning line (e.g. 50 milliseconds a t 60 r.p .m .) and  should also n o t exceed this value if  the trans­
m ission o f phasing  pulses is continued th roughou t transm ission o f p icture  intelligence.

8.3. Duration o f  transmission o f  phasing pulses (duree de rem ission  des im pulsions de 
mise en phase). Phasing pulses should  be transm itted  fo r  not less than 30 seconds before the trans­
m ission o f p icture  intelligence, regardless o f  the drum speed employed. Phasing pulses may con­
tinue to  be sent th ro u g h o u t the  period  o f transm ission o f  p icture  intelligence provided th a t the 
length o f  the pulse does n o t excess 5 % o f the to ta l tim e taken  to  transm it one scanning line.

8.4. Sequential or continuous transmission (em ission continue). I f  a  sequence o f charts 
is sen t from  autom atically  coupled transm itters, or if  a  flat bed (continuous scanning) transm itter 
is em ployed, the  length o f p icture  transm itted  w ithout re-phasing should n o t exceed a figure m ore 
th an  approxim ately  th ree times the  to ta l length o f the  scanning line.

C .C.I.T . comments

8.1. In  view of the increasing use o f au tom atic  continuous ro ll recorders, it is considered 
th a t one s tandard  should be adopted . The C .C .I.T . suggests th a t the  initial phasing signals should 
be “ w hite ” pulses in all cases, to  ensure the reliable rem ote con tro l o f the  receiver and  to  enable 
the  adjustm ent o f the  black  recording level before the com m encem ent o f transm ission o f the 
subject m atter. In  view o f the  fac t th a t there is som e existing receiving appara tu s  which requires 
phasing pulses th roughou t th e  transm ission o f the  subject m atter, these la tte r pulses should be 
“ b lack  ” . I t  is therefore desirable th a t receiving equipm ent should be capable o f accepting both  
“ phase-w hite ” and  “ phase-black ” to  ensure correct opera tion  during the w hole o f transm ission, 
and  to  perm it a receiver to  be phased  correctly to  a transm ission which has already com m enced.

8.2. Length o f  phasing pulses. The C .C .I.T . is o f the op in ion  th a t the  length o f the phasing  
pulse should be w ithin the  lim its 4 % +  1 % o f the to ta l tim e taken  to  transm it one scanning line.

8.3. N o  com m ent.

8.4. N o  com m ent.
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Rem arks by C .S .M .

8.1. “ Phase-w hite ” should  be adop ted  as the standard  phasing signal to  be transm itted  
p rio r to  the transm ission o f p icture intelligence. T he C .C .I.T . reference to  recorders w hich require  
phasing pulses th roughou t the  transm ission  o f p icture intelligence is n o t fully understood . The 
black pulses sent during the transm ission o f p icture intelligence are in  m ost cases m erely the 
transm issions o f the im age o f the clip securing the  subject-m atter to  the tran sm itte r d rum , and  
do n o t always appear.

8.2. I t  w ould appear to  be necessary only to  specify a m inim um  length fo r th e  phasing 
pulse,” and  the m inim um  of 3 % perm itted  by the  C .C .I.T . suggestion m ay be som ew hat shorter 
th an  the  op tim um  requirem ents (5%  gives a 25 m/sec. pulse a t 120 r.p .m . w hereas 3%  gives a 
pulse o f only 15 m /sec.). The original suggestion by R A  V I th a t the pulse should  be o f a  du ra tio n  
n o t less th an  5 % o f the  to ta l transm ission tim e for scanning one line m ay be therefore  a m ore  
desirable standard .

8.3. I t  is difficult to  envisage the transm ission o f w hite phasing pulses th ro u g h o u t the  
transm ission o f p ictu re  intelligence because m eteorological charts are  p redom inan tly  w hite in  
character. A ny pulses sent during  the transm ission  o f p ictu re  intelligence will therefore  p re ­
sum ably be b lack ones and  will usually result from  a transm ission o f the  clip im age —  see com m ent 
under 8.1. T here are good  reasons, particu larly  in  the case o f recorders em ploying electrolytic 
paper, for arranging  th e  transm itter so th a t the  im age o f the paper retain ing clip is n o t sent during 
the transm ission o f p ictu re  intelligence.

8.4. N o  com m ent.

9 . S y n c h r o n i z a t i o n .

. The scanning speeds o f appara tu s used should  be m aintained w ithin +  5 p a rts  in  106 o f  the ir 
nom inal values.

N o te : This to lerance adm its a m axim um  skew o f approxim ately 1: 55 in  th e  case w here the 
transm itter and  recorder opera te  a t the  m axim um  perm itted  deviation  in opposite  directions.

C .C.I.T. comment
“ 9 . S y n c h r o n i z a t i o n .

T he view o f the C .C .I.T ., is th a t the am ount o f skew w hich can  be to lerated  is a  m atte r fo r 
the  user to  decide. T he im position  o f a sm aller speed to lerance th an  th a t quoted  ( + 5  p arts  in  106) 
w ould be likely to  increase the  cost and  com plexity o f the equipm ent. The C .C .I.T . has observed 
th a t the m axim um  skew can be 1:55 fo r the speed tolerance quo ted .”

Rem arks by C .S .M .
N o com m ent.

10. S i g n a l s  f o r  a u t o m a t i c  o p e r a t i o n  (signaux prevus p o u r le fonctionnem ent p a r telecom - 
m ande).

In  the case o f au tom atic  equipm ent, standards have to  be form ulated  fo r the  follow ing signals 
a t least:

— fo r starting ;
— fo r phasing;
—  fo r stopping.

(8/XIV)
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These signals must be acceptable for both land-line and radio transmissions; in the latter 
case, they should retain their identifying characteristics when subjected to AM/FM and FM/AM 
conversion.

C .C .I.T . comment

The C.C.I.T. took note of the contribution made by France and the United Kingdom (see 
Appendix).

Rem arks by C .S .M .

The question of automatic control signals needs further study. It is considered that if the 
recorder is to be fully automatic it must be capable of carrying out the following operations:

1. recognize a starting signal,

2. select the correct speed (i.e. 60, 90 or 120 r.p.m.),

3. where necessary set recording levels,

4. phase correctly,

5. revert to a stand-by condition at the end of the transmission.

These functions need not necessarily be carried out in the above sequence nor is a separate 
and different controlling signal necessarily required for each operation.

APPENDIX
(Extracts from C.C.I.T. documents SG.IV/32 and SG.IV/34, 1953-1956)

United Kingdom (SG IV/32).

For land-line transmissions it is possible to operate satisfactorily with automatic recorders which 
start on the receipt of white phasing pulses and which close down when the picture carrier frequency is 
removed from the line. However, for radio transmissions it is considered that more positive signals are 
necessary if spurious operation is to be avoided. A preliminary study in the United Kingdom indicates 
that these stop/start signals:

a) must be acceptable for transmission over land-lines;

b) must be capable of transmission over radio links and, in particular, must hot lose their identifying 
characteristics when subject to AM /FM  and FM /AM  conversion;

c) cannot conveniently be confined to the dead sector period of drum rotation, and therefore should 
be distinguishable from the facsimile signal.

It is tentatively proposed that the stop/start signals should be formed by substituting for the facsimile 
information before modulation either one or two tones having frequencies of the order of several hundred c/s.

Note. — If positive stop/start signals are employed for radio transmissions it will probably be con­
venient to employ the same procedure over land-lines.

France (SG IV/34).

It also appears that, apart from a few exceptions, meteorological services have adopted continuous 
automatic reception, as in France. This, incidentally, raises the special problem of remote control of

(8/XIV)
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definitions and speeds; as far as the French Administration is aware, only the French meteorological 
services have proposed solutions to this problem, it being understood that only two combinations are 
suggested, i.e., index 288/speed 120 r.p.m. and index 576/speed 60 r.p.m.

For automatic control of the facsimile receiver the following code is used:

Permanent black: condition of non-transmission.
White pulses on a black background: signals for starting, for remote control of the choice of 

speed/index combination, for phasing, for showing the presence of the facsimile sender (these last 
signals lasting 5 % of the time taken by the transmitting drum to rotate).
The return to permanent black causes the receiver to stop automatically.
For transmission on radio channels, modulation converters ensure direct control of frequency modula­

tion in transmitters which may be of the telegraph type: the automaticity of the receiver does not raise 
any problem in this respect.

Question 9/XIV — Half-tone pictures transmission over combined radio and metallic circuits.

(continuation o f Question 11 o f Study Group 8, 1957-1960)
(interests the C.C.I.R.)

Study of the transmission of half-tone pictures over combined radio and metallic 
circuits, when direct frequency modulation of the radio frequency carrier is used; revision, 
if necessary, of the limit values for frequency stability given in Recommendation T .l5.

Comments

It may happen in practice that both systems are used in tandem; frequency modulation on 
the metallic circuit and direct frequency modulation on the radio circuit. If the deviation limits 
in the two systems are in the same direction, the resulting overall frequency deviation will no 
longer be tolerable for satisfactory transmission.

(9/XIV)
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(Extract from  the contribution o f France, contribution COM  9, No. 46, February 1959)

I .  T h e  d if f e r e n t  t y p e s  o f  t r a n s it i o n s  o f  t e l e g r a p h i c  m o d u l a t io n

A distinction should be made between:

1. space-mark transitions,

2 . mark-space transitions other than the beginning of the start; they are generally dis­
tinguished from those mentioned before by a different restitution delay and a different 
distribution of this delay around its mean value. If the mean duration of the stop 
unit is the unit interval and if the case of automatic sending is considered, there is no 
need to distinguish the first start transition from other mark-space transitions; but 
in all other cases it is necessary to distinguish:

3. the first start transitions.

In the case of linear systems 1, the restitution delay may be deduced from the channel 
characteristics and from knowledge of the modulation which preceded the transition in 
question. The examination of given curves for information purposes in the article men­
tioned shows that, even in this case, it is very difficult to represent in a practical mathe­
matical form, the mean restitution delay and its distribution around the mean value.

In the case of a real channel, account should be taken, apart from the distortion due 
to the “ static ” properties of the transmission channel, of distortion due to cross-talk, 
noises of various origins, non-linearity such as that which may be introduced by trans­
formers, variations of voltage, resistances, etc.

Finally, as a first estimate for a theoretical examination, it will be assumed that, for  
each type o f transition, the restitution delays on the channels be distributed around a mean 
value according to a normal law. Even if very rough, this estimate makes it possible to 
tackle the problem mathematically. It is also worth noting that, in practice, there is more 
interest in the degrees of distortion than in the restitution delays. The calculation and 
measurement of the distortions only brings in the difference between two restitution 
delays, that of the transition in question and that o f the corresponding initial start. The 
different causes of distortion are thus combined, which makes the estimate more exact 
for calculation of distortion than for the calculation of restitution delay.

DISTORTION CAUSED BY A TELEGRAPH TRANSMISSION CHANNEL

II. T h e o r e t ic a l  c o n s e q u e n c e s  f o r  t h e  i n h e r e n t  d is t o r t io n

OF A TELEGRAPH CHANNEL

Let us suppose that a perfect modulation is sent to the input of a telegraph channel 
and that the distortion of a space-mark transition at the output of the channel is watched.

1 MM. Bayard and Roquet: Mathematical characterization of messages and its use for the deter­
mination of correcting networks. Ann. Telecom., February 1956.
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This distortion is the relation to the unit interval, of the difference between the restitution 
delays of the space-mark transition in question and the corresponding initial start transi­
tion. Now, according to the preceding paragraph, each of these restitution delays is 
supposed to be distributed around a mean value t, according to a normal law, with a 
standard deviation s. A classical result of probability calculation shows that the difference 
between the two restitution delays is then distributed around a mean value T, according 
to a normal law, with a standard deviation S. In the formulae, the quantities relative to 
the space-mark transitions will be denoted by R, those relative to the initial start mark- 
space transitions by S and those relative to the other mark-space transitions by T ; hence, 
using this notation:

2 r  =  {s

S i - s i - } -  si
A similar result will be obtained for the distortions relative to the mark-space transi­

tions :

Tt and ST are generally different from TR and SR, but may be equal to them.
If the statistical distribution of the distortions at the output of a telegraph channel 

(the incoming modulation being perfect) is examined, these distortions, which are propor­
tional to the differences between two restitution delays, fall into two groups, one corres­
ponding to the mark-space transitions and the other to the space-mark transitions, each 
group approximately obeying a normal law.

III. N o t e

The hypothesis that the initial start transitions allow of restitution delays which are 
distributed according to a normal law is subject to two reservations:

1. It assumes implicitly that the sending rate is constant. The distribution laws 
would in general be different when a modulation is transmitted at maximum speed and 
when the characters are transmitted one by one with an interval of one minute between 
two characters, for example.

This hypothesis does not cause difficulties in practice since the distortions on modula­
tions sent at maximum speed (output from a margin measurer or an answer-back signal 
transmitter) are generally observed.

2. It also assumes that the modulation sent to line is as varied as possible so that 
the conditions taken by the line preceding the transitions under study vary as much as 
possible during the measurements. A measurement carried out with a character trans­
mitted repeatedly might clearly give very different results.

IV. Jo i n i n g  o f  t e l e g r a p h  c h a n n e l s

The hypotheses and arguments put forward should be valid whatever the composition 
of the telegraph channel in question, in particular where it is formed by the joining of two 
or more channels with entirely different characteristics.

15
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The arguments put forward in paragraph II with regard to the difference between two 
restitution delays apply to the sum of several restitution delays. Thus when several 
channels are joined, the distribution functions remain of the normal type; only the numerical 
values change.

By using T  and S  without subscripts to indicate the quantities previously defined for 
the composite channel and to indicate the same quantities for component channels 7) . . . ,  
Tn, Si . . . ,  Sn the following equations are immediately obtained:

T = T , +  . . .  +  Tn

s2 = s) +  ... +  s2n

THE STATISTICAL DISTRIBUTION OF START-STOP TELEGRAPH 
DISTORTION IN TANDEM-CONNECTED V.F. TELEGRAPH CHANNELS

(Extract from the contribution o f the United Kingdom, contribution COM  9, No. 24, 
November, 1958)

For the purpose of assessing the overall quality of the voice-frequency telegraph 
channels in use in the United Kingdom telegraph automatic switching system, an analysis 
of distortion has been made on a considerable number of connections.

The total number of telegraph circuits examined was 728, each being composed of a 
number of tandem-connected channels ranging from two to six. The circuits were set 
up by dialling to provide a route through various switching centres to the centre at which 
the measurements were made. Two series of tests were conducted, one with the connections 
originating and terminating at a London switching centre and one with connections from 
London to Birmingham. In general, the V.F. telegraph apparatus in the U.K. is of a 
kind designated Type 3, but one London centre has Type 4 apparatus which is of a superior 
performance. Hence, in the first series of tests all connections included one link of Type 4 
apparatus, whereas in the second series, a very small proportion of the connections included 
this apparatus. The effect of this is clearly shown in the measurements. Table I shows the 
number of tests of each size of circuit and the proportion of the tests that involved the 
various intermediate switching centres. An attempt was made to plan the routes for the 
tests according to random, choice, but this was possible only in part, as some switching 
centres have a very limited number of routes available. Because the channels to be tested 
were selected automatically, they functioned as they would in ordinary service, without 
any possibility of being specially adjusted.

The measuring apparatus employed was the telegraph distortion analyser *. The 
modulation rate of the test signal was 50 bauds, the character length was 7.5 units and the

* Wheeler & Frost: “ A telegraph distortion analyser”. P.O.E.E.J., Vol. 47, Pt. 1, Apr. 1954.
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distortion of the test transmitter was less than 0.25 %. The text of the test-message w as:

THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG 12345 67890 
LINE X  C/R L/F L/S

(X  =  1, 2, 3, 4, 5, 6 or 7).

The measurement made on each circuit was the distribution of individual start-stop 
distortion of 1000 space-to-mark transitions.

This restriction to one kind of transition must be borne in mind when reading the 
subsequent discussion, particularly where “ distortion ” or “ distribution of distortion ” 
is used without specific qualification.

Space-to-mark transitions were chosen because, being of opposite polarity to that 
of the commencement of the start element, they are directly affected by bias, which is 
found to be a dominant contribution to the limitation of circuit performance. The size 
of sample, 1000 transitions, has been found to be adequate for this particular type of 
study.

Analysis of the observations led to the following conclusions: that, for circuits com­
prising a given number of links, the mean values and the standard deviations of the dis­
tributions of distortion measured were both capable of being closely represented by normal 
distributions, and that there was negligible correlation between the mean and standard 
deviations.

An example of the distribution curves for the mean values and the standard deviations 
of distortion for one service of tests on five-link circuits is shown in figures 31 and 32. 
The statistics of the distributions of the mean and standard deviations for each magnitude 
of circuit are shown in figures 33, 34, 35 and 36.

From a more detailed analysis of a sample of distortion distributions from all lengths 
of circuit measured, it appears that these distributions have a common shape.

The empirically derived “ fundamental distribution ” curve is shown in figure 37. 
The values of the curve and an explanation of the scales are given in Table II. From  this 
basis it is possible to calculate for each size-group of circuits the proportion of circuits 
expected to meet a given criterion of performance, e.g. producing an inherent start-stop 
distortion of less than 30% (P =  0.0001), but if this is done directly from the statistical 
data described above, there is some irregularity in the results produced by the wide varia­
tions in the original data which are undoubtedly due to the limited field of this investigation. 
To bring some consistency to the final predictions of the quality of the telegraph network 
an attempt is made in the following to relate the values of the statistics to the number of 
links in the circuits, on the foundation of the approximate theories of the addition of types 
of distortion in tandem-connected links that have previously been put forward. It is 
appreciated that these theories are by no means perfect and require more detailed investiga­
tion to improve them.

The distortion measured is the inherent distortion (of space-to-mark transitions) and 
therefore contains contributions of bias, characteristic and fortuitous distortion. For 
simplicity it will be assumed generally that there is no interdependence of these contribu­
tions.

The mean distortion of observations on a group of circuits of a given number of links
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will be largely decided by the average value of bias distortion of single links, but it is 
possible for the mean value of characteristic distortion to be other than zero and this will 
also affect the observed mean distortion. The variance of the mean distortion will be 
controlled by the variance of bias distortion. The mean of the standard deviations of 
distortion will naturally depend upon the fortuitous distortion, but it will also contain 
a component due to the dispersion of characteristic distortion.

The variance of the standard deviation of distortion will depend upon the distribution 
of the mean noise power in the circuits and probably on the interaction of the various 
types of distortion, but it is not readily predicted.

Let a =  mean bias distortion of single links
b =  standard deviation of bias distortion of single links
c =  fortuitous component of the standard deviation of individual distortion of 

single links
d  =  characteristic component of the standard deviation of individual distortion 

of single links
e =  characteristic component of the mean distortion of single links
m  •= mean distortion of a circuit
s =  standard deviation of distortion of a circuit
m  =  mean of the means (m)

=  standard deviation of the means (m) 
s =  mean of the standard deviations (s) 

a2 =  standard deviation of the standard deviations (5)
N  =  number of links in circuit

These expressions have been used to fit curves to the observed values as shown in 
figures 33, 34, 35 and 36. In the case of the tests of the first series, terminating at London, 
(iii) has been modified to the form

to take into account the difference in the characteristic distortion produced by the final 
link from that in the other links.

Inspection of figures 33, 34, 35 and 36 leads to the following comments. Whilst, in 
general, the fitted curves pass within the 95% confidence limits of the statistics derived 
from the observations, there are several instances where they do not. This is because they

Then

m =  (a+e) N
« i = b  VN
52 =  c2N 2+ d 2N 2

(i)
(ii)

(iii)

=  c2 N  +  [d  (N — 1) +  dx] 2
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have been selected to give a representation of the results of both tests and the tests ter­
minating in London comprise the smaller number of observations.

In the case of the mean of the means (ra), figures 33a and 35a, a value of (a+ e) =  
-  0.6 gives a representation of the general trend, but a possible fit can be obtained only 
by the introduction of a constant term, different for the two tests. A possible explanation 
is that, since the measurements were made at two stations, there was possibly some cir­
cumstance individual to the station at the time of the test which influenced the bias on 
the channels terminated there.

The standard deviation of the means (ctJ, figures 33b and 35b, in both tests is fitted 
to a similar degree by a value of b =  3.5. This high value indicates the considerable 
variation of bias over the whole system and its serious effect upon the inherent distortion.

The relatively good representation which is achieved for the mean of the standard 
deviations (a2), figures 34a and 36a, may be regarded as justifying the notions of characte­
ristic distortion being directly additive and fortuitous distortion being quadratically 
additive.

No attempt was made to substantiate from theory an expression relating the standard 
deviation of the standard deviations (or2) to the number N  of links, but <r2 =  0.325. y / J f  
provides a possible fit, although agreement with the London tests is not very satisfactory. 
The relatively low value of the constant indicates a fair degree of uniformity o f circuits 
comprising a given number of links from the aspect of fortuitous and characteristic distor­
tion and may be largely due to the variations in noise level.

By the use of the derived statistics and the fundamental distribution curve, an estimate 
has been made of the proportion of circuits which will have a better performance than that 
signified by a degree of inherent distortion of 30 % (P =  0.0001), assuming them to be com­
posed entirely of Type 3 or Type 4 channel links. This is shown in figure 38. For this 
purpose it is assumed that the additional constant term in m is -  2 , i.e. that the influence 
of a particular terminal station will not be more adverse than this. The forecast is there­
fore slightly pessimistic as the majority of stations are probably better.

As stated earlier, this stage might have been achieved more directly from the original 
observations and a comparison is shown in Table III, but from the mathematical models 
derived, it is possible to study the influence upon the overall performance of the network 
of variation in the parameter.

This is illustrated in figures 39 and 40. One particular result shown is that if, in 
general, the bias distortion could be halved, one more link could be added for the same 
grade of performance.

Although the effort involved in conducting these tests and collating the results was 
considerable, it must be admitted that, in the statistical sense, the sample considered is 
very limited and that the conclusions must be applied with due caution. Nevertheless, it 
is felt that as an example of an attempt to measure the performance of a fairly large switching
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network this work should prove a good basis for further investigations. The procedure, 
to a large degree, circumvents the difficulties arising if one attempts to predict overall 
quality from consideration of the behaviour of single links alone.

T able  I

The following table shows the comparative extent (as percentages) to which the various 
intermediate switching centres were used during the transmission tests. In referring to 
this table it should be recalled that the Birmingham tests were routed from JXN to JBM 
and the London tests from JTS back to JTS, e.g.

JXN-JMR-JLS-JBM (Test No. A 1730) 
JTS-JMR-JLS-JTS (Test No. 3023)

T able  I

Intermediate
switching

centre

Number of links in tandem N  

Number o f observations n

London tests Birmingham tests

N  =  2  
n  =  20

N  =  3 
n  =  100

N  =  4 
n  =  40

N  =  5 
n  =  100

N  =  6 
n  =  60 s 

*
11 

II N  =  3 
n  =  49

N  =  4 
« =  100

N  =  5 
n  =  200

N  =  6 
n  =  98

Aberdeen JAB 2 .0 1.3 1.3 1.8
Belfast JBE 2 .0 0.7 1.5 1.2
Birmingham JBM 20 .0 19.0 16 J 17.5 14.3 0 .2
Bournemouth JBH 3.1 2 .0 1.8 2 .2
Brighton JBR 0.7 0 .2
Bristol JBS 11.0 9.1 16.3 12.0 11.1 13.0
Cardiff JCF 9.1 4.1 4.7 4.3 4.3
Edinburgh JEH 6.0 9.1 4.1 4.7 4.5 4.5
Exeter JEX 10.0 8.3 3.0 5.0 1.0 0.3 1.1 1.2
Glasgow JGW 10.0 19.0 15.8 16.5 10.7 14.3 11.7 9.8 11.7
Grimsby JGY 2.0 1.7 2.0 1.4
Hull JHU 9.1 1.0 1.7 0.8 0.4
Leeds' JLS 20.0 20.0 15.0 16.0 13.0 9.1 22.5 17.6 16.7 16.2
Liverpool JLV 10.0 16.0 12.5 12.5 9.3 9.1 8.2 8.0 6.4 8.2
London (Centre) JTS 5.7 7.5 6.5
London (North) JXN 10.8 11.0 9.7
London (West) JXW 9.6 11.3 11.2
Manchester JM R 20.0 15.0 11.7 13.5 9.0 9.1 7.2 7.0 6.5 6.3
Newcastle JNT 10.0 11.0 9.2 10.0 7.3 9.1 6.2 6.0 5.2 4.9
Nottingham JNG 9.1 2.0 2.3 2.3 1.4
Sheffield JSH 9.1 2.0 1.7 2.3 1.4
Southampton JSO 4.7 9.0 2.0 1.3 2.7 2.0
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T a b l e  I I

The fundamental distribution curve
(see figure 37)

*0 F

— 3.10 0.001
— 2.90 0.01
— 2.62 0.1
— 2.5 0.2
— 2.12 1.0
— 2.0 1.6
— 1.5 6.1
— 1.27 10.0
— 1.0 16.3
— 0.5 31.6

0.0 50.0

*0 F

0.0 50.0
0.5 68.4
1.0 83.7
1.27 90.0
1.5 93.9
2.0 98.4
2.12 99.0
2.5 99.8
2.62 99.9
2.90 99.999
3.10 99.999

x0 =  normalized deviation of x
F  =  percentage of space-to~mark transitions which are earher than x

x  — m

where x  =  given value of distortion 
m  =  mean value of distortion 
s =  standard deviation of distortion.

T a b l e  III

Comparison of number (A ) of circuits having a distortion of < 3 0  ° / ( P  =  0.0001) deduced from :
i) the measured distributions directly,

ii) the final curves produced by statistical inferences.

Number o f links Number o f tests A (i) A (ii)

2 20 20 20
JTS 3 100 100 100
— • 4 40 40 39

JTS 5 100 99 96
6 60 54 55

2 11 11 11
JXN 3 49 47 49
— • 4 100 99 98

JBM 5 200 185 187
6 98 82 84
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s =  V 2-1Ar+ 0-5iV2

0 I
(a)

2 3 4 5 6

Number of links in tandem N

^  Observed value and9 its 95%
confidence limits

ct2 =  0.325 -y /N

(b) Number of links in tandem N

Figure 34. — The mean o f  the standard deviations and the standard deviation 
o f the standard deviations, Birmingham tests
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F ig u r e  35. — The mean o f the means and the standard deviation o f  the means,
London tests
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Number of links in tandem N
T Observed value

0  and its 95 %
1 confidence limits

(b) 0 1 2 3 4 5 6

Figure 36. — The mean o f the standard deviations and the standard deviation 
o f the standard deviations, London tests
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0.01 0.1 1 10 50 90 99 99.9 99.9

Percentage of space-to-mark transitions which are earlier than the ordinate

Figure 37. — T h e  f u n d a m e n t a l  d i s t r i b u t i o n  c u r v e
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Number of links in tandem

Figure 38. — Comparison o f  Type 3 and Type 4 systems. “Grade A circuit ” : inherent 
start-stop distortion <  30% (P = 0.0001)
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Number of links in tandem

Curve X: Circuits terminated at a station at which the additional bias distortion is 2% marking. 
Curve Y : Circuits terminated at a  station at which there is no additional bias distortion. 
Curve Z: Circuits terminated at a station at which the additional bias distortion is 2% spacing.

Figure 39. — The effect o f  average bias distortion. Type 3 systems
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Number of links in tandem

+2 Curve V : Circuits as found during the transmission tests.
g Curve W : Circuits in which the average value of bias distortion per link has been reduced from

•3 0 .6 % marking to zero.
— Curve X : Circuits in which the mean value of the fortuitous distortion component of the standard
.0  deviation of distortion has been reduced to half its present value.

Curve Y : Circuits in which the mean value of the characteristic distortion component of the
-g standard deviation of distortion has been reduced to half its present value.
Oh Curve Z : Circuits in which the standard deviation of bias distortion has been reduced to half
E  its present value.

Figure 40. — The effect o f  halving the value o f  the various forms o f distortion. Type 3 systems

EXTRACTS FROM RECOMMENDATIONS OF VOLUME III 
CONCERNING VOICE-FREQUENCY TELEGRAPHY

Extract from Recommendation H . l l  — Conditions for setting up and changing over a voice- 
frequency telegraph circuit and its reserve circuit

a) Make-up o f circuit.

Four-wire circuits should preferably be used for voice-frequency telegraphy. The 
make-up of a four-wire circuit for this purpose is different from that of a telephone circuit 
in that it has no terminating units, signalling equipment or echo suppressors.

16
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1. Use o f  a carrier telephone channel. — When a 24-channel voice-frequency tele­
graph system has to be set up on a carrier telephone channel, the telephone channel should 
preferably use only one “ group lin k ” (see paragraph a) of Recommendation H.13).

2. Use o f  an audio circuit. — A four-wire circuit should preferably be used. The 
loading will depend on the number of carrier frequencies to be transmitted; for example, 
for systems having not more than 12 channels, medium loading may be satisfactory, 
even for long-distance transmission. On the other hand, for systems with 18 instead 
of 12 channels, circuits having something lighter than medium loading should be used.

Duplex working is not possible on two-wire circuits because the circuits cannot 
be balanced with sufficient accuracy to prevent mutual interference. However, a two- 
wire circuit can be used for voice-frequency telegraphy if low frequencies are used for 
transmission in one direction and high frequencies in the other.

b) Relative levels.
Points A and B (figure 41) where the changeover between the voice-frequency tele­

graph circuit and its reserve circuit takes place (and which are conventionally regarded 
as the origin and extremity of the four-wire circuit used for voice-frequency telegraphy) 
should be at the same relative level for the two circuits, the levels being determined from 
the level diagram of the telephone circuit.

The relative level at point A must not exceed — 0,4 neper.
The relative level at point B must be at least +  0.4 neper.

V.F. Telegraphy transmitting apparatus V.F. telegraphy receiving apparatus

F ig u r e  41. — Diagram o f a circuit used for V.F. telegraphy (1) and o f  its reserve circuit (2).
A and B, Points 1. o f  connection between the telephone circuit used for V.F. telegraphy and the V.F. telegraphy 

equipments; 2. o f  switching from the circuit used for V.F. telegraphy to its reserve circuit.
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Recommendation H.13 — Basic conditions applying to a carrier telephone channel required 
to provide 24 50-baud amplitude modulated voice-frequency telegraph channels

a) Attenuation distortion.

In the band 360 to 3240 c/s the variation of equivalent with frequency of a carrier 
telephone channel should in the worst case be within the limits of the graph of figure 42 
which will be adopted for telephone working.

For the majority of carrier telephone channels used for voice-frequency telegraphy, 
it is recommended that in general the graph of figure 43 should be used in all cases where 
a circuit intended to provide 24 telegraph channels is set up on a single group link 1 for 
either a normal or reserve circuit for voice-frequency telegraphy.

Note. — Telephone channels 1 and 12 of a group may show greater attenuation 
distortion than the other channels of the group. It is recommended that the use of these 
channels 1 and 12. for voice-frequency telegraphy should be avoided.

F ig u r e  42. — Variation with frequency o f  the equivalent in terminal service, relative to the value measured 
at 800 cjs ( international circuit transmitting the band o f  frequencies 300 to 3400 c/s)

1 A group link is a transmission path of defined bandwidth (48 kc/s) connecting two group distribution 
frames or equivalent points: It extends from the point where the group is first assembled to the point where 
it is dispersed to channels. The term normally covers both directions of transmission. *



244 s u p p l e m e n t s : t r a n s m is s io n

Note. — The curve 
of the variations of 
the equivalent as a 
function of frequency 
should be inside the 
unshaded area. The 
measured 800 c/s 
value is, according to 
the maintenance in­
structions, brought as 
nearly as possible to 
its nominal value.

F ig u r e  43. — Variation with frequency o f  the equivalent in terminal service relative to the value measured 
at 800 c/s (circuit routed on a single group link to provide 24 voice-frequency telegraph channels)

f  =  frequency c/s N  =  variation of equivalent (nepers)

b) Phase distortion.

Practical experience obtained up to the present shows that it is not necessary to 
introduce a supplementary clause relative to the slope of the “ group delay-frequency ” 
characteristic in the C.C.I.F. specifications for carrier systems, even considering the 
case where a telegraph link consists of telephone channels of several carrier systems 
connected in tandem. It may happen that under adverse conditions some telephone 
channels of such a connection are of insufficient quality to provide 24 telegraph channels. 
In such a case a better combination of telephone channels must be chosen for the tele­
graph service and this better combination will always be possible. By way of information, 
Annex 22 of the Book o f Annexes of Volume III of the Green Book gives the result of a 
calculation made by the French Telephone Administration.

c) Frequency stability.

It has already been foreseen that in future carrier systems the virtual carrier frequencies 
will be stable to about +  2 c/s based on the requirements of voice-frequency telegraphy.

So far as the stability of the frequencies provided by the carrier frequency generators 
for voice-frequency telegraphy is concerned, the C.C.I.T.T. has recommended that the 
frequencies should not differ by more than 3 c/s from the nominal value when the telegraph 
channels are routed on a telephone circuit which is not made up exclusively of ordinary 
audio-frequency telephone sections.

d) Crosstalk.

The near-end signal/crosstalk ratio between the two directions of transmission of 
a  telephone circuit using a duplex voice-frequency telegraph system must be at least 
43 decibels or 5 nepers.
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Taking into consideration the crosstalk introduced by equipment, this value o f near­
end signal/crosstalk ratio can in general be guaranteed even in the case of the 2500 km 
hypothetical reference circuit on coaxial cable. It should therefore be possible to use 
any modern carrier telephone circuit on cable for duplex voice-frequency telegraphy.

Recommendation H.14 —  Basic requirements for an audio telephone circuit to be used for 
an amplitude-modulated voice-frequency telegraph system

a) The graph in figure 44 shows for the different frequencies what are the variations, 
in relation to the nominal value of 800 c/s, of the difference in the relative power levels 
between the input and the output of the circuit (points A and B, figure 41 of Recommenda­
tion H .ll) .

-  o,6 . .

F ig u r e  44. — Limits for the variation, as a function o f  frequency, in relation to its nominal value at 800 c/s 
o f  the difference o f  relative power levels between the origin and. the extremity o f  a circuit usedfor voice-frequency 

telegraphy (telephone circuit with passband o f  300-2600 c/s)

b) The permissible tolerances for the relative power level at the output of frontier 
repeaters correspond to those laid down for 4-wire telephone circuits, assuming that, 
in making maintenance measurements, a power equivalent to 1 milliwatt at the point 
o f zero relative level deduced from the hypsogram of the telephone circuit is applied 
at the input of the circuit used for V.F. telegraphy.

These tolerances are shown in the graph given in figure 45.
It seems unnecessary to lay down special tolerances for the variations, in terms of 

the frequency, of the through level measured at the output of a frontier repeater since 
this figure can easily be calculated on the basis of the permissible tolerance for the relative 
power level.
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Jlefwu>

+  o,6S.

+ 0 ,5 -  
+  0 ,35- * 

+  0,g ” -

F ig u r e  45. — Limits for the absolute power level on the occasion o f  maintenance measurements at the output 
o f  a frontier-repeater (frontier side) o f  an international circuit with passband 300-2600 c/s used for voice- 
frequency telegraphy, a power corresponding to 1 milliwatt at the point o f  zero relative level (as deduced from  
the hypsogram o f the telephone circuit) being applied at the origin o f  the voice-frequency telegraph circuit

c) The relative power level at the point where the V.F. circuit, at the reception 
end, is switched to its reserve circuit must remain as constant as possible in time. More­
over, any interruption of the circuit, however short, is harmful to telegraph transmission. 
Great care should therefore be exercised when taking measurements on circuits and 
repeaters, when switching batteries, etc. To draw the attention of staff to this point, 
the circuits used for V.F. telegraphy should be specially marked in terminal offices and 
in repeater stations.

d) Special steps should be taken to ensure that no modulation is caused on circuits 
and in repeaters. Such modulation might be caused, inter alia, by fluctuations of battery 
voltages, or by the connection of sub-audio telegraphy equipments to the conductors 
of the cable.

Any interruption of such a circuit, even of very short duration, spoils the quality 
of the telegraph transmission. It is therefore desirable to take great care when making 
measurements on circuits used for voice-frequency telegraphy.

To draw the attention of staff to this matter, channel equipment for circuits used 
for voice-frequency telegraphy should , be specially marked in the terminal exchanges 
and where necessary in repeater stations where the circuits are accessible.

EXTRACTS OF RECOMMENDATIONS DEALING WITH NOISE LEVEL 
WHICH CONCERN TELEGRAPHY

Extract of Recommendation G.222 (“ Red Book ”, Vol. HI) — Hypothetical reference 
circuits and noise objectives for carrier telephone systems

a) Design objectives in respect o f noise produced by the line and the frequency division 
modulating equipment on hypothetical reference circuits fo r telephony
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In order to ensure that multi-channel carrier systems on cable and on line-of-sight 
radio links shall comply with a common standard of performance in respect of noise, 
the following design objectives should apply to the noise at a zero relative level point in 
any telephone channel having the same composition as the hypothetical reference circuit 
on such systems.

1. To ensure adequate performance in respect of telephone speech and signalling:

1.1 the mean psophometric power during any hour shall not exceed 10 000 pW *,

1.2 the mean noise power over one minute shall not exceed 10 000 pW for more 
than 2 0 % of any month,

1.3 the mean noise power over one minute shall not exceed 50 000 pW for more 
than 0 .1 % of any month,

1.4 the unweighted noise power, measured or calculated with an integration time 
of 5 ms shall not exceed 1 000 000 pW (106 pW) for more than 0.01 % (10“4) 
of any month.

2. However, if use is foreseen of V.F. telegraph equipment conforming to Series R 
Recommendations of the C.C.I.T.T., in order to obtain telegraph connections with the 
quality indicated in C.C.I.T.T. Recommendation F.10, the mean unweighted noise power 
over 5 ms shall not exceed 106 pW for more than 0.001 % (10-5) of any month or for 
more than 0 .1 % of any hour.

Conditions in which the design objectives apply are given below under paragraph b).

b) Conditions in which the design objectives for hypothetical reference circuits apply.

1. The values mentioned in paragraph a) of this Recommendation are design 
objectives and it is not intended that they should be quoted in specifications for equip­
ment or used for acceptance tests. The noise on a homogeneous section of an actual 
carrier system is dealt with in Recommendation G.223.

The following Recommendations specify the conditions in which these general 
objectives apply to different types of system, account being taken of the special charac­
teristics of each system:

— symmetric pair cable systems (Recommendations G.321 paragraphs A. b) and E. a),
— 4 Mc/s coaxial pair systems (Recommendation G.332 paragraph d) and 12 Mc/s 

coaxial pair systems (Recommendation G.333, paragraph e),
— systems on small diameter coaxial pairs (Recommendation G.341, paragraph d),
— line-of-sight radio relay links using frequency-division multiplex (C.C.I.R. Recom­

mendation No. 287 repeated in Recommendation G.441) and time-division multiplex 
(C.C.I.R. Recommendation No. 301 summarized in Recommendation G.443).

Recommendation G.442 indicates the objectives when V.F. telegraphy is used on 
line-of-sight radio relay links.

* pW =  picowatt (micro-microwatt).
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The application of general noise objectives to radio relay links using forward scatter 
is still under study (see C.C.I.R. Report 135).

Other objectives are recommended for systems providing 12 carrier circuits on an 
open-wire pair (see Recommendation G.311, paragraph f)).

2. Designers are expected to fit their distribution curves to fall below both points 
given in sub-paragraphs 1.2 and 1.3 of paragraph a) of the present Recommendation.

3. In connection with sub-paragraph 1.3 of the Recommendation, the C.C.I.T.T. 
would have preferred to indicate a figure of 100 000 pW (average psophometric power 
over one minute at a zero relative level point), not to be exceeded during more than 0.01 % 
of any month. On account of difficulties in measurement, a figure of 50 000 pW for
0 .1 % of any month has been indicated.

4............................................................... * . ..................................................................................

In a part of a hypothetical reference circuit consisting of one or more equal homo­
geneous sections, the mean noise power in any hour and the one-minute mean noise 
power not exceeded during 2 0 % of any month shall be considered to be proportional 
to the number of homogeneous sections involved.

5. In parts of a hypothetical reference circuit consisting of one or more equal 
homogeneous sections, the small percentages of any month in which the one-minute- 
mean power may exceed the design objective for 0.1 % of the time or less, shall be regarded 
as proportional to the number of homogeneous sections involved. This principle also 
applies to the objective mentioned in sub-paragraph 1.4 of paragraph a) of this present 
Recommendation.

6 . The following Remark gives further recommended assumptions for use in calculat­
ing noise on hypothetical reference circuits for telephony.

REMARK

Assumptions for the calculation of noise on hypothetical reference circuits for telephony cables
(symmetric or coaxial pairs) *

1. Nominal mean power during the busy hour.

To simplify calculations when plans are being drawn up for carrier systems on cables or radio 
links, the C.C.I.T.T. has adopted a conventional value to represent the mean absolute power level 
(at a zero relative level point) of the speech plus signalling currents, etc., transmitted over a tele­
phone channel in one direction of transmission during the busy hour.

The value adopted for this mean absolute power level corrected to a zero relative level point, 
is -15 dbm (-1.73 nepers) (mean power -31.6 microwatts); this is the mean with time and the 
mean for a large batch of circuits.

* The assumptions for the calculation of noise on hypothetical reference circuits for radio relay links 
are indicated in C.C.I.R. Recommendations 287 and 301.
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This total mean power (about 32 microwatts) is conventionally distributed as follows:

— a nominal mean power of 10 microwatts for all signalling and tones;

— a nominal mean power of 22 microwatts for other currents, namely:

— speech currents (including echoes),
— carrier leak,
— telegraph signals.

Note 1. — It is assumed that a few of the telephone channels of the system concerned will be 
used for voice-frequency telegraphy or for phototelegraphy; under these conditions, the power 
of the telegraph signals can be distributed over the whole of the telephone channels without 
changing the nominal mean power of 22 microwatts.

5. Calculation o f noise in modulating equipments.

5.2. The mean noise power in channel translating equipments due to interference 
from channels adjacent to the disturbed channel will be calculated as follows. In all 
the terminal equipments of the hypothetical reference circuit there are six exposures to 
adjacent-channel disturbance. Five of these disturbing channels will be assumed to 
carry speech-like loading signals each having a mean power of 32 /iW, i.e. an absolute 
power level of -  15 db (- 1.73 N ) per channel at a zero relative level point, while the 
sixth disturbing channel will be assumed to carry telegraphy, phototelegraphy or data 
transmission with a conventional loading of 135 piW applied at the zero relative level 
point, i.e. an absolute power of -8 .7  dbm (-1 .0  N ), uniformly distributed over the 
frequency range 380 to 3220 c/s.

Recommendation G.442 (“ Red Book ”, Vol. I ll)  — Radio relay system design objectives 
for noise at the far end of a hypothetical reference circuit with reference to telegraph

transmission

As indicated in Recommendation G.222, if  use on radio links is foreseen of V.F. 
telegraph equipment conforming to Series R Recommendations of the C.C.I.T.T., then 
in order to obtain telegraph connections with the quality indicated in C.C.I.T.T. Recom­
mendation F.10, the design of these radio links should include the objectives recommended 
for telephone transmission and signalling, and, in addition, should include the objectives 
set out below:

On any telephone channel constituted in accordance with the hypothetical reference 
circuit for the type of radio link considered, the unweighted noise power, measured or 
calculated with a time-constant (integrating time) of 5 milliseconds and referred to a 
zero relative level point, should not exceed 106 pW  during more than 10-5 (i.e. 0.001%) 
of any month, nor more than 0.1 % of any hour.
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Provided that short bursts of high level noise due to causes other than propagation 
have been reduced to negligible proportions, and assuming that the fine structure of the 
noise is the same as white noise, it is assumed that in designing line of sight radio links, 
the objective during any month is, in practice, equivalent to the following objective:

The unweighted noise power on a telephone channel at a zero relative level point, 
calculated from measurements made with an integration time of 1 second, should not 
exceed 2 x  105 pW for more than 10-4 (i.e. for more than 0.01%) of any month.

With regard to the objective to be met during any hour, it may happen that on certain 
radio links, unforeseen exceptional propagation conditions may result in this objective 
not being met during certain-most unfavourable hours. These hours, called “ hours 
of interrupted, telegraph traffic ”, will be those during which a noise level of 106 pW is 
exceeded for more than 36 seconds.

Every effort should be made to reduce the number of such hours to a very small 
fraction of the total time. Since it follows from the recommended objective for telephone 
signalling, that the 5 millisecond unweighted noise power should not exceed 106 pW 
during more than KL4 (i.e. 0.01 %) of any month, there should never be .more than 7 
“ hours of interrupted telegraph traffic ” during a month.

It may then be expected that satisfactory telegraph service will be given, the following 
additional conditions perhaps being applied in certain cases:

— use of telegraph systems that give good immunity to noise, e.g. frequency-modula­
tion systems,

— choice of the channels for voice-frequency telegraphy from among those least subject 
to propagation noise.

These recommendations for noise power on telephone circuits used for voice-frequency 
telegraphy are provisional, for the following reasons:

a) in a number of countries, studies are in progress on time constants and methods 
of measurements,

b) although the C.C.I.R. has already given information (see C.C.I.R. Report No. 132, 
Los Angeles) on the number and the duration of noise bursts on radio links, more 
information on this subject is necessary; '

c) more information is necessary on the results obtained on voice-frequency telegraph 
- systems working on radio links.

Note.

a) Use of a measuring instrument having a 5 ms time constant (integrating time) 
is recommended so as to detect, in particular, the presence of short high level noise bursts, 
such as those caused by power supplies and by the equivalent. Administrations should 
take all possible practical steps to eliminate such noise.
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It is expected that on the majority of line of sight radio links (if not on all) it will 
be possible to reduce short noise bursts to negligible proportions, and that for the majority 
of radio links, any remaining short high level noise bursts will be due to propagation. 
Noise surges having a mean power in excess of about 105 pW will then last from 1 to 
10 seconds and will have an approximately constant level during this period. Under 
these conditions, for propagation measurements and preliminary design measurements 
for radio links, instruments having a time-constant (integrating time) of 1' second could 
be used.

b) The fraction 10~5 of a month, for a 2500 km circuit, leads to impracticably small 
fractions of the time for shorter circuits (for example 10~6 for a 250 km circuit). It is 
for this reason that the practical objective refers to a greater fraction of the time (10-4 
for 2500 km), together with a reduced power 2 x  105 pW, the latter m easured'with a 
time-constant (integrating time) of 1 second.

DISTURBANCE OF TELEGRAPH TRANSMISSION BY A W HITE NOISE

( Contribution o f France to Study Group 9, contribution CO M  9, No. 48, August, 1959) 

S t u d y  o f  t h e  e f f e c t  o f  a  g i v e n  l e v e l  o f  w h i t e  n o is e

ON TELEGRAPH TRANSMISSION

Within the framework of the studies conducted by the joint C.C.I.T.T.-C.C.I.R. 
working group on Circuit Noise, the French Administration carried out a series of tests to 
show the effect of white noise on telegraph transmission operated by its standardized 
frequency modulation and amplitude modulation equipment.

I. Test plan

The test plan used, which shows how white noise is injected into the voice-frequency 
telegraph circuit, is shown in figure 46.

The selectivity curves for filters A and B are shown in figure 47.
An adjustable gain amplifier is used to control the noise power injected into the circuit. 

The level of telegraph transmission per channel, at the point where this injection is made, 
is shown in figure 46 for both amplitude modulation and frequency modulation equipment.

II. Telegraph equipment used
a) Amplitude modulation.

This equipment is the standard 44 (24-channel) type. It is fitted with vacuum tubes.
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The tests were made on channels 2, 13 and 23, but the same transmitter-receiver was 
used, only the transmitting and receiving filters being changed to eliminate dispersion due 
to different adjustments.

b) Frequency modulation.

This equipment is the standard 51 L  (24-channel) type. It is fitted with transistors 
and its sensitivity threshold conforms to the recent proposals by C.C.I.T.T. Study Group 9. 
The equipment is group-modulated, the basic channel used being channel 9, and the tests 
were made on channels 4, 9, 16 or 21 according to the group modulator used.

III. Test conditions
1) Noise levels.

To obtain degrees of distortion capable of being measured easily, and to reduce the 
number of tests required, three noise levels only were used: 5 X 105, 106 and 2 X 106 pW, 
at a point of zero relative level in the telephone circuit.

2) Telegraph measuring apparatus.

At the transmitting end: a calibrated telegraph signal transmitter (type 53); at the 
receiving end: a start-stop distortion measuring set (type 53), combined with a metering 
group.

The text sent by the calibrated signal transmitter is that mentioned in C.C.I.T.T. 
Recommendation R.52 (voyez le brick geant que j ’examine pres du wharf), and is either 
without distortion, or has a 22 % distortion for all characters, obtained by providing the 
“ start ” signal with forward or backward distortion. At the receiving end, the degree of 
individual distortion of the significant instants was measured.

3) Test conditions.

To ensure that the test would last at least'5 minutes, in accordance with the programme 
set out by C.C.I.T.T. Study Group 9 (Annex II to Question 3/IX), the text was transmitted 
20 times; this corresponds to the transmission of 1000 characters, including 3160 significant 
instants which might be affected by distortion.

The metering group shows directly the number of significant instants having a degree 
of individual distortion higher than the value mentioned on the start-stop distortion 
measuring set. The set is graded by steps of 2 %. The probability that a given distortion 
rate will be exceeded is thus more or less equal to the ratio between the number of significant 
instants having a degree of distortion equal to or greater than the degree mentioned and 
the total number of significant instants in the text.

4) Mode o f operation.

Once the telegraph channel is correctly adjusted, we obtain its degree of forward or 
backward inherent distortion for both degrees of distortion of the text transmitted (0 or 22 %).

The noise level adjusted to the desired value, is injected into the voice-frequency 
telegraph circuit (figure 46) and a series of 20 texts is transmitted. The degree of distortion 
mentioned on the distortiometer is progressively increased by steps of 2 % until the meter 
gives no further indication during the test.
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5) Presentation o f  the results.

In accordance with Annex II to Question 3/IX, the curves annexed hereto (figures 48 
to 54) show the probability of excess distortion as a function of the degree of individual 
distortion registered for the various noise powers used.

We have extracted from these curves the maximum distortion values observed which 
correspond to a probability of 0.5 %. These values appear in Table I.

T a b l e  I. —  Maximum values o f the degrees o f  distortion observed which correspond to a probability o f  0.5%

Noise power in pW

5 X 105 106 2 X 106

0% ■ A M 12 16 22
F M 6 8 12

Transmission at

22% • A M 33 36 >  40
F M 27 30 32

The results call for the. following comments:

— These tests confirm the views of the “ Noise ” working party meeting in May 1958,
i.e. in amplitude modulation the value of 106 pW at a point of zero relative level is 
a limit above which the noise peaks produce inadmissible degrees of distortion in 
telegraph transmission. When the radio relay link alone is used to bear a voice- 
frequency telegraph circuit (which corresponds to transmission at 0 %), the power 
of 5 X 105 pW produces a tolerable distortion (12%); in frequency modulation the 
corresponding value is 2 x  106 pW.

— The position of the voice-frequency telegraph channel in the audio-frequency band 
has practically no influence; for the same noise level, the degrees of distortion observed 
are practically the same regardless of the telegraph carrier frequency used.

— The tests confirm that frequency-modulated systems have a distinct advantage over 
amplitude-modulated system s;'on the basis of the foregoing results, which show a 
difference of 0.7 N  in noise level for the same degree of distortion, and taking account 
of the difference in levels (indicated in figure 46); we see that this advantage is close 
to 1 N.
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amplitude modulation: N t = -  2,35N Z  =  800 fi
frequency modulation: Nt =  2,60N Z  =  600 Q

F ig u r e  46. — Device for injecting white noise into the voice-frequency telegraph circuit

SU
PPL

E
M

E
N

T
S: 

TR
A

N
SM

ISSIO
N



s u p p l e m e n t s : t r a n s m is s io n 255

F igure 47



N>
Os

F ig u r e  48

s
u

p
p

l
e

m
e

n
t

s: 
t

r
a

n
s

m
is

s
io

n



F ig u r e  49
to
LA

SU
PPL

E
M

E
N

T
S: 

T
R

A
N

SM
ISSIO

N



F ig u r e  50

s
u

p
p

l
e

m
e

n
t

s: 
t

r
a

n
s

m
is

s
io

n



/

F ig u r e  51

s
u

p
p

l
e

m
e

n
t

s: 
t

r
a

n
sm

issio
n 

259



toa\o

F ig u r e  52

s
u

p
p

l
e

m
e

n
t

s: 
t

r
a

n
s

m
is

s
io

n



F ig u r e  53



F ig u r e  54

262 
SU

PPLEM
EN

TS: 
TR

A
N

SM
ISSIO

N



SUPPLEMENTS: TRANSMISSION 263

PERM ISSIBLE MAXIMUM NOISE IN A TELEPHONE CHANNEL 
WITH REFERENCE TO VOICE-FREQUENCY TELEGRAPH DISTURBANCE

(Extract o f the contribution by the Federal German Republic, contribution C O M  9, 
No. 41, February, 1959)

Effect o f  white noise upon amplitude-modulated voice-frequency telegraphy (VFCT) 
systems having means for correcting the influence o f level changes.

The measurements were obtained from two AM VFCT systems of Standard Elektrik 
Lorenz AG, namely the system WT 53 and the newly developed transistorized VFCT 
system.

The comments below briefly deal with the measuring method employed and the results 
obtained.

1. Measuring method.

1.1 Fortuitous isochronous distortion.

Reference is made to figure 55, block diagram of the measuring set-up.
The local transmitting branch of the VFCT channel was keyed with the C.C.I.T.T. 

standardized text at 50 bauds. A white-noise generator served as a noise source. The 
noise voltage of this generator was limited to 3.4 kc/s in a low-pass filter network and 
applied to the input terminals of the VFCT receiver through a decoupling network and a 
buffer amplifier (nominal gain =  1). The local circuit of the VFCT receiver was connected 
by switch S2  to the isochronous telegraph-distortion measuring set (TDMS). Measuring 
of the noise level R0 across the receiver input was carried out, after disconnecting the 
carrier frequency, with the psophometer recommended by the C.C.I.T.T., but without the 
weighting network.

Similarly, the signal level S0 was measured with a level meter by feeding to the line a 
continuous tone and switchingoff the noise generator during the measuring.

Both measurements were taken while the VFCT receiver was disconnected by switch 
SI and while the buffer amplifier was terminated by the nominal resistance in order to 
preclude erroneous measuring results due to the frequency-dependent receiver-input 
impedance. The actual measurements of the fortuitous isochronous distortion were 
obtained by reading the maximum deflections of the stroboscopic TDMS within the obser­
vation periods of about 20 sec. each. The measuring procedure was repeated several 
times by different operators and the mean value so obtained was plotted. Very rarely 
occurring noise peaks can, of course, not be detected during the short observation period 
of 20 sec.; it can be assumed that the probability for exceeding was of the order of 5 x 10-3 
approximately.

1.2 Probability o f error in a unit interval.

The measuring set-up was the same as shown above except that the carrier-frequency 
generator of the VFCT channel was switched off and the electronic counter was con­
nected to the set-up by switch S2. The response-threshold level A0 (threshold of sen-
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F ig u r e  55. — Block diagram o f  the measuring set-up
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sitivity) of the VFCT receiver was found by keying the VFCT channel with a test signal 
2:2 (without applying the noise voltage) and observing on the TDMS at which level, 
referred to the centre of the level range, the receiving relay just failed to respond. (The 
real threshold value employed in calculation is by 3 db higher because the measured value 
of the threshold level was obtained with keyed sinusoidal voltages.)

To determine the error probability, the noise level R 0 was adjusted to a certain value 
referred to the threshold level A 0 and the electronic counter was employed to count the 
erroneous operations of the receiving relay within the observation periods of 5 min. and 
10 min., respectively. The numerical value thus obtained was then divided by the number 
of the possible cases of exceeding the response threshold (which depends on the VFCT 
receiver bandwidth). The result was multiplied by the factor 0.5 because, in normal tele­
printer messages, mark and space pulses usually occur in equal numbers and errors are 
nearly precluded as long as the tone is on the line.

2. Results.
The measurements so obtained are plotted in diagram 57 of the Annex. The upper 

curve shows the conventional isochronous distortion of a 24-channel VFCT system as 
a function of the psophometric noise, measured on the telephone circuit at a point of 
zero relative level. The associated unweighted noise level is 2.5 db higher. It will readily 
be seen that the isochronous distortion increases with the noise/signal ratio. The follow­
ing approximate formula can be used: fortuitous distortion d f  «  § p

where p =
noise voltage in telephone circuit, unweighted

signal voltage
The curve below that just mentioned was calculated and corresponds to 2 a (where a =  
r.m.s. deviation of the gaussian distribution of the individual distortion).

The steep solid curve gives the error probability in a unit interval for the 24-channel 
VFCT system Lorenz WT 53 whose response threshold A0, referred to the mid-range 
level, is about 14 db (1.6 A) down. The hyphenated curve shows the same probability 
for the case where the response threshold is 18 db (2.1 N ) down and in accordance with the

i
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Recommendation R.34 of C.C.I.T.T. The curves coincide well with the threshold-exceed­
ing probability P  to be expected theoretically;

where a0 =  voltage of the response-threshold level A0, 
r0 =  r.m.s. noise voltage in the VFCT channel.

The probability that a telegraph character (start signal, 5 mark/space elements, stop 
signal) is incorrectly reproduced in manual operation involving intervals is ,. for small 
error rates:

P B =  l - [ ( l - 2 P ) x ( l - P ) 5] «  7 P

In the case of automatic operation with punched-tape feeding, the characters follow each 
other without interruption, and in this case an erroneous start signal causes about 2.7 
faulty or lost characters due to loss of synchronism1. Hence, in this operation the pro­
bability of error is

PB =  1 — [(1 - 2 . 7  x2P)  x ( l - P ) 5] «  10.4P

In these calculations the loss or erroneous production of a letter shift or a figure shift 
has been reckoned as a single error. If the series of misprints following these errors are 
taken into account, the number of character errors per element error is naturally increased. 
An even greater increase must be allowed in the case of page printing, where the loss of 
line-feed or carriage return or the erroneous production of carriage return can lead to a 
larger series of misprints.

The following values are obtained for the unweighted noise powers indicated:

W hite noise power

106 p W 3.4.105 p W 105 p W

Signal-noise ratio on the telephone circuit; 
unweighted 0— i?0 30 db 34.5 db 40 db

Signal-noise ratio on the telephone circuit; 
weighted 0— P o p 32.5 db 37 db 42.5 db

Noise level R t  in the VFCT-channel, re­
ferred to the signal level S0, down by S 0— R t 25 db 29.5 db 35 db

Noise level R t  in the VFCT-channel, re­
ferred to the response threshold A 0 
(when S 0— A 0 =  18 db), down by A o— R t 7 db 11.5 db 17 db

Level difference between R 0 and A 0 R q— A  o 9 db 4.5 db — 1 db

Conventional isochronous distortion 22% 13% 7%

Probability of error in a unit interval, when 
S0—A 0 =  18 db 7.10'3 10-6 IQ-22

1 K r o n j a g e r ,  L e n h a r t ,  V o g t ,  D ie Gleichlaufkorrektur von Start-Stop-Femschreib-Systemen bei 
Funkempfang. N .T.Z. (Avril 1957, p. 167.)
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These level relations are illustrated in figure 56.

Since the measured curve follows relative closely the calculated curve, it is possible to 
make extrapolations. Therefore a simple method to find out at which level the probability 
of error in a unit interval has a value of approximately 10-6  consists in the following:

The gain of the buffer amplifier and therefore the level on the input of the VFCT- 
receiver is increased until the receiving relay responds with an average frequency of about
2 -----4 erroneous operations/s (which can be judged on the TDMS). Then 6 db (0.7 N )
below this measured level lies the level for which a unit-error probability of about 10-6  
exists.
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F ig u r e  56. — Level diagram o f signal and noise levels

ANNEX

Permissible maximum noise in a telephone channel with reference to voice-frequency telegraph
disturbance

Short noise peaks should cause no serious disturbance in a telephone circuit, since a word 
misunderstood can be corrected by means of an inquiry back.

But with a voice-frequency telegraph connection a relatively short increase in noise (lasting, 
for example, a few seconds), such as might be caused by fading, can be a serious problem and can 
lead to the transmission of false signals. The probability of errors in telegraph signals can be 
assessed by two values which are relatively easy to measure, namely, the probability of errors on 
telegraph units and telegraph distortion. The former of these two factors is decisive for the 
appearance of errors inside a YF section. Telegraph distortion is decisive for the appearance of 
errors when several VF sections are joined in tandem with no telegraph distortion correctors 
inserted. Both values were measured and calculated in the presence of frequency-constant noise 
with gaussian distribution in the telephone channel (thermal noise). The diagram of figure 57 
shows the probability of errors on units and the telegraph distortion as a function of psopho- 
metrically measured noise in the speech channel, at zero relative level in a 24-channel amplitude- 
modulation voice-frequency telegraph system meeting C.C.I.T.T. requirements (Lorenz WT 53).
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The curve showing the probability of error on telegraph units is very steep. This gives a 
practical noise limit above which the probability of error increases very rapidly, so that a VF 
connection is seriously disturbed. This limiting value depends on the sensitivity threshold of the 
VF receiver and is the more critical the more sensitive the VF receiver is. The most critical case 
occurs with a 24-channel amplitude-modulation voice-frequency system which has the lowest 
sensitivity threshold allowed by the C.C.I.T.T., namely 2.1 V (below the VF-channel transmission 
level of -2.4 N  at zero relative level) *. This limiting curve is shown dotted in the diagram and 
requires a noise margin of at least 36 db, corresponding to 250 000 pW. Most VF systems have 
in practice a higher sensitivity threshold (for example, 1.6 N  instead of 2.1 N) and hence tolerate 
a noise margin of about 32 db, corresponding to about 600 000 pW, as the measured curve shows.

The telegraph distortion caused by noise is a value which varies statistically. Hence we 
must distinguish the conventional peak value (measurable, for example, with a distortion meter) 
from the r.m.s. value. This latter is decisive for the addition of telegraph distortion of VF sections 
in tandem. In considering these curves we can allow a 40-db limit, corresponding to 100 000 pW, 
for relatively short peak noises. Then, in any case, we shall have a negligible probability of error 
due to errors on units, an effective telegraph distortion of 3.5% and a peak telegraph distortion 
of about 9 %, which can be considered as just tolerable.

* See C.C.I.T.T. Recommendation R.34.
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MEASUREMENTS FOR THE STUDY OF THE EFFECT OF NOISE ON 
TELEGRAPH TRANSMISSION OVER RADIO-RELAY LINKS

(Contribution o f C.C.I.R., contribution CO M  9, No. 47, June, 1959)

Note by the C.C.I.T.T. Secretariat.

At its meeting in Geneva from 2 to 11 February 1959, Study Group 9, at the request 
of the “ Noise ” working group, asked Administrations as a matter of urgency to make 
measurements

1. of the noise characteristics encountered on radio-relay links,

2 . of the effect of noise on the operation of voice-frequency telegraph channels.

At its IXth Plenary Assembly (Los Angeles, 1959) the C.C.I.R. drew up a report on 
this subject, the following extracts from which may be helpful in carrying out the measure­
ments requested.

Extracts o f the Report on radio-relay systems using frequency division multiplex

3. Typical noise-time distribution curves.

The C.C.I.R. (Study Group 9) has constructed some distribution curves of noise 
with time in a 2500-kilometer hypothetical reference circuit for line of sight radio links 
with adequate clearance. The curves have been based on measured values of the received 
signal in the worst month in a two-year period in the various repeater sections of a 400-km 
radio-relay link having 8 repeater sections and operating on 4000 Mc/s in the United 
Kingdom. The curves are in broad agreement with the statements made in C.C.I.R. 
revised Document 230 regarding fading in the United States of America.

Two distribution curves, A and B in figure 58 attached, have been constructed. 
Curve A * is for the case of thermal noise in a hypothetical circuit consisting of 16 repeater 
sections with severe fading, 16 repeater sections with moderate fading, and 16 repeater 
sections with only slight fading. Curve B is for the same link and is the estimated 
performance assuming that diversity reception is used **. The measured data was in 
terms of a time constant of about one second; this is appropriate for the given circum­
stances, as pointed out below (section 5). The mean noise power per repeater section in 
the absence of fading has been taken as —78 dbmO.

4. Numbers and durations o f  noise bursts.

Attention is drawn to the Annex of Document 230 which gives information on the 
numbers and durations of noise surges due to fading in the United States of America. It 
appears likely that the envelope of a typical noise surge may be approximated by a rectan­

* It is not justifiable to extend curve A for shorter percentages of the time.
** In some cases a performance similar to that of curve B might be obtained without using diversity 

reception.
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gular shape, with steep almost vertical sides and a rounded or nearly flat top. The 
duration of such noise surges is usually a few seconds (e.g. 4 seconds) at a height corre­
sponding to a fade of about 40 db; the duration does not'vary much over a considerable 
range of heights. This envelope is that of the noise power averaged over the fine fluctua­
tions of the white noise; a more detailed “ picture ” would show standard white noise 
fluctuations modulated in amplitude by the nearly rectangular fades.

The total durations of such noise surges in various ranges of noise levels in the worst 
month, corresponding with the distribution curves A and B, are given in Table I.

The estimated numbers of noise surges of various levels are also given in Table I; 
the estimates are based on the surge durations of 4 to 9 seconds suggested by the Annex 
of C.C.I.R. Document 230.

There is insufficient information available to enable the table to be extended for higher 
noise powers. It is clear, however, that for noise powers of the order of -  30 dbmO 
(106 pW) the total duration in the worst month would be appreciably smaller than the 
values 780 seconds for curve A and 78 seconds for curve B shown for -  38 dbmO. The 
average duration of surges would be somewhat smaller than the value of 4 seconds taken 
for —38 dbmO; the number o f surges of duration less than one second would be small.

5. Time constant o f  the measuring instrument.

If the “ model ” (in section 4 above) of a typical noise surge is accepted as a satisfactory 
one, then a suitable time constant of a measuring instrument could be about one second. 
Alternatively, if it were desired to take some account of the fluctuations of the fine structure

T a b l e  I

Numbers and durations of noise surges

(In agreement with curves A and B o f  figure 58)

M ean noise 
power in 3.1 kc/s band 

(dbmO)

Total duration T seconds and estimated numbers N  of noise surges a t the given noise 
power range in worst month

Curve A Curve B

T N T N

-  37 to -  39 780 195 78 19
-3 9  to  -4 1 1040 216 104 21
-4 1  to  -4 3 1560 280 156 28
-4 3  to  -4 5  • ' 2050 320 205 32
-4 5  to -4 7 2820 392 282 39
-4 7  to -4 9 4160 520 416 52
-4 9  to -5 1 6500 738 650 73

Note. — The telegraph circuit may be imagined to be exposed to a steady white noise of mean power 
-3 8  dbmO (-4 0  dbmO, etc.), of total duration 780 seconds (1040 sec. etc.), divided into 195 (216 etc.), 
occurrences each one lasting between 4 and 9 seconds, in the case of curve A.
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of the white noise, then a time constant of about 5 milliseconds might be appropriate. 
However, the difference between the measurements obtained with time constants of about 
1 second and with about 5 milliseconds is likely to be very small and it seems likely that 
the measurements of received signal strengths on various radio links already made with 
a time constant of about 1 second will give a very good indication of the noise performance 
as it affects telegraphy. These remarks apply only to line of sight radio links with adequate 
clearance.

If a noise surge is applied to a telegraph filter of bandwidth about 100 c/s, the effect 
will be to shape the rise and fall of the noise surge. The rise time and fall time will be of 
the same order of magnitude as the reciprocal of the bandwidth, e.g. about 10 milliseconds.

dbmO
unweighted noise * 

-3 5

-40

-45

-5 0

-55

-60-

\
\  '

a

'

10-4  1 0 -3  10 -2

Probability of ordinate being exceeded 

* Time constant approximately 1 second.

F ig u r e  58. — Noise distribution fo r  2500 km  radio-relay link ( worst month) assuming fading conditions
to be as stated in paragraph 3
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Document 230 — Radio-relay systems for telephony

Noise tolerable during very short periods o f time on line-of-sight systems 
(Study Programme No. 105)

1. Method o f  specification.

The maximum values of noise in telephone circuits on radio-relay systems should be 
specified in terms of:

a) the mean psophometric noise power in an hour;

b) the psophometrically-weighted noise powers which may be exceeded only for specified 
small percentages of a month when the fading is severe, measured with an instrument 
which indicates the mean value over one minute or a quantity approximately equi­
valent to this value.

2. Time constant.

Measurement in terms of the one-minute-mean power is favoured to facilitate the use 
of the opinion-rating method of assessing telephone conversations recommended by the 
C.C.I.T.T. Instruments having time constant of one minute are acceptable even though 
they do not precisely measure one-minute-mean values.

3. Short noise bursts.

Information on the performance of line-of-sight radio-relay links suggests that it is 
not necessary to specify a limit to the number of high noise bursts of duration exceeding 
a given value and occurring in a given time, provided that limits are placed on the noise 
which may be exceeded only for small percentages of a month, and that noise due to power 
supplies and switching operations is excluded. It is desirable to stipulate in addition that 
the link should incorporate some form of diversity reception on sections in which the 
fading is unusually severe, e.g. due to the use of exceptionally long sections or to reflections 
from a water surface. The Annex gives some information on noise bursts in one country 
(United States of America); the magnitude and duration of noise bursts in other regions 
may be somewhat different owing to the different meteorological conditions.

4. Traffic loading.

It is recognized that the period of worst fading usually occurs at night while the 
greatest traffic often occurs during the day. Whether advantage can be taken of this fact 
depends on the requirements that the system is intended to satisfy.
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5. Noise in parts o f  radio links.

The noise power during substantial percentages of the time can without great error 
be considered proportional to the length of the circuit for lengths exceeding about 250 kilo­
metres. There is some reason for assuming that intermodulation noise increases more 
rapidly with length than does basic noise; nevertheless, for lengths of circuit exceeding 
about 250 kilometres the error in assuming that noise for substantial percentages of time 
is proportional to length is small, and it is proposed, therefore, to make use of this law of 
proportionality in C.C.I.R. Recommendations.

When considering very small percentages of time for which high noise values may be 
exceeded, these percentages can, for lengths of circuit exceeding about 250 kilometres and 
for values below 0.1 % or in some cases below 1 %, be considered as proportional to circuit 
length.

The two working rules given above, i.e. linear-power-addition for large percentages of 
time and linear-percentage-addition for small percentages of time, are somewhat inaccurate 
between about 0.1 % and 10% where the error may in extreme cases amount to 3 or 4 db. 
However, the rules are considered to be sufficiently accurate for most purposes. Greater 
accuracy can be obtained by detailed mathematical treatment which depends upon the 
particular monthly distribution curves involved. A method of approximation which can 
give useful accuracy in some cases has been discussed by B. B. Jacobsen (Proceedings of 
the Institution of Electrical Engineers, Part C, March, 1958).

ANNEX TO DOCUMENT 230

Relationship between short-term and long-term noise performance in radio-relay systems in the
United States of America

1. The distribution of the duration of deep fades (and hence the resulting noise bursts) 
at the frequencies used in radio-relay systems appears to be log-normal. Such a distribution may 
be characterized by:

a) its slope or its standard deviation and

b) one point on the curve, such as the median or the average duration.

2. From several series of tests, the standard deviation is approximately log10 2.7 and 
appears to be substantially independent of frequency. This standard deviation has been observed 
in tests on individual paths and on systems comprising as many as 68 paths in tandem. It has 
been observed at different frequencies from 2000 to 6000 Mc/s. It has been observed in different 
regions which are subject to different fading influences, and on paths with both adequate and 
inadequate clearance. A somewhat higher standard deviation appears to be associated with in­
adequate clearance, possibly because of an increased tendency towards obstruction fading.

The average duration is not as closely defined, and appears to be approximately inversely 
proportional to frequency. That is to say, at a given depth of fade at 2000 Mc/s half as many 
fades twice as long as at 4000 Mc/s would be expected. The total time of fading would be nearly 
the same, although this is only approximately true over frequency ranges greater than 2 to 1.

18
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A t 4000 M c/s an  average du ra tion  in the order o f 7 to  9 seconds has been observed for 30 db 
fades and  in the  order o f 4 to  5 seconds fo r 40 db fades, in a lim ited series o f tests on  a 40 km  path .

The d u ra tion  o f fades is approxim ately  inversely p ropo rtiona l to  the  length o f the radio  
frequency paths. The d a ta  quo ted  were observed on  pa th s approxim ately 40 km  long in  the 
N orth -E aste rn  U nited  States o f A m erica. In  o ther tests on  paths approxim ately 70 km  long in 
the W estern U nited  States o f A m erica, durations approxim ately 40/70 as long were observed.

3. F ro m  these poin ts it is possible to  relate the  num ber and  d u ra tion  o f the fades to  the 
to ta l tim e th a t a  given dep th  o f fade is exceeded in a long period  o f tim e such as, for example, a 
m onth .

4. As a  further example, consider a  4000-M c/s system  w ith param eters such th a t a  40-db 
fade in any one section will cause the noise to  exceed a  given m axim um  level. C onsider fu rther 
th a t each section m ay be expected to  fade 40 db or m ore fo r n seconds during the w orst m onth  * 
and  consider th a t there are N  sections in tandem , w ithout diversity, so th a t the to ta l tim e th a t a  
40-db fade will be exceeded som ewhere in the  system ** is n N  seconds during  the w orst m onth .

5. F ro m  paragraphs 2 and  4, the  system o f the exam ple m ight be expected to  experience
n N
—  or 0.22 n N  fades exceeding 40 db  during  the w orst m onth . The du ra tion  o f these fades w ould 
4.5
be as outlined in parag raph  2.

6. F ad ing  differs from  day to  day and  from  h o u r to  hour. The w orst day will have m ore 
fades than  an  average day by som e variable factor, and  the  w orst h o u r will have m ore fades than  
the average h o u r by som e still m ore variable factor. In  one series o f tests on  a  system 450 km  
long including 8 paths, the  first fac to r was 6 and  the second fac to r was 60. There is no  in form a­
tion  fo r o ther lengths o f system  and  fo r o ther num bers o f paths.

7 .. T hus the system o f the exam ple m ight be expected to  experience —  x  6 x  0.22 n N  or

0.044 n N  fades during the w orst day o f the w orst m onth , and  x  ^  x  60 X 0.22 n N  o r 0.018 n N  

fades during the w orst hou r o f  the w orst m onth .

8. I f  the  perform ance o f a specified system is predicted  using the m ethods o f the example, 
it m ay be found  th a t the perform ance does n o t m eet the requirem ents. This dem onstrates the 
need fo r avoiding the  effects o f fading by:

a)  diversity operation ;

b )  reducing the length o f path , o r choosing m ore favourable sites; o r

* For the North-Eastern United States and for paths about 40 km long, n may be taken as approxi­
mately 100. In other areas, and for other lengths of path, different values of n may be appropriate.

** The probability that 40 db fades will occur simultaneously in more than one of the AT sections is 
very, very small. For shallower fades such as, for instance, 20 db, the probability of simultaneous fades 
is greater and may be appreciable.
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c) improving the fading margin by the use of higher power or higher gain aerials where these 
factors are available to the system designer.

9. The effects of deep fades may be substantially reduced by the use of some form of 
diversity reception, such as frequency diversity or space diversity. A limited series of tests has 
shown that approximately 5 % of the total fading time beyond 40 db cannot be counteracted by 
frequency diversity of 100 Mc/s or more or by vertical space diversity of 15 metres or more at 
4000 Mc/s. The duration of the residual fades with diversity may be shorter than without diversity, 
by as much as 50%. No information is available on this point.

10. With the foregoing as guidance as to the probable performance of a system during the 
worst hour and worst day of the worst month, it is sufficient to define the system by the long-term 
performance, i.e. the statistical distribution of noise during the worst month.

EXPLANATION OF FORMULA IFq < I . k . A  OF RECOMMENDATION R.35

Assumptions: The characteristic instants are given by:

F i 4" F 2 

° ~  2  ■

The bias distortion introduced by the modulators must be less than five per cent.
Let i be the telegraph current corresponding to F0 and +  /  the currents corresponding 

to the two frequencies F1 and F2.
If there be an exceedingly severe variation in frequency (relay or electronic flip-flop) 

the current i is defined as that at which there is abrupt passage from one frequency to the 
other.

¥

F ig u r e  59



Let us now assume that the telegraph current varies trapezoidally
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Figure 59 b i s

Let T  be the period (20 ms).
Let t be the rise time of the current.

If, now, we take t0 and tx as ideal instants, we shall see that the current passes through i 
at a time 0  before or after tx or t0 such that

0  = t
2 1

The bias distortion introduced by the modulator will then b e :

2 0  2 i t i t i t
A = -----  =  —  • _ = _ • _ = — x k, where k = —

T  21 T  I  T  I  T

If the bias distortion is required to be < 5 % ,  we get:

i T
-  <  0.05 -  
I  t

T— is normally much greater than 4 (t <  5 ms). 
t

i
This being so, it will suffice if — <  0.20.

STUDY OF DISTORTION IN A FREQUENCY-MODULATED 
VOICE-FREQUENCY TELEGRAPH CHANNEL

(Extract o f  contribution by U.S.S.R., contribution C O M  9/9, November, 1957)

1. Distortions due to harmonic disturbance.

The study of transient phenomena (Bibl. 1) in a frequency-modulated voice-frequency 
telegraph channel gives the following expressions for the frequency variation and the



amplitude of the frequency-modulated oscillation in the middle of the transient pheno­
menon front (figure 60):

(t) =  Aco®  = ______________ ^ P h ) [ 2ffi -  AjcoJ]______________
y Aco cos2 Acot [A 2 (cox) + {\_2gl -  A(coxy] tgAcot -  2 g 2}2]
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U W - J  (2)

where

1 1 00 sin cot
9 i = ~ A  (®i) +  7T~ J A i (co) d co,2 2n  5 co

1 00' cos cot
g2 = —  f A 2 (co) dco,

2n  o 0)

A x (co) =  A (cox — co) +  A (cox +  co),

A 2 (co) =  A (cox — co) — A (cox +  co)

where A (co) is the amplitude-frequency characteristic of a voice-frequency telegraph 
channel; it is symmetrical with respect to the average frequency of the channel co0. Simi­
larly, the service frequencies cox and co2 are situated symmetrically with respect to the fre­
quency co0, at a distance of Aco, where Aco =  2nA f is the frequency deviation. The phase- 
frequency characteristic of a voice-frequency telegraph channel is assumed to be linear.

From equation (1) it is possible to find the expression for the slope of the increase of 
the frequency in the middle of the transient phenomenon front:

dy A  (cOi) J A  (co) dco
1 n

s  dt , i r-5 ^ 2 « ,  T  (3)
^2 O l)  +  “ a I f  .---------  d C 071 Lo CO J

In the special case of an ideal filter we have the following expressions:

2 A f  cp, 2Afcp
S =

1 /  p + IV  A  ’ (4)
1 H—  ̂I I n  -

P ~  1

t / ( 0 ) = J l  = \ / A (5)

A fq>
where A fcp is the width of the filter p =  -— - ,

2 A f
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The phase distortion in the voice-frequency telegraph channel does not have any 
effect on the frequency increase slope.

The frequency variation in the middle of the transient phenomenon front occurs 
roughly in accordance with the law of linear slope S; it can hence be written simply and 
with sufficient accuracy as follows:

(o (f) =  o)q +  SA cot . (7)

Let us write the expression for the frequency-modulated oscillation at the output of 
the receiving filter of the voice-frequency telegraph channel as follows (Bibl. 2):

uc = Uc sin [(ct)0 + S A  cot) t + <pc] ,

and for the harmonic disturbance:

u„ = U„ sin (a)„ t + <pn) .

Let us add the signal and disturbance voltages, and then find the frequency variation 
of the oscillation obtained. By using the expression noted for the transient frequency, 
we arrive at the following formula for the maximum bilateral distortions of the telegraph 
pulse in the voice-frequency telegraph channel when harmonic disturbance occurs:

2e~Ap e~Ab T1 A  / I  I Af n
- t r + ——  ( -  +
3 r 2 Af(p \ a  1 A f  j _

B 1 0 0 % ,  (8)

where:

Ap is the difference in level between the signal and the disturbance, in nepers, at 
the output of the receiving filter;

Ab is the increase of the attenuation, in nepers, at the frequency of a disturbance 
introduced by the receiving filter and by the discriminator;

B  is the telegraph speed, in bauds;
4/ip is the width of the voice-frequency telegraph channel filters, at a level of 0.7 neper;
A f  is the frequency shift;

' \Afn\ is the absolute difference between the disturbance frequency and the average 
frequency of a channel;

A  is the coefficient which is a function of the relationship between the frequency shift 
and channel width; for an ideal filter it is determined by equation (6);

tr is the transit time of the armature of the receiving relay.
Coefficient a determines the margin of sensitivity of the receiving relay:

Io
<X = — , . .

l r

where 70 is the permanent service current in the receiving relay, ir is the relay’s controlling 
current.



Equation (8) can be written, in the following way:

e~Ap e~Ab J A B  100
. <5„ —-------------------- (a+ ? i  + y2)%. <9)

Af(p
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where
\ A fn  I

a = L T 7 i * (10>

2 Af(ptr u / 1 0 0 - K \ Vi v
= 0.58 I — -------  Af(p2/i , (11)

3 A \  IOOjB' J ■

V2 = -  = y  ' ( 12)a Jo

Here, K  is the efficiency of the relay (1) measured at the telegraph speed B ' .

transit time 
theoretical duration of the unit interval

Thus, the distortions due to harmonic disturbance are made up of three components:

a)  a component which is directly proportional to the difference between the disturbance 
frequency and the average frequency of the channel;

b)  a component which depends on the inertia of the receiving relay; it is directly propor­
tional to the transit time of the relay armature;

c) a component which is a function of the final sensitivity of the receiving relay; it is 
directly proportional to the controlling current of the relay.

For p ~  1.4 used normally, formula (6) gives A  =  1.32; therefore

/100  - K \ 2/i 2/

Existing relays have K  ~  90%, hence we have approximately:

^  0.010 Af(p2/i (14)

Normally, relays function in case of a ~  10, hence:

72 — 0.1 (15)

Equations (14) and (15) show that the relay introduces an apparent increase in the 
distortions due to disturbance which cannot be overlooked in the calculation (figure 61).

Equation (9) shows thht the relation between the distortions and the disturbance 
frequency is determined by the following function:
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Let us assume Af n  = X ;  e Ab = f  (X ); y1 +  y2 = C .

It can then be found that the position of the maximum distortions is determined by 
solving the following equation:

( \ X \  + C A f ) f ' ( X ) ± f ( X )  = 0 .

It can be seen that the solution does not depend on d / i n  the case of absence of the 
mechanical relay (for C =  0). Considering that C <  1, it can be concluded that the 
position of the maximum distortions does not, in the first approximation, depend on the 
deviation (figure 62). Hence, the position of the maximum is determined solely by the 
frequency characteristic of the attenuation introduced, in principle, by the receiving filter 
or by the filter width, since the characteristics of real filters used in voice-frequency tele­
graphy have roughly the same form.

To determine the position of the distortion values, experience has yielded the following 
expression:

Afa) rec
I 4/ma* (16)

By using equation (16), we obtain the expression:

e~Ap e~Abmax J A B  100 (Af(p rec \
5nmax ~  A Jp  \  2.9 d /  +  71 +  J2)  % (1?)

for the maximum distortion values.

If we leave aside yx and y2 in formula (9), we have:

e~Ap e~Ab J a b  100 I Af n  \Sn= ---------- ^--------. . L J - J y  (IB)
Afq>  ̂ A f

whence it is found that, taking into account equation (16), the value of distortions for 
Afq) — constant depends on the function p«J~A. For an ideal filter, this function has the 
minimum if p  ~  1.2. A similar minimum can be expected for real filters. Experience
confirms this (figure 63); the minimum of the distortions is around p  ~  1.4 if there is
harmonic disturbance.

2. Distortions due to fortuitous disturbance.

The momentary fortuitous disturbance voltage at the receiving filter’s output can be 
represented as (Bibl. 2):

u =  U2 sin(a)0 t + ©) , (19)

where co0 is the average frequency of the channel, and 
© the variable fortuitous value.

If it is admitted that the disturbance voltage is appreciably lower than the signal 
voltage, in the areas near the points where the instantaneous frequency intersects coQ
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(or, respectively, when the coil current passes through 0), the following expression is correct:

where Ux is the amplitude of the signal voltage,
Aq> the variation in the signal phase due to the presence o f a disturbance.

The derivate of A(p with respect to time gives the variation of the instantaneous fre­
quency due to disturbance in these areas. With the aid of the law of the distribution of 
probabilities for the variation of the instantaneous frequency, it is possible to discover the 
distortion distribution.

If the disturbance (19) is normally distributed, the distortions will likewise be normally 
distributed, since the distribution parameters depend on the width of the channel and on 
the frequency shift.

For the purpose of measurements, it is convenient to compare the distortions due to 
fortuitous disturbance <5 with the maximum distortions due to harmonic disturbance (50, 
should the standard mean value of the fortuitous disturbance be equal to the effective 
harmonic disturbance. This being so, if the effective width of the channel is related to a 
frequency shift of 2 .8 , we have the expression for the density of probabilities of the ratio

Note. — The formula is obtained on the assumption that the relay has no inertia and 
functions at the moment when the instantaneous frequency passes through co0.

For amplitude modulation, if we compare the distortions with the same <50, we obtain:

Figure 64 gives the graphs of formulae (21) and (22). These graphs show that with 
AM (amplitude modulation) there is a much greater probability than with FM  (frequency 
modulation) that the distortions will exceed S0. For instance, distortions greater than 
2 <50 occur 10 times more often with AM than with FM over the same period of time.

Observations of distortions due to fortuitous distortion generally confirmed the rela­
tions given for AM and FM.

3. Distortions in the case o f  sudden variations in the level o f a signal.

Results of distortion measurements taken in the channel of type TH-12/16 FM  voice- 
frequency telegraph equipment, when there was a sudden variation in the signal level at the 
receiver’s input are represented by curve 1 in Figure 65.

Figure 65 shows that, within the limits of variations of level 0 <  Ap < 1.3 neper, 
the distortions are not large and are approximately expressed by a linear law as a function

U* • nA q> = —  sin 0  , (20)

S / d 0 :

(21)

(22) .
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of the level variation; for the values Ap > 1.3 N, the distortions increase rapidly. <5max 
is the maximum distortion during the long period of observations, during which most of 
the pulses had distortions which were appreciably lower than <5max.

The result obtained can be explained as follows (Bibl. 3).
The influence of the variation in the level of a signal obviously increases, the nearer 

the moment of the level variation is to the significant instant. Assuming that these 
moments coincide, we obtain the curves represented in figure 66 for the initial phase of 
the frequency-modulated oscillation

U = U sin (co0 t + q>) (23)
at the filter output.

Figure 66 shows that, as the sudden level variation increases, the minimum of the 
curve (p shifts (to the right for eAp <  1 or to the left for eAp > 1); since the minimum of 
the curve corresponds to when the instantaneous frequency passes through co0, it is obvious 
that the presence of the sudden variation explains the appearance of distortions.

Within certain limits, the distortions are not large, and they grow slowly with an 
increase of Ap. After a certain value of Ap the curve <p changes shape and includes, in 
addition to the minimum in its lower part, the maximum and the second minimum in its 
upper part; in other words, the instantaneous value of the frequency passes through a>0 
three times instead of once, as had been the case with low values of Ap. This circumstance
is the cause of the sudden increase in distortions for Ap >  1.3 N.

By introducing simplifications such as in section 2, and by considering the ideal 
filter, the following relation can be obtained for calculation of the distortions for the values 
of Ap < 1.3 N:

S m%= 0 . 2 5 A p ~ 1 0 0 % ,  (24)
Afq>

where Ap is the variation in the level of the signal, in nepers, 
and Afcp the effective width of the receiving filter’s pass-band.

The straight line in figure 65 is dotted, in conformity with the formula. It passes
slightly above the values measured due, obviously, to simplifications made while the formula 
was being deduced; for this reason, the coefficient in the formula should be specified 
exactly by experience. According to our observations it is desirable to give it a value 
o f 0 .2 .
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A f ' f  = 150 c/s

S - 50 bauds
AP = 1.3 nepers
K = 9 2 . 5 %

F ig u r e  62. — Effect o f  frequency deviation

A Jn (X)

F ig u r e  63. — Distortion due to harmonic interference
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F ig u r e  64. — Probability density o f  distortion due to random harmonic interference

F ig u r e  65. — Distortions due to sudden increases in signal level
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co (radiant) 
' (radians)

F ig u r e  66. — Phase variation o f  a signal for a sudden increase in level
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FREQUENCY-SHIFT VOICE-FREQUENCY TELEGRAPH SYSTEMS 
W ITH CHANNEL SEPARATION OF M ORE THAN 120 c/s

(Contribution o f the Federal German Republic, contribution CO M  9, No. 58, October, 
1960)

1. Frequency-shift voice-frequency telegraph systems with a separation o f  more than 
120 c/s between the mean channel frequencies, for a modulation rate in excess o f  fifty  
bauds.

According to C.C.I.T.T. Recommendation R.36 seventy-five bauds is the eligible 
modulation rate when frequency-shift voice-frequency telegraph systems are being intro­
duced with a spacing of more than 120 c/s between the mean channel frequencies. This 
notwithstanding, it is our view that, for the future, agreement should be reached, too, on 
a frequency-shift voice-frequency system capable of transmitting telegraph signals at an 
even higher modulation rate (up to two hundred bauds, for example), because:

a) In the very near future, it is highly probable that equipment will be on the market 
offering a modulation rate of a hundred bauds or even more, quite apart from 
the equipment already in use, which affords a rate of seventy-five bauds.

b) In all likelihood, a rate of up to two hundred bauds would suffice to meet the 
requirements for data transmission over telegraph circuits.

c) As will be seen from the following Annex, the cost of a voice-frequency circuit with 
a rate of two hundred bauds (six telegraph circuits per basic audio circuit) should 
be by no means excessive, especially if the increase in data transmission capacity 
be borne in mind.

2. Frequency-shift voice-frequency telegraph systems with a separation o f  more than
120 c/s between the mean channel frequencies, for a modulation rate o f  fifty  bauds.

We have worked out the annual cost of a telephone circuit and two voice-frequency 
telegraph terminal equipments and considered whether, for a rate of fifty bauds, voice- 
frequency telegraph circuits with more than 120 c/s between the mean frequencies can be 
economically used. In calculating annual costs, we counted all the factors involved, such 
as depreciation, interest on investments, staff costs, the cost of operation and upkeep, etc. 
The annual expense for a telephone circuit relates to a carrier system providing a hundred- 
and-twenty channels on symmetric pairs.



The result is shown in the following diagram (figure 67). In relation to the annual
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s
5 
a6

a

cJ3Ca<

:  5 0 0  km

: 1 0 0  km

Number of telegraph channels per audio circuit (telephone circuit)

F ig u r e  67. — Cost o f  a voice-frequency telegraph circuit in relation to the number 
o f  telegraph circuits per audio circuit (telephone circuit)

cost of two voice-frequency telegraph terminal equipments ( =  1), the costs for an audio 
circuit (telephone circuit) are 2.10 if the circuit is 500 km long and 1.05 if the circuit is 
100 km long. If these figures for the basic audio circuit (telephone circuit) are divided by 
the number of voice-frequency telegraph circuits, we get a figure giving the proportion of 
cost of the audio circuit per voice-frequency telegraph circuit. The total cost of the two 
voice-frequency telegraph terminal equipments ( = 1) plus the proportion for the audio 
circuit, gives the figures shown by the curves in the Annex.

It will be readily observed that:

If an audio circuit carries only twelve telegraph channels instead of twenty-four, the 
annual costs per individual voice-frequency telegraph channel will b e :

8 % greater when the circuit is 310 miles long;

4.5% greater when the circuit is 62 miles long,
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always providing, of course, that the cost of maintenance per channel of a twelve-channel 
voice-frequency telegraph system is the same as for a channel in a twenty-four channel 
system. In fact, however, the channels in a twelve-channel voice-frequency telegraph 
system are less costly to maintain (since more time can be spent on measurements and 
upkeep), so that although there is an increase in annual costs from 4.5 % to 8 %, the money 
saved on maintenance will be about the same. Besides which, a twelve-channel voice- 
frequency telegraph system offers the following additional advantages:

1. The voice-frequency telegraph circuit can also be worked at a rate of a hundred bauds, 
if necessary.

2. With a rate of fifty bauds, the distortion is very slight. This is especially important 
when several voice-frequency telegraph sections are connected in tandem.

3. The channel transmission level can be higher, and the signal-to-noise ratio can be 
greater.

4. Because of the greater frequency change, a frequency-shift voice-frequency telegraph 
system is less sensitive to frequency variations.
Hence we take the line that frequency-shift voice-frequency telegraph systems with a 

mean channel separation of more than 120 c/s are economical on international circuits of 
up to 500 km in length, even when the modulation rate is fifty bauds, and that, because their 
transmission characteristics are so good, they should be used *, provided always that audio­
frequency circuits (telephone circuits) are available in adequate numbers. We are at 
present installing a test network with the aid of frequency-shift voice-frequency telegraph 
systems with a spacing of 240 c/s between the mean channel frequencies and a frequency 
change of ±  60 c/s.

3. Characteristics o f a frequency-shift voice-frequency telegraph system with a spacing o f  
more than 120 c/s between the mean channel frequencies.

The following frequency allocation, we believe, could suitably be used for frequency- 
shift voice-frequency telegraph systems with more than 120 c/s between the mean channel 
frequencies:

The frequencies shown in Recommendation R.31 should appear in the frequencies 
used (odd multiples of 60 c/s; lowest frequency: 420 c/s). This is so when all multiples 
of 240 c/s are used for the mean frequencies, the lowest mean frequency used is 480 c/s, and 
the frequency change is ±  60 c/s.

* N.B. — Although transmission at up to 100 bauds using a bandwidth of 240 c/s can be made on 
voice-frequency telegraph circuits at no extra cost, the rates for rented circuits should, we feel, bear some 
relation to the modulation rate. This would be justified by the fact that a circuit so operated would be 
more useful.

19
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Thus we get: _

Channels Mean frequency 
(c/s)

Stop frequency 
(c/s)

Start frequency 
(c/s)

1 480 420 540
2 720 660 780
3 960 900 1020
4 1200 1140 1260
5 1440 1380 1500
6 1680 1620 1740
7 1920 1860 1980
8 2160 2100 2220
9 2400 2340 2460

10 2640 2580 2700
11 2880 2820 2940
12 3120 3060 3180

We suggest that for twelve-channel frequency-shift voice-frequency telegraph systems 
used internationally, the power per channel be 11.25 microwatts (-2.25 nepers), at a zero 
relative level point, in accordance with Table 1 in C.C.I.T.T. Recommendation R.35.

EFFECT OF SUDDEN CHANGES OF LEVEL ON FREQUENCY-SHIFT 
MODULATED VOICE-FREQUENCY TELEGRAPH SYSTEMS

( Contribution by the United Kingdom, contribution COM  9, No. 39, January, 1959)

The results obtained are given in figure 68 . Except for the 5-6% early bias distor­
tion introduced during the periods when the signal level was reduced by 2 N  (this being 
approximately 2.4 db lower than the minimum designed operating level for the equip­
ment), the distortion of 98 % of the transitions was not affected by the changes in level. 
It would appear, therefore, that each abrupt level change affected only one transition, 
and hence that the time-constant of the limiter circuit of the receiver does not exceed the 
period of a signal element.

An attempt has been made in figure 69, which has been derived from the part of 
figure 68 outside the dotted ordinates, to plot only the increase in distortion of those 
transitions affected b y 'an  abrupt change of level; these curves have been extrapolated 
to indicate probabilities up to P — 0.0001.
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INFORMATION ON TRANSMITTER DISTORTION 
IN START-STOP TELEPRINTERS

(Extract o f the Federal German Republic contribution; contribution C O M 8, No. 7,
November, 1957)

2.2. Measurement o f distortion.

The Federal German Administration has undertaken detailed investigations to 
determine:

2.2.1. The suitability of the teleprinter answer-back device for determining 
transmitter distortion.

2.2.2. The effect of the way in which the teleprinter is operated.

2.2.3. The effect of the duration of transmitter on distortion.

2.2.1. The measurements were made at the Munich telex centre with an electronic 
distortion measuring set. The values shown are maximum values for a triple trans­
mission of the answer-back. Curve a in figure 70 shows the measurements made on 
1200 stations of the Munich telex centre.

Only about 5% of all stations exceeded the 12% overall distortion proposed by 
the C.C.I.T. Curves b and c show the same measurements on 170 other telex stations, 
curve b showing distortion values for the answer-back signal, and curve c those for manual 
transmission (3 times the German test message of about 70 signals). It will be seen that 
with manual transmission, the figures are up to 1 % worse. This percentage covers the 
influence of- the longer duration and the greater irregularity of manual transmission. 
It appears from these results that measurements of the answer-back can be used to check 
the teleprinter transmitter.

2.2.2. The measurements were designed to show to what extent transmitter distor­
tion varied in the terminal ensemble (teleprinter, including the circuit and repeater) in 
existing service conditions. The duplex service, with and without simultaneous trans­
mission by the corresponding station, together with the simplex working in general use 
in the Federal Republic, were examined, both with manual transmission of the German 
test message or permanent transmission of the letter r. As a comparison, we show the 
results obtained with two Siemens and Halske teleprinters, one of an early type, and the 
other new. For the modern teleprinters, the variations occurring in the different operating 
methods are maintained within the limits of admissible distortion, ± 5 %  (fig. 71). For 
early type teleprinters, on the other hand, we must, as shown in figure 72, bear in mind 
the possibility of a widening of the distortion spectrum.

Hence, before admitting new kinds of teleprinter, it would seem necessary to under­
take such research on specimen teleprinters in actual working conditions and to specify 
reception conditions in the light of the results.

The distortion figures given are for the synchronous distortion after the repeater, 
assuming the circuit is 6 km long on the average. The Federal German Administration 
of Posts and Telecommunications draws attention to the fact that the effect of the circuit 
can be offset by balancing, for any lengths, in the TW 39 type translations.
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2.2.3. The influence of the duration of transmission was also determined by means 
of the distortion analyser. The apparatus tested was an additional perforated tape trans­
mitter, with the English test message of 60 lines or 174 significant instants.

The curves in figure 73 show that, as might be expected, the distortion spectrum 
widens as the transmission time increases. Under test, when one sentence or 1000 sentences 
were transmitted, early distortion increased from 3 to 7 % and late distortion from 7 to 
even 13%. According to the diagram, less than 1 % of the significant instants exceed 
the distortion spectrum for one sentence.

Tests on a broader basis show what probability of loss is likely in service with the 
various types of teleprinter, and what, in each case, is the relation with the results of a 
short measurement.

France (extracts from  contributions COM  8, No. 51 and COM  8, No. 54, February, 
1959)

2. Speed check.

The working speed was measured on 116 subscribers’ stations. 96% of these stations 
were connected to the exchanges by lines less than 7 km long and the remainder by lines 
having a length of between 7 and 16 km. 71% used double-current working (relayed 
reception) and the remainder used single-current.

The results are shown in diagram 74 which indicates the number of machines whose 
speed deviation from nominal speed is comprised between 0 and + 2  per thousand, + 2  and 
+  4 per thousand, etc., between +  8 and +  10 per thousand, above +  10 per thousand, 
and the same for negative deviations. The measurement apparatus could not record 
speed deviations above 10 per thousand.

It was noted that 17 machines out of 116 exceeded a tolerance of ±  0.8%, and 
consequently the tolerance of ±  0.75% fixed by Recommendation S.3.

3. Transmitter distortion check.

Because of practical difficulties of access to subscribers’ stations, measurements 
of sending distortion had to be made on fifteen consecutive transmissions of the answer­
back code (approximately 1000 transitions).

The distortion rates obtained show a probability of exceeding the given value of
1

Tooo
The results of synchronous distortion measurements are shown in figure 75; it is 

seen that, for example 51 machines (i.e. 44%) have a synchronous distortion of over 
4% and 21 machines (i.e. 18%) exceed 6 %.

Figure 76 gives a similar curve concerning overall distortion for normal working 
alone: only 8.5% of machines have an overall distortion exceeding 10%, which is the 
maximum recommended in Recommendation S.3.

One main factor has to be noted: the limit for overall distortion is much better met 
than that for synchronous distortion. If n (in %) represents the start-stop speed devia­
tion of the machine, the overall distortion measured in % is equal to the synchronous
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distortion increased by 6 n, in the most unfavourable condition (in certain cases, the 
speed deviation compensates in part the synchronous distortion). A synchronous distor­
tion of 5% will only give an overall distortion of 10% if the speed deviation reaches 0.8% 
in the unfavourable direction. It is therefore. obvious that the condition imposed on 
overall distortion is less rigid statistically than that imposed on .synchronous distortion.

Number of apparatus

60

2 %______2% , o/
10 12 U  16 18 2 0

Overall distortion

F ig u r e  76

Distortion at teleprinter output

I. General remarks.

In a SAGEM type transmitter used by the French P.T.T. Administration sending is 
achieved by connecting the segments of a sending distributor in turn to .the transmission 
channel; in addition these segments are previously connected to the appropriate polarities 
by a codifier. The sending distortion is thus independent of the direction of the transi­
tions; there is thus no need to distinguish the mark-spaces from the space-marks. But 
it may be necessary to distinguish the beginnings of these different units from one another. 
If it is the beginning of the 1st unit, its sending distortion, in view of the mechanical opera­
tion of the machine, will, for a series of transmitted characters, have d  values which will 
be distributed around an average value D with very low dispersion, due entirely to the
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slight variations in speed of the sending distributor. The average value depends primarily 
on the adjustment of the distributor contacts and of course on the average sending speed; 
it will thus differ from one unit to another.

The sending distortion of such a set will thus be distributed, to a first approximation, 
around 6 average values according to 6 normal laws with low standard deviations. If 
the set is very well adjusted, these 6 laws are practically superposed, since the average 
values are very close to one another, so that the sending distortions of the transitions are 
distributed around a low mean value according to a single normal law with a fairly low 
standard deviation.

II. Practical tests.

A series of very detailed tests was carried out on a SAGEM set to compare the dis 
tortions of M — S  and S— M  transitions having the same position (beginning of the third 
code unit for example) and to determine the effect of a deviation from the nominal speed.

By sending a given character with automatic repetition it was possible to be inde­
pendent of the variations in speed due to jerks in operation and to isolate the transitions 
from one another: thus sending a repeated E  makes it possible to study the distortion 
of the M — S  transition of the 2nd unit of the code, and by sending a repeated V  the corre­
sponding S— M  transition distortion can be studied. The start element being negative 
and the stop element being positive, the transitions at the beginning of the first element 
or of the stop element are always S— M  transitions.

The results of the measurements carried out in this way are as follows:

1) for each unit studied, the transition distortions are distributed around a low mean 
value (lower than 2 %) according t o ' a  normal law with a low standard deviation 
(0.5 to 1 % maximum).

2) the S — M  and M —S  transitions which have the same position follow the same dis­
tribution law, with allowance for errors in experiments.

3) the mean value and the standard deviation for each of these laws depends on the 
position of the transitions studied.

The same measurements were carried out again on the same machine after the speed 
had been considerably misadjusted:

1) for each unit studied, the distortions are still distributed around a mean value accord­
ing to a normal law with a low standard deviation, but the mean value is clearly 
greater where the transition studied is further away from the start unit.

2) the S— M  and M — S  transitions having the same position follow the same distribu­
tion law with the same mean value and standard deviation, allowance being made 
for errors in experiments.

The comparison between the two series of tests carried out shows the great importance 
of variations in speed. In particular, a single machine sending the same text more or less 
irregularly or by automatic transmission will not show the same distribution of distortions, 
since, in the first case, the instantaneous speed will be much less constant than in the 
second.
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In practice the measurement of sending distortion is carried out on the answer­
back signals of the machine, that is to say on a text transmitted at a fairly constant speed; 
the measurement will then be fairly optimistic in general. In any case it is clear that 
the distortions of the whole of the sent transitions are not in general distributed according 
to a normal law around a mean value. The law of distribution is the sum of 6 elementary 
laws whose mean values are not equal. The distribution of distortions of the S— M  and 
M —iS units of the answer-back signals transmitted by automatic repetition, clearly show 
that they cannot be fitted to normal laws.

It may finally be noted that there are 6 different normal laws for the distribution 
of sending distortions. These laws relate to the initial transitions of the 1st, 2nd, 3rd, 
4th and 5th unit and to that beginning the stop unit; they do not depend on the direction 
of the transitions; on the contrary they vary with the instantaneous speed of the trans­
mitting shaft and consequently with the method of carrying out the measurement (manual 
sending, sending answer-back signals, automatic sending of one character). If the set 
is well adjusted, the mean values and the standard deviations of each of these laws are 
low and should not exceed a few percent; it is only where the 6 mean values are practically 
equal that the sending distortions of the whole of the transitions are distributed according 
to a normal law.

III. Conclusion.

INFORMATION ON THE MARGIN OF START-STOP TELEPRINTERS

(See also Annex to Question I/VIII)

Siemens Halske (extract from  contribution CO M  8, No. 1, December, 1956)

A report by Siemens & Halske A .G .1 treated of an electronic teleprinter signal 
distortion generator, capable of producing steadily or alternately distorted teleprinter 
signals of high accuracy.

Using said distortion generator, a Siemens page-printer T type 37 i was subjected 
to margin tests. To this end, the teleprinter was circuited for local-loop operation. One 
of the objectives of these measurements consisted in examining to what extent the test 
results are a function of whether the distortion has a steady or an alternating characteristic.

Test procedure.

All measurements apply to single current of 40 milliamps. (make-break operation).
An RC  network, which functionally corresponds to the customary spark suppressor 

C =  0,25 pF, R  =  150 ohms, shapes the output signal of the electronic signal distortion 
generator in such a manner that the waveform closely resembles that produced by an 
idealized electric contact (deviations from the ideal waveform affect the accuracy of the 
distortion measurements in a considerable measure).

1 “ Supplements to Documents of the V lllth  Plenary Assembly of the C.C.I.T. ”, page 114 et seq.
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In order to make the measurements readily reproducible, the page-printer was set 
up in a temperature-stabilized room and, prior to each test, was given a warming-up 
period of half-an-hour. Moreover, the orientation device (range finder) was inspected 
for symmetric adjustment between test series.

The various types o f distortion applied in the course of the tests are given in the follow­
ing table.

Start element
Code
combination —

UV

(no delay)
k v

(steady delay)
WV

(alternate delay)

U V undistorted steady early alternate early
no delay

k v

steady delay
steady late undistorted alternate late

w v

alternate delay
alternate late alternate early alternate early and 

late

With the types of distortion shown in the “ start element wv ” column, the signal 
length is varied, whereas with the types of distortion given in the horizontal “ code combina­
tion wv ” division the element length within the code combination is varied. Hence, 
with “ alternate early and late ” distortion both variations occur.

Test results.

Figure 77 shows the error rate, plotted as a function of the degree of distortion, with 
alternate early and late distortion. The distortion limit value, below which there are 
practically no errors, lies at approx. 44 %. If the distortion is increased by less than 1 %, 
the error rate will rise from 10~5 to 10-3, i.e. by two orders of magnitude.

An advantage of the measurement employing alternate distortion lies in the fact 
that it permits the actually interesting error characteristics of the machine to be traced 
within one series of tests. With the previous test methods, which employed either purely 
early or purely late distortion, it was necessary to run two test series to obtain the same 
results (see figure 79 as an example). Moreover, the new type of distortion is a more 
faithful replica of actual service conditions, since it involves varying element and signal 
lengths.

Figure 78 shows a comparison of the various types of distortion. The measure­
ments plotted here were taken in such a manner that, with the error rate kept on an ap­
proximately equal level, the individual types of distortion were applied in direct succession. 
In this way, comparison remained unaffected by such variations of the teleprinter charac­
teristics as might have been introduced if the tests had been run at longer intervals.

It can be seen that all error curves on figure 78 are disposed within a strip of 1 % 
width, i.e. relatively closely together.
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Nevertheless, it is interesting to note that distortion types “ e ” and “ d ”, which 
differ from types “ b ” and “ c ” only in their varying signal length, are positively more 
error-prone.

In the case of distortion “ a ”, which also involves varying signal length, allowance 
must be made for the fact that, commensurate with the distortion programme, half of the 
characteristic instants are undistorted relative to the start element.

Figure 79 evidences that the various lengths of the stop element essentially signify 
a displacement of the centre of the orientation range. A detailed analysis to determine 
the causes of this phenomenon has not yet been conducted.

France (extracts from contributions CO M  8, No. 51 and CO M  8, No. 54, February, 1959)

Measurement o f receiver margins.

Measurements were carried out on 23 machines. The apparatus received the French 
international sentence having start distortion only (non-alternate distortion) and with 
a 150 millisecond cycle. The margin was measured at a probability of one fault per sen­
tence (i.e. one fault per 50 characters instead of one fault per 100 characters). Figure 80 
shows that 22 machines out of 23 accepted a distortion that reached 34%; 20 machines 
accepted a distortion reaching 36%.

It appears therefore that working machines have a net effective margin which is 
never very far below the limit of 35% fixed by Recommendation S.3.

Teleprinter margin.

The idea of teleprinter margin should be made more specific by the measurement 
conditions (kind of text sent, transmission cadence, etc.). and by the error rate allowed 
(1 error in 100 000 characters, 1 error per sentence, etc.). The probability of transition 
error depends to a first approximation on the distortion of the received modulation in 
accordance with a normal law for fairly small rates of errors (less than about 1 0 % of 
transition errors). The probability of a character error can be deduced from it when 
the kind of text used for the measurement of the margin and in particular the percentage 
of distorted transitions in this text are known.

Experience shows that in every case an increase by a few per cent of the distortion 
of the text makes the error rate increase rapidly (from 10"5 to 10 3 or from 10 3 to 10-2 
for example).

All measurements, whether on machines or channels, involve questions o f pro­
babilities such as the probability of the distortion or of the margin being exceeded. For 
a measurement to have any point, it is thus necessary to specify the extent of probability 
of error at which the measurement has been carried out and it is also necessary to avoid 
the so-called “ sampling ” errors.

Let us suppose for example that the margin of a machine is defined as the distortion 
which must be applied to the incoming modulation so that there is an error in the machine 
in the first sentence thus distorted. In general, then, the probability of error is not one 
error per sentence. More precisely, if the incoming modulation is distorted so that the 
machine gives one error per sentence on the average over a large number of sentences, 
there is a 37 % chance that the machine will give no error in the first sentence thus dis-
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torted; there is still a 14% chance that it will give no error in the first two sentences; 
these probabilities cannot be considered as negligible. The sampling error is on the 
contrary very small if the probability error is larger (about 5 errors per sentence over 
a large number of sentences) the measurement being carried out in practice on a single 
sentence: in 96% of cases, for example, 2 errors at least will be observed in the first sen­
tence; in 8 8 % of cases at least 3 will be observed. The margin corresponding to a pro­
bability of one error per sentence will be obtained approximately by subtracting 2 % 
of the calculated margin for a probability of 5 errors per sentence (in the case of distor­
tion on start only).

Telegraph receiver margin ,

I. Some general comments.

The margin of a telegraph receiver is ordinarily defined as the maximum distortion of 
the incoming modulation for which the receiver produces a percentage of faults less than 
some given figure. This definition clearly is inadequate. Hence “ early ” and “ late ” 
margins are terms frequently used. That is to say, relative to modulations having early
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and late distortions to advance-distorted and delay-distorted modulation. The difference 
between the two figures is largely due to the adjustment of the gearing mechanism and the 
motor speed. Furthermore, we should distinguish between the margins relative to the 
mark-space transitions and the margins relative to the space-mark ones to make allowance, 
for example, for a bias in the receiving relay or a lag in setting. This makes, all in all, four 
figures for the margin of a receiver, each of them fluctuating around a mean value because 
of friction, inertia, and mechanical wear-and-tear.

II. Experimental checks.

The existence of bias at reception and of an inequality between the early and late 
margins is well enough known to require no experimental checking. On the other hand, 
experiments show how the percentage of errors varies with the distortion of the modulation 
received. The measurements made by the French and Federal German Administrations 
(Document SG 111/22 of the International Telegraph Consultative Committee, Violet Book, 
Supplement, pages 95 and 96) show that the frequency of receiving errors increases with 
extreme speed when the distortion of the received modulation exceeds a certain figure. For 
example, the error frequency increases from 1 % to about 10% for an increase of 1 % in 
the modulation distortion.

The Federal German Contribution (page 304) is especially interesting, showing as 
it does that the error rate varies with the distortion in accordance with a normal law. 
In fact, it is rather the transition error rate which obeys such a law. When the rate is low 
(5% to 10% approximately), every transition error produces a mistake in a character. 
Hence the character error rate will be equal to the transition error rate multiplied by a 
factor which depends on the mean average of distorted transitions per character. This 
factor will, for example, be 3 if the received modulation has repeated start distortion.

III. Conclusions.

If this remark be borne in mind, it will be convenient, in network planning, to assume 
that the margin (early or otherwise) of a receiver for each kind of transition M -S  or S-M  
assumes values which are distributed around a mean value according to a normal law. 
The number of errors in characters will be deducted from the number of errors in transitions 
by multiplying by a factor which will depend on the kind of modulation used for the 
measurement. The approximation so arrived at will hold good just as long as the error 
rate is not excessive (less than 5 to 10 % of transition errors).

Like the measurements of sending distortion, measurements of margin will very 
largely depend on the instantaneous speed of the governor. Hence the margin will depend 
in particular on the rate of the incoming modulation.

Hence, too, we must not expect a degree of accuracy impossible to attain in measuring 
margins. And for every measurement, we must specify the circumstances: the test text, 
the speed, the kind of distortion, and the percentage of errors in the characters.
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SPROCKET-FEED MECHANISMS USED ON PAGE-PRINTING START-STOP
APPARATUS

(Extract from  C.C.I.T. Violet Book, page 109 et seq.)

Note. — The following details relating to the operation of sprocket-feed page me­
chanisms used in the internal services of the Federal German Republic may be of interest 
to other Administrations:

The platen has eleven pins on each side (see figure 1 in drawing 81). These pins 
permanently engage in the holes on the two sides of the form. The spacing between 
pins is slightly less than half-an-inch. Hence seven copies can be used.

Figure 2 in drawing 81 shows the dimensions of the sprocket-punched paper.

Dimensions are as follows:

a) Spacing between lateral holes: 12.7 mm =  half an inch.

b) Spacing between two rows of lateral holes: 203.2 mm =  8 inches.

These are identical to those normally used for this purpose in the United States and 
in the United Kingdom.

The forms are separated lengthwise by “ y  ” score lines. The “ x  ” lines determine 
the width of the form. The form itself measures 192 X 304.8 mm.

The carbon paper, 1 9 2 + 1  mm wide, is not scored (see figure 2 of drawing 81).

With 3 layers of paper, all layers are perforated and can be provided by a spare reel.

If it is desired to print more copies, only the layer immediately against the platen 
is perforated (see figure 3 of drawing 81).

All the other layers of paper are narrower ( 1 9 6 + 1  mm).

In this case, all the layers, including the carbon, have to be stapled close to the 
separation line “ y  ”. Then it will be impossible for the forms to be provided by a reel. 
The various layers of paper so clipped are folded in zig-zag.

All paper tolerances are valid for 65% relative humidity of the atmosphere.

Figure 82 shows the printed part of the form for a spacing of 4.23 mm and of 6.35 mm 
between the printed lines. Space A is so chosen that the printed form last received can 
be torn off, while the next one is ready for printing. In the free space A, the heading 
of a commercial firm can be printed in advance.
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figure 3
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Figure 4
F ig u r e  82
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Poland (Extract from contribution CO M  8, No. 5, October, 1957)

CONSIDERATIONS INVOLVED IN THE NEW TELEGRAPH ALPHABET

How the teleprinter facilities might be extended.

We can extend these up to fifty-nine signs at the very utmost, by using the five-unit 
code, the signs being divided into two groups. Quite clearly, this is not enough.

If, now, we increase the units in the code to six, and keep the signs divided into two 
groups, we shall multiply the facilities afforded by more than two. The machine will now 
meet all requirements, as regards faithful transmission of the text and operating simplicity, 
thanks to the introduction of switching signals and other auxiliary signs.

The six-unit code offers one hundred and twenty-eight combinations in two groups.

Apportionment o f the signals into groups.

Since we have so many combinations now available, it will be easy to divide the signals 
into two groups, in such a fashion that the signals most used are in one group and the 
remainder in the other.

In certain circumstances, there would be no need to have each group preceded by 
a special signal. It might conceivably be more economical and practical if every .signal 
in the second group were preceded by a special signal, transmitted by depressing, simul­
taneously, the key of the signal of the second group and that of the special signal, as is 
done on typewriters. This question requires meticulous scrutiny, in the light of statistics 
showing how frequently capital letters and certain auxiliary signals are used in various 
languages and various kinds of text.

Modulation speed and output.

This is closely bound up with the extension of teleprinter facilities.
The present teleprinter output—400 signals a minute—does not seem very great, and 

should certainly not be reduced.
With the same theoretical output, the modulation speed with a 6-unit code will be 

given by: '

= y  ,2-5 = 50 ^  = 56 7 bauds
11J a x + 2.5 7.5

where Vx — modulation speed with the old code,
ax =  number of units in the old code,
fln =  number of units in the new code.

It should be possible for existing transmission systems to cope with this rate of modula­
tion.
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For a comparison between the two codes, this calculation is incomplete, since we 
ought to take, as our basis, not the theoretical but the practical output (i.e., without the 
auxiliary signals which are not part of the text transmitted, for example, the inversion 
signals).

If, now, we define the output with the code r\ by the relation between the number of 
signals of the text transmitted (including spacings, line feeds, etc.) and the number of all 
the signals transmitted by the teleprinter and required for reproduction of the text at the 
reception end, we shall obtain:

N  p max

where N pmax =  the practical output.
The output with a particular code is a statistical figure varying with the kind of text 

transmitted.
For any particular constant output, the modulation rate will be given by :

t/  _  T / ^ 1 1 +  _  r /  ^
v i ip — v t u —(« !+  2.5) -rjn n i i

where Pi  =  output with the old code, 
rJ n =  output with the new one.

If we obtain a greater output with the new code with a better apportionment of the
Vnsignals into groups, this modulation speed will be —  times smaller.
Vi

Independently of the calculated increase in modulation speed for the same output, 
some thought should be given to an increase in modulation speed and a simultaneous 
change in code. Thus we could obtain a greater teleprinter output. Evidence for this is 
provided by the ever more extensive use of automatic transmission and the fact that the 
existing teleprinter output limits the possibilities of a good typist.

The question o f  co-operation.

There are very many teleprinters in use, and they are expensive, so that the question 
of whether the new teleprinters could work with the old ones, supposing there were a 
change in the telegraph code, is an exceedingly important one.

If, with a change in alphabet, output changes appreciably, direct co-operation (of the 
conversation type) will be possible if the new teleprinter can adapt its output to that of the 
old one.

Whether this direct co-operation can be achieved can be shown only by a thorough 
technical and economic analysis. I should like here to draw attention to certain aspects 
of the problem.

In order that a transformation designed to make co-operation possible may be kept 
simple, the new alphabet must be arranged with an eye to this operation.

There is a danger, therefore, that the new alphabet will have to shoulder the burden 
of “ original sin ” from birth. In considering the problem of co-operation, we must take 
care to reduce difficulties of this kind to a minimum.

Let us, now, as an example, consider two of the numerous kinds of co-operation 
possible.
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There would seem to be no special difficulty about a system in which the new 6-unit 
code would be so conceived that if the last unit has a “ stop ” polarity, the first five units 
would correspond to Alphabet No. 2.

To effect co-operation, it would suffice to block certain keys on the keyboard of the 
new machine (and perhaps to use a simplish sort of transformer to adapt the modulation 
rate). But adaptation of this system would impose the inclusion of the figures and auxiliary 
signs, fairly often used, of the second group, which would complicate operation of the 
teleprinter and reduce its output.

If we wish to keep a more effective apportionment into groups, we must insert all 
signals of Alphabet No. 2 in the first group of the new alphabet. For co-operation, the 
second group would have to be blocked in the new teleprinter. Quite apart from this, a 
fairly complicated transformation would be necessary, which would do away with one of 
the six units (for example, the sixth) in the direction towards the old teleprinter and would 
transmit an additional “ figure ” or “ letter ” signal if there were a change in the significant 
state of this unit.

For example:

Signal transmitted by the new N  R  2
teleprinter  b  b + ----- I------ 1------ b +  — b -I--------- 1------- b

Signal transmitted by the N  R  figures 2
transformer ---------- b + — + ------- 1------1------b  bH------b +  +  bH---------b +

In the direction towards the new teleprinter, the transformer would suppress the 
“ figure ” and “ letter ” signals, and, depending on the signals last transmitted, would 
supplement the combination transmitted by the sixth unit with appropriate significant 
condition.

It seems clear that our desire to arrange the new code conveniently runs to some extent 
counter to our anxiety to simplify co-operation.

An additional question fo r discussion.

Reform of the alphabet is exceedingly costly, and this is why the present alphabet 
has remained, despite the fact that it has become, with time, a considerable obstacle to 
technical progress.

A revision of the present alphabet would offer an excellent, and perhaps the only, 
opportunity for a radical modernization of telegraph apparatus.

As an example, let us consider two problems. Firstly, can we guard against wrong 
restitutions ? On an actual circuit, the teleprinter is not very satisfactory in this respect, 
with the result that whole portions of telegrams (especially portions containing figures) 
have to be repeated. One way of substantially reducing the likelihood of false signals 
being received would be to print a special sign instead of the false one. This signalling of 
errors, based on the principle of a constant relation between marking and spacing signals, 
requires an increase in code units.

The second problem is how to ensure synchronism of the transmitter and receiver.
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The present system is to check the phase before each signal is transmitted. This was 
all very well at a time when the technical possibilities of stabilizing the rotation were none 
too extensive, and when the problem of how the circuit should be operated was not felt 
with anything like its present acuity. It would be well to ascertain whether control by 
larger groups of signals would not be better, despite the complications involved, for example, 
for groups of ten signals. This would obviate the need for signal storage but would lead 
to no complications in automatic transmission. Since automatic transmission is becoming 
ever more widely used, the advantages to be derived from this procedure would outweigh 
the drawbacks of manual transmission.

. Transition to such a system would increase the theoretical output of 400 signs a minute 
at 50 bauds (with the existing code) to 577 signs a minute, which would mean an increase 
in modulation rate in the present system to 72.2 bauds. On the other hand, since the 
6-unit code has a modulation rate of 56.7 bauds, the changeover would increase the theore­
tical output of 400 signs a minute to 548. This would mean an increase in modulation rate 
to 77.5 bauds. In these circumstances, the accuracy of the synchronization of the receiver 
and transmitter is 10~3, which should not exceed the capacities of. modern engineering.

Federal German Republic (extract from contribution CO M  8, No. 32, May 1958)

2.4. Teletypesetting.

Teletypesetting requires that the message be copied with absolute accuracy. Capital 
letters, small letters, figures and all punctuation signs must be transmitted. Furthermore, 
many new control signals are needed for the typesetting machine. The 5-unit Interna­
tional Telegraph Alphabet No. 2 cannot satisfy those requirements.

For this reason, the Linotype Company “ Teletypesetter ” equipment uses a 6-unit 
alphabet with 64 combinations, which consists of International Telegraph Alphabet 
No. 2 with the addition of a 6th unit at the beginning of the 5-unit group. When used 
with letters of the telegraph alphabet, the 6th unit has “ start ” polarity, and when used with 
figures, “ stop ” polarity. Some sequences of these elements are different from those of 
International Telegraph Alphabet No. 2.

From the point of view of safeguarding the transmission, teletypesetting may be 
more exacting than the telex service, depending on the type of message (newspaper, perio­
dical, book) and whether or not verification is provided at the receiving station. The 
Linotype code does not permit of transmission safeguards, as all combinations are already 
in use. Adequate safeguarding of transmission could be obtained by verifying the message 
transmitted, as in the case of the 5-unit code, if additional equipment were included in 
the installations.

3.1. Five-unit alphabet with 3rd shift.

By the introduction of a 3rd shift, the number of signals can be increased by 25. 
Other characters and special functions not included in International Telegraph Alphabet
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No. 2 also can be made available. In that case, certain inconveniences in transmission 
and manipulation must be accepted.

If the 3rd shift is to be put into effect by means of one signal, we can only contemplate 
the use of combination 32, which is not employed at present (5 times “ start ” polarity).

It would appear rather dangerous, however, to use this combination for the 3rd shift, 
as the latter may then be made by interrupting the communication channel. To obviate 
lengthy mutilation of the text, an automatic device to return the shift to normal would 
be necessary. Such a solution is feasible and even desirable when the 3rd signal group 
consists of one national letter. On the other hand, if a national alphabet (Greek letters, 
for example) has to be included in the 3rd signal group, the automatic device is not required. 
The number of errors caused by interruptions can be reduced by replacing combination 32 
by a secondary combination which is unused or which could be made available. Change 
of alphabet in telegrams is such a rare occurrence that the use of 2 shift signals (figures 
shift and 3rd shift) would not complicate the work of the teleprinter.

Some export and import undertakings, for instance, like to exchange messages in 
the language of foreign undertakings and thus prefer to use teleprinters offering a 3rd row 
of signs. The German Administration, therefore, proposes that all teleprinters used 
in the European system should operate the 3rd shift by means of a common combination 
of secondary signals to be mutually determined. Combination 12, which is not used 
at present, might be made available for the purpose.

The fact that co-operation is possible between teleprinters equipped with Interna­
tional Telegraph Alphabet No. 2 is an argument in favour of a 3rd shift. This considera­
tion is particularly important given the great number of 5-unit teleprinters which function 
in the telex networks of all countries.

Amplification of the telegraph alphabet to include the 3rd shift is sufficient when 
we are concerned only with providing a greater number of national letters or a national 
alphabet.

For teletypesetting (2.4) and data transmission an alphabet of more than 5-units 
is essential in view of the greater number of signs and special functions involved.

3.2. Six-unit alphabet.

In establishing a new alphabet, the paramount consideration is whether or not it 
can and should be combined with International Telegraph Alphabet No. 2 and, conse­
quently, whether certain limitations in the choice of the alphabet must be accepted.

From the technical point of view, the best way of establishing a 6-unit alphabet to 
be operated in conjunction with International Telegraph Alphabet No. 2 is by adding 
a 6th “ stop ” polarity unit to existing teleprinter signals and a “ start ” polarity unit to the 
new signals, such as capital letters. Inter-working is then made possible—provided the 
signals are of equal duration—by inserting a regenerator to correct the duration of 
the signal units. This kind of alphabet is useless, however, when operations require 
that the keyboard of a 6-unit alphabet teleprinter should be the same as that o f an ordinary 
typewriter.
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On a typewriter, a shift is provided for changing from small letters to capitals. 
Figures and the more usual punctuation signs may be written without changing the shift. 
Capital letters and other signs, however, are written in the shift position. With a 6-unit 
alphabet, therefore, it is advisable to assign the various groups in such a way that only 
one combination is required for each letter. The 6th unit thus differentiates between 
the primary and secondary positions of the 5-unit alphabet. Combinations of figures 
come within the secondary group of the new alphabet. If punctuation signs also are 
included in the secondary combinations, other unit groups can be made available for 
special functions in both shift positions. This type of alphabet is used by the Linotype 
Company for their teletypesetter (figure 83).

If unit groups are assigned in this manner, the keyboard may be the same as that 
of a typewriter. A further advantage of such an alphabet is that the text remains legible 
even when the shift is wrongly operated.

A combination of this alphabet with International Telegraph Alphabet No. 2 is 
much more difficult than in the preceding case. Six-unit and 5-unit teleprinters can 
work together only by means of converters, which also are intended to correct the dura­
tion of the units.

In transmitting to a 5-unit teleprinter, the shift signal must be given each time either 
automatically or by the transmitting operator. In the former event, recording equip­
ment (perforated tape) is required, while in the latter there is the risk of error in operation. 
The teleprinter, moreover, is fitted with devices which are unnecessary in operations 
between 6-unit teleprinters (blocking of keys, blocking of unused signs, etc.). On the 
contrary, when the 5-unit teleprinter sends, the polarity of the 6-unit must be added by 
the converter independently of the preceding inversion signal. Despite these technical 
difficulties, the only possible solution for a 6-unit code is to allocate capital letters and 
small letters to the same combination, as just described.

A six-unit alphabet provides, of course, sixty-four combinations, affording accommoda­
tion for twice sixty-four signs and functions. All these facilities are made use of in full 
for teletypesetting.

The alphabets hitherto described afford no safeguard against disturbance during 
transmission. Nevertheless, for the 6-unit code as well, there are ways and means of 
safeguarding the message transmitted to some extent.

3.3. Six-unit code with increased transmission safeguards.

With the Federal German teleprinter manufacturers, we have thoroughly investigated 
the various ways of solving the problems arising with a new 6-unit alphabet affording 
increased safeguarding of transmission. Figure 84 shows a proposal for an alphabet 
of this kind. This proposal is based on the following considerations:

The experience acquired in the gentex and telex services shows that mistakes occurring 
in a plain-language message as a result of short interruptions in the circuit are not felt 
to be disturbances because the text does not become unintelligible and because the mean­
ing of the text is changed only rarely. But the data transmitted for computers or ac­
counting machines, or numerical data transmitted in a text, must have greater safeguards,
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because it is not always possible to recognize changes in the signs brought about by a 
fault. It is quite sufficient if only the im portant parts of messages are safeguarded 
(numbers, special signs for calculations and a few special functions), and if the plain- 
language text is transmitted without safeguards.

The 6-unit alphabet has (3) =  20 combinations made up of three “ start ” polarity 
units and three “ stop ” polarity units (see figure 84). If these combinations be assigned to 
digits, punctuation marks and special functions, accounting data can be transmitted with 
safeguards when made up of such combinations. Breakdowns due to interruptions 
can thus be reliably recognized because at least two units of different polarity have to 
be mutilated in a signal for a false signal to be produced. Safeguarding in telegraph 
correspondence is thus about 10“ 9.

Among the 20 signals to be safeguarded, made up, each of them, of three “ start ” and 
“ stop ” polarity units, combinations have been assigned to the digits 1 to 0 which' can be 
readily transformed into the “ 3 excess ” code o f decimal computers.

The 10 tetrades of the “ 3 excess ” code each contain one, two or three “ stop ” polarity 
units. Hence they can be supplemented by binary groups corresponding to the six com­
binations each comprising three “ start ” or “ stop ” polarity units.

It is just and right to bear the “ 3 excess ” code in mind. It offers great advantages, 
especially in connection with the indication of lengthy breakdowns in computers, and 
is coming into ever-wider use with decimal-code computers.

For co-operation with International Telegraph Alphabet No. 2, we must bear in 
mind that, for several combinations, we shall have to transform the code. This, indeed, 
is simple enough if we have properly chosen our 6-unit code.

The proposed 6-unit code, by the temporary use of supervision device, makes it 
possible to transmit important parts of messages with a high degree of accuracy. Never­
theless, all the other code combinations can still be used. Our experience shows that 
the 20 protected signs are enough for teletypesetting requirements to be met with the least 
possible outlay.

If transmission is to be afforded for all sixty-four signals, we shall have to have an 
alphabet with at least eight units.

i

3.4. An eight-unit telegraph alphabet.

An 8-unit alphabet has (*) =  70 combinations, each having four “ start ” or four 
“ stop ” polarity units. The letters and digits and signs and special functions necessary for 
accounting operations, etc., must be assigned to these. The protection afforded is the 
same for all combinations, and is exceedingly great. Co-operation with the 5-unit alphabet 
calls for a transformation of the code for all combinations.

In the start-stop service, when the signals last for 150 milliseconds, the telegraph 
rate of 70 bauds is relatively high. Hence, a synchronous system is the only possible 
one to provide safeguarded transmission. The telegraph rate will then be reduced to
53.5 bauds. But a synchronous system requires so heavy an outlay for synchronization 
equipment and so much time for initial phase regulation that at present it can be used 
only for station-to-station calls.
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3.5. Summary.

As regards the need for, and the possibility of, a new alphabet, the following conclu­
sions can, we think, be drawn:

International Telegraph Alphabet No. 2 suffices (with slight modification, if need 
be) for gentex and telex services. For national letters not accommodated in this Alphabet, 
and for supplementary national alphabets, a third shift is indicated. This is recommended

F igure 83. — Principle o f  the teletypesetter alphabet
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F ig u r e  84. — Example o f  a 6-unit code offering the protected transmission o f  digits
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because inter-working between the very numerous 5-unit code teleprinters already in 
service can be simply effected.

Severe requirements as regards the number of signals or the safeguarding of trans­
mission (teletypesetting, transmission of data for computers, etc.) call for an alphabet 
with at least 6 units. Inter-working between all 6-unit codes, however well chosen, and 
International Telegraph Alphabet No. 2 is possible only with extensive code-converting 
equipment.

Since the teletypesetter alphabet affords no message safeguards, we have suggested 
(see figure 84) a 6-unit code for teletypesetting and computers and for machines dealing 
with statistical data. This code, although all combinations are used, affords safeguards 
for another 20 signals. This protection seems enough for present needs. Only an 
8-unit code will provide greater safeguards.

U.S.S.R. (extract from  contribution COM  8, No. 34, May 1958)

Constitution o f the new code.

The most important problem connected with the introduction of a new code is the 
problem of inter-working with teleprinters using the International Telegraph Alphabet 
No. 2.

The constitution of the new code must be such as to facilitate the solution of this 
problem. The only version satisfying this requirement is the version proposed in Supple­
ments to C.C.I.T. Violet Book, page 136; according to this version the arrangement 
of the characters of the International Telegraph Alphabet No. 2 should be maintained 
with the addition of the 6 th element with a “ stop ” polarity, and a new group of characters 
should be formed as a result of the introduction of the additional 6th element with a 
“ start ” polarity.

It should be pointed out, however, that even in this case the problem of inter-working 
is not completely solved. In fact, if a 6-unit teleprinter can work to a 5-unit apparatus 
without any trouble, then the transmission in the opposite direction will inevitably disturb 
the correction procedure (figure 85). As a result the automatic working of a 5-unit 
teleprinter to a 6-unit one will be impossible while manual operation will be possible 
only at a reduced speed.

Some technical solutions must be therefore found to provide for reliable working 
in both directions.

Any other version chosen for the constitution of the 6-unit code will necessarily 
imply the use of code conversion devices. However, these devices appear to be quite 
unacceptable due to their considerable complexity.

It seems to us that the group of combinations resulting from the addition of the 
6th unit with a “ start ” polarity should be disposed of as follows :

a) Functions should be set apart which should be preferably carried out by the appa­
ratus. To each function a special combination should be assigned.
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b) Several combinations should be reserved for special national needs which should 
not be specified.

c) The rest of combinations should be set at the disposal of the Administrations.
This decision is based on the following considerations:

1. It is desirable to assign combinations to single functions because, if this principle 
is not observed, the inter-working of teleprinters operated by various Administra­
tions may become impossible.

start

start

start

start

T 7 5

■
1 2  3 / c

1 3  •—

T 7.5

1 . 5-unit teleprinter cycle 

  T 8.5 _______

1 2  3 4 5 6

T 8. 5

2 . 6 -unit teleprinter cycle 

  T 8 5  ----------

T 7.5
3. Cycle of a 6 -unit sender in ter-working with a 5-unit receiver 

    T 7 . 5   -

1

T 8. 5

4. Cycle of a 5-unit sender inter-working with a 6 -unit receiver 

F i g u r e  85. —■ Inter-working o f 5-unit and 6-unit teleprinters

stop

stop

stop

^---------- stop

77 .5  Duration of a single cycle of a 7.5-unit teleprinter sender.
T f s  Duration of a single cycle of a 7.5-unit teleprinter receiver.
7 s .5 Duration of a single cycle of a 8.5-unit teleprinter sender.

'7 s 5 Duration of a single cycle of a 8.5-unit teleprinter receiver.
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2. A group of combinations should be set apart for national use as many nations have 
to accommodate a greater number of diacritical signs than that provided for by the 
international code No. 2. As these signs will not be used in international service, 
they need not be specified.

Poland (extract from  contribution CO M  8, No. 50, February 1959)

Proposed telegraph alphabet with 6-units and 2 shifts

Series Series Series Series
No. I 11 No. I II

1 A a 33 & 1
2 B b 34 § 2
3 C c 35 ! 3
4 D d 36 ; 4
5 E e 37 — 5
6 F f 38 ? 6
7 G g 39 7
8 H h 40 ( 8
9 I i 41 ) 9

10 J j 42 0
11 K k 43 for international
12 L 1 44 = diacritical
13 M m * 45 signs
14 N n 46 /
15 O o 47 +
16 P P 48 backspace
17 Q q
18 R r 49 * change in line-
19 S s space
20 T t 50 V/o — » —
21 U u 51 °l 100 — » —
22 V V 52 » return to
23 W w preceding
24 X X line
25 Y y 53 who is there ring
26 Z z available to 54 carriage return
27 Administra­ 55 change of line
28 tions for 56 shift I
29 their inland 57 shift II
30 services 58 space
31 59 reserve
32 60

61
62
63
64

a

a
a
a
a

United Kingdom (extract from  contribution CO M  8, No. 57, June 1959)

1. In view of the very heavy investment throughout the world in 5-unit equipment 
in the general service and in telex, and the problems which may be expected to arise
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should a change from 5 to 6 unit working be-contemplated, it is considered that 6-unit 
apparatus must be expected to come into use gradually. The most important require­
ment would thus be the facility of inter-working between the two types of teleprinter, 
that using 5-unit and that using 6-unit codes. The constitution of the 6-unit code should 
therefore be such as to facilitate as much as possible inter-working but since this paper 
is concerned mainly with the operational rather than the technical approach to a new 
alphabet no opinion is offered as to what extent inter-working is practicable and, if so, 
at what cost in terms of additional terminal equipment.

2. In an alphabet using a 6-unit code with 2 inversions the number of characters 
or signs available in the two groups is 128 but because, it is difficult at present to see 
clearly the full requirements of the more distant future, say ten to fifteen years hence 
as suggested by Sub-Group 8, generally only the more obvious requirements have been 
considered in the possible assignment of combinations of the code.

3. The availability of 128 combinations in upper and lower case would permit 
the provision on teleprinters of capital and small letters of the Latin alphabet. Any 
urge for this facility would probably stem from telex subscribers rather than from the 
needs of the general public service. The use of capital and small letters in the latter 
service does little, if anything, to clarify the contents of telegrams and the United Kingdom 
Administration does not regard the provision of both capital and small letters on tele­
printers on the public service as of major importance. Nevertheless, if they are to be 
provided, the capital and small prints of each letter should appear on the same combina­
tion as they do on the ordinary commercial typewriter. By this means the consequences 
of printing in the wrong shift are very largely minimized. It should be pointed out that 
in the United Kingdom teleprinters print letters in capitals whereas the normal commercial 
typewriter prints small letters in the lower case and capitals in the upper case.

4. It is desirable that the figures or digits 1 to 0 should appear in the more commonly 
used lower case but after some consideration of the expressed needs of other Administra­
tions, the United Kingdom Administration would not expect fractional numbers to appear 
in the same case also although it is recognized that fractions are generally closely asso­
ciated with whole numbers. It is considered that a stronger case exists for the provision 
in the lower case of as many accented letters and other letters with diacritical signs as 
practicable. Yet all letters with diacritical signs and fractional numbers cannot be 
accommodated in the same case along with the 26 letters of the Latin alphabet, whole 
numbers and the essential functional signals. The present method of signalling fractional 
numbers is not considered unduly onerous, but if each of a number of such fractions is 
to be printed by the operation of a single key, the assignment of such fractions should 
be in the upper case.
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5. Consideration has been given to what special use, if any, might be made of 
the presence of a number of constant-relation signals in a code of 6 units, of which there 
are 20 , each made up of three “ start ” polarity and three “ stop ” polarity units or elements. 
The number of such signals is too small, however, to be of significant advantage to the 
public general service or to telex. The problems of discrimination between characters 
which should have a constant-relation signal and those which do not have such a signal 
would outweigh any advantage in their use, excepting perhaps in the transmission of 
data-processing intelligence where that intelligence might consist of characters having 
three “ start ” polarity and three “ stop ” polarity units only.

6 . The full extent of the demands that may be made of the public telegraph service, 
including telex, for the transmission of data processing intelligence is not yet clear. It 
may be that Study Group 8 has not made sufficient allowance for the needs of firms 
using computers and accounting machines in its proposed code, and 10 signs might be 
left unassigned in order to meet unforeseen requirements in this particular field.

7. At least six combinations will be required for the essential functions of line 
feed, carriage return, space, shift and unshift, bell and WRU. Complete combinations 
should be assigned to each of these excepting the last two which can be accommodated 
on the lower and upper case of one combination. An erasure signal should be provided, 
but the all-space combination 64 should not be assigned to any particular function at this 
stage.

No provision appears to be necessary for other functions such as underline, line- 
return, back-space or variation of line-feed either for the general service or for telex.

8 . There are a number of countries where the provision of the 26 letters of the 
Latin alphabet only is inadequate for the essential requirements of the national service. 
A number of Administrations have therefore indicated characters which might be ac­
commodated in the new alphabet, mainly letters with diacritical signs, in some cases 
with the capital and small print of the same letter. The full list of these characters 
considerably exceeds the number which can be accommodated in any 6-unit code. Not 
all Administrations have the same requirements, however, and if five combinations, in 
both upper and lower cases, were reserved to Administrations for use on their internal 
services it is probable that difficulties in meeting requirements in this field would be 
minimized.

9. All the punctuation signs of the Alphabet No. 2 should be provided for and 
provision should be made also for the signs of percentage (%), per thousand (% 0) and 
seconds (").
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10. In meeting the foregoing requirements use would be made of 110 signals with 
18 signals unassigned. Consideration has been given to the provision of signals for 
tabulation, signals for the requirements of semi- and fully-automatic switching systems 
such as start-of-message signal, perforator-insertion and removal signals, a signal to 
call in the operator on a telex connection, but the assigning of a 6-unit code signal for 
any of these functions at this stage is not favoured. There is an operational need for 
such signals but the choice of signals for these requirements is being actively pursued 
in other studies. It would be preferable to await the outcome of such studies, and leave 
the assignment of the 18 signals for further consideration.

11. To summarize, the following facilities should be provided by a 6-unit code 
on teleprinters with 2 inversions:

(i) Latin alphabet—capital le tters.................................' . . . . ’  26 signs
(ii) Latin alphabet—small letters . . . . •........................................... 26 ”

(iii) Digits    10 ”
(iv) Functional signals . . . . ,.................................................... ....  12 ”
(v) Reserved for use of Administrations for their internal service . . . .  10 ”

(vi) Punctuation and miscellaneous signs, including the all-space com­
bination     16 ”

(vii) Data-processing possible n e e d s .................... ............................................. 10 ”

110

Unassigned . . .  18 ”

12. The proposed new alphabet is tabulated in the Annex attached to this paper.

a) Series II of combinations 27-36 inclusive reserved for the special requirements in the field 
of the transmission of data-processing intelligence.

b) Complete combinations 53-57 inclusive to be placed at the disposal of Administrations for 
their internal service.

c) Complete combinations 50-51-52 and series II of combinations 38-49 inclusive available for 
the possible requirements of tabulation, switching signals for semi- and fully-automatic systems, 
the special requirements of telex, miscellaneous characters, etc. not otherwise provided for.
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ANNEX

Proposed telegraph alphabet with 6-units and 2 shifts

No. Series Series No. Series Series
I II I II

1 a A 33 7
2 b B 34 8 (a)
3 c C 35 9
4 d D 36 0
5 e E 37 % %o
6 f F 38 (
7 g G 39 )
8 h H 40
9 i I 41 —

10 j J 42 /
11 k K 43 =
12 1 L 44 7
13 m M 45 j
14 n N 46 (c)
15 o O 47 5
16 P P 48 »
17 q Q 49 +
18 r R 50
19 s s 51
20 t T 52
21 u U 53
22 v V 54 (b)
23 w w 55
24 X X 56 Bell: Sonnerie
25 y Y 57 W RU : « Qui est la >»
26 z z 58 Carriage re turn : Retour de chariot
27 1 59 Line feed: Avance ligne
28 2 (a) 60 Shift: Inversion
29 3 61 Unshift: Suppression d’inversion
30 4 62 Space: Espacement
31 5 63 N ot assigned all-space: Signal compose
32 6 64 exclusivement avec des moments de

travail

DOCUMENTATION ABOUT PHASE DISTORTION ON CARRIER CHANNELS

Phase distortion on telephone channels o f coaxial carrier systems in the United States 
o f America.

The curve of figure 86 shows typical values for the variation with frequency of the 
group delay, relative to the value at 2000 c/s, for telephone channels in the type L coaxial 
system. They are applicable in practice to any length of circuit on a single carrier system.
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It should be realized that phase distortion is not an important characteristic for telephone 
circuits and that the attached curve will not necessarily be met for future types of carrier 
systems.

F ig u r e  86. — Variation with frequency, relative to the value at 2000 c/s, o f  the group delay o f  a typical 
telephone channel on a type L  carrier system (corresponding to the mean o f channels 1— 12 for type A2

channel banks)
f  =  frequency (c/s) ps =  group delay (microseconds)

Phase distortion introduced by various carrier equipment used in Great Britain.

1. The group delay-frequency characteristic of a telephone channel routed on a 
modern type of carrier system, which effectively transmits the audio-frequency band 300- 
3400 c/s, is determined mainly by the group delay characteristics of the channel translating 
equipment (which translates the audio-frequency band to basic group and vice versa). 
Table 1 which follows gives the characteristic obtained on a channel translating equipment 
of the type used by the British Administration.

T a b l e  I

“ Group delay frequency ” characteristic of a channel translating equipment 
of the type used by the British Administration

Frequency (c/s) 300 500 800 1200 1800 2400 2800 3100 3400

Group delay (milliseconds) . 3.5 2.1 1.4 1.1 1.0 1.1 1.3 1.7 2.8
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Note 1. — The equipment translates from the audio-frequency band to basic group B 
(60-108 kc/s) and vice versa.

Note 2. — The characteristic is that actually measured on an equipment and is given 
to show the order of values obtained. The characteristic does not represent a mean 
value neither does it give the maximum values that would be obtained, nor a specification 
limit.

2. The characteristic of the circuit, as determined by the number of channel trans­
lating equipments through which it passes may be modified to an appreciable extent 
by other equipment in the circuit and particularly by the frequency band occupied by 
the circuit in passing through these equipments.

3. A typical installation of equipment used by the British Administration showed 
the general characteristics given in paragraphs 3.1 to 3.5. The more important differences 
in group delay usually had the characteristic of a positive or negative slope over the 
frequency band corresponding to 300-3400 c/s on the channel.

3.1. Equipments which translate from one basic group of 12 circuits to another 
(e.g. basic group B to A or group A to B) or from basic group to the line frequency range 
(e.g. the case of carrier systems on symmetric pairs) and equipments Which translate 
from  basic group to basic supergroup and from basic supergroup to the line frequency 
range, may introduce a difference in group delay o f the order of 50 microseconds in the 
worst channels and 10 microseconds in the majority of channels for each pair of modula­
tions or demodulations.

3.2. Each filter passing a group of 12 circuits and having a sharp cut-off (e.g. 24- 
channel filter for symmetric pairs or through group filter) may introduce a difference in 
group delay of the order of 1 millisecond on the worst channel and 20 microseconds on 
most channels.

3.3. Each filter selecting a supergroup of 60 circuits and having a sharp cut-off may 
introduce a difference in group delay of the order of 50 microseconds for the worst channel 
and 10 microseconds on most channels.

3.4. 24-channel line links on symmetric pairs comprising cable, amplifiers and 
equalizers may introduce a difference in group delay of the order of 60 microseconds per 
100 miles (about 160 km) for the worst channels and 10 microseconds in most other channels.

3.5. Coaxial line links comprising cable, amplifiers and equalizers introduce a rela­
tively small difference in group delay (less than 10 microseconds per 100 miles) except in 
supergroup 1 (60-300 kc/s) where a difference of up to about 500 microseconds per 100 
miles may occur.
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3.6. The difference in group delay on a complete circuit will be determined by the 
translating equipment, the filters and lines over which it is routed and no standard charac­
teristics can be predicted. Thus for the coaxial cable hypothetical reference circuit the 
group delay-frequency characteristic will be similar to the characteristic of Table I above 
but could have approximately three times the magnitude (e.g. if all three pairs of modula­
tions had the characteristics of Table I the overall group delay relative to the minimum 
value which occurs at about 1800 c/s would rise to about 7.5 milliseconds at 300 c/s and
5.5 milliseconds at 3400 c/s) and this may be modified by a positive or negative “ slope ” 
or a combination of both, of up to possibly a few milliseconds. In addition there may 
be a random variation of the order of a few hundred milliseconds.

Phase distortion on channels o f carrier systems in the Netherlands.

This distortion is shown in the curves of figures 87 and 88 . Figure 87 refers to the 
group delay with equipment provided by constructor A. Curve “ a ” refers to channel 1 
and curve “ b ” to channel 12 of a basic group. Figure 88 refers to the group delay with 
equipment provided by constructor B. In the latter case all the channels of the group 
are about the same.

o 500 1000 1500 2000 2500 3000 3500 Hooo f

F ig u r e  87 (Netherlands — Constructor A)

Curve a =  channel No. 1 Curve b =  channel No. 12
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0 500 1000 1500 Booo 8500 3000 3500 Hooo f

F i g u r e  88 (Netherlands — Constructor B). —  Curve applicable to all channels o f  a group

f  =  frequency c/s 
ms =  group delay (milliseconds)

Phase distortion in telephone channels o f  symmetric pair cable carrier systems (with 5 basic
groups or 12 +  12 type) used by the Federal German Administration.

Figure 89 shows the variation of group delay on a telephone channel of the new 
German carrier systems for long-distance traffic (the V 60 system providing 60 telephone 
circuits on symmetric pairs), relative to the minimum group delay. The curves of propaga­
tion time (valid also for the edge channels) measured on terminal equipment of different 
types are contained within the shaded area; for the mean curve shown by the dotted line 
the variation of group delay is 2.4 milliseconds at the lower end and 1.25 millisecond at 
the upper end of the transmitted frequency band of 300-3400 c/s.

Case o f  a hypothetical reference circuit. — If the arrangement of the hypothetical 
reference circuit on coaxial pairs is applied to symmetric pair carrier circuits, phase distor­
tion on channels 2 to 10 of a group is produced only by the filters of the channel modulat­
ing equipment. The phase distortions produced by the triple modulation and demodula­
tion of the channel amount to about three-quarters of the permissible tolerance given by 
the former C.C.I.F. Recommendations. The difference between the group delay at the 
frequency under consideration and the minimum group delay must not exceed 10 milli­
seconds at 300 c/s and 5 milliseconds at 3400 c/s.
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Case where groups or supergroups are transferred from  one system to another. — The 
Federal German Administration does not consider that it would be useful further to 
reduce the limits fixed up to the present by the C.C.I.F., because for the edge channels 1 
and 12 of a group, additional phase distortion can be produced by group or supergroup 
modulating equipment or by the transfer of groups without modulation or demodulation. 
In the same way for carrier systems on two-wire lines with different frequency bands in 
the two directions of transmission (for example the. German Z 12 N  system), additional 
phase distortion is produced in the edge channel adjacent to the frequency band eliminated 
by the directional filters which in the case of a large number of intermediate repeaters 
can result in the permissible tolerance for the propagation time being exceeded.

The phase distortion shown in figure 89 which follows refers to telephone channels 
which have only one receive channel modulation equipment. Several group and super­
group modulations are permissible. However with filter having a large rise in attenuation 
in the stop band of frequencies (for example through group filters for the 60 to 108 kc/s 
band) a small increase can occur in the phase distortion of the edge channels 1 and 12 
of the group.

Case o f circuits permanently used for phototelegraphy. — If it is ensured that telephone 
circuits used for phototelegraphy include only one channel transmitting and receiving

F ig u r e  89 (Federal German Republic). — Variation o f  group delay on a telephone channel o f  V  60 systems,
relative to the minimum group delay

f  =  frequency (c/s) 
ms =  group delay (milliseconds) 
band of frequencies transmitted 300-3400 c/s
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equipment and are not edge channels of a group, a very small phase distortion can be 
obtained, all the more so since the phototelegraphy uses only a part of the carrier channel 
where the phase distortion is proportionately smaller (much less than 1 millisecond). 
It is therefore not necessary to fix tolerances. In the case of permanent phototelegraph 
links it will be possible to meet this arrangement in the majority of cases.

Phase distortion on channels of carrier telephone systems in France.

The French Administration has undertaken propagation time measurements on 
unloaded symmetric-pair carrier systems (quads specified 9/10).

Paris-Limoges 802 A +  803 A channel 1 
802 M +  503 M channel 12

The measurements made were loop measurements.

On the curves given in the attached figure 90, it will be seen that the group delay 
distortion does not exceed:

In the band 1000-3000 c/s +  0.35 ms for channel 1
±  0.40 ms for channel 2

In the band 1000-2350 c/s ±  0.15 ms for channel 1
±  0.20 ms for channel 2 .

The minimum distortion appears in the band around 1800 to 2000 c/s.

These figures, which refer to two circuits in tandem, are very liberal. Theory indicates 
and practice confirms that the transmission of a picture is still satisfactory when the group 
delay distortion is equal to the duration of the elementary spot.

In the present case let us recall the figures:

— at index 352, speed 60 r.p.m., the duration of the scanning spot is about 0.9 ms and 
the band occupied is 1100 c/s.

— at index 352, speed 120 r.p.m., the duration of the scanning spot is about 0.45 ms and 
the band occupied 2200 c/s.

It therefore seems that by centring the carrier around 1800 to 2200 c/s—for example 
at 1900 c/s—it should be possible in most cases to operate at 120 r.p.m. with satisfactory 
results.

These figures should nevertheless be given a reasonable test, and it would be advisable 
to check that the noise level of the carrier circuits permits correct transmission in every 
case, bearing in mind the desire of the C.C.I.F. to lower the transmission levels.

Note. — If it is desired to increase the transmission speed, the solution would seem 
to be to use index 264 at a speed of 180 r.p.m. The French Administration has carried 
out successful tests in this direction.



Propagation time in 
millseconds

TEMPS DE PROPAGATION EN FONCTION DE LA FREQUENCE SUR DES CIRCUITS A COURANTS
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PROPAGATION TIMES IN RELATION TO FREQUENCY OF CIRCUITS ON 12 CHANNELS CARRIER SYSTEMS

F ig u r e  90 (France)
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USE OF ASYMMETRIC SIDEBAND OPERATION FOR PHOTOTELEGRAPHY

Federal German Republic (contribution COM  8, No. 6, November 1957)

1. Telefax apparatus L

As is well known, asymmetrical transmission occupying the same total bandwidth 
as modulation with two normal sidebands reproduces details better than the latter, even 
when transmission speed is greater. This fact would support its use for facsimile trans­
mission with rapid black-white changes as, for instance, in the transmission of telegrams. 
Nevertheless, it should be ensured that these advantages are not destroyed by phase 
distortions on the transmission channel, to which asymmetrical transmission is much 
more sensitive.

The Federal German Administration has already stated why telefax apparatus should 
always be used without additional phase distortion correctors. The advantages of 
asymmetrical transmission can thus only be utilized when the transmission channel charac­
teristics make this possible. The curves a in figure 91 show admissible propagation 
time distortions in the case of normal amplitude modulation and the curves a! the cor­
responding values in the case of 1:6 reduction of the upper sideband. The curves b show 
the distortions to be expected with facsimile transmission over one channel of the Ger­
man V 60 carrier systems using respectively form 352 or 264. A comparison of the curves 
shows that asymmetrical transmission enables the speed to be increased from 1.4 to 1.5 
time with respect to symmetrical transmission.

The advantage of asymmetrical transmission would be obvious, were it not that 
in practice there are communications in which several carrier circuit sections are connected 
in tandem. Hence, with asymmetrical transmission, it would be necessary to bring the 
filter and the carrier to a lower frequency position, in addition to reducing the speed.

The asymmetrical transmission of facsimile telegraph signals requires that the attenua­
tion of the Nyquist filter should follow a relative complementary curve to the central 
frequency and that the carrier frequency should be placed as accurately as possible on 
the centre of the filter slope. It thus imposes stricter conditions than does normal 
amplitude modulation on the correction of the attenuation distortion of the transmission 
channel, particularly in the neighbourhood of the carrier, and the stability of the carrier 
frequency itself.

The Federal German Administration considers that telefax apparatus should be 
as simple as possible both as regards handling and technical installation, so that sub­
scribers may use them and so that they may be capable of entering into the telephone

1 The term telefax, as opposed to phototelegraphy, is taken to mean facsimile telegraph systems 
li mited to the reproduction of black and white pictures without half-tones.
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network without supplementary correction of their transmission characteristics. These 
conditions do not allow asymmetrical transmission to be introduced for the telefax service.

2. Phototelegraphy.

From the phototelegraphy point of view, asymmetrical facsimile transmission has 
the accompanying drawback that black values tend to become grey. This means that 
the contrast near details is reduced, elimination of which requires special attention in 
subsequent phototelegraph operations. Photographs often have sudden tone changes 
between parts differing in density, which are flattened by transient phenemena at the 
Nyquist filter and appear in a blurred reproduction at the places in question. For this 
reason the attenuation curve of the Nyquist filter should not have too steep a slope. It 
is useful to lower the modulation rate simultaneously, which is the same as raising the 
black level. The Federal German Administration considers that a 1:6 reduction of 
the upper sideband and a black level less than 12:14 db at the white level would be suitable 
values.

In carrier current phototelegraphy with a frequency band between 300 and 3400 c/s, 
a modulation frequency of f B =  2400 c/s (bandwidth =  2800 c/s) will, in these condi­
tions, be the upper limit that can be reached (see figure 92). Such transmission requires, 
in the 450 to 3250 c/s transmission band, phase balance with an accuracy of At =  ±  0.1 
millisecond in order to ensure that no additional echo-balance will be necessary) see 
figure 91). Furthermore, an accuracy of At =  ±  0.15 millisecond on a bandwidth 
of F  — 1900 c/s ( /B =  1650 c/s) will be the lower limit from which asymmetrical trans­
mission could be contemplated. The technical characteristics which could be recommended 
for an asymmetrical transmission should hence fall within the limits shown in figure 92. 
There would then be, with respect to the maximum speed at present feasible, an increase 
to roughly twice as much in case (a) and to 1.5 time in case (b).

In asymmetrical transmission, moreover, it must be remembered that the filter slope 
is in a position where it may already be influenced by the attenuation distortion of the 
transmission channel. Supplementary compensation of the attenuation distortion (in 
addition to the phase distortion compensation) will probably be necessary, starting at 
2300 c/s.

The Federal German Administration thinks that the question of further study should 
depend essentially on whether, or to what extent, phase compensation can be obtained 
by means of a calibrated phase distortion corrector with a control signal permitting rapid 
adjustment to an optimum value. However, the loss of time involved in adjusting the 
phase compensation would straightaway cancel out the advantages of faster phototele­
graph transmission.

Nor does asymmetrical picture transmission without phase distortion correction 
enter into consideration for phototelegraphy, for the reasons given under section 1.

The Federal German Administration has not so far carried out experimental research 
on this subject. It first wishes to await the opinion in principle of other administrations. 
Despite the possible increase in speed, the Federal German Administration, bearing in 
mind experiments in television transmission over metallic lines, does not tend to use 
asymmetrical transmission for phototelegraphy. Reasons against such use are:

22



1. Asymmetrical transmission would entail fundamental changes in all apparatus 
connected to the European phototelegraph network.

2. All phototelegraph transmitting stations would have to be additionally equipped 
with a control signal generator and all receiving stations with an oscillograph at 
least.
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F ig u r e  91

a = D istortion of group propagation time admissible with transmission by two symmetrical sidebands. 

a' =  The same, but transmission with asymmetric sidebands 1:6.

b =  Residual dispersion of distortion of group propagation time on a telephone channel on V 60 asymmetric 
system.



s u p p l e m e n t s : f a c s im il e  TELEGRAPHY 339

3. For this reason the use of portable phototelegraph transmitting apparatus would 
become more difficult.

4. The gain in transmission speed is partly lost through the distortion compensation 
of the transmission channel which precedes transmission of the picture.

5. A reduction in the modulation rate increases the sensitivity to disturbing noise.

6 . Should there be a decision in favour of asymmetrical transmission, it would no longer 
be possible to enjoy the advantages of frequency modulation.

F ig u r e  92

a — Characteristics in the most favourable conditions.
b = Characteristics from which the use of asymmetric sideband modulation could be envisaged.

3. Station-to-station traffic.

However, the Federal German Administration considers that asymmetrical trans­
mission can be used to advantage and without limitations in the case of links for fixed 
station-to-station traffic.
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TELEX SIGNALLING ON RADIO CHANNELS

(extract from contribution by the Netherlands, contribution CO M  10, No. 23, April 
1959)

(see Recommendation U.20)

1. Introduction.

The fundamentals of telex signalling on radio channels operated by means of syn­
chronous 7-unit systems affording error correction by means of automatic repetition, 
are laid down in C.C.I.T. Recommendation E .6 *. However, this recommendation should 
be read in conjunction with C.C.I.T. Recommendation E .l **, stipulating the signalling 
conditions on land-line telex circuits. Since the time interval between signals sent on the 
land-line part of a connection may be shortened or lengthened on the radio part (due to 
repetitions), special signalling conditions may be expected to arise. Hence a new recom­
mendation covering both the radio and land-line aspect of signalling seems to be desirable. 
Moreover, detailed information by the C.C.I.T.T. may be very helpful to certain Adminis­
trations and Private Operating Agencies taking part in the radio telex service but perhaps 
having little experience of land-line switching networks. Furthermore, with the gradual 
introduction of semi-automatic and perhaps in a not too distant future even fully-automatic 
working, adequate signalling provisions are becoming more and more important.

In the document are considered the signalling conditions on a radio telex circuit 
terminated at both ends on a type A switching network. In the case of a type B switching 
network some supplementary provisions will of course be required. However, it is thought 
that the basic principles will be the same.

It is a question of appreciation and of practical considerations where the actual 
boundary line between the switching and the radio equipment is drawn. However, for 
the present contribution the boundary line is of no consequence. In the diagram," switch­
ing equipment ” stands for equipment using start-stop 5-unit transmission and “ radio 
equipment ” stands for equipment using synchronous 7-unit transmission with error 
correction.

2. Call.

In the case of both-way circuits a call originating in A should be transmitted as 
quickly as possible to B in order to prevent simultaneous seizure at both ends. Therefore 
the inversion from “ start ” to “ stop ” polarity should initiate the transmission of (3 signals 
on the radio path without undue delay.

* C.C.I.T.T. Recommendation U.20.
** C.C.I.T.T. Recommendation U .l.
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The fully automatic reperforator transmitter distributor (F R X D ) in A should be 
started forthwith in order to enable it to accept subsequent selection signals.

On the radio path disturbances may occur which cause one A-element of a character 
to be changed into a Z-element and one Z-element of the same character to be changed 
into an A-element. Such transpositions (which have a small probability of occurrence) 
cannot be detected by the error-correcting equipment. In order to have a guard against 
false p signals due to transpositions, only the reception of 2 consecutive (3 signals in B 
should be interpreted as a call. This guard against false calling signals was found to 
be a necessity in actual practice.

The circuit should be busied immediately against outgoing seizure in B after reception 
of 2 consecutive (3 signals. Furthermore the FR X D  in B should be started. Since the 
F R X D  should be able to accept the proceed-to-select signal which may follow the call- 
confirmation signal with a small delay, the inversion from “ start ” to “ stop ” polarity on 
the forward path in B should be delayed until the motor has gained speed.

3. Call-confirmation signal.

The switching equipment in B should return permanent “ stop ” polarity to confirm 
the receipt of the call. Since the radio equipment contains a guard against false calls 
it is not necessary in this case to recommend a minimum delay between the receipt of 
the call and the return of the call-confirmation signal. The maximum delay may be 
the same as that recommended for land-lines. In the case of manual switching the return 
of the call-confirmation signal should be independent of the operator answering.

The inversion from “ start ” to “ stop ” polarity should initiate the transmission of [3 
signals on the backward radio path without undue delay.

For reasons analogous to those mentioned under 2 only the reception of 2 consecutive 
P signals in A should cause the inversion from “ start ” to “ stop ” polarity on the backward 
path.

4. Proceed-to-select or proceed-to-transmit signal.

In the case of a radio telex circuit terminated on distant automatic switching equip­
ment which cannot accept the selecting information immediately after a calling signal 
is received, a proceed-to-select signal will be required.

In the case of a radio telex circuit terminated on a distant manual switchboard a 
proceed-to-transmit signal will be required.

The proceed-to-select or proceed-to-transmit signal should consist of one or more 
teleprinter signals. For semi-automatic working to the Netherlands the proceed-to- 
select signal is : figure shift, carriage return, line feed, a 2-digit register number and space. 
For possible fully-automatic working to the Netherlands the proceed-to-select signal 
will be: combination 22 .



The proceed-to-select or proceed-to-transmit signal sent by the switching equipment - 
in B may follow the call-confirmation signal after a very short delay. Measures should 
be taken to ensure that at least 2 consecutive (3 signals precede the proceed-to-select (or 
transmit) signal received in A. If allowance is made for one transposition in the series 
of received [3 signals, 4 [3 signals should be transmitted to ensure the correct reception 
of at least 2 consecutive [3 signals. Hence after 4 [3 signals have been offered to the 
storage of the error correcting equipment in B it can be presumed that at least 2 consecutive 
[3 signals have been or will be received in A. Thus the transmission of the proceed-to- 
select (or transmit) signal on the radio path should be delayed until 4 (3 signals have been 
transmitted. The period of “ stop ” polarity preceding the proceed-to-select (or transmit) 
signal in A will be at least equal to 1 cycle of the synchronous equipment or 145 5/fi msec.
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5. Selection signals.

The selection signals should be teleprinter signals on the forward signalling path. 
It seems to be desirable to recommend figure shift as “ prepare for digits ” signal and 
combination 26 as “ end-of-selection ” signal.

Since the interval between the initiation of the call and the receipt of the proceed- 
to-select (or transmit) signal will be at least equal t o 2  +  4 +  l =  7 cycles of the syn­
chronous equipment or 7 X 145 5/6 msec. =■ 1020 5/6 msec., it is unlikely that a delay in the 
transmission of the selection signals by the switching equipment in A will be required 
to allow the motor of the FRXD  to gain speed. However, a delay may be required in 
the case where the call-confirmation signal also indicates the proceed-to-select condition. 
In that case the minimum interval between the initiation of the call and the receipt of 
the call-confirmation/proceed-to-select signal is equal to 2 +  2 = 4  cycles of the syn­
chronous equipment or 4 x 145 5/ 6 msec. =  583 1/3 msec., which may be insufficient for 
the FRXD-motov to gain speed.

6 . Call-connected signal.

The call-connected signal should be teleprinter signals on the backward signalling 
path. The following cases should be considered:

a) Manual working.

The call-connected signal “ DF  ” should be used.

b) Semi-automatic working.

The signals “ D F ” could also be used in this case. However, the automatic 
return of the answer-back code of the called subscriber seems to recommend itself.

c) Fully-automatic working.

In addition to the indication that the call has been extended to a called sub­
scriber, the call-connected signal should in this case start the equipment for determin­
ing the charge of the call. To this end this signal should preferably have charac­
teristics which can be readily detected.
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It is current practice to determine the chargeable time by counting the number of 
effectively transmitted (i.e. without request for repetition) cycles of the synchronous 
system. Hence the necessary information for the automatic charging equipment should 
be furnished by the radio equipment. This requirement cannot be met by the normal 
equipment for determining the charge of calls over land-line circuits since this equipment 
may be at a long distance from the radio equipment. It seems that the only possible 
solution will be the use of ticket printers placed close by the radio equipment. Since 
the number of these ticket printers will be comparatively small, the requirement for the 
call-connected signal to be identifiable in a simple way is not as stringent as it is for 
calls over land-lines.

At first sight it seems desirable to choose a signal outside the teleprinter alphabet. 
This would lead to the use of a pre-determined number of a signals for the call-connected 
signal. However, the difficulty is that in order to be sure of the correct reception of 
a certain number of a signals a larger number of a signals has to be transmitted. At 
the transmitting end the exact number of correctly received a signals cannot be known. 
Hence the advantage of using oc signals instead of teleprinter signals does not seem to be 
very important. Moreover, it should be noted that the use of a pre-determined number 
of a signals has already been excluded in the comments annexed to Question 3/10.

The call-connected signal used in type A land-line switching networks (150 msec, 
pulse of “ s ta rt” polarity) would be translated on a radio channel into combination 32 and 
letter shift. A sequence of these 2 characters, which can be detected fairly simply; could 
be used as call-connected signal. However, taking into account the possible mutilation 
of these characters due to transpositions, the best solution will perhaps be the counting 
of the number of characters in the answer-back code.

The standardization of the call-connected signal for fully-automatic working does 
not seem to be an urgent matter. However, the problem has been elaborated here in 
order to verify that in this respect no special requirements will have to be met by the 
radio equipment. From the above, the provisional conclusion may be drawn that the 
ticket printing equipment will be able to determine the beginning of the chargeable time 
by discrimination of a sequence and/or counting a number of teleprinter signals.

7. Clearing signal.

A period of at least 130 msec. (6 elements +  allowance for maximum distortion) 
“ start ” polarity sent by the switching equipment in A could be translated into one or more 
a signals on the radio path. However, if after the receipt of one a signal in B “ start ” 
polarity should be sent to the switching equipment and following signals (not necessarily 
a signals) should be mutilated, “ start ” polarity would be maintained until the termination 
of the error correction. Thus an interruption not effecting the release in the switching net­
work A could cause a clearing signal to be sent to the switching equipment in B. Hence 
special measures should be taken to prevent false clearing signals from appearing on the 
radio path.
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Therefore the first requirement is that a period of “ start ” polarity not likely to effect 
the release in the switching network should not cause the transmission of a signals over 
the radio path. In general an average period of about 600 msec. “ start ” polarity will be 
interpreted as a clearing signal in land-line switching networks. A period of 3 x 130 -(- 
120 =  510 msec. “ start ” polarity will cause the punching of 4 combinations 32 by the 
FRXD.  Combinations 32 do not cause teleprinters to print. Thus a good solution seems 
to be to terminate the punching of the F R X D  upon receipt of permanent “ start ” polarity 
after this signal has caused the punching of 4 combinations 32. After transmission over the 
radio path of the text which may be stored in the FR X D  and the 4 combinations 32, 
a signals should be sent continuously until the complete release of the radio channel. 
It seems undesirable to extend the period of “ start ” polarity interpreted by the radio equip­
ment as a clearing signal in order to cover the maximum period of “ start ” polarity which 
might be required by the switching equipment as a clearing signal (in the order of 1000 msec.), 
since it would then become difficult to prevent the punching of an extra character (letter 
shift, v, m, o, or t) after the series of combinations 32.

The second requirement is that only the receipt in B of 2 consecutive a signals should 
be translated into permanent “ start ” polarity. This is to prevent the appearance of a 
false a signal hue to transpositions from initiating the transmission of a clearing signal to 
the switching equipment in B.

8 . Confirmation oj the clearing signal.

The switching equipment in B should return permanent “ start ” polarity over the back­
ward path after the receipt of a clearing signal over the forward path. Preferably the 
return of permanent “ start ” polarity should confirm the complete release of the switching 
equipment in B.

In general, a minimum interval of 350 msec, between the start of the clearing signal 
and the return of permanent “ start ” polarity (prescribed in the third line of paragraph 8 
of Recommendation E .l) will be provided by the switching equipment in B. In this 
case, however, this is not an essential requirement as a sufficiently long interval for the 
switching equipment in A is already ensured by the delayed transmission of signals over 
the forward path.

The maximum interval between the start of the clearing signal and the return of 
“ start ” polarity provided by the switching equipment in B should be equal to that recom­
mended for land-line circuits. Since the release of automatic switching equipment in A 
may depend on the return of permanent “ start ” polarity, a manual switchboard in B 
should return permanent “ start ” polarity upon receipt of a clearing signal independent of 
the disconnection by the operator. The manual switchboard should, of course, meet the 
requirement stipulated in para. 3 of Article 24 of Recommendation H .l; furthermore, a 
follow-on call should be confirmed by the return of the call-confirmation signal even in the 
case where the cord is still plugged.

It is unnecessary to have the a signals over the backward radio path preceded by 
combinations 32. Therefore the receiving magnet of the F R X D  in B should be blocked 
when the a signals over the forward path have been interpreted as a clearing signal.
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In the normal case where there is no untransmitted perforated tape in the F R X D  
in B, a signals should be sent over the backward radio path as soon as the permanent 
“ start ” polarity returned by the switching equipment in B has been interpreted as a clearing 
signal.

For obvious reasons the supervisory equipment used to interpret a clearing signal ori­
ginating in B will also be used in this case. Hence the interval between the inversion from 
“ stop ” to “ start ” polarity and the return of a signals will be at least 510 msec.

A peculiar situation arises if the F RXD  in B contains perforated tape which has 
not yet been transmitted. This situation might arise in the case of an interruption (false 
clearing) in 'the  switching network A or the untimely clearing by the subscriber in A. 
In any case the return of a  signals over the backward radio path (initiating the release 
of the radio channel) should be delayed until the perforated tape in B has been fed out. 
The information stored in the perforated tape could be transmitted over the radio path. 
However, since the aforementioned peculiar situation is most likely to arise in the case 
of bad radio transmission conditions leading to many repetitions, the feeding out of the 
tape in this way might take a very long time. Moreover, it is most unlikely that the 
text transmitted over the radio path will be received by the subscriber in A. Hence it 
seems better to expedite the release of the radio channel by feeding out the perforated 
tape at full speed without paying attention to requests for repetition. During the feeding 
out of the tape the backward radio path should be blocked with (3 signals.

For the reason mentioned in section 7, the reception in A of 2 consecutive a signals 
should cause permanent “ start ” polarity to be sent to the switching equipment in A.

9. Guard arrangements.

The condition with a signals on both radio signalling paths should be maintained 
until the complete release of the switching equipment at both ends.

Until the guard period has elapsed the radio channel should be busied against seizure 
by a follow-on call from either A or B.

At the terminal where the clearing originated (A) the guard time should be measured 
from the moment when permanent “ start ” polarity is transmitted on both signalling paths. 
Since the a signals on the backward path might be due to a false clearing (interruption) 
in the network B, an additional requirement for the beginning of the guard period is 
that, at the moment when 2 a signals have been received in A, a sufficient number of a 
signals has already been sent by A to have been interpreted as a clearing signal in B. 
With error-correcting equipment in accordance with the Annex of C.C.I.R. Recom­
mendation No. 167 (Warsaw 1956) it is known after the transmission of 3 a signals whether 
or not the first a signal has been received correctly. If allowance is made for one trans­
position in the series of received a signals, 4 a signals should be transmitted to ensure 
the correct reception of at least 2 consecutive a signals. Hence, after the transmission 
in A of 3 +  4 =  7 oc signals without request for repetition being made, at least 2 con­
secutive a signals can be presumed to have been received in B.
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At the other terminal (B) the release of the radio channel cannot be deduced from 
the appearance of permanent “ start ” polarity on both signalling paths (cf. section 8 above). 
Here the guard time should be measured from the moment when both permanent “ start ” 
polarities are transmitted over the forward signalling path in B and 2 consecutive a signals 
have been received in A (i.e. after the transmission in B of 7 a signals without request 
for repetition).

The length of the guard period depends on the release conditions in the switching 
networks concerned. However, a uniform guard time of about 2 seconds will probably 
cover the requirements of all existing switching networks.

From the above it might be concluded that a separate wire is required to signal the 
busy condition of the radio channel to the switching equipment. Such a requirement 
would be rather onerous in the case where there is a great distance between the switching 
and the radio equipment. However, it is possible to measure the guard time in B from 
the moment when “ start ” polarity has appeared on both signalling paths. In that case 
the radio equipment should delay the transmission of the calling signal over the radio 
path until the guard period has elapsed. Thus an extra delay in the return of the call- 
confirmation signal may be expected. Therefore the previously described method is 
to be preferred wherever possible.
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RECOM M ENDATION V.l.

EQUIVALENCE BETWEEN BINARY NOTATION SYMBOLS 
AND THE SIGNIFICANT CONDITIONS OF A TW O-CONDITION CODE

(New Delhi, 1960)

Binary numbering expresses numbers by means of two digits normally represented . 
by the symbols 0 and 1. Transmission channels are especially well suited to the transmis­
sion of signals by a modulation (or a semation) having two significant conditions (two- 
condition modulation). These two significant conditions are sometimes called “ space ” 
and “ mark ” or “ start ” and “ stop ”, or they may be called condition A or condition Z *.

It is very useful to make the two conditions of a two-condition modulation correspond 
to the binary digits 0 and 1. Such equivalence will facilitate the transmission of numbers 
resulting from binary calculation, the conversion of codes for binary numbers and of codes 
for decimal numbers, maintenance operations and relations between transmission personnel 
and the. personnel in charge of data-processing machines.

At first sight, it does not seem to matter whether the symbol 0 corresponds in trans­
mission to condition A or condition Z, the symbol 1 then corresponding to condition Z 
or condition A or vice versa.

In telegraphy however, when a telegraphic communication is set up and the sending 
of signals is stopped (called the idle condition of the line), the signal sent over the line 
consists of condition Z throughout the suspension of transmission.

347
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* Definitions of condition A and condition Z: List o f  Definitions — Part I — No. 31.38.

(V.l)
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It is logical (and for certain V.F. telegraph systems also essential) to use the same rule 
in data transmission. During the “ idle periods ” of transmission, condition Z should be 
applied to the circuit input.

Data transmission on a circuit is often controlled by perforated tape. On perforated 
tapes used for telegraphy, condition Z is represented by perforation. When binary numbers 
are represented by means of perforations, it is customary to represent the symbol 1 by a 
perforation. It is therefore logical to make this symbol 1 correspond to condition Z.

For these reasons, the C.C.I.T.T.,

UNANIMOUSLY DECLARES THE FbLLOWING VIEW :

1. In transmitting data by two-condition code, in which the digits are formed using 
binary notation, the symbol 1 of the binary notation will be equivalent to condition Z 
of the modulation, and the symbol 0 of the binary notation will be equivalent to 
condition A of the modulation.

2. During periods when there is no signal sent to the input of the circuit, the circuit input 
condition is condition Z. 1

3. If perforation is used, one perforation corresponds to one unit interval under condi­
tion Z.

4. In accordance with C.C.I.T.T. Recommendation R.31, the sending of symbol 1 
(condition Z) corresponds to the tone being sent on a channel using amplitude modula­
tion.

5. In accordance with C.C.I.T.T. Recommendation R.35, when frequency modulation 
is used, the sending of symbol 0 corresponds to the higher frequency, while the sending 
of symbol 1 corresponds to the lower frequency.

Summary table of equivalence

Digit 0

“ Start ” signal in start-stop code 
Line available condition in telex 

switching 
“ Space ” element of start-stop code 
Condition A

Digit 1

“ Stop ” signal in start-stop code 
Line idle condition in telex switching

“ M ark ” element of start-stop code 
Condition Z

Modulation by interruption of 
direct current

No current Positive current

Double-current modulation Negative current Positive current

Amplitude modulation T one-off T one-on

Frequency modulation High frequency Low frequency

Perforations No perforation Perforation

(V.l)
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RECOMMENDATION V.2.
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POWER LEVELS FOR DATA TRANSMISSION OVER TELEPHONE LINES

(New Delhi, I960, Recommendation H.41, Volume III  o f the Red Book)

The choice of power levels recommended for data transmission has been influenced 
by the following considerations, mainly based on the load on carrier systems:

i) When introducing a new mode of working into the telephone system, it is essential to 
avoid disturbances to widely established practices.

ii) Power levels should be kept low to avoid overloading on carrier telephone systems, 
and crosstalk.

iii) On the other hand, a relatively high level will assist designers of data-processing and 
data-transmission systems in establishing this new service, particularly with respect 
to the important requirement of reducing errors.

iv) The difference between maximum and mean signal levels will be smaller for data 
transmission than for speech.

v) Data-transmission traffic is unlikely for some years to exceed a small proportion of 
general traffic, and therefore its contribution to the summation of power on any 
carrier-telephone system is expected to be small.

vi) The attention of designers of data-transmission systems should be drawn to the need 
for reducing the load on carrier-telephone systems; this reduction may be assisted in 
the following ways, for example:
a) When data is not being transmitted (apart from temporary idling) the data signal 

might be turned off or reduced in power.
b) In those systems, probably the majority, where at any one time the main flow of 

data is in one direction, it might be possible to use reduced power for control or 
checking signals flowing in the reverse direction.

For these reasons, the C.C.I.T.T.

UNANIMOUSLY DECLARES THE FOLLOWING VIEW:,

A. Data transmission over leased telephone circuits (private wires)
,set up on carrier systems

1. The maximum power output of the subscriber’s apparatus into the line shall not 
exceed 1 mW.

2. For systems transmitting tones continuously, for example frequency modulation 
systems, the maximum power level at the zero relative level point shall be -  10 db. When 
transmission of data is discontinued for any appreciable time, the power level should 
preferably be reduced to -  20 db or lower.

(V.2)
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3. For systems not transmitting tones continuously, for example amplitude-modula­
tion systems, higher levels, up to -  6 db at the zero relative level point may be used provided 
that the mean power during the busy hour on both directions of transmission added does 
not exceed 64 microwatts (corresponding to a mean level of -  15 dbmO on each direction 
of transmission simultaneously). Further, the level of any tones above 2400 c/s should 
not be so high as to cause interference on adjacent channels on carrier-telephone systems.

Notes.

i) In suggesting these limits, the C.C.I.T.T. has in mind that the recommended maximum 
level of -  5 db referred to the zero relative level point for private circuits for alter­
nate telephony and telegraphy may no longer be acceptable having regard to the 
recommendation that “ To avoid overloading carrier systems, the mean power should 
be limited to 32 jj.W if such systems are subject to considerable extension ”.

ii) The proposed limit of -  10 db for continuous tone systems is in line with the existing 
Recommendation T .ll  of the C.C.I.T.T. for frequency-modulation-phototelegraph 
transmissions.

iii) It is not possible to give any firm estimate of the proportion of international circuits 
which will at any time be carrying data transmissions. If the proportion should 
reach a high level, the provisional limits now proposed would need to be reconsidered.

B. Data transmission over the switched telephone network

1. The maximum power output of the subscriber’s apparatus into the line shall not 
exceed 1 mW.

2. For all types of system, e.g. frequency modulation, amplitude modulation, etc., 
the maximum power level at the zero relative level point on the first trunk-carrier system, 
in the chain of national and international circuits, shall not exceed -  6 db. Further, the 
level of any tones above 2400 c/s should not be so high as to cause interference on adjacent 
channels on carrier-telephone systems.

Notes.

i) On switched calls the loss between subscribers will sometimes be high, e.g. 30 to 40 db; 
the received signals will then be at a very low level and liable to interference from 
dialling impulses etc. on other circuits. It is therefore important that the transmitter 
level shall be as high as possible.

ii) With the output from the terminal equipment limited to 1 mW the level at the input 
to the first trunk-carrier system will often be lower than the proposed maximum figure 
of -  6 db. The subscriber’s line alone may reduce the signal level to about -  8 db.

(V.2)
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iii) The international telephone network will include circuits fitted with echo suppressors, 
and systems intended for unrestricted use will not be able to transmit in both directions 
simultaneously; the circuit activity cannot then exceed 50 % and may be as low as 25 %. 
The level o f -  6 db proposed above is therefore not out of line with the limit o f - 10 db 
proposed for frequency-modulation, etc., systems on private wires as these can have 
a higher activity.

iv) If the demand for switched, data transmission, international calls should become very 
high, some Administrations may wish to provide special four-wire subscriber's lines. 
The levels used might be those proposed for leased circuits.

(V.2)



QUESTION ENTRUSTED TO SPECIAL STUDY GROUP A: 
DATA TRANSMISSION

Chairman: Mr. J. R h o d e s  (United Kingdom)

Vice-Chairman: Mr. H. E. V a u g h a n  (United States of America — American Telephone
and Telegraph Co.)

Question 1/A — Data transmission.

( continuation o f  question 43 o f  S.G. 1 and 8, 1957-1960)

What general characteristics should be standardized to permit international data 
transmission ?

ANNEX TO QUESTION 1/A

Study programme for further study of the Question:
Points for special study and recommendations on the tests to be made

Point Brief description Annex
Page

A Basic s tan d ard s ............................................................................ ..... ..........................  353
B Transmission fac ilitie s .......................................     353
C Standardized international alphabet for data (telex serv ice)...................................  353
D Standardized international alphabet for data (telephone service)...........................  353
E , Study of the repetition s ig n a l .................................................................. .......... 353
F Division of responsibilities.............................................• . ...................................... 353
G Measurements on 50-baud telegraph circuits ..........................................................  354
H Measurements on telegraph circuits having a modulation rate of more than 50 bauds 355
I Use of the telex network for data transmission ....................................................... 355
J Duplex data transmission alternately with telephony......................................... 356
K Study of modulation on telephone-type c irc u i ts .......................................................  357
L Programme of measurements for the purpose of establishing the characteristics of

telephone-type circuits and of telephone connections for data transmission . . 357
M Study of the compatibility of transmission methods and telephone signalling . . 359
N Study of problems raised by transmission time and echo suppressors....................  359
O Study of vocabulary for data transm ission ..................................................   359
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General studies

A. For transmitting data over international telephone or telegraph circuits what are the basic 
aspects which should be standardized?

B. (Background information.)
For general information, what types of data transmission facilities are available for national 

use over:

a) private circuits?

b) switched networks?

C. To enable telex subscribers to exchange data and to ensure that such a facility is available 
without distinction to the,greatest possible number of subscribers, is it desirable to recommend:

a) a standardized international telegraph alphabet for data ?

b) an international error-detection or error-correction code?

If so, what should be the code and the alphabet, and what general characteristics should be 
recommended for the error-correction system?

D. To enable telephone subscribers to exchange data and to ensure that such a facility is available 
without distinction to the greatest possible number of subscribers, is it desirable to recommend:

a) a standardized international telegraph alphabet for data?

b) an international error-detection or error-correction code?

If so, what should be the code and the alphabet, and what general characteristics should be 
recommended for the error-correction system?

E. Considering that the presence of noise and interruptions will result in errors in transmission 
which will need to be corrected by repetition and that the repetition process will need to be 
initiated by supervisory signals:

Is it necessary, from the user’s point of view, that an immediate indication should be 
provided at the transmitting station if the reception of data is interrupted due to a disconnec­
tion, or a faulty condition? If so, how should this be done?

F. How should the quality of circuits for data transmission (excluding terminal modulator/
demodulator equipment) be assessed, and what agreement is necessary on the measuring techniques
involved for: ,

a) putting circuits into service for data transmission?

b) carrying out routine maintenance measurements ?

This study should include both telegraph and telephone circuits. Switched and point-to- 
point circuits should be stuided. The quality should be defined in the same terms in all cases 
though the terms may be given different values according to the system (point-to-point telegraph 
circuit, switched telegraph circuit, point-to-point telephone circuit, switched telephone circuit).

To enable Administrations to check and maintain the standards of quality mentioned above, 
there should be a standard type of modulation and one or two standard speeds.

(1/A)
23
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W hat type o f m odu la tion  and  w hat speeds should be recom m ended ?
W hat standards should be m et by the  m odulating  and  dem odulating  equipm ent?
I f  necessary, the transm ission system  to  be used on  the repetition  contro l circuit should  be 

specified.

N ote. —  In  o ther telecom m unication services, it has been found  convenient to  subdivide 
responsibility fo r different aspects o f the  service: this m ay be expected to  be the  case fo r the  da ta  
service, separating  the line from  the term inal equipm ent. T he study o f the question  o f how  to  
assess the quality  o f lines fo r d a ta  transm ission and  o f w hat agreem ent is necessary on the  m easuring 
techniques involved will facilitate the division o f responsibility.

Studies applying to the telegraph network

G . F o r the pu rpose o f da ta  transm ission, it is useful fo r it to  be know n w hat quality  o f service 
can be expected from  a  50-baud telegraph circuit standard ized  in accordance w ith C .C .I.T .T . 
recom m endations.

F o r  the purpose o f w orking o u t suitable error-detection  m ethods fo r d a ta  transm ission 
systems, it w ould be useful fo r A dm inistrations to  m ake m easurem ents o f the erro r ra te  on  elements. 

To this end, they could use either (o r bo th , if  feasible) o f the  follow ing m ethods:

First m ethod:

Send standard  start-stop  code signals using an  au tom atic  telegraph transm itting  appara tus, 
and  receive these signals on  a reperfo rato r.

(The appara tu s should send signals w ith gross ou tp u t d isto rtion  o f less than  10%  w ith con­
tinuous repetition ; the m argin o f the  receiver should be greater than  35% .)

D educe, from  an  exam ination o f the perforations, the num ber o f errors in the elem ents, their 
d istribu tion  as single, double, trip le errors, etc., and  the  d istribu tion  o f the  intervals between 
consecutive errors.

Second m ethod:

Send long series o f un it elem ents (bits) by m eans o f synchronous telegraphy. A t the ou tpu t, 
com pute the w rong elem ents in term s o f single, double  and  triple w rong elem ents, and  the  intervals 
(in num ber o f units) betw een consecutive errors.

D educe therefrom  the m ean num ber o f errors
per group o f 5 elem ents, 
per group o f 10 elem ents, 
per g roup o f 100 elem ents,

• per g roup o f 1000 elem ents.
This la tte r m ethod  requires special appara tu s which is n o t necessary fo r the first m ethod. 

I t  has the  advantage how ever th a t the  sam e appara tu s  could  easily be used for m easurem ents w ith 
m odu la tion  speeds o ther than  50 bauds, such as 100, 200, 600, 1000 bauds, etc.

W ith b o th  m ethods, the  results should  be grouped in  term s o f circuits having the sam e struc­
ture, i.e. circuits w ith the  sam e num ber o f voice-frequency telegraph channels and  using the  sam e 
so rt o f m odulation  (am plitude o f frequency).

Periods in w hich the circuit m ay be considered to  be “ ou t o f service ” should be ignored 
w hen the test results are  evaluated. Such periods w ould be indicated in the test repo rt (duration , 
tim e o f occurrence, and , if possible, the  cause).

I t  was agreed th a t tim e intervals in  w hich a “ s ta rt ” po larity  is received for m ore th an  300 m il­
liseconds should be considered as “ ou t o f service

(1/A)
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To establish an  error-detection  system  well suited to requirem ents, it is necessary to  know  
the “ fine structure ” o f errors, i.e. their p robability  o f being grouped as a  single erro r (one m utila ted  
elem entary interval), a  double e rro r (2 consecutive m utila ted  elem entary intervals), a  trip le  e rro r 
(3 consecutive m utila ted  elem entary intervals), etc., as well as the p robability  d is tribu tion  o f  the 
correctly transm itted  num bers o f elem ents separating  the m utila ted  elem ents.

H . Sim ilar m easurem ents to  those requested  under G  for 50-baud circuits should be undertaken
by A dm inistrations on  75, 100, o r 200-baud telegraph circuits.

The second m ethod  described under G  should be easier to  apply in  these cases.

I. T he question  o f using the telex netw ork  fo r d a ta  transm ission should be studied  according 
to  the follow ing p rogram m e: ,

1. A  telex call will be set up  betw een the calling and  called subscribers in accordance w ith the 
procedure recom m ended by the  C .C .I.T .T . fo r setting-up and  checking a telex call by the 
in terchange o f  answ er-back signals (C .C .I.T .T . R ecom m endations E .l  and F .60).

2. I f  one o f the subscribers wishes to  in troduce  data-transm ission equipm ent on  th e  connection ,
he will send an  A lphabet N o. 2 signal sequence to  cause the  transm itting  o r receiving-data 
equipm ent to  be b rough t in to  circuit a t either the receiving o r the sending end.

This sequence has to  be decided.
If  the connection involves the  use o f a rad io  channel w ith an  au tom atic  error-detection  

device transm itting  delay signals (see C .C .I.T .T . R ecom m endation U .22), the  sending o f the 
w aiting signals should be suppressed by sending the H H H H  sequence (in start-stop  code 
N o . 2). This sequence should  be sent before the sequence th a t brings the d a ta  transm ission 
equipm ent in to  circuit.

3. F o r som e in ternational com m unications, the possibility o f the telex connection being rou ted  
over rad io  channels em ploying A R Q , tim e division synchronous system, or over regenerative 
repeaters, m akes it essential to  restrict the transm ission to  7V2-unit start-stop  signals.

D ue  to this lim itation , d a ta  transm ission should be restricted  either:

a )  to  A lphabet N o. 2 o r

b) provisionally  to  any o ther 5-unit start-stop  alphabet which is arranged  so as n o t to  
conflict w ith established practice in the  telex netw ork (and especially w ith th a t described 
in para. 5 below). F o r the benefit o f users o f the in ternational service a standard ized  
5-unit start-stop  d a ta  a lphabet seems to  be desirable. The corresponding code w ould 
be draw n up by agreem ent betw een A dm inistrations and  data-processing m achine 
m anufactu rers; e rro r detection should  be included.

4. A t the  end o f the d a ta  transm ission, the  re tu rn  to  the norm al telex connection  w ould  be 
contro lled  by sending com bination  6 o f A lphabet N o. 2 repeated  4 tim es (F F F F ).

T he connection between the  telegraph appara tus could then be renew ed using A lphabet
N o. 2.

*

5. U sers o f a  special alphabet as described under 3 b) m ay m ake up  their a lphabe t as they wish, 
p rovided th a t its com position respects the conditions outlined under 3, and  th a t the  follow ing 
code com binations o f A lphabet N o. 2 are  n o t used fo r da ta  transm ission:

C om bination  6, repeated  4 times (F F F F ),

* T he question o f  a special signal for the change o f  code should be exam ined.

(1/A)
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C om bination  8, repeated  4 times (H H H H ),

C om bination  28, followed by 4 com binations 27,

C om bination  32, repeated  3 o r m ore times.

6. Before the end o f the  call, the  subscriber who has senf the d a ta  will cause the answ er-back o f 
the sta tion  o f the o ther subscriber to  be s e n t; the clearing signal will be given as in the  telex 
service.

7. E quipm ent for th e  transm ission an d  reception  o f d a ta  m ust satisfy the  conditions set ou t in 
C .C .I.T .T . R ecom m endation  S .3 relating to  start-stop  apparatus.

8. T he possibility should  be studied o f using, w ith certain  lim itations, codes falling outside 
A lphabet N o. 2 (6, 7 and  8-unit codes), (study to  be considered in conjunction  w ith m anu­
facturers o f data-processing equipm ent).

J. Is it considered th a t there is a  need fo r a slow speed (i.e. ra te  o f transm ission up  to  200 bauds) 
duplex data-transm ission  system for operating  alternately w ith speech over a telephone type 
circuit on  the norm al in ternational sw itched ne tw ork?  I f  so, w hat characteristics should be spe­
cified fo r the  m odu lating  and  dem odulating  equipm ent (i.e. the term inal equipm ent w hich a t the 
subscriber’s prem ises accepts serial d a ta  signals and  m odulates the carrier fo r transm ission over 
the  line and  vice versa) ? In  this respect consideration  should be given to  the fo llow ing:

a) R a te  o f transm ission,

b) Type o f m odulation ,

c)  F requencies to  be em ployed tak ing  in to  consideration  existing telephone signalling systems,

d) Level o f signal tone,

e)  A rrangem ents required  to  perm it duplex w orking whichever sta tion  originates the call,

f )  P rocedure fo r in itia tion  o f com m encem ent o f transm ission o f d a ta  signals,

g ) A n  alarm  fo r indicating  loss o r failure o f transm ission path .

N ote. —  A  suitable system m ight have the follow ing characteristics:

a) 50 to  200 bauds,

b) F requency m odu la ted  w ith deviation o f  ±  100 c/s o r ± 1 2 0  c/s, shift convention to  be 
consistent w ith V .l R ecom m endation,

c) T o be chosen from  the  frequency ban d  900-1900 c/s. The bandw idth  o f  each unidirectional 
channel m ight be 480 c/s,

d) A s p roposed  by R ecom m endation  V.2,

e) I t  will be ap p aren t th a t fo r both-w ay com m unication  frequencies will be requ ired  fo r:

subscriber A  to  signal to  subscriber B— say f v  

subscriber B to  signal (reply) to  subscriber A —say / 2.
F o r  free choice o f in terconnection  therefore each equipm ent m ust provide fo r b o th  / j  

a n d / 2 to  be used in  either direction. T he convention  m ust therefore be established tha t, say, 
the

caller uses the low er frequency / j  and  the 
called subscriber the h igher frequency / 2,

f )  T he telephone call m ight be set up  initially in  the norm al m anner, the data-transm ission 
equipm ent being then  m anually  o r autom atically  switched in to  circuit,

(1/A)
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Studies applying to the telephone network

K. What are the relative advantages and disadvantages of the various forms of modulation for 
the transmission of data over:

a )  leased telephone-type circuits?

b ) telephone-type circuits in a switched network?

Test program m e fo r  data-transmission system s on telephone-type circuits

L. It would be difficult and probably undesirable to establish a rigid test specification but never­
theless some guiding principles can be given for future tests.

1. Preliminary laboratory tests.

The recommendations given below apply to systems which have already been subjected to 
the normal laboratory tests applied to new transmission systems.

2. Arrangem ent o f  the test connection.

It is possible to set up the test connection on a point-to-point basis or in the form of a loop- 
The former arrangement most closely resembles the practical case but there are serious difficulties 
involved in transporting equipment and personnel.

A satisfactory form of loop testing can be achieved by connecting the transmitting apparatus 
to a distant point by means of a high quality circuit producing no noise or attenuation in the test 
conditions. The return circuit to the receiving apparatus can be set up in a variety of ways as 
detailed later.

3. M odulation rate.

It is recommended that proposed transmission systems should be tested in one or more of the 
following ranges:

500- 750 bauds 
1000-1500 bauds 
2000-2500 bauds.

Speeds higher than 2500 bauds may be required, but it is too early to suggest ranges over 
which tests at such higher speeds might be carried out.

4. Signal level.

It is recommended that the tests should be made at the signal level of Recommendation V.2.
Additional tests should be carried out at levels 6 db above and below the level proposed. In the 
event that no particular value of signal level is recommended, systems should be tested on the 
basis of a signal level of -  10 dbmO with auxiliary tests at levels 6 db above and below this value. 
Tests at 6 db above the recommended levels should be made only if they do not cause interference 
with other circuits.

(1/A)



358 d a t a  t r a n s m i s s i o n : q u e s t io n

5. Sampling o f test circuits.

The system performance tests should be carried out on a selection of samples totalling not 
less than the quantities shown in the following table:

Range Rented circuits Switched circuits

500 - 750 bauds 2 x 107 bits 4 x 107 bits

1000 - 1500 bauds 4 x 1G7 bits 8 x  107 bits

2000 - 2500 bauds 8 x 107 bits 2 x  108 bits

For the rented circuits the samples chosen should be representative of the facilities likely to 
be frequently used in practice.

For the switched circuits the tests should include at least 25 different connections which are 
representative of the facilities likely to be experienced in practice.

The tests should be restricted to the business hours of normal working days and the samples 
should be representative both of the working day and the different attenuation conditions which 
may be experienced in practice.

Tests should also be made on long and complicated circuits.
No special maintenance should be carried out on circuits.

6. Test message.

It is recognized that there would be some advantage in using a standard message, but in view 
of the fact that those who have undertaken the most testing hitherto considered that it was of 
value to be able to change the message from time to time, it was decided to state, for information, 
the three methods for which preference has been shown, namely:

i) A short message (e.g. 8 bits) which is continually repeated but which is capable of rearrange­
ment manually.

ii) A short message (e.g. 8 bits) which is continually changing and is essentially a random cha­
racter generator.

iii) A longer message (e.g. 64 bits) made up of several different sections each containing a different 
characteristic. This message is repeated unchanged but is capable of being changed manually.

7. Error record.

It was agreed that there are two possible forms in which the error statistics might be recorded:

i) A complete fault statement including the exact position of all faults. Such raw material 
could be used for a variety of statistical studies necessary for the overall design of a data- 
transmission system.

ii) A simplified fault record indicating totals for a number of predetermined parameters which 
could be easily obtained during the testing process.
It was agreed that the complete fault statement was preferable for general assessment and 

essential for the evaluation of the error-detection part of the system. The simplified record will 
be valuable for the comparison of different data-transmission systems and line facilities.

(1/A)
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8. Block size.

For comparison of results, it is recommended that a block of about 250 bits should be used 
for the ranges 500-750 bauds and 1000-1500 bauds, and a block of about 500 bits for the range 
2000-2500 bauds. In many instances, it may be of interest to test and report on the basis of a 
smaller block (about 64 bits).

9. Presentation o f results.

It is recommended that for all tests the following statistics should be recorded:
i) the total number of bits and blocks transmitted,

ii) the total number of bits in error,
iii) the total number of blocks in error.

10. Information concerning connections used for test.

It is desirable that characteristics of the connections used for data tests should be obtained 
by monitoring and by measurement. For example, if the transmission of data causes any un­
wanted operation of signalling equipment with a consequential adverse effect on the stability of 
the connection, this should be recorded. Similarly it should be recorded if the reception of the 
test message is adversely influenced by warning tones, metering signals, etc. The presence and 
extent of switch noise, dial impulses and random impulse noise should be noted. The level of the 
signals at the receiving apparatus, the level of white noise and, if possible, noise bursts, attenuation 
distortion and phase distortion, should also be recorded.

11. Interruption o f the connection used for the test.

It was agreed that in the event of the connection used for the test being interrupted for a 
period exceeding 300 milliseconds, it should be considered that the connection was “ out of ser­
vice ” during such an interval.

12. System description.

It is recommended that the performance results should be accompanied by a brief description 
of the basic characteristics of the data-transmission system undergoing test. In addition, a short 
explanation of the method of testing used would be advisable.

M. Study of the compatibility of transmission methods and telephone signalling.

N. Study of the problem raised by transmission time and echo suppressors.

Vocabulary

O. Preparation of an international vocabulary for data transmission.

(1/A)
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SWEDEN: DESCRIPTION OF PHASE MODULATION EQUIPM ENT 
USED FOR DATA-TRANSMISSION TESTS

(Extracts from  contribution GT.43 — No. 9, February 1960)

General.

Information is transmitted in serial binary code by phase modulation of a carrier. 
Modulation is by 180° phase reversal so that some means is required at the receiver of 
distinguishing between a “ 0 ” and a “ 1 ”. This can be provided either by transmitting 
a known “ start character ” at the beginning of each block of data or by using the conven­
tion that a phase reversal represents a “ 1 ” and the absence of a phase reversal represents' 
a “ 0 ”. The latter method was used in the tests.

The carrier is preferably synchronized with the bit frequency so that a bit period 
corresponds to an integral number of half-cycles of the carrier. This synchronization is 
desirable because it reduces modulation jitter, a factor which becomes increasingly serious
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as the bit rate approaches the carrier frequency. In all the tests the synchronized mode 
of operation was used and the phase reversals occurred at the zero crossings of the carrier.

Equipment.

The equipment used for the tests could be operated at the following carrier frequencies: 
1000 c/s, 1500 c/s, 1800 c/s and 2000 c/s. Any bit rate could be used provided that a 
bit period corresponded to an integral number of half-cycles of the carrier. Thus, for 
example, with a carrier of 2000 c/s, the bit rate could be 2000, 1333, 1000, 800,.. . . bits/sec. 
While all the speeds could be used to determine the effect of distortion caused by the lines, 
the test equipment restricted tests involving error counting to the two bit rates, 500 and 
1000 bits/sec.

Transmitter.

The transmitter comprises a carrier oscillator synchronized to the clock used for reading 
the binary information, and a balanced modulator. The data input, which for the tests 
was from an 8-bit character generator, is a two-level signal ( + 1 2  and 0 volts); a transition 
from one level to the other represents a “ 1 ” and. the absence of a transition represents 
a “ 0 ”. The modulator produces a 180° phase change in the carrier for each transition 
of the input. The output to the line is through an isolating transformer, the output 
impedance being 600 ohms.

Receiver.

In the receiver the signal is amplified, and phase detected with' a synchronous carrier. 
The phase detected output is filtered and squared to yield the data output which is in the 
same form as the input to the transmitter. The synchronous carrier is reconstructed from 
the delayed input signal, by reversing the phase of that signal at each binary transition of 
the output data, in a phase modulator. The delay is chosen to correspond with the delay 
inherent in the low-pass filter and shaping circuits.

The data output of the receiver requires a timing output to provide a means of sampling 
the data at intervals equal to the bit rate. This timing waveform, or clock, is derived in 
the receiver directly from the output data and is independent of the telephone line delay.

In the receiver used in the tests there was no filtering or clipping at the input, nor was 
an automatic gain control provided. It is envisaged that these features will be incorporated 
in future designs.
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NIPPON TELEGRAPH AND TELEPHONE PUBLIC CORPORATION: 
VIEWS ON THE STUDY OF THE DATA-TRANSMISSION SYSTEM

( Contribution GT.43, No. 10, February 1960)

Introduction

The necessity for the data-transmission system was early recognized by various nations 
and since 1957 a more active study in regard to this matter has also been carried out in 
Japan. The processing machine of the punch-card system has hitherto been mainly and 
adequately utilized at a. transmission speed of 50 bauds, but as there is a tendency to substi­
tute the recently very improved electronic computer for the conventional system, there is 
need to develop a high-speed transmission system parallel with it in the future.

1. General.

We agree with the opinion that the data-transmission technique should not be strictly 
standardized yet, because it is still under development. Accordingly, the scope of its 
standardization by the C.C.I.T.T. should be minimized as far as possible. Problems to be 
discussed for decisions on the data-transmission system may be broadly divided into two 
categories as follows:

1. transmission circuits,
2 . signals to be transmitted.

2. Ho w would the modulation rate be fixed l

The system to divide a voice-frequency band for high-speed data transmission has 
been presented by the Federal German Republic, but another modulation speed to occupy 
the whole voice-frequency band should also be considered besides the 500 baud operation.

In this case a modulation speed which could easily attain steady transmission without 
a special network for compensation of delay distortion should be considered and it might 
very well be about 1000-1500 bauds.

Were a data transmission of super high speed exceeding the voice-frequency band to 
be contemplated, a frequency band for one group of telephone circuits (48 kc/s) would 
have to be considered.

3. How would a telephone circuit be utilized for data transmission ?

In a toll telephone line which satisfies C.C.I.T.T. recommendations it may be 
possible to accommodate a modulation rate up to 1800 bauds and in case of approximate 
1000-baud operation any inferiority as regards telegraph distortion could hardly be per­
ceptible compared with the transmission quality on a 50-baud channel.

We can affirm this from the conclusion of study activities we have undertaken three 
times since 1958. '
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The study data concerned will be presented separately but an extract of the data is 
shown in the table below.

The study on a local line is under way now. A 4-wire circuit is generally preferable 
for data transmission and in the case of the 2-wire system the deterioration of frequency 
response caused by echo is of course inevitable, therefore the modulation speed should be 
considerably decreased compared with the 4-wire system. But here we cannot make 
any reference to the problem as to what the most suitable modulation rate is, because the 
relevant study has not yet been made.

If the errors shown above are analysed, the proportion of errors converted from the 
“ stop ” polarity to the “ start ” polarity is much higher than that of errors from the “ start ” 
to the ’’stop ” because of an instantaneous break of the circuit, but in this case the errors 
consisting of a change from the ” start “ to the “ stop “ polarity sometimes occur before or 
after the occurrence of the other.

T a b l e

1. Error rate on the high-speed transmission test . 
1.1. Test on carrier telephone circuit (cable)

M odulation speed Number o f unit 
pulses transmitted

Number o f 
error pulses Error rate

500 bauds 2 X 106 5 2.5 x 10-6
1000 bauds 11 X 106 2 1.8 x 10-7
1500 bauds 13 X 106 30

start polarity
2.3 x 10-6

1750 bauds 22 x 106 —> stop polarity 255 
stop polarity 
—» start polarity 600

3.9 x 10-5

1.2. Test on SH F  telephone circuit

M odulation speed Number o f unit 
pulses transmitted

Number of 
error pulses E rror rate

1000 bauds 95 X 106 start polarity 
—>• stop polarity 46 
stop polarity 
—» start polarity 578

6.6 x 10-6

1500 bauds 24 X 106 start polarity 
—> stop polarity 38 
stop polarity 
—> start polarity 78

4;9 x 10-6

Note. — The data of high-speed transmission tests shown here were taken from the experiments tried 
between Tokyo and Fukuoka (1336 km), Tokyo and Sendai (365 km) and Tokyo and Okayama (765 km) 
in February 1958, January 1959 and October 1959 respectively.

4. What modulation system would be preferable ?

As to the modulation system for high-speed data transmission, various systems such
as Double Side Band (D.S.B.), Vestigial Side Band (V.S.B.), Frequency Shift (F.S.) Phase



Shift (P.S.) and their modified systems can be considered, but the D.S.B. system is the most 
recommendable.

Besides this system, the F.S. system is also being eagerly studied; therefore, it would 
be wise to leave the way open for the adoption of other systems.

We present below the result of our study concerning the D.S.B. system.
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(a) Suppression of telegraph distortion caused by phase difference between carrier and 
signal waves.

In the case of high-speed modulation, the signal frequency is close to the carrier 
frequency and the number of cycles of carrier frequency contained in a unit pulse of 
signal frequency is only one or less.

Therefore the telegraph distortion may occur according to the relative phase 
difference between the two frequencies but it can be suppressed by letting the signal 
frequency pass through an adequate low-pass filter before it is fed to the modulator. 
For instance, if 300 c/s-3400 c/s for the signal frequency band and 1850 c/s for carrier 
frequency are taken respectively, a filter which gives the flat amplitude response 
with linear phase at its pass band of 0-1550 c/s and the attenuation for over 25 db 
at the transmission band over 2150 c/s would be inserted. The data to go upon are 
explained in Supplement I.

'(b) Limitation of modulation rate caused by frequency response of transmission circuit.
The conventional carrier channel of narrow frequency band (300-2700 c/s), 

apart from the standard one (300-3400 c/s), is still partly used and similarly to other 
nations this system accommodates both carrier and voice circuits together in the 
same line and as a filter for the separation of both circuits is located at every repeater 
station, the delay distortion by phase non-linearity of the first channel of carrier 
circuit becomes worse. This channel would be omitted for data transmission but 
the others are capable of high-speed data transmission without compensation of the 
distortion. The data to go upon are explained in Supplement II.

6 . How would the maximum acceptable limit for the duration o f interruption o f  transmission 
circuit be considered?

To attain a highly reliable data-transmission circuit special consideration must be 
given to the instantaneous break of the circuit. For telegraph circuit the break for below 
5 ms may be allowable but for high-speed data transmission the duration of even 0.5 ms 
must be considered. And as for the treatment of the trouble, some standard should be 
established. The high-speed data transmission is more easily affected by peak noise than
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in the case of low-speed telegraph transmission and then the noise regulation thereafter 
would be carefully established with due regard to the characteristics of the data-transmission 
circuit. In this matter we have not yet reached the final conclusion and the promotion 
of international co-operative studies is advisable.

SUPPLEMENT I

Influence o f phase difference between carrier and signal waves on telegraph distortion
and the method to suppress it

The result of the study of the waveform transmission characteristic where the binary code is 
transmitted by the D.S.B. system on telephone circuits is explained below.

In case that signal frequency f(t), carrier frequency co0 and transmission line response 
T((o) ej9(cô  (in this transmission line the frequency band outside of co0 — co, <  co <  oj0 +  co,, 
is considered to have an infinite attenuation) are given respectively, the waveform R(t) after the 
modulated wave is sent through this transmission line is discussed here.

CO *
Signal frequency spectrum F (co) =  J / ( 0  e~jmt dt

~ O0

Modulated wave =  / (t) cos (co0t -1- a)

F(co) T(co + co0) e/' {̂ of+0(co + a,o)-«(^o)} d(0
R ( t ) = U R‘

(Di
F(2CQ0 + W) T((0 + (Oq) eLco( + 0(co + <Oo)-0(coo) - 2«} d \ XCQS ^COot+9^0)o) + ^ _

—  [ lm
2n

i
F((o) T(co +  co0) d(D

-o>l

+  lm ' F (2 C D  0 + (o) T ( C 0 + C 0 0)  gt{col + 0(co + coo ) —0(coo) — 2a} M  |  Wq t + 0 .
1 /

In this equation R (t) indicates the response when f i t )  cos ((D0t +  a) is sent through the trans­
mission line which has a response of T(co)ejd<m) and the second term of both components of right 
angle and same phases means the echoing component of the zero frequency.

As the phase difference a between signal and carrier waves is contained only in both terms, 
if these components are taken away prior to the modulation process, the distortion caused by 
the phase difference can be eliminated. Then if 1850 c/s for co0 and 1550 c/s for cox (300 — 
3400 c/s for frequency band) are taken, it may be possible to reduce the telegraph distortion by 
inserting a low-pass filter which gives linear phase characteristic and flat amplitude response 
within the range of 0 — co, and enough attenuation above (2 co0 — co,), namely 2150 c/s.

SUPPLEMENT II

Frequency response o f transm ission line and lim itation o f  maximum m odulation speed

For the study of the limitation of maximum modulation speed the response in case the signal 
input of unit function is modulated after passing through the ideal low-pass filter to eliminate the
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echoing component of zero frequency is sought here. In this case the amplitude response of the 
transmission line is divided into the even symmetrical component 7e(oj) and the odd one T o (o j )  to 
the centre frequency co0 and the phase characteristic similarly into the odd symmetrical component 
90 (co) and the even one 6e (co) respectively.

The response Ru (/) here is— 
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L2 n J
i 'tOj

+  -
n 0

dco
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' c°1 To (co) cos {cot +  G0 ( co)}  sin Ge (co)
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o
dco
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Te(co) cos (cot +  0o (co)} sin 9e(co) dco x sin {co0t +  G(co0) +  a} ....(1 )

If the amplitude characteristic is even symmetrical to co0 and the phase characteristic is odd 
symmetrical to co0, Ru(t) is as shown below:

COj

T(co) sin {cot +  9 (co)} dco

x  cos (co0 t + 9 (co0) +  a} . . . .  (2)

On the narrow band system, setting the carrier frequency at 1500 c/s, the integral in the equa­
tion (2) is calculated with M -1 computer (developed in Electrical Communication Laboratory, 
NTT PC) and from that result the relation between the modulation speed and its acquirable margin 
can be gained as shown in the following table. From this table it is clear that the existing tele­
phone circuit is very capable of high-speed transmission.

T a ble

Modulation rate and its acquirable margin

Modulation rate (bauds) Margin

1260 40%
1360 33%
1480 26%
1640 20%
1820 20%
2050 17%
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FEDERAL GERMAN REPUBLIC:
SYSTEMS FOR DATA TRANSMISSION ON TELEPHONE LINES

(Extract from contribution GT.43, No. 19, March 1960)

The existing world-wide communication networks suggest their use for data trans­
mission. These networks comprise:

(a) teleprinter lines,

(b) telephone lines,

(c) radio links; broadcasting, group, supergroup, television and other wideband trans­
mission paths.

(a) and (b) may be either permanent channels or connections established when 
a need arises *. The transmission paths under (c) are generally of the permanent type.

Teleprinter lines are operated at the rather low telegraph speed of 50 bauds and are 
suitable for the transmission of relatively small quantities of information. This speed 
can be increased 10 to 20 times using telephone lines.

If normal switched connections are taken into consideration, then existing local net­
works, especially subscribers’ lines, together with the trunk network for direct long­
distance dialling may be used. Such a data-transmission system would have a remarkable 
flexibility because subscribers would be interconnected regardless of locality and no 
additional transmission lines would be required. It is of the greatest interest to provide 
a data-transmission system suitable for such an arrangement. Hence, the discussion that 
follows deals with this case alone.

The following specifications would appear adequate for such a system:

A. Transmission medium: conventional telephone channel.

B. Faulty-character probability p ch =  10~7 to 10-8.

C. Telegraph speed: 500 to 1000 bauds.

Ref. A. — This specification means that the system should be able to cope with noise 
caused by rotary selectors as well as with short-time interruptions not uncommon in carrier 
channels.

R e f B. — The faulty-character probability pch =  10-7 (errors occurring at a rate of 
1 faulty character in 10 million) means that not more than one character should be incorrect 
in 24 hours of transmission at a speed of 1000 bauds. This specification seems rather 
high, but would adequately meet the application alluded to in the Introduction.

Ref. C. — Any telephone channel would permit a telegraph speed of 1000 bauds. 
To make use of this speed, the redundancy of the code used should not reduce the speed 
by a factor greater than 2 .

* A lso  term ed “ stand-by ” and “ sw itched ” connections, respectively.



Figure 93 shows the block diagram of a data-transmission system comprising input 
memory, encoder, modulator, transmission channel, demodulator, decoder and output 
memory. The return path of the (basically duplex) telephone line can be used for decision 
signals (“ proceed to send ” or “ repeat ”). The number of possible systems is rather 
high: with 5 memory types (paper tape, punched card, ferrite cores, magnetic drum, 
magnetic tape), 4 coding methods, 4 modulation methods and 3 x 2  transmission methods, 
the problem is to select the most suitable from 5 x 4 x  4 x 3 x 2  =  480 possible systems. 
Some of the transmission, modulation, coding and error-correction methods will be 
discussed, neglecting details for the sake of a general synopsis.
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2. Transmission methods.

The transmission methods may be subdivided into two groups: The first subdivision 
includes simplex, duplex and half-duplex operations, i.e. use of only one direction of 
transmission, both directions, or both directions alternately. Table 1 shows the impor­
tant properties of these three types:

T a b l e  1

Technical properties Operating properties

Simplex

Duplex

Half-duplex

No decision signal 

Decision without delay 

Decision with delay

One-way operation

No echo suppressors permissible

Echo suppressors permissible

In the simplex case, no backward decision signal can be transmitted; on the other 
hand, a one-way connection may be used in special cases. In the duplex case, the decision 
signal can be returned without delay as both directions are in operation at any time; 
however, the 2-wire channels of the two directions would have to be separated by filters 
which -might reduce the speed of transmission. In half-duplex operation, the decision 
signal in the backward direction invariably causes a loss of time equal to at least twice 
the line delay plus switching time. Echo suppressors, permissible in half-duplex opera­
tion, have to be disconnected in duplex operation, thus causing additional inconveniences. 
As will be seen below, decision signals in the backward direction are indispensable; this 
eliminates the simplex method. The duplex method appears to be the most suitable, as 
decision signals are possible without loss of time. Echo suppressors are rarely encountered 
in the European network; hence, this problem is not too serious.

24
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Another possible subdivision of transmission methods is into sequential and parallel 
transmission (time division and frequency division multiplex systems, respectively). The 
two methods differ in respect of noise and distortion as shown roughly in Table 2.

Table 2

Pulse­
shaped
noise

Random
noise

Periodic
interference

Linear
distortion

Non-linear
distortion

System
properties

Sequential Same Better
(V  n)

— Better Any code

Parallel Met ter
(V  n)

Same — Better
(Vn)

— Inflexible
code

The signal power is assumed to be the same in both cases (as limited to avoid over­
loading the carrier system). Under these conditions, both the sequential and the parallel 
systems have the same sensitivity to random noise; the parallel system has a better per­
formance with respect to pulse-shaped noise, the sequential with respect to periodic inter­
ference. In the case of n parallel channels, the peak amplitude of a noise peak will be 
n times less than in the sequential systems because the channels of the parallel system are 
narrower by that factor. Since, however, the signal amplitude in one parallel channel 
is by l/y 'n less  than in the sequential method, the overall improvement for the parallel 
operation is only y'n . As to linear distortion, for instance, delay distortion at the corners 
of the frequency band, the parallel system is more favourable owing to its longer pulse 
durations which have to be compared with the delay distortion. Non-linear distortion, 
however (as produced, for instance, by a compandor), affects the parallel system more. 
Of particular importance is the fact that the parallel-system code is fixed for all practical 
purposes while there are no restrictions in choosing the code for the sequential system. 
This is of particular advantage for a building-block type data-transmission system that 
can be adapted to various applications, and it induced the author to favour the sequential 
system.

3. Modulation methods.

Some of the most important modulation systems for binary codes are presented in 
Table 3, where VF (1st column) means direct voice-frequency transmission; VF bipolar 
=  voice-frequency transmission in which every binary digit is represented by two bits 
of opposite polarity to avoid the DC component; PM =  phase modulation; FM =  fre­
quency modulation; VSB =  vestigial sideband amplitude modulation.

Column 2 shows the telegraph speeds, referred to the speed for VF transmission. 
The third column indicates the signal/noise ratio under random-noise conditions, referred 
to the same faulty-bit probability (see also (1)), so that positive figures mean improvement 
and negative figures deterioration.
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T a b l e  3

Telegraph
speed

S/N ratio for 
random noise

Miscellaneous System properties

VF 1- 0 db Direct current asynchro­
nism

VF bipolar 1/2 +  3 db Asynchronism

AM 1/2 -  1 db —

PM 1/2 +  3 db Synch tom /at ion Independent of level 
changes

FM 1/2 - 1  db — — Independent of level 
changes

VSB 1/1.5 - 6  db Square-law distortion

The difference is only few db for each method except for the vestigial sideband method 
which must have the carrier transmitted to avoid square-law distortion. Column 4 shows 
that both voice-frequency methods must be eliminated because of the effect of asynchronism 
in which the received frequency may deviate by a maximum of 2 c/s from the transmitted 
frequency in a carrier system. For phase modulation which is most favourable as regards 
the signal-to-noise ratio, synchronization would be required involving higher cost and 
greater complexity. Phase modulation and frequency modulation are insensitive to level 
variations. This point of independency of any carrier synchronization leads the author 
to prefer frequency modulation to phase modulation, putting up with the small disad­
vantage of the signal-to-noise ratio being 4 db less than in phase modulation. There are 
no compelling necessities pointing to the use of a certain transmission method or a certain 
modulation method. Nevertheless, a choice ought to be made, in view of inter-working 
between future data-transmission systems.

Store Encoder Modu- Trans- Demodu- Decoder Store 
lator mission iator 

channel

F i g u r e  93. —  B lock diagram o f  a data-transm ission system
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AMERICAN TELEGRAPH AND TELEPHONE Co.: PARALLEL 
TRANSMISSION DATA-PHONE SUBSET

( Contribution GT.43, No. 22, April 1960)

Introduction.

Recently, there has been considerable interest in high-speed data-transmission with 
rates of thousands of bits per second contemplated for telephone message circuits. High­
speed equipments are too complex and expensive to meet the needs of the low-volume-data 
customer who transmits thousands of bits per day rather than hundreds of thousands. 
The small savings in toll bills cannot justify expensive equipments which stand idle most 
o f the day.

The parallel transmission data-phone subsets described here are directed toward 
fulfilling the requirements of the low-volume-data customers. Multifrequency parallel 
transmission leads to extremely simple transmitter circuitry and results in a system especially 
attractive in the frequently encountered communication pattern of a multiplicity of trans­
mitters feeding a single receiver. The parallel transmission data-phone subsets are designed 
to be directly connected to business machines. The input required for the transmitting 
subset is contact closures on several leads in parallel. The output of the receiving subset 
is also contact closures on several leads in parallel. These subsets will operate at any 
rate up to twenty characters per second. The transmission is asynchronous using a return 
to normal state to separate characters. In the normal state all inputs are open. Thus, 
neither the character timing nor character rate need be closely controlled.

Inasmuch as these data-phone subsets use the switched telephone network, they 
must be tolerant to thermal and impulse noise, delay distortion and carrier shift.

Two types of parallel transmission systems are described which fulfil different require­
ments. However, the multifrequency techniques used in both are similar. The group 
arrangements of the multifrequency signals, and a number of circuits features, are adapta­
tions from the development of push-button signalling from the customer’s telephone set.

The three-out-of-twelve system (figure 94).

One such type of parallel transmission system has been called the three-out-of-twelve 
system (3/12). Only one direction of transmission is provided. There is no digital 
acknowledgment of validity of the data reception. This system can handle any number 
of parallel binary inputs up to six. Thus, the inputs are six contacts which may be opened 
or closed. This system is capable of operating up to 20 characters per second. Since 
there are six binary inputs, this is equivalent to 120 bits per second, and if the characters 
are English text, this is equivalent to 200 words per minute.
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In the 3/12 system the condition of a pair of leads is translated into one of four fre­
quencies. Each of the three pairs of leads controls a quaternary frequency-shift channel. 
In the normal condition when all inputs are open the three normal frequencies are gener­
ated. Hence, signal is always present on the telephone line.

At the receiver the three frequency-shift channels are separated by filters. Each 
channel is individually limited. Each limiter drives a discriminator which determines 
which of the four frequencies was transmitted and operates the appropriate relay through 
a simple logic circuit. A straight parallel arrangement of six binary frequency-shift 
channels would not require translation but would require complex filtering and six limiters. 
Furthermore, the transmitter would have to generate six frequencies simultaneously. Use 
of one high-speed binary channel with parallel to serial conversion would require complex 
translation at the transmitter and receiver but the filtering would be simple. Binary to 
quaternary translation can be accomplished with very few components and results in a 
great reduction in receiver complexity. Furthermore, three frequencies can be generated 
in a single transistor oscillator. Three-out-of-twelve operation results in a very simple 
transmitting terminal equipment.

In p u ts
E n t r ie s

1 —
2  —
3 —
4 —
5  —
6 —  

GRD —

T r a n sm itte r
E m etteur

TO PHONE -

T elep h on e l i n e  
L ig n e  te le p h o n iq u e

\ /
'A

N f  /  \ R e c e iv e r
R ece p teu r

N.

P r in t  
Im p r e ss io n  
Ground 
T erre

To phone

V ers 1 ' a p p a r e i l  
te le p h o n iq u e

In p u t F requency Input Frequency Input F requency
E n tree
I 2

F requence E n tree
3  4

Frequence E n tree
5  6

F req u en ce

1 0 5 3 5 1 0 1 2 0 8 1 0 1 9 5 0

0  0 6 3 0 0  0 1 3 3 6 0  0 2 0 9 0

1 1 .7 7 0 1 t 1 4 7 7 t 1 2 2 4 0

0  1 9 1 4 0  1 1 6 3 7 0  1 2 4 0 0

Where 1 r e p r e s e n t s  in p u t grounded  
and 0 r e p r e s e n t s  in p u t open

Le c h i f f r e  1 r e p r e s e n te  un c o n ta c t  r e l i e  & la  t e r r e  
l e  c h i f f r e  0 r e p r e s e n t s  un c o n ta c t  o u v er t

F ig u r e  94 . —  Block diagram  o f  the three-out-of-twelve system
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Frequency-shift is used in the 3/12 system because it is more tolerant to noise and 
system imperfections than amplitude modulation. Quaternary frequency-shift is slightly 
less tolerant to noise than binary. However, its use is justified by the much greater simpli­
city of the terminals with quaternary channels.

Timing for this system is simplified by the return-to-normal operation. The beginning 
of the character is detected when a channel goes off normal and the end is detected when 
the channel returns to the normal. This is a form of start-stop synchronization with a start 
pulse preceding each message character. The reduction in speed due to return to normal 
operation is justified by the simplicity of the timing. Moreover, most input equipments 
(business machines) generate return to normal signals. Another dividend of return-to- 
normal operation is tolerance to delay distortion. When any one of the data relays a t the 
receiver goes off normal it actuates an extra relay called the print relay. The print relay 
can be used to enable the outputs. The print relay is delayed on operate. This delay 
can be made long enough to span the difference in delay between the fastest and slowest 
channels. Thus, although the transmission medium has delay distortion and relay operate 
times vary, the outputs can be enabled simultaneously when the print relay operates.

Three-out-of-twelve transmitter.

The 3/12 transmitter shown in figure 95 is a single transistor three-frequency oscillator 
which is powered by the central office battery over the local telephone loop. The transistor 
acts a linear amplifier. The limiting is provided by diodes CR. 1,2 and 3 for each fre­
quency separately.

The simplicity of translation from binary to quaternary is illustrated in figure 94. 
When inputs 1 and 2 are open the tank composed of L10 and CIO has a resonant frequency 
of 630 cycles per second. When input 1 alone is grounded, C l is across the tank, and the 
resonant frequency is lowered to 515 cycles per second. If input 2 alone is grounded, the 
resonant frequency is 941 cycles. When both 1 and 2 are grounded the resonant frequency 
is 770 cycles per second. A combination of capacitor and inductor is switched rather than 
two capacitors to provide more equal spacing between frequencies. The coils and trans­
formers used are ferrite cup core coils. Tuning is accomplished by adjustment of the cores.

The transmitter is arranged to put out a total of less than one-half milliwatt of signals 
into 900 ohms.

Three-out-of-twelve receiver.

The three-frequency-shift channels are separated at the receiver (fig. 96) by a single 
input, three output cut-apart filter. Each channel is limited individually. The limiters 
provide a fundamental component which is constant to one db for a range of inputs from 
0 to — 50 dbm. Since signal is always present in each channel the limiters are always 
saturated and tend to suppress the noise.
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F i g u r e  9 5 .  — Three-out-of-twelve transmitter.

The limiters drive a set of four tuned circuits. The tuned circuits are part of a four- 
level frequency discriminator. If the limiter has a fundamental component at one of the 
tuned frequencies the voltage builds up on the tuned circuit until it exceeds the back bias 
on a detector transistor. The detector transistor conducts on the peaks of the tuned 
circuit voltage. The filter in the detector collector smoothes the wave. One of the tuned 
circuits in each channel is tuned to the rest frequency. The output of its detector is used 
only for checking. The other detectors drive relays through a simple logic circuit.

If, at the transmitter, input 1 is closed across the basic tank circuit, the low frequency 
is generated. At the receiver (fig. 96) the tuned circuit tuned to 515 c/s operates the 
associated detector. The smoothed output of the detector drives a relay driver which 
operates data relay 1. If, instead, input 2 is closed, the transmitter generates 941 c/s which 
energizes the 941 c/s tuned circuit. This tuned circuit drives the associated detector 
which drives the relay driver and operates data relay 2. Closing both inputs 1 and 2 causes
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the transmitter to generate 770 c/s. At the receiver the 770 tank is energized which operates 
the associated detector and drives both relays 1 and 2 through the “ or ” gate. The other 
channels are similarly arranged. Thus, a one-to-one correspondence exists between the 
transmitter inputs (fig. 95) and the receiver outputs (fig. 97).

An adjustment is provided between the limiters and tank circuits so that the frequency 
range over which the relays operate is +35 cycles from the nominal frequencies. This 
bandwidth is to allow for carrier offset and variation in tuning.

When any data relay operates it activates the print relay (PRT of fig. 97). The operate 
time of the print relay is increased by the associated network.

The 3/12 system has some inherent redundancy in that only one frequency should 
occur in each channel. Thus a check circuit could determine that one and only one fre­
quency occurs in a channel. In the 3/12 system a simple check circuit is arranged to 
detect that a frequency is missing in a channel. The limiter output is designed to be low 
enough so that the operation of more than one detector in a channel is unlikely.
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F ig u r e  97 . —  R elay circuit
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The two-out-of-eight system.

The two-out-of-eight system (2/8) is a parallel transmission data-phone system for 
the transmission of numerical information from punched cards or a manual key set. 
The output of the card reader or key set is 8 leads in two groups of four with no more than 
one lead closed in each group. In this system the receiver is able to acknowledge receipt 
of a message by returning a signal which can be heard on a loud speaker at the transmitter *. 
Otherwise the requirements of the 2/8 system are similar to those of the 3/12 system. 
It is capable of handling up to 20 characters per second with a return to normal between 
characters. It is intended for operation over telephone lines and so must be tolerant to 
noise, delay distortion and carrier shift.

Since two directions of transmission are required, on-off amplitude modulation is 
indicated. The oscillator at the transmitter runs only during the characters and is off, 
ready to receive signals, between characters. The oscillator must start up quickly when the 
inputs are closed to avoid excessive pulse shortening. There are basically two methods 
of ensuring quick start-up. First, direct energy can be stored in one of the oscillator 
reactors so that no build-up is required at starting. Alternatively, fast start-up can be 
insured by high oscillator loop again. The difficulty with the storing of direct energy in 
a reactor is the time required. For instance, if the oscillator has been running and is 
interrupted momentarily, the storage will not be complete, and the oscillation will build 
up again slowly. If the oscillator is provided with high loop gain, the same build-up rate 
will occur for long or short interruptions. With the simple type of card reader ** likely 
to be used with this system, short interruptions of the contact closures are possible. For 
this reason, the high loop gain method was chosen.

The problem of frequency pulling is aggravated by high loop gain. In the 3/12 trans­
mitter (fig. 95) the frequency generated when switch 2 is closed depends upon whether 
switches 3 and 4 are closed. Closing switch 2 generates a nominal 941 c/s. Closing 
switch 3 changes the phase angle of the impedance of the tank involving T2, thus the 
frequency of oscillation (nominally 941 c/s) must change slightly (pull) to make the phase 
around the loop remain equal to zero. In the 3/12 system the circuit is arranged so that 
pulling is negligible. However, as loop gain increases-so does pulling. The limiter CR1 
provides damping at 941 c/s to hold the oscillator amplitude constant. As loop gain 
increases the limiting and damping must increase. This results in a reduction in the effective 
Q and impedance at T l. At T2 there is no limiting at 941 c/s. Hence, this impedance 
to 941 c/s remains the same. Since the impedance at T l is lower, the same impedance 
change at T2 will result in a greater frequency change (that is, more pulling) than with 
lower loop gain.

* L. L. S e v e b e c k , P. G. G r u n f e l d e r , A.I.E.E., Conference Paper No. 59-1278.
** L. L. Se v e b e c k , op. cit.
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-  941 C/S -  941 Hz
-  1208 C/S -  1208 Hz
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F ig ur e 98. —  Two-out-of-eight transmitter
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Since high loop gain and low pulling are required for the 2/8 transmitter, it has been 
necessary to isolate the tank circuits by providing two separate oscillators which couple 
to the telephone line.

The two-out-of-eight transmitter.

The two-out-of-eight transmitter involves two frequency-shift oscillators and a two- 
transistor answer-back amplifier (fig. 98). The transmitter is still powered from the 
telephone line. Since the output of the associated card reader is already in one-out-of-four 
code, the closures of the switches can connect a capacitor to one of four taps on the oscillator 
coil. Since high gain is required for fast build-up, even with the coil open the oscillator 
will run at a high frequency which is outside the telephone transmission band.

The output of the 2/8 transmitter is 0.5 milliwatt at 900 ohms.
The audible answer-back amplifier is tuned to receive 1780 c/s. The amplifier drives 

a telephone speaker at constant .output where the telephone line has 0 to 30 db loss. The 
amplifier has a threshold which prevents low level spurious noise from reaching the speaker.

The two-out-of-eight receiver.

The two-out-of-eight receiver is similar to the 3/12 receiver except that only two channels 
instead of three are used. Also, since the transmission is AM, the receiver sensitivity 
cannot be as high as in the 3/12 receiver. Each of the 8 input frequencies causes a relay 
to be operated. Because of the redundancy in the 2/8 code these outputs can be used 
for checking. The 2/8 receiver is also equipped with an answer-back oscillator which 
can be keyed by the customer.

Control.

In both parallel transmission data-phone subsets which have been described, the 
connection is set up by initially dialling a voice connection. When this connection has 
been established the data transmitter and receiver can be connected by pulling up a spe­
cially wired exclusion key on the associated telephone set.

Conclusion.

Experimental models of transmitting and receiving subsets for both the 3/12 and the 
2/8 systems have been built. They have been tested with paper-tape readers operating at 
200 words per minute and with simple card readers. The results of these tests indicate 
that error rates considerably better than one error in 104 characters are to be expected 
over the majority of telephone circuits. The tests to date have demonstrated the practica­
lity of the parallel transniission data-phone subsets described above. Further work is 
continuing on several variations of these subsets.
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LENKURT ELECTRIC Co.: A HIGH-SPEED 
QUATERNARY FM  DATA-TRANSMISSION SYSTEM

( Contribution GT.43, No. 23, April 1960)

Digital data transmission involves the coding of various forms of information into 
characteristic groups of pulses. The most typical form of coding utilizes binary pulses, 
where each pulse can take either of two possible states: on or olf, plus or minus, mark or 
space. The information contained in such a pulse is often referred to as a bit. Telegraph 
signals are a familiar example of coded binary data pulses.

By increasing the number of possible states for a pulse from two to four, the informa­
tion content of the pulse can be doubled. A typical coding scheme to accomplish this is 
shown in figure 99. Ideally, this conversion from a two-level code to a four-level code 
halves the fundamental pulse rate for the same rate of information transfer. Conversely, 
the rate the information is transmitted can be doubled if the pulse rate is held constant. 
It is to be expected that the increase in the information rate made possible by quaternary 
transmission is accomplished at the expense of some of the desirable features of a binary 
system. This paper will discuss one approach to providing a quaternary data-transmission 
system, and will compare its characteristics with that of a similar binary system.

Description o f the experimental system.

Most data originate and are processed in the form of binary pulses. A sequence of 
such pulses can be directly transmitted over physical wire circuits for short distances. 
However, it is not practical at present to apply them directly to single sideband multiplex 
facilities because of the d-c components involved, and the extreme distortions introduced 
by frequency error in the multiplex system. It is therefore necessary to modulate a carrier 
frequency with the data to be transmitted. This modulated carrier can then be passed 
over a single sideband voice channel using conventional techniques.

The type of carrier transmission to be described in this paper involves frequency 
modulation because of its well-known high degree of immunity to interference and to level 
changes in the propagation path. In a quaternary system, the modulation consists of 
shifting the carrier to any of four possible frequencies instead of two as in a binary system.

A block diagram of the experimental system used for the comparison of binary and 
quaternary transmission is shown in figure 100. The input data pulses, after shaping by a 
modified cosine filter, frequency-modulate a 10.2 kc/s carrier. This frequency-modulation 
is accomplished in a Royer oscillator which has a frequency of oscillation directly propor­
tional to the applied voltage. When binary pulses at 1000 pulses per second are applied,
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(pulse rate is one-half that of binary)

Figure 99. — A typical binary to quaternary conversion operation

the carrier is shifted from 9.7 kc/s to 10.7 kc/s producing a deviation ratio of unity. For 
quaternary pulses at the same pulse rate, the same extremes of frequency are used so 
that the deviation remains unity when shifting between levels 0 and 3. However, the 
deviation ratio is only one-third when shifting between adjacent levels.

The frequency-modulation is done at a frequency range above the voice band to reduce 
“ keying loss To translate the frequency-shifted tones into the voice channel, a modula­
tion stage is used. A double-balanced transistor modulator is used in both the transmitter 
and receiver to provide this frequency translation of the signal. This modulator produces 
sidebands in which the signal-to-distortion ratio is greater than 50 db. The carrier leak, 
signal leak, and the unwanted sideband resulting from this modulation stage are eliminated 
by a low-pass filter in the transmitter and by a band-pass filter in the receiver.

In the receiving direction the frequency-shifted signals are delay-corrected in a time- 
delay equalizer to remove most of the envelope distortion caused by the transmission 
through a band-limited channel. After this correction these signals are modulated to a 
higher frequency range to simplify and improve detection. The signal is then amplified 
and limited to remove amplitude variations. The limiter-amplifier consists of a two-stage 
class B amplifier with limiting being performed by the forward characteristics of silicon 
diodes. The output of the limiter-amplifier is a square wave of constant amplitude over 
a 40-db change in the level of the input signal.
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In the experimental system a saturable core magnetic detector was used to detect 
the FM  signals. This type of FM  detector converts the amplitude limited input signals 
(which are approximately square waves) into a sequence of pulses whose repetition rate 
depends on the applied frequency. This output can then be integrated in a low-pass filter 
to provide a DC signal which has an amplitude dependent on the repetition rate of the 
pulses.

A test set was also constructed to aid in the comparison of quaternary transmission 
and binary transmission. A ten-pulse word is generated by the test set, with the words 
either in binary or quaternary form. The particular pattern which is generated is arbitrarily 
selected by switches. The pulse rate is variable from 500 to 8000 pulses per second. 
This output, in either binary or quaternary form, is applied to the transmitter portion of 
the data-transmission system to frequency-modulate the carrier.

The receiving portion of the test set detects only errors. This is done by comparing 
the waveform produced by the data receiver to that which was transmitted. A variable 
time delay is provided in the test set to synchronize the generated waveform with the 
received waveform. The comparison is made by a linear differential amplifier, with an 
output proportional to the difference between the amplitudes of the generated and received 
waveforms. When the output exceeds a pre-set reference during sampling time an error 
pulse is generated. These error pulses can be counted to give an indication of the number 
of errors. For the tests reported the reference was adjusted so that an amplitude difference 
greater than one-half the voltage difference between two levels indicated an error.

Channel characteristics for data transmission.

There are several characteristics of a channel which significantly influence the trans­
mission of digital data through that channel. The most important are:

1. Bandwidth,

2. Time delay (envelope distortion),

3. Interference,

4. Synchronization.

To provide a common basis for conducting the comparison described in this paper, 
certain arbitrary constants have been assigned to each of these characteristics. The available 
bandwidth was specified by the characteristics of the .voice channel which was used 
in this case. The pass-band of this channel is flat within +  0.5 db between 400 and 3400 cycles 
per second.

The time delay encountered in the transmission medium was also specified by the 
characteristics of this particular voice channel. For purposes of this evaluation, phase 
equalization was provided only for the centre portion of the channel from 1000 to 2500 cycles 
per second. The time delay variation across this band contributed by both the data-trans­
mission equipment and the voice channel was held to +150 microseconds. Because
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equalization was not utilized across a wider band, the maximum pulse rate through the 
experimental system was limited to 1000 pulses per second.

Interference can take many forms, but this study was confined to analysing only the 
effects of white noise, impulse noise, and interfering tones on binary and quaternary systems. 
To determine the effect of white noise on these data systems, various levels of noise were 
introduced in the transmission path and the resulting error rates measured. In a similar 
fashion the effects of impulse noise and interfering tones were measured. The noise 
figures used throughout this paper are not weighted and represent the total of all interfering 
components in the entire voice-frequency spectrum.

Synchronization of a data transmitter and receiver is necessary in order to detect and 
correctly identify the data pulses at the receiver. The purpose of synchronization is to 
permit sampling of each received pulse at its time centre where the amplitude is most 
likely to be of the correct value. In the experimental system described the synchronization 
was performed by the test set. It was possible to vary the sampling position along the 
time base of the pulse so that varying degrees of synchronizing efficiency could be simulated. 
Data was acquired for perfect synchronism, which is the case when the pulses are sampled 
at their time centre, and for samples taken off centre which represents imperfect synchronism.

Experimental results.

The experimental system was constructed to provide data for a comparison of the 
performance of binary and quaternary transmission under identical conditions. This 
comparison was obtained by transmitting binary pulses at a rate of 1000 pulses per second 
and determining the error rate for various conditions in the channel. Then quaternary 
pulses at the same rate were transmitted, doubling the information rate, and again the 
pulse error rate determined. In this manner a comparison of sensitivity to interference 
was determined for white noise, impulse, and tone interference.

Figure 101 shows the relationship of error rate to signal-to-noise ratio when the inter­
ference is white noise. The quaternary system required approximately 9 db better signal- 
to-noise ratio than a binary system when the pulse error rate is less than one per million. 
For a signal-to-noise ratio of 26 db the error rate of the quaternary system is better than 
1 part per million.

For pulse-type interference the results are shown in figure 102. The pulses used 
were of 1 millisecond duration with a repetition rate of 100 pulses per second. Although 
the duration of the data and noise pulses was the same, the two repetition rates were 
different and there was no synchronization between them. In this test, the binary system 
was less sensitive than the quaternary system by approximately 6 db.

The frequency selected for the interfering tone test was determined experimentally by 
choosing an interfering tone which caused the highest error rate. In this case (figure 103) 
the worst interfering frequency was 2500 cycles per second. The quaternary system was 
approximately 10 db more sensitive to this type of interference than a binary system.
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F i g u r e  101 . —  P robability  o f  error fo r  white noise interference
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F ig u r e  102. — Probability o f error for pulse type interference 
(1 millisecond pulse, 10 % duty factor)
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F ig u r e  103. —  P robability o f  error fo r  2500 c/s sine wave tone interference
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F ig u r e  104. —  E ffect o f  synchronization error on data-error rates
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Figure 104 shows a curve of signal-to-noise ratio for an error probability of less than 
one per million versus the position of the sampling point with respect to the centre of the 
pulse (synchronization error). The 20-microsecond-sampling pulse used in these tests has 
a time duration of 2 per cent of the data pulse, and for practical purposes the sampling 
can be considered instantaneous. The permissible synchronization error for practical 
data systems; corresponding to a signal-to-noise ratio change of 3 db, is 38 per cent of the 
data-pulse length for binary and 30 per cent for quaternary transmission. Thus quaternary 
pulses have to be sampled more closely to their centre to provide optimum operation than 
is necessary for binary pulses.

As a result of these measurements, it can be seen that doubling the rate of transmission 
of information by utilizing a quaternary system involves sacrificing some of the binary 
system’s inherent insensitivity to interference. At signal-to-noise ratios normally encoun­
tered in wire line and microwave-carrier channels, however, the adverse effects of quater­
nary’s higher sensitivity are not apparent. Thus quaternary transmission can be efficiently 
used to increase the information transmission ra t2 over toll-quality channels without 
noticeably affecting the error rate. This is accomplished using relatively simple and 
economical techniques.

An application o f  the quaternary technique.

The experimental quaternary data-transmission technique explained has been used 
as a basis for the development of a complete data-transmission system. This system 
operates at a basic rate of 3360 bits per second with 3000 bits per second of data informa­
tion and 360 bits per second of timing information. The data-transmission terminal 
equipment consisted of circuitry to accept and temporarily store a digital data sample 
consisting of four 36 bit words received over 144 parallel input lines. Timing information 
is added to the data sample and the combination is serialized for transmission over a voice 
using the quaternary technique. The serialized quaternary pulses modulate an 8.8 kc/s 
carrier to a maximum deviation of ±800 c/s. This frequency-modulated tone is then 
translated to the voice-frequency range for transmission over a communications facility. 
The transmitting rate of the equipment is fixed at 3360 bauds but can be changed quite 
readily for other applications by retuning the transmit clock oscillator. Data-handling 
equipment is of modular construction which allows the data-sample format to be changed 
in word size and number by essentially adding or subtracting plug-in units.

The data receiver first converts the frequency-modulated tone received from the 
communications facility into serialized four-level pulses. It then changes these pulses to 
their binary equivalents and stores the data until a complete sample is received. The data 
receiver then rapidly transfers the stored sample on 36 lines into a computer in a four-word 
sequence before the next data sample commences to arrive. The detection, timing, 
and sequencing circuitry to perform these functions are contained in the data receiver. 
As in the transmitter, flexibility is inherent in the modular design to allow for convenient 
change of data format if other applications become desirable in the future.
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There are no operating adjustments or controls in either the transmitter or the receiver. 
Variable components are provided for adjusting oscillator frequencies, and these frequencies 
are normally checked and adjusted, if necessary, only during infrequent “ line-up ” pro­
cedures.

The performance of this system has generally followed that expected from analysis 
of the experimental results described. Tests were conducted using untreated video pairs 
and 19-gauge non-loaded cable pairs as the transmission media. Also, some operational 
experience was gained using delay-corrected carrier voice channels as the communications 
link. Transmission at the rate of 3360 bauds has been essentially error-free over cable 
pairs. Carrier voice-channels error rates occurred between one error in 106 bits and one 
in 107 bits.

Additional series of transmission tests were performed. For purposes 'o f  these tests 
the FM  output tone from a data transmitter was recorded on magnetic tape for subsequent 
application to various communications circuits which were considered to be a representative 
cross-section of the transmission facilities encountered in the telephone plant. Each test 
signal received after transmission through these circuits was recorded and at a later date 
“ re-run ” into a data receiver for error-rate measurements. The amount of signal degra­
dation and consequent additional measured errors introduced by the multiple use of this 
record-reproduce technique remains an unknown variable.

An analysis of the data available from all sources indicates that satisfactory perform­
ance at 3000 bauds can be assured under the following minimum transmission conditions:

(a) received signal-to-noise ratio of 30 db,

(b) 3 db attenuation points at 700 and 3000 c/s,

(c) envelope delay corrected to 500 microseconds between 700-3000 c/s.

On 2000 bauds operation, these conditions can be relaxed significantly with regard to 
envelope delay correction so that 1 millisecond delay between 700 and 3000 c/s is tolerable.

UNITED KINGDOM: MEASUREMENT OF ERROR RATE ON VOICE- 
FREQUENCY TELEGRAPH CHANNELS AT 50 BAUDS

(Extract from  contribution GT.43, No. 6, December, 1959)

A  series of tests have been made in the United Kingdom to determine the error rate 
on 50-baud telegraph channels. Three groups of tests were made and are described below.



392 DATA t r a n s m i s s io n : s u p p l e m e n t s

P a r t  Ilia  describes tests taken on the United Kingdom automatically switched 
telegraph network.

P a r t  III6 describes tests over an international private telegraph circuit.

P a r t  IIIc describes tests taken on the United Kingdom telex network.

P a r t  I l i a .

Tests taken on the United Kingdom automatically switched telegraph network 

General. k

1. The object of the tests was to measure the synchronous element error-rate and 
the start-stop character error rate on switched 3 and 4 link Y.F. telegraph circuits. For 
data transmission the results of the element error-rate test are of most interest but the 
character error rate was also measured and the results are given.

Method o f test.

2. A series of dialled loop connections were set up and measurements taken of the 
element error rate in one direction of transmission and the character error rate in the 
opposite direction of transmission simultaneously. The signals used for the element 
error-rate measurements were 50 bauds, 7-unit start-stop signals with random code elements, 
but as they were transmitted without inter-character pauses they were suitable for synchro­
nous reception. The element errors were detected and counted on a synchronous compa­
rator which was supplied with the incoming signal and a locally delayed version of the 
transmitted signal. Each test connection was subjected to 5 consecutive tests each of 
10 000 elements (200 seconds).

3. The signals used for the character error-rate measurements were generated by a 
7% unit auto-transmitter from a tape containing a block of 1000 random characters and 
at the receiving end operated a reperforator. Each connection was subjected to 5-11 blocks 
of 1000 characters. The errors were counted by feeding the transmitting and receiving 
tapes into a tape comparator.

4. A total of 199 test connections were set up over 61 different 4-link circuits and 
6 different 3-link circuits. Although a route was used several times, it is unlikely that the 
same combination of V.F. channels was encountered on each occasion.

5. Results o f the tests.

(a) Element error-rate measurements : *

Total number of tests made . . . . 
Tests with at least one element error

376
58
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Number of blocks of 10 000 elements transmitted . . . .  1880
Blocks with at least one element e r r o r .................................  71
Total number of elements t r a n s m i t te d .................................  18.8 million
Total number of elements incorrectly re ce iv ed ..................... 212

It was noticed from casual observation of the comparator that errors tended to occur 
in bursts and that there was considerable variation in the error rate of different connections. 

The average error rate is 1 per 90 000 elements.
Using a synchronous receiver over the selection of 3 and 4-link connections, the follow­

ing performance was obtained.

200-sec. calls free from error .....................
,, ,, with 1 element error . . . .

„ 2 „ errors . . . .
3

9 9 9 9 99  u  9 9 9 9 . . . .
49 9 99  99  ^  99  9 9 . . . .

,, ,, .,, 5 or more element errors

(b) Character error-rate measurement:

Total number of tests m a d e ................................................  302
Tests with at least one character e r r o r ........................................ 14
Number of blocks of 1000 characters transmitted . . . 2280
Number of blocks with at least one character error . . 19
Total number of characters tran sm itted .............................  2.28 million
Characters incorrectly received ............................................  98

Examination of the receiving tapes showed that the character errors occurred in 
groups, the most frequent cause being loss of synchronism by the start-stop receiver.

The average error rate is 1 in 23 000 characters 
The following performance was obtained:

200-sec. calls free from error . . .
,, ,, with 1 character error

,, 2 „ errors

,, 5 or more character errors

P a r t  IIIb.

Tests over an international private telegraph circuit

General.

1. The object of the tests was to ascertain the element and character error rate 
on a 50-baud private circuit over two European international V.F. telegraph channels in 
tandem with either two or four national channels.

99.2%
0.16%
0.14%
0.10%
0.08%
0.32%

96.2%
1-2 %
0.8 %
0.6 %
0.4%
0.8 %
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2. The start-stop 50-baud signals from an auto-transmitter were transmitted from 
an office in the United Kingdom over two international telegraph channels and then 
extended first over two national telegraph channels and later four national telegraph 
channels in tandem back to the office of transmission. The signals were received on a 
receiving perforator (or reperforator) and the 4 received ’ tape was continuously compared _ 
with the 4 sent ’ tape, due allowance being made for propagation time. The character 
errors were recorded and by examination of the tapes the element errors were counted.

3. The test message o f 1704 characters was divided into four identical blocks,
i.e. 426 characters (2987 elements) per block. The tests were conducted between the hours 
of 8 a.m. and 4 p.m. daily.

Method o f  test.

Results.

4. Two international and 2 national V.F. telegraph channels in tandem— 1080 miles

l  0 element error
1 , , 99

2 99 errors
14 99 9 9

32 ,, ,,
35 99 9 9

56 99 9 9

126 99 9 9

1660
1
0
1
1
2
2
1

Error rate 1 in 114 500 characters 
,, 122 000 elements.

5. Two international and 4 national V.F. telegraph channels in tandem— 1360 m iles:

Number of blocks tra n sm itte d .....................................................   . 1459
with 0 element e r r o r ...........................................1412

.................................  13
  6
.................................  5
. .    0
   1
.................................  3
  1
  1
  1
  1
  2
  1 
.    1

1 99

2 errors
3 99

4 , ,

5 99

6 99

7
8 99

9 9 9

11 9 9

15 99

16 99

30 99
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There were also 11 blocks having 56, 66 , 77, 147, 168, 225, 300, 370, 400, 1500 and 
1974 errors respectively.

Error rate 1 in 16 000 characters 
,, ,, 1 ,, 32 000 elements.

Pa r t  I I I c.

Character error tests over the United Kingdom telex network

1. The tests were made to measure the character error-rate of 7 1/4-unit telegraph 
signals transmitted over connections comprising 2, 3 or 4 voice-frequency telegraph links. 
The signals were transmitted from an automatic tape transmitter and one of the subscribers’ 
circuits included one V.F. link in addition to the above. The connections were set.up by 
dialling in the normal way and the received signals were recorded on a reperforator.

For analysis the transmitting and receiving tapes were fed into a tape comparator.

2. The results are given in Table 6 .

T a b l e  6

Character error tests over the United Kingdom telex network

Trunk connections 
Number of V.F. links

Number o f characters 
transmitted

Number o f character 
errors

Characters per error

Thousands Thousands

2 464 7 67

3 1040 74 14 (includes 
one burst of 

40 errors)

4 1800 79 ' 23

Total 3304 160 20.6

An analysis showed that

54% of the bursts comprised more than 1 error 
18% „ „ „ „ „ „ 5 errors
10 ° / 10

3. The tests are continuing and the element errors will be recorded in future as being 
more applicable for determining the performance of the circuit for data transmission.
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SWEDEN: DATA TRANSMISSION OVER TELEGRAPH CIRCUITS

(Extracts from  contribution GT.43—No. 9, February 1960)

Certain investigations have been made for the purpose of ascertaining the susceptibility 
to interference of different types of telecommunication circuits at a transmission speed 
of 50 bauds. In the type of tests referred to here, a certain text perforated on a tape is 
sent by an automatic transmitter over a loop circuit. After passing the loop the text is 
perforated into a new tape by means of a reperforator. The occurrence of a failure or an 
interference on the circuit will make itself apparent by causing the reperforator to make 
a misperforation. The reperforated tape will again be introduced into the auto-transmitter 
and the text with possible alterations will again be retransmitted over the loop. Thus 
alterations occurring during a prolonged test will be accumulated, and upon termination 
of the test the alterations can be summed up and will provide a measure of the reliability 
of the loop.

Such tests were carried out during altogether 152 days on physical and carrier frequency 
circuits, 52 days being spent on physical circuits and 100 days on carrier circuits. The 
tests were pursued each time during a continuous period of 6 hours in the daytime, when 
according to experience the reliability of service is at a minimum. The measuring results 
obtained refer to circuits of a length of about 1000 km. A typical pattern of distribution 
of faults is shown in the Appendix. During 6 hours, transmission is effected of about 
140 000 telecommunication signs, each requiring 7-unit pulses, thus of altogether about 
1 000 000 pulses.

2.1 Parallel and series modulations.

Parallel and series modulations both have their advantages and inconveniences. 
A parallel system can profitably be used in connection with data apparatus designed to 
provide as well as to receive information in parallel form. For commercial lines connected 
to an automatic switching system a series system seems to be preferable. It therefore 
appears advisable to standardize a parallel as well as a series system, in any case for the 
present, awaiting the future development of data-transmission techniques as regards trans­
mission speeds wanted and other requirements.

A parallel system should be based on frequency distribution in the present voice- 
frequency telegraph service, so that the frequency bands can be arranged in multiples 
of 120 c/s and the channels be located in the normal voice-frequency telegraph systems. 
The frequency division 480 c/s, for instance, would provide a speed of 300 bauds and that 
of 720 c/s about 500 bauds, and there are other divisions and speeds that could easily be 
accommodated in the present V.F. systems.
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Number o f misprints 
in 6 daytime hours

Number of tests on

physical circuit carrier frequency circuit

0 38 37
1 10 5
2 2 5
3 2 4
4 5
5 2
6 5
7 0
8 1
9 2

10 1
11— 15 1
16— 20 3
21 — 30 2-
31 — 40 9
41 — 60 3
6 1 — 80 1
81 — 100 3

101 — 200 3
201 — 400 4
401 — 800 4

52 100

Length of circuit: about 1000 km.

WORKING GROUP 43: REPORT

(Extract from  contribution GT.43, No. 20, March 1960)

3. Consideration o f transmission characteristics o f  telegraph circuits fo r  data transmission. 

3.1. Standardized circuits.

These circuits conform to C.C.I.T.T. Recommendations.
For data-transmission purposes it is useful to know the performance that can be 

expected from a 50-baud telegraph circuit standardized in accordance with C.C.I.T.T. 
recommendations.

The performance is expressed by:

(a) the maximum degree of distortion that such a circuit may introduce into a 50-baud 
telegraph communication, and

(b) the mean error rate introduced by “ mutilating ” disturbances, i.e. disturbances 
causing a change in the significant condition of the modulation during one or more 
elementary intervals.
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As regards (a),  it can be said that if the gross start-stop distortion at the input to 
the telegraph circuit is less than 10%, the gross start-stop distortion at the circuit output 
will be less than 35 %.

With respect to (b),  many measurements have been made for telegraphy, but the 
recordings of these measurements are not all of use for data transmission.

For data transmission it is useful to know the error rate per element rather than per 
character, since the composition of a character depends on the code chosen for the data, 
and this code depends, in part, on the degree of protection against undetected errors.

To establish an error-detection system well suited to requirements, it is essential to 
know the “ fine structure ” of the errors, i.e. the relative number of errors per element, 
the probability of their being grouped as single errors (one mutilated elementary interval), 
double errors (2 consecutive mutilated elementary intervals), triple errors (3 consecutive 
mutilated elementary intervals) etc., together with the probability distribution of the 
number of correctly transmitted elements separating the mutilated elements.

The following results, taken from contribution GT.43—No. 6 (United Kingdom) 
and from the supplementary results given during the meeting, give an idea of the quality 
of 50-baud standardized telegraph circuits:

circuit composed of 1 (national) voice-frequency telegraph channel: error rate 
on characters =  1/49 000;

circuit composed of 3 (national) voice-frequency telegraph channels: error rate 
on character =  1/100 00 0 ;

circuit composed of 2 (international) and 2 (national) voice-frequency telegraph 
channels (length: 1080 miles); error rate on elements =  1/122 000 ; error rate on 
characters =  1/114 500;

circuit composed of 2 (international) and 4 (national) voice-frequency telegraph 
channels (length: 1360 miles); error rate on elements =  1/32 000; error rate on 
characters =  1/16 000 .

Not too much significance should be attached to these results as they are not derived 
from a sufficient number of tests; they merely give an idea of the approximate error rate 
on point-to-point circuits.

It may however be foreseen that in practically every case data transmission will call 
for protection against errors.

It would be desirable for Administrations to take measurements on the element- 
error rate, so as to enable appropriate error-detecting methods to be devised for data- 
transmission systems. To this end, a programme of measurements to be carried out by 
Administrations has been drawn up (point G of the Annex to Question 1/A).

3.2 Non-standard telegraph circuits.

It is possible that the use of circuits for modulation rates higher than 50 bauds will 
be considered, particularly as there is quite a lot of telegraph apparatus in service with 
a higher modulation rate than 50 bauds and since the question is being studied by the
C.C.I.T.T.

Although it is too early to indicate what modulation rates should be contemplated, 
it may be mentioned to Administrations that it would be of interest to consider 75, 100 
and 200 bauds.
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4. Considerations on the use o f  switched telegraph networks for data transmission.

The results of tests carried out on either the telex network or the gentex network are 
to be found in contribution GT.43—No. 6 (United Kingdom).

The following error rates may be quoted from these results:

gentex network: mean error rate on elements: 1/90 000,
mean error rate on characters: 1/23 000, 

telex network: mean error rate on characters: 1/20 600.

The error rate varies considerably from one connection to another.
The telex network provides means for rapid telecommunications by reason of its 

automatic switching which is developing more and m ore; it is well suited to the transmission 
of two-condition code signals, although with a low modulation rate (50 bauds).

5. Restrictions to be recommended when telegraph channels are used for data transmission.

For the use of standard circuits and for the use of the telex network, it can be specified 
that signals sent for data transmission should have the same quality as is required for 
telegraph signals, i.e., their gross telegraph distortion should be less than 1 0 %.

Data-receiving apparatus has to be capable of correctly recording the transmitted 
signals with a (telegraph) distortion of less than 35%; in other words, the net margin 
of such apparatus has to be 35 %.

UNITED KINGDOM: SERIAL BINARY DIGITAL TRANSMISSION 
OYER TELEPHONE-TYPE CIRCUITS

(Extracts from contribution GT.43, No. 6, December 1959)

Introduction.

1. Some of the makers and users of computers and automatic data-processing 
equipment need to know what facilities can be offered by Administrations for the transmis­
sion of serial binary digital signals at rates much higher than can be carried by nominally 
50-baud telegraph circuits. At present, interest is mainly in the use of telephone-type 
circuits for rates ranging from a few hundred to a few thousand bits per second.

2. It is recognized that it would be quite impracticable for Administrations to make 
fully comprehensive surveys of all types of telephone transmission and switching plant 
and to compile performance specifications covering such impairments as attenuation/ 
frequency and phase/frequency distortion, non-linearity distortion, frequency error, random 
and impulsive noise, crosstalk and short interruptions.
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3. The United Kingdom Administration therefore suggests that the Working Party 
might consider an alternative approach to the problem. The proposal is that Administra­
tions, through the C.C.I.T.T., shall offer guidance to the data-equipment manufacturers 
by stating the main features of each of several “ recommended data-transmission systems ” 
which may be expected to give satisfactory results on certain defined classes of private 
circuit and switched connection. This proposal is based on the assumption that it may 
often be desirable, for reasons of economy and convenience, to incorporate the necessary 
sub-carrier modulating and demodulating units in the data-processing equipment.

4. The experimental work needed to determine the systems to be recommended may 
be carried out by Administrations alone or by Administrations in co-operation with data- 
equipment manufacturers.

5. The proposal may be illustrated by considering its application to one particular 
class of private circuit, namely the kind which is suitable for carrying 18-channel voice- 
frequency telegraph systems (420-2460 c/s). This class of circuit is provided on a 4-wire 
basis throughout to meet well-established transmission standards which do not call for 
the use of delay equalizers. Attention will be restricted to “ bit-synchronous ” data systems,
i.e. those which are synchronous in the telegraph sense, as distinct from “ start-stop ” 
systems. For such an application it may perhaps be desirable to consider two alternative 
“ recommended data-transmission systems ”, the first using relatively simple sub-carrier 
modulating and demodulating units and the second using more complex units designed to 
yield a higher signalling rate or lower error rate. After a full assessment of both systems 
has been made, it may happen that the data-equipment manufacturers will unanimously 
prefer one of them; if so, the other could be abandoned.

6. In the following sections are given brief details of two experimental data-trans­
mission systems, and in Part II (a)-(d)  are given summaries of some preliminary tests 
made recently over private circuits and switched connections in the United Kingdom.

Data System A.

7. For tests over private circuits of the class mentioned in para. 5 the United King­
dom Administration has first considered one possible version of the simpler data-trans­
mission system, the main features being as follows:

Data system: bit-synchronous; 1000 bits/sec.

Method of modulation: on-off amplitude modulation; double sideband.

Sub-carrier frequency: 1600 c/s.

Nominal bandwidth of main channel: 800-2400 c/s.

Line signal amplitude: 1 volt peak-to-peak at a point of zero relative level.
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Sending-end units: input shaping network; single-stage modulator.

Receiving-end units: band-pass line filter; auto-gain-control amplifier;
envelope detector; output shaping network; pulse 
regenerator.

Auxiliary channel: , 600 c/s sub-carrier, narrow-band, for auxiliary
signals or pilot.

8 . For the purpose of the tests, the auto-gain-control amplifier and the auxiliary 
channel were omitted. Because the sending and receiving units were at the same location, 
bit-synchronizing arrangements were also omitted.

9. It may be mentioned that the sub-carrier frequency, 1600 c/s, was chosen as a 
compromise between opposing delay-distortion requirements. A higher frequency would 
be preferable for a circuit routed wholly on modern microwave or cable carrier systems, 
and a lower frequency for a loaded-cable audio circuit.

10. In addition to the main tests over private circuits, the opportunity was taken to 
make a few tests over switched connections with this system, although it would not, of 
course, be recommended for such an application.

Data System B.

11. Tests were also made with a second type of data-transmission system the main 
features of which are:

Data system:

Method of modulation: 

Sub-carrier frequency: 

Sending-end unit: 

Receiving-end unit:

Carrier synchronous: adjustable bit ra te ; bit period corresponds 
to an integral number of half-cycles of the carrier.

Phase reversal at zero crossings of the carrier.

Adjustable, 1000 c/s, 1500 c/s, 1800 c/s, 2000 c/s.

Single-stage balanced modulator.

Phase detector with a synchronous carrier. The phase-detected 
output is filtered and squared to yield the data output. The 
synchronous carrier is obtained from the delayed input signal 
by reversing the phase of this signal at each binary transition 
in a phase modulator. The timing waveform, or clock, is 
derived in the receiver directly from the output data.

12. No filtering or clipping was employed at the input of the receiver used for the 
tests. Automatic gain control was not provided. These may be incorporated in the final 
design. For the tests an eight-bit character generator was used.
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P a r t  IIa.

Tests for data system “ A  ” over private circuits

1. The tests were made over three types of circuit, constituted as follows:

Circuit 1: Three links, interconnected at audio-frequency points, on coaxial-cable systems
totalling 500 miles in length; the two directions of transmission, designated la  
and lb, were tested separately. Uniform-spectrum continuous random noise 
having a psophometric power (telephone-type weighting) of 106 picowatts at 
a point of zero relative level was added to the existing circuit noise to provide 
a more stringent test.

Circuit 2: Three links, interconnected at audio-frequency points, on 24-channel balanced- 
pair cable systems totalling 430 miles in length. The two directions of trans­
mission, designated 2a and 2b, were tested separately. Random noise of 106 
picowatts psophometric power was added as for circuit 1 :

Circuit 3: A unidirectional audio link, 100 miles in length, on 20-lb./mile .conductors 
loaded with 88 -mH coils at 2000-yd spacing. Random noise of 105 or 106 
picowatts psophometric power was added as for circuit 1.

2. Most of the tests were made with random data-test signals at 1000 bits/sec: the 
remainder were made with various recurrent patterns chosen to provide particularly 
stringent conditions. Generally, each test consisted of the continuous transmission of 
107 bits, occupying approximately 167 minutes and covering either the morning or afternoon 
busy hours. The received signals, after regeneration, were compared continuously with 
a delayed replica of the transmitted signals. Every incorrect bit caused a unit to be added 
to the total of an error counter. The approximate time of occurrence of each burst of 
errors was noted, together with the number of errors in the burst. It may be remarked 
that the term “ burst ” is not precisely defined, but merely means a relatively isolated group 
of errors which are not necessarily in consecutive bits.

3. The results of these preliminary tests are given in Table 1, and the main conclu­
sions are summarized in the following paragraphs 4-7.

4. The frequency of occurrence of bursts of N  errors tends to decrease rapidly as 
N  increases from 1 upwards.

5. The larger bursts of error are attributed to “ brief interruptions ” of the kinds 
which have been studied by the C.C.I.T.T., namely, those caused by imperfectly soldered
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T able  1

403

Circuit
No.

Added
noise
pW

Duration 
of test 

minutes

Percentage of 
error-free 
minutes l

Number of bursts containing 
the following number o f errors:

2 3 4 >4

1 a 106 167 96.4 1 2 0 0 1 of 6 
1 of 100 
1 of 525

167 99.4 1 0 0 0 0
” 167 95.8 3 1 0 1 1 of 6 

1 of 7
” 167 100 0 0 0 0 0

lb 106 167 98.8 1 0 0 0 1 of 4348
167 97.6 1 0 0 0 1 of 9 

1 of 419 
1 of 519

167 100 0 0 0 0 0
” 167 100 0 0 0 0 0

2 a 106 167 95.2 6 2 0 0 0
167 100 0 0 0 0 0

” 270 97.0 4 0 1 1 2 of 9 
1 of 189

9 167 98.2 2 0 0 1 0
” 167 94.0 4 2 2 0 2 totalling 823

2b 106 167 96.4 3 1 2 0 0
167 99.4 1 0 0 0 0

” 167 99.4 0 0 1 0 0

3 0 167 100 0 0 0 0 0
105 167 100 0 0 0 0 0

•

106 167 88.0 12 7 0 1 0

joints and by defective contacts in switches, jacks, valve-holders and the like. It should 
be mentioned that none of the circuits used in the tests had received special treatment 
designed to reduce the frequency of brief interruptions. The smaller bursts of errors may 
have been caused either by brief interruptions or, more likely, by impulsive noise arising 
from component defects or external interference.

6 . Because errors tend to occur in bursts, the usual description of performance in 
terms of “ mean error rate” would be inadequate and misleading. Instead, each test 
period is divided into 1-minute intervals and the percentage of these intervals which are 
free from errors is taken as the primary figure-of-merit. It is suggested that the Working 
Party might consider standardizing this “ percentage of error-free minutes ” as one of the
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statistics to be recorded in future tests. It is also suggested that particular attention should 
be given to (a) the statistical distribution of the time intervals between successive bursts, • 
and (b) the detailed structure of the bursts.

7. As expected, waveform distortion was the dominant impairment in the case of 
the audio circuit (No. 3), indicating the importance of keeping to a minimum the length 
of loaded audio sections in data-transmission circuits intended for high signalling rates.

P a r t  1 lb.

Tests with data system “ A ” over switched connections

1. Although not intended for such an application, data system A was tested over 
some switched connections in the experimental “ subscriber trunk dialling ” network in the

T able  2

Tests with data system “ A ” over switched connections

Signal
amplitude

Connection
No.

Duration 
of test

minutes

Percentage o f 
error-free 
minutes

Number of bursts 
containing the following 

number of errors:

1 2 3 4 >4

Mean interval 
between 
bursts

seconds

2V p-p. 1 25 48 15 5 0 0 10 75
J ) 2 30 57 4 4 5 2 4 95
55 3 30 50 15 2 1 0 2 90
55 4 30 63 10 1 2 2 1 112
5 5 5 15 67 3 0 0 1 1 180
55 6 30 70 5 4 0 1 2 150
5 5 7 30 47 9 4 4 1 5 78

8 30 50 12 3 1 2 1 95

Total Mean Totals Mean

2V P-P- 1-8 220 56 73 23 13 9 16 99

4V p-p. 1-8 220 71 58 16 3 2 3 161

IV p-p. 1-8 225 32 211 65 52 18 61 33
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United Kingdom. Several connections were set up over one route, i.e. London-Birming- 
ham-Swansea-London, involving two local and five trunk automatic exchanges. A 
different combination of circuits was probably encountered for each connection.

2. The main tests were made with a signal amplitude of 2V peak-to-peak applied 
to the subscriber’s line, but tests were also taken with amplitudes of 4Y and IV peak-to- 
peak. No additional noise was injected into the received signal. The method of test 
was similar to that described in paragraph 2 of Part lla, except that the duration of most 
of the tests was 30 minutes.

3. The results of the test are given in Table 2.

P a r t  l i e .

Tests with data system “ B ” over private circuits

T a ble  3

Sub-carrier frequency 2000 c/s Signalling rate 1000 bits/sec.

Type o f circuit
Duration * 

o f test 
in minutes

Percentage of 
error-free 
minutes

Errors

Audio, 100 miles 20 lb./mile conductors, loaded 
88-mH coils at 2000-yd. spacing

15 100 Nil

Three 24-channel carrier systems interconnected 
at audio-frequency points, totalling 430 miles 15 93

One burst of 
3 errors

Three coaxial systems interconnected at audio­
frequency points, totalling 500 miles 15 100 Nil
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P a r t  lid.

Tests with data system “ B  ” over switched connections

T a b l e  4
Signalling rate 1000 bits/sec.

Route
Sub-

carrier
fre­

quency

D ura­
tion of 

test

Per­
centage 

of error- 
free 
min.

Number o f bursts containing the following 
number of errors

Total
errors

c/s minutes %
1 2 3 4 5 6 7 8 9 11 12 20 91

London-Birmin-
gham-Swansea-
London 2000 15 0 17 13 7 4 2 2 3 1 1 1 1 271

London-Birmin-
gham-Swansea-
London 80 1 2 5

London-Carlisle-
London 60 3 2 1 1 16

London-Chester-
Birmingham-
London 27 9 4 4 1 41

London-Swan-
sea-London 47 5 3 4 23

London-Birmin-
gham-Chester-

Swansea-London
-

33 15 1 1 21

London to a 
Chandlers Ford 
Exchange sub­
scriber 1500 ” 0

80

146

2

25

1

2

1

1

1 1

207

27

T a b l e  5

Connections across London which are known to be approaching limiting attenuation

Sub-carrier frequency 2000 c/s Signalling rate 1000 bits/sec.

Test
No.

Duration 
of test

Percentage 
of error- 
free min.

Number of bursts containing the 
following number of errors

Total
errors

1 2 3 ’ 4 5 6 7 , 8 9 10 17 25 39
min. %.

1 15 40 6 4 4 3 ■ 1 1 58
2 15 20 7 7 2 2 2 1 1 62
3 15 87 1 1 5
4 15 13 11 7 3 9 5 4 2 1 22 2 1 1 262



DATA t r a n s m i s s i o n : s u p p l e m e n t s 407

( Contribution GT.43, No. 7, January, 1960)

1. Scope.

At least four classes of data traffic can be envisaged, for which there is every reason 
to expect interest to be shown in the future. These are namely:

I. via a telegraph channel,

II. via a telephone channel in the general network,

III. via a specialized telephone channel.

IV. via a 48 kc/s band corresponding to the whole band occupied by a 12-channel
telephone group.

This contribution is primarily concerned with the transmission requirements for 
classes II, III and IV. We suppose the distinction whereby one imagines a class II  channel 
to be obtained by dialling and class III to refer to private lines will disappear; we under­
stand that in America it is already possible in certain cases to obtain special quality lines 
by dialling an appropriate prefix before the wanted subscriber’s number.

2. Class II I  traffic.

2.1. Objectives. *

In order that this (or indeed any) service shall prove worth while, it has to be made 
economically attractive to the subscriber. We therefore consider that the first limited 
objective should be to keep the transmission equipment rather simple and inexpensive, 
even though this may render it impossible to exploit to the full the capabilities of the channel 
for information transmission. Later, when the service has grown, there may be justifica­
tion for diverse types of equipment, in the same way as today for telephony we have normal, 
short-haul and “ high-efficiency ” terminal equipment, according as line costs justify 
expenditure on terminal equipment for better exploitation of the line.

2.2 Sub-channels.

The first question which seems to arise is whether a sub-division of the telephone 
channel is of value. For comparison we can consider the sub-division made for telegraphy. 
There are 24 sub-channels each having a transmission rate of 50 bauds ( = 5 0  bits/second 
with the bivalent code used), giving a total transmission rate of 1200 bits/second. Each 
element lasts 20 milliseconds and each sub-channel is some 120 c/s wide, so that the require­
ments imposed on the bearer telephone channel concerning delay distortion are that this 
shall be somewhat less than 20 milliseconds in any band of 120 c/s. This is very easily 
met without any special precautions. Now a single high-speed channel using the same

TELEFONOS DE M EXICO: HIGH-SPEED DATA TRANSMISSION
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modulation principle and with the same transmission rate must have an element duration 
of 20/24 =  0.87 millisecond and a bandwidth of very roughly 120 X 24 =  2880 c/s. 
Thus a delay distortion of somewhat less than 870 microseconds (actually about ±  0.4 times 
the signal element—see bibl. 1) over a band of upwards of about 2000 c/s is needed.

We conclude from such studies that for a class III channel over a carrier system under­
going only one pair of channel modulation/demodulations up to about 1000 to 1200 bauds 
could be transmitted without delay equalization. (A system of the kind which might be 
envisaged is described in bibl. 2). For longer, more complex circuits which may consist 
of several tandem links with demodulation to voice frequencies (compare the nominal 
maximum circuits o f the various systems) some kind of delay equalization would be desirable 
to allow economic exploitation of the channel capacity. Feasible objectives for such 
equalization have been discussed, for instance, in the C.C.I.T.T. Red Book, Vol. I, page 123, 
in conjunction with phototelegraphy. These might permit of speeds even up to 2000 bauds 
or so. Better can hardly be achieved by sub-channelling, which may have certain disad­
vantages, as discussed in paragraph 4 below.

In the passive part of the network, loaded phantom circuits offer fairly good possibi­
lities of equalization to the required degrees.

To keep the system of transmission for class III traffic as simple as possible, we should 
therefore -be inclined to use delay equalization and thereby to dispense with channel sub­
division, i.e. to use a single-channel data system. This will mean the designation of certain 
circuits in advance so that the necessary equalization can be carried out. It may also be 
desirable to designate stand-by circuits, as is now the practice for circuits used for voice- 
frequency telegraphy.

‘2.3. Type o f  modulation.

Practical methods of utilization of a transmission band involve modulation of a 
sub-carrier. Methods which appear worth considering are:

(a) amplitude modulation, double sideband,

(b) amplitude modulation, vestigial sideband,

(c) frequency modulation,

(d) phase modulation.

The first three are methods whose practicability has been proved in conjunction with 
phototelegraphy. The last method appears to have certain theoretical advantages (bibl. 3). 
The maximum advantage, however, is achieved only when phase-locked carrier systems 
are used. A form which has been tried out on a limited scale in practice is “ Kineplex ” 
(bibl. 4, 5).

As in the case of phototelegraphy, it may be that different types of modulation could 
be preferable in different circumstances. We think this point may be left open for the 
moment, but if a standardization is desired later, it might be based on the results of actual 
trials. Certain further aspects are dealt with below in conjunction with errors and noise.



2.4. Code valency.

d a t a  t r a n s m i s s io n : s u p p l e m e n t s 409

The type of data we have in mind here needing to be transmitted is in digital and not 
analogic form. By well-known methods, such digital information may be transformed 
into a scale of any desired notation. Information theory indicates (bibl. 6) that there 
would be some advantage to be gained in normal circumstances by using codes of higher 
valency that the two-condition code used in, for instance, voice-frequency telegraphy. 
Nevertheless, we consider that this would involve unnecessary complication: in fact, 
apart from cable code, polyvalent codes have never found favour technically in the past 
and we have consequently restricted ourselves to the consideration of bivalent codes for 
the actual information transmission. A third condition may, however, be desirable for 
“ start ” signals in order not to restrict the form of the information signal. This third 
condition might, for instance, take the form of a specially high level in the case of amplitude 
modulation (this is used in the American SAGE system), or of a third frequency in an 
f.m. system.

We do not consider a special code condition is necessitated by phasing requirements. 
The choice of method is admittedly restricted because of lack of synchronism between 
carrier terminals. However, a method which appears to have the possibility of a very 
general application is to exploit the transitions between the “ 0 ” and “ 1 ” conditions 
in the actual information transmission. Phasing can then be accomplished using the 
known “ flywheel ” or “ spongy lock ” technique.

2.5. Distortion limits for the demodulated signal.

Given that digital data are to be transmitted in the form of a bivalent code, the distor­
tion which is significant is the transient (waveform) distortion when an abrupt transition 
from one state to the other is sent. An analogous problem arises in television transmission, 
and we think there is a lesson to be learned from experience in this field. This is that, 
for checking overall performance from sub-carrier modulator input to demodulator out­
put, it is best to specify* a distortion limit directly in the form of a waveform response, 
rather than trying to arrive at it indirectly by specifying the steady-state frequency and 
delay distortions. But for line maintenance personnel who need to check the performance 
of the telephone bearer channel, limits of steady-state frequency and delay distortion are 
needed. As a corollary, correction of small amounts of distortion is most rapidly and 
conveniently carried out where necessary by waveform correction at the terminal equip­
ment rather than by equalization of the steady-state response. Line sections are, however, 
best maintained with the aid of steady-state measurements.

2.6. Distortion limits fo r the code elements.

The modulated signal is passed to some form of receiving relay, i.e. a two-state trigger 
device. The resulting output has thus no longer any waveform errors but (in case of
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envelope demodulation) only timing distortion. This is of the same nature as telegraph 
distortion, and analogous limits could perhaps be applied. Equipment for this type of 
distortion measurement at high speed is already available commercially. The use of 
so-called synchronous demodulation corresponds to the use of regeneration in telegraphy, 
in that no timing distortion but only errors can occur.

It would appear that keying loss (bibl. 7) can be more likely to cause distortion in 
data systems, and this point should be watched. One possible approach is to synchronize 
modulation and sub-carrier, but this can lead to difficulties with frequency errors in carrier 
systems.

2.7. Error rate.

It ought to be possible to keep errors arising from accumulation of distortion at quite 
a low level for class III traffic. Most errors will then probably arise owing to short inter­
ruptions in transmission or sudden variations in equivalent. (The possibility of errors due 
to noise is dealt with below.) The recent investigations of Study Group 4 are of value 
in this connection, and also the results published in the C.C.I.T. Violet Book Supplements, 
pages 41-50.

We may deduce that with shorter elements the error rate will be higher than that 
achieved for telegraphy, whereas the performance expected by the subscriber will almost 
certainly involve lower error rates. Some kind of error detection and correction will thus 
be necessary. This can of course be achieved, though not in a very simple manner, by 
introducing redundancy into the coding. A difficulty arises because errors do not occur 
randomly distributed in time. Available results have not been analysed to determine what 
the law of distribution is, but it is fairly clear that errors tend to occur grouped together. 
This means that full advantages cannot be taken of redundancy within groups of elements 
only covering a short time, because of the correlation of error risk. Furthermore, the 
addition of redundant elements inevitably reduces the effective transmission speed.

However, it should not be lost sight of that a telephone circuit assigned to data trans­
mission will be four-wire over the greater part of its length, with separate go and return 
channels, and with class III traffic, to extend the four-wire circuit all the way to the sub­
scriber *. We then have available the rather simple technique of checking the transmission 
via the return channel, as already suggested for telegraphy (Question 7/VIII). Even if 
there is a correlation between the time of occurrence of certain breaks in the go and return 
channels, e.g. due to change over to common stand-by power, the delay introduced by 
re-transmission would be sufficient to eliminate correlation of this type. Hence the

* This is even a tendency of development for the general telephone network.



DATA t r a n s m i s s i o n : s u p p l e m e n t s 411

probability of an undetected error is quite simply the probability of simultaneous cancelling, 
of errors in the forward transmission and checking paths. For an unchecked error rate of 
1 in 104 for instance, the checked error rate should be 1 in 108.

If further improvement is required, redundancy or double transmission (either suc­
cessive or in diversity by different routes) would be necessary. It may be worth considering 
reversing the mark and space conditions for the check path if a.m. is used. It may also 
be noted in this connection that a frequency-modulated or phase-modulated signal allows 
a rather simple direct check on transmission interruptions or sudden level variations, since 
a signal of constant amplitude is always present. This may prove an advantage. Further­
more there is the noise advantage obtainable from f.m. or p.m.

It is also necessary to take into account the relative effect of frequency errors (arising 
from lack of synchronism in carrier systems) with different systems of demodulation.

From the subscriber’s point of view it would no doubt be highly desirable to have 
a fixed maximum error rate introduced by the transmission. However, there are obvious 
difficulties in trying to work to a common standard irrespective of the circuit constitution; 
on the other hand the hypothetical reference circuit is not of much help to us here as the 
laws of addition of errors are not very clear — the same difficulty is already recognized 
with telegraphy. Furthermore it is doubtful whether an Administration can guarantee 
that a certain value is not exceeded; at best only a long-time aVerage could be given with 
considerable statistical uncertainty in its determination. A comprehensive programme of 
tests and subsequent statistical analysis would be necessary, and this is probably beyond 
the resources of smaller Administrations.

2.8. Noise.

The amount of distortion or number of errors due to noise should remain within 
acceptable limits, even if radio links are used for transmission. The recent report of the 
Noise Working Party provides us with typical curves of noise distribution which can help 
to form a basis for system design. It may be noted that the noise limits are for 5 milli­
seconds integration time, while for the type of transmission envisaged here the element 
length would be much shorter. A further point is that the noise level variations within a 
period of a second are considered to be negligible. Hence there will be difficulties in 
exploiting redundancy in the case of radio link transmission, because the error rate due 
to noise for signal elements not widely separated in time is not uncorrelated and earlier 
remarks regarding errors due to interruptions. This results in the improvements obtainable 
with practical redundant codes being rather small (bibl. 8) and being actually negative 
unless a certain threshold is exceeded. It therefore seems best to us:

(a) to choose the method of modulation which is least sensitive to noise,

(b) to use return-cliannel checking, with the inclusion of redundancy left to the user 
according to his particular requirements.
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An extension of the argument concerning sub-channels given above in 2.2 leads us 
to believe that there is little future to be expected for class IV transmission, at least for 
digital data, because of the phase characteristics of through-group filters. These could 
lead to subdivision most probably being required, and in that case normal telephone 
channelling appears highly suitable for the purpose.

3. Class IV traffic.

4. Class I I  traffic.

For class II traffic, adjustment of equalization before transmission is probably just 
as undesirable as in the case of phototelegraphy. But the delay distortion will be a very 
variable quantity according to the constitution and complexity of any particular connection 
set up: in the general network, loaded audio cables without delay equalization may often 
be met with. Hence a subdivision, perhaps about 300 bauds per sub-channel, seems 
preferable if higher speeds are to be aimed at. Such a subdivision can also give a some­
what increased flexibility in the network. On the other hand, distortion in the telephone 
channel amplifiers etc. will give rise to intermodulation products between sub-channel 
carriers which may interfere with other sub-channels. Furthermore, if we are content with 
not more than 800 bauds, probably no subdivision would be needed and the terminal 
equipment ought to be much cheaper. The effects of circuit interruptions would presumably 
be about the same on either system. In this connection it may be of interest to note the 
results of experience in the U.S.A. (bibl. 9). In a new version of the “ Dataphone ” the 
original design has been changed to six sub-channels instead of one, and this is also said 
to simplify the input-output arrangements for the data-handling equipment.

An analogous solution of a data-transmission problem, is used in TASI (bibl. 10), 
where some 6.2 bits of information (identifying one of 72 equally likely conversations) 
have to be transmitted over any arbitrary channel in a time not exceeding 10 milliseconds, 
i.e. upwards of 600 bits/second. Here multi-frequency pulsing has been chosen by the 
designers, doubtless having in mind the reliable performance of multi-frequency inter-register 
signalling. This reliability is provided by redundancy, the inherent system capacity 
being 1500 bits/second.

There seems to be already a fair number of commercially available types of class II 
transmission equipment developed by the manufacturers of data-handling equipment, 
(see especially bibl. 11), and we are therefore inclined not to standardize or recommend 
any particular form of equipment for class II traffic at present, but only to place the 
minimum necessary restrictions on the transmission, e.g. maximum power, and to give the 
necessary indications to the subscriber of the normal transmission quality of a telephone 
connection. In many cases this information is already available in the form of C.C.I.T.T. 
recommendations.
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CHILE TELEPHONE COMPANY: DATA TRANSMISSION 
OVER SWITCHED TELEPHONE CONNECTIONS

(Extracts from  contributions GT.43, No. 8, February-1960 and GT.43, No. 17,
March, 1960)

A series of tests is being carried out to examine the error distribution when data are 
transmitted at medium speed over telephone connections switched by two-motion, step-by- 
step, selectors. The transmission is substantially a continuous stream of data, but for 
analysis purposes the stream is considered to be divided into blocks of 50, 100, 200 and 
500 bits. The tests have been arranged in such a way that the identity may be established 
of the individual bits which have been received incorrectly. This facility enables statistics 
to be collected regarding the amount of retransmission necessary to correct the errors 
and also regarding the probability of errors remaining undetected.

The following table lists the tests which have so far been carried out and shows, for 
each test, the date, the time of day, the transmission level at the output from the last 
switch, the number of blocks of 50 bits transmitted, the error data and the case of the test.

NOTES ON SCHEDULE OF TESTS 

Key to case numbers

Case No. D ata speed Sampling Channel bandwidth

1 250 bits/sec. central 250 bits/sec.
2 250 1000
3 250 1/4 from  l.ed ge 1000
4 500 central 1000
5 250 1/8 from  l.ed ge 1000
6 500 1/4 from  l.ed ge 1000
7 . 1000 central 1000



414 DATA t r a n s m i s s i o n : s u p p l e m e n t s

Each test is designated with a serial letter and a serial number, tests with the same 
serial letter being carried out over exactly the same circuits. Tests A1 to D4 and GC1-JC1 
were carried out over long-distance connections, and the remainder over local connec­
tions. All the tests were carried out during normal working hours, i.e. between 9 a.m. and 
5.30 p.m.

The four tests YB1, YB2, ZB1 and ZB2, were not carried out on switched connections 
and the signal level quoted in the Schedule is the sending level.

Although the tests are not specifically designed to determine the influence on the error 
rate of the time' of day and of the transmission level in the switched network, it has been 
observed:
(i) that errors occurring between 12.30 p.m. and 2 p.m. are approximately one order 

lower than during the busier morning and afternoon periods, and
(ii) that with a transmission level higher than -1 0  dbm, the error rate is only about l /200th 

of that obtained with a level between -30 and -40 dbm.

Schedule of tests

Date Test No. Start
time

Finish
time

Level at 
last 

switch
Blocks of 

50 bits
Number 
of errors Case No.

16.11.59 A1 4.25 4.58 — 19.0 dbm 8 140 0 1
16.11.59 A2 5.05 5.40 — 25.5 8 085 7 1
17.11.59 B1 12.11 12.57 — 14.0 11 440 0
17.11.59 B2 1.00 1.54 — 20.0 13 640 9 1
17.11.59 B3 1.58. 2.32 — 26.0 8 800 8 1
17.11.59 B4 2.37 3.09 — 32.0 8 250 25 1
18.11.59 Cl 11.08 11.54 — -15.7 11 302 2 1
18.11.59 ' D1 2.35 3.13 — 11.7 9 625 0 1
18.11.59 D2 3.15 3.55 — 17.7 9 817 0 1
18.11.59 D3 3.58 4.35 — 23.7 9 680 0 1
18.11.59 D4 4.44 5.18 — 29.7 8 800 19 1
19.11.59 El 10.52 11.50 — 17.6 14 740 322 1
19.11.59 E2 12.13 4.07 — 17.6 58 957 290 1
19.11.59 E3 4.11 5.33 — 23.6 19 800 0 1
20.11.59 E4 10.35 11.55 — 29.7 20 295 740 1
20.11.59 E5 1.10 2.35 — 29.7 20 157 553 1
20.11.59 E6 . 2.40 4.25 — 35.8 26 895 419 1
23.11.59 F 2.55 5.33 — 35.9 38 582 9 1
24.11.59 G1 12.32 2.30 — 2.0 31 047 0 1
24.11.59 ■ HI 3.55 5.30 — 8.0 24 420 3 1
25.11.59 H2 10.10 11.16 — 2.0 21 725 0 1
25.11.59 J1 2.15 3.55 — 8.0 24 942 0 1
26.11.59 J2 10.10 10.45 — 19.8 9 212 44
26.11.59 J4 11.46 12.22 — 13.8 9 157 0 1
26.11.59 J5 1.00 2.10 — 19.8 17 737 0 1
26.11.59 K 3.47 5.35 — 35.8 27 747 0 1
27.11.59 L 9.42 11.00 — 19.5 19 085 4 1
27.11.59 M l 11.11 11.54 — 19.5 10 230 16 1
27.11.59 M2 12.00 12.55 — 19.5 . 14 740 3 1
27.11.59 M3 1.00 2.05 — 13.8 14 875 2 1
27.11.59 N1 2.16 3.09 — 19.5 13 475 138 1
27.11.59 ' N2 3.19 . 5.00 — 19.5 26 317 22 1

1.12.59 P I 10.18
1.30

12.001 
3.40 J — 19.8 55 000 29 1

2.12.59 PI 10.50 12.00 — 17.5 16 582 0 1
2.12.59 P2 12.00 1.00 — 23.5 14 575 0 1
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Date Test No. Start
time

Finish
time

Level at 
last 

switch
Blocks of 

50 Bits
Number 
of errors Case No.

2.12.59 P3 1.05 2.05 — 29.5 dbm 15 207 0 1
2.12.5.9 P4 2.08 2.45 — 32.5 8 992 632 1
2.12.59 Q i 3.05 5.33 — 34.5 37 537 1 1
3.12.59 Q2 9.13 10.37 — 33.8 21 037 2 1
3.12.59 R1 11.00 2.08 — 34.3 46 062 0 1
3.12.59 SI 2.32 3.23 — 34.4 12 760 4 1
3.12.59 S2 3.58 5.33 — 34.3 23 732 4 1
4.12.59 S3 12.08 1.35 — 35.0 22 275 0 1
4.12.59 S4 1.37 2.34 — 35.0 19 112 0 I
4.12.59 T l 3.40 5.00 — 27.0 20 240 23 1
7.12.59 T2 9.15 11.20 — 26.8 31 102 17
7.12.59 U1 11.40 12.50 — 36.8 17 435 85 1
7.12.59 U2 12.55 2.10 — 36.8 18 947 41 1
7.12.59 U3 3.00 5.30 — 36.8 36 465 50 1
8.12.59 VI 9.38 11.10 — 26.9 23 237 16 1
8.12.59 V2 11.37 2.10 — 33.9 36 630 21
8.12.59 V3 2.23 5.30 — 51.9 47 740 77 1
9.12.59 W1 10.25 10.35 — 52.9 2 035 86 1
9.12.59 W2 10.35 12.301 — 46.9 48 757 4154.00 5.20 J 1

10.12.59 XI 10.45 12.33 — 52.8 27 307 — 1
10.12.59 Y1 2.33 3.36 — 52.8 15 867 283 1
10.12.59 Y2 3.57 5.05 — 52.8 16 000 198 1
11.12.59 Z1 9.55 11.55 — 52.6 30 772 207 1
11.12.59 Z2 11.58 3.00 — 52.6 45 872 189 1
11.12.59 Z3 4.11 4.55 — 52.6 11 137 86 1
14.12.59 AB1 9.50 10.02 — 39.6 2 475 103 1
14.12.59 AB2 10.04 10.31 — 39.6 6 792 77 1
14.12.59 AB3 10.40 12.00 — 39.6 19 525 298 1
14.12.59 AB4 12.00 2.00 — 39.6 29 947 119 1
15.12.59 BB1 11.17 12.22 — 38.5 16 082 65 1
15.12.59 BB2 12.23 1.45 — 38.5 20 515 86 1
15.12.59 BB3 1.45 3.48 — 41.5 30 936 112 1
15.12.59 BB4 3.50 5.30 — 41.5 24 692 637 1
16.12.59 BB5 9.00 9.50 — 41.5 12 375 24 1
16.12.59 CB1 10.05 11.58 — 51.5 28 187 285 1
16.12.59 CB2 12.00 2.04 — 51.5 31 432 106 1
16.12.59 CB3 2.05 5.30 — 51.5 52 882 282 1
17.12.59 CB4 9.37 12.00 . — 27.5 36 025 35 1
17.12.59 CB5 12.00 3.40 — 27.5 55 000 21 1
17.12.59 CB6 3.45 5.33 — 27.5 28 105 27 1
18.12.59 CB7 9.10 12.001

12.05 3.40 \ — 27.5 108 350 116 1
3.45 • 4.25 J

22.12.59 DB1 9.15 12.55 — 27.5 55 000 15 1
22.12.59 DB2 12.58 4.37 — 27.5 55 000 14 1
22.12.59 DB3 4.41 5.33 — 13 090 1 1
23.12.59 DB4 8.58 9.25 — 6 490 0 1
23.12.59 EB1 9.58 12.00 — 30 085 333 1
30.12.59 FBI 11.53 4.52 — 55 000 118 1
31.12.59 FB2 9.39 11.35 — 21 330 244 1
31.12.59 FB3 11.44 2.15 — 29.0 42 800 117 

( +  6200)
2

31.12.59 FB4 2.54 5.26 — 29.0 41 720 443 2
1. 1.60 FB5 12.38 4.37 — 30.5 64 120 20 2
4. 1.60 GB1 9.43 12.30 — 40.0 44 720 308 3
4. 1.60 GB2 12 35 3.20 — 40.0 43 880 141 5
4. 1.60 GB3 3.22 5.28 — 40.0 33 680 106 3
5. 1.60 HB1 9.16 11.18 — 40.0 33 120 399 5
5. 1.60 HB2 11.29 1.43 — 40.0 35 680 36 3
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Date Test No. Start
time

Finish
time

Level at 
last 

switch
Blocks of 

50 Bits
Number 
o f errors Case No.

5. 1.60 HB3 2.00 3.45 — 40.0 dbm 26 320 94 5
5. 1.60 HB4 3.45 5.15 — 40.0 23 440 113 3
6. 1.60 HB5 9.00 9.58 — 28.0 15 080 49 3
6. 1.60 JB1 10.30 11.07 — 26.0 9 760 34 3
6. 1.60 JB2 11.10 12.45 — 26.0 25 640 12 3
6. 1.60 JB3 12.47 2.18 — 26.0 24 280 26 5
6. 1.60 JB4 2.22 2.43 — 30.0 5 720 1 3
6. 1.60 JB5 2.45 4.07 — 40.0 21 960 89 • 3
6. 1.60 JB6 4.27 5.03 — 40.0 9 320 625 5
6. 1.60 JB7 5.04 5.30 — 40.0 7 080 74 3
7. 1.60 KB1 9.38 10.13 — 32.0 10 760 839 • 3
7. 1.60 KB2 11.50 4.49 — 19.0 80 000 1 5

18. 1.60 LB1 3.20 4.15 — 20.0 14 000 5 ■ 4
18. 1.60 LB2 4.32 5.30 — 20.0 15 040 9 4
19. 1.60 MB1 10.20 10.45 — 40.0 5 960 105 4
19. 1.60 MB2 10.45 11.35 — 40.0 12 680 243 4
20. 1.60 MB3 12.00 1.05 — 28.0 16 200 8 4
20. 1.60 MB4 1.47 3.12 — 28.0 22 400 .15 4
20. 1.60 MB5 3.49 4.10 — 28.0 4 720 7 4
20. 1.60 MB6 4.22 5.30 — 28.0 18 680 3' 4
21. 1.60 MB7 9.05 12.00 — 28.0 46 440 170 4
21. 1.60 . MB8 12.05 4.30 — 28.0 80 000 344 4
22. 1.60 NBl 11.00 11.41 — 32.0 10 480 208 4
22. 1.60 NB2 11.43 12.49 — 28.0 17 080 77 4
22. 1.60 NB3 3.53 5.00 — 28.0 16 960 131 4
25. 1.60 OBI 9.15 10.23 — 30.0 17 120 34 4
25. 1.60 PB1 • 10.58 1.43 — 32.0 43 480 32 4
25. 1.60 PB2 1.45 5.30 — 35.0 59 000 45 4
26. 1.60 QB1 9.15 10.51 — 35.0 24 960 229 4
29. 1.60 RBI 11.30 12.05 — 35.0 8.000 265 4
29. 1.60 RB2 12.05 12.47 — 35.0 10 720 495 4
29. 1.60 RB3 12.48 4.00 — 29.0 48 000 49 4

1. 2.60 SB1 9.43 11.49 — 35.0 31 240 202 . 4
1. 2.60 SB2 11.51 5.12 — 27.0 80 000 99 4
2. 2.60 TBl 9.23 10.13 — 35.0 11 560 219 4
2. 2.60 TB2 10.18 11.05 — 28.0 10 280 18 4
2. 2.60 TB3 11.09 1.42 — 28.0 34 000 185 4
2. 2.60 TB4 1.44 4.08 — 24.0 34 680 5 4
3. 2.60 UB1. 9.10 12.00 — 28.0 42 840 187 4
3. 2.60 UB2 12.00 3.48 — 24.0 56 680 36 4
3. 2.60 UB3 4.07 5.30 — 28.0 23 600 39 4
5. 2.60 VB1 9.13 9.50 — 35.0 9 400 1-39 4
5. 2.60 VB2 9.52 3.21 — 28.0 80 000 47 4
5. 2.60 VB3 3.23 5.00 — 24.0 25 200 8 ■ 4
8. 2.60 WB1 11.35 2.15 — 28.0 . 40 600 83 4
9. 2.60 XB1 9.20 2.30 — 28.0 80 000 93 4
9. 2.60 XB2 2.40 5.15 — 28.0 40 000 516 4

10. 2.60 YB1 10.30 3.00 ( -  8) 70 720 0 4
10. 2.60 YB2 3.20 5.45 ( - 1 2 ) 40 000 0 4
11. 2.60 ZB1 9.30 2.30 ( - 1 2 ) 80 000 0 6
12. 2.60 ZB2 10.00 4.40 ( - 4 0 ) 105 480 9 6
24. 2.60 AC1 2.38 4.00 — 10.5 72 320 9 7
24. 2.60 AC2 4.00 5.30 — 10.5 83 680 18 7
25. 2.60 BC1 11.15 4.30 — 10.5 320 000 70 7
26. 2.60 CC1 11.30 12.10 — 10.5 12 800 8 7
26. 2.60 CC2 12.15 1.45 — 28.0 4 960 137 7
26. 2.60 CC3 - 1.50 3.30 — 28.0 78 600 675 7
26. 2.60 CC4 5.00 6.00 — 28.0 29 480 736 7
29. 2.60 DC1 10.30 11.30 — 28.0 40 120 31 7
29. 2.60 DC2 12.00 1.00 — 28.0 80 000 2 7
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Date Test No. Start
time

Finish
time

Level at 
last 

switch
Blocks of 

50 bits
Number 
o f errors Case No.

1. 3.60 EC1 9.57 12.00 — 28.0 80 000 62 7
1. 3.60 EC2 12 00 1.15 — 28.0 80 000 36 7
3. 3.60 GC1 12 00 2.10 — 31.5 20 000 532 5
3. 3.60 GC2 3.00 4.00 — 31.5 13 640 52 2
3. 3.60 GC3 4.00 5.30 — 31.5 13 320 48 5
4. 3.60 HC1 10.50 12.05 — 31.5 12 850 1074 5
4. 3.60 HC2 12.05 1.10 — 31.5 8 550 978 5
4. 3.60 JC1 2.30 3.45 — 31.5 9 450 55 2
9. 3.60 KC1 4.00 5.30 — 28.0 63 640 39 7

10. 3.60 LC1 10.30 12.15 — 28.0 72 680 31 7
10. 3.60 LC2 12.45 2.20 — 28.0 66 680 45 7
10. 3.60 LC3 3.15 5.00 — 28.0 80 000 76 7

Statistics measured in respect of the retransmission of data after the detection o f errors

Speed of transmission : 250, 500 and 1000 bits per second

Block
size

Number of blocks
%

Retransmitted
Total

transmitted
Requiring

retransmission
N ot requiring 
retransmission

50 1 735 050 6937 1 728 113 0.4
100 867 525 6148 861 377 0.71
200 433 763 5578 428 185 1.32
500 173 505 4591 168 914 2.75

Schedule comparing percentage of blocks received correctly with different speeds 
and levels of transmission

Gross speed 
in bits 

per second

Signal level 
at first 

switching stage
No. o f blocks 

of 50 bits
No. of blocks 

containing 
errors

% of blocks 
transmitted 

correctly

250 — 16 dbm 923 343 623 99.93
500 — 16 dbm 634 760 770 99.88
500 — 23 dbm 208 840 998 99.52

1000 — 16 dbm 835 160 1965 99.76

27



Distribution of errors in blocks of 50 bits

Test
Number of blocks with the following numbers of errors

1 2 3 4 5 6 7 8 9 10 l l 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

B2 2 2 1
B4 7 6 2
D4 8 4 1
El 4 3 4 5 3 5 8 6 1 5 2 1 1 1
E2 4 2 5 3 4 4 2 4 3 2 1 4 2 1 1
E4 9 7 6 7 4 6 4 9 7 6 6 3 4 2 2 3 3 1 1 2
E5 2 10 3 3 3 5 5 2 2 5 2 6 3 2 2 2 1 1 1 1 1 1
E6 5 4 3 4 3 1 4 2 3 4 3 2 1 2 3 2 2 1 1
J2 1 2 1 1, 1
L 2
M2 1 1
M3 2
N1 9 4 3 1 2 1 1 2 2 1 2
N2 4 6 2
Ol 13 6 1
T l 7 8
T2 10 2 1
U1 20 10 3 3 2 2
U2 6 9 2 1 1
U3 11 7 7 1
VI 6 5
V2 6 6 1
V3 30 17 2 1
W1 20 15 4 4 1
W2 83 63 12 9 5 5 1 1 2 1’ 1 1
Y1 93 55 6 3 2 2 4
Y2 98 34 8 2
Z1 64 30 6 6 1 1 3 1
Z2 48 22 7 3 5 1 1 2
Z3 23 14 6 1 1 1

AB1 39 14 6 2 2
AB2 34 20 1
AB3 147 49 9 5 1
AB4 66 17 5 1
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Test
Number of blocks with the following numbers of errors

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

SB2 54 1 4 5 1 1 1
TB1 96 16 9 5 3 .— 1 — 1 — — — 1
TB3 126 21 3 2
TJB2 32 1
UB3 39
VB2 43 2
VB3 8

WB1 71 4 _ 1
XB1 69 8 — 2

CC1 _ _ 1 1
CC2 58 17 8 3 — — — — 1
CC3 261 104 33 17 3 4
CC4 302 10 6 5 2 1 1 1 see note *
DC1 6 3 1 .— — .— 1 — 1
GC1 153 30 10 4 2 3 3 2 4 2 1 — — 1 2 — 2 1 — — 1 — — 1
GC2 40 1 2 1
GC3 36 _ — 1 — — — 1
HC1 413 92 38 17 21 11 6 3 4 1 1
HC2 233 67 40 24 19 11 9 6 3 2 1 2 2 — 1
JC 26 7 2S 1 1
KC 23 4 1 — 1
LC1 13 5 1 — 1
LC2 20 9 1 1
LC3 46 12 2

* Note. — CC4 also contained 1 block with 30 errors, 1 block with 38 errors, 9 blocks with 50 errors, and several periods during which the connection 
was interrupted.
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(Extracts from  contribution GT.43, No. 9, February 1960)

SWEDEN: DATA TRANSMISSION OVER TELEPHONE CIRCUITS

Tests at higher speed than 50 bauds

In data transmission at higher speed, short breaks and pulse interferences will essentially 
affect reliability. Short disturbances of less duration than 10 ms do not normally influence 
the transmission of speech but may have a destructive effect on data transmission. The 
frequency of short breaks on coaxial cable circuits involving break durations of more than
0.5 ms has been investigated during 383 days on a loop circuit of 304 km length. The 
distribution of breaks appears from Appendix 2.

Pulse interferences have not been examined to the same extent as breaks, but it has 
been found that the Swedish network breaks are many times more frequent than pulse 
disturbances.

A great portion of the breaks occurring in the night-time are due to interventions to 
be made during the night service. Also in the, daytime a great number of faults are caused 
by staff interventions for maintenance measurements, etc., and in cases of breakdowns of 
the mains supply, replacement of oscillators, etc. Failures due to “ unknown causes ” 
are very few.

For the purpose of investigating also the effect of pulse interference on data trans­
mission, a special measuring equipment has been designed. The speed of transmission 
can be varied between 50 and 2000 bauds, and a unit code of 5 or 8 elements with start 
and stop can be used. This equipment will count the number of wrong signs and also 
distinguish between signs having 1, 2, 3, etc., wrong unit pulses. It may be assumed that 
such a measuring device will be valuable in determining the suitable design of error-cor­
recting apparatus. The equipment in question having only recently been brought into 
use no data concerning results obtained are yet available but will be provided later.

In co-operation with the Swedish Telecommunications Administration the IBM has 
made certain tests on Swedish telephone circuits. Measurements of a corresponding 
nature have been undertaken also in other countries, on the initiative of the IBM. The 
measurements were made chiefly on circuits connected to the commercial network and in 
most cases engaged several automatic exchanges. A brief summary of the results of the 
measurements is given in Appendix 5. Similar measurements in a frequency-modulated 
system will be carried out later. It may be said that, on the whole, disturbing pulses or 
breaks originating in the selector equipments of automatic exchanges are not very frequent, 
either in cross bar or in 500-line systems. On the other hand, disturbing pulses are pro­
duced by the tariff-control units, which will have to be eliminated in order to enable the 
network to be used for data transmission.
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APPENDIX 2

Distribution of current breaks in a 304-km coaxial cable circuit

Number of breaks

0006 — 2300 h. 2300 — 0006 h.

1/2 — 3 ms 3 — 20 ms > 20 ms 1/2 — 3 ms 3 — 20 ms > 20 ms

0 268 313 295 •348 354 299
1 16 16 22 10 5 49
2 27 17 10 1 2 5
3 10 8 10 1 1 2
4 12 4 3 4 0 1
5 10 1 3 3 0 3
6 3 6 3 2 1 4
7 3 4 5 2 2 1
8 4 2 5 0 0 0
9 1 0 1 1 1 1

10 1 1 4 2 10 0
11— 15 3 4 2 2 1 1
16 —  20 4 0 4 1 1 3
2 1 — 30 7 3 8 2 1 2
31 — 40 0 1 2 0 0 2
4 1 — 60 3 0 3 0 1 6
61 — 80 2 0 2 2 1 1
81 — 100 2 1 0 1 0 1

101— 200 4 0 1 1 2 1
201 — 400 3 2 0 0 0 1
401 — 800 0 0 0 0 0 0

383 383 383 383 383 383
days



APPENDIX 5

The tests were carried out by IBM in October 1959. Test duration generally 15 minutes. All tests during office-time 

Tests over dialled lines in Stockholm.

Summary of tests with data transmission on the Swedish public telephone network

Test
No.

Distance
km

Exchanges

Metering
interval

D ata transmission Errors

Remarks
Type Number Bit rate 

Bits/sec.
Carrier

c/s
Output

level
N

Discr. 1)
%

Bias 
dist. 1)

%
Number Possible 

cause 2)

1 13 500—p. sel. '3 No 1000 2 0 0 0 0 Well 7
metering

2 4 1000 2000 0 — ■— • 1
3 99 2000 2000 0 100 < 1 0 0 Test duration only

3 minutes
4 >> 1000 2 0 0 0 0 — — 0 1
5 30 6 1000 • 2000 0 . 50 20 2

T ssts over dialled trunk circuits, loaded circuits.

6 26 Crossbar 4 6 minutes 1000 2000 0 Well _: 40 Metering
(/„  =  3500 c/s)

7 „ .  „ 4 1000 2000 0 •— — 46 Metering
8 , , 4 , , 1000 2000 0 50 < 1 0 11 Metering Test duration

16 minutes 30 sec.
9 4 „ 1000 2000 -2 — — 40 Metering Two metering clocks

on the circuit. Test
duration 16 minutes

10 i9 4 >5 1000 2000 0 — — 53 Metering
11 123 1500— p. sel. 4 90 sec. 1000 2000 0 Well — 27 Metering

(/„ =  3000 c/s) 3 Crossbar
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Tests over dialled trunk circuits, carrier system.

Test
No.

Distance
km

Exchanges

Metering
interval

D ata transmission Errors

Remarks

Type Number Bit rate 
Bits/sec.

Carrier
c/s

Output
level

N
Discr. 1) 

%
Bias

dist.'l)
%

Number Possible 
cause 2)

12 1000 500—p. sel. 4 10 sec. 2000 2000 0 Marginal 0
13 1000 33 1300 2000 0 Well — 0
14 33 >5 1000 2000 0 50 10 769 Metering

and short
breaks

15 33 1000 2000 0 20 20 8 Metering
16 J5 53 1000 2000 0 — — 17 Metering
17 1200 2500—p. sel. 8 sec. 2000 2000 0 Marginal — 0

2 Crossbar
18 33 „ 1000 2000 0 50 10 30 Metering
19 X 33 33 1000 2000 0 40 10 16 Metering
20 „ 33 1000 2000 - 2 — — 184 Metering
21 2213 500—p. sel. No 1000 2000 0 30 10 0

metering
22 3) S5 33 1000 2000 -0 .7 — — 0
23 ” 33 *3 3 » 1000 2000 - 2 — — 3

424 
d

a
ta 

t
r

a
n

s
m

is
s

io
n

: 
s

u
p

p
l

e
m

e
n

t
s



Tests over dialled trunk circuits, mixed circuits.

Total distance 768 km, 332 km radio link (2 m band), 432 km carrier system.

Test
No.

Distance
km

Exchanges

Metering
interval

- D ata transmission Errors

Remarks

Type Number Bit rate 
Bits/sec.

Carrier
c/s

Output
level

N
Discr. l) Bias 

dist. 1)
%

Number Possible 
cause 2)

24 768 500— p . sel. 2 No 2000 2000 ■ 0 Unwork­
metering able

25 1000 2000 0 20 20 0
26 1000 2000 0 60 10 4
27 1000 2000 -1 — — 11
28 ” » ” ” 1000 2000 -2 — — 22

Total distance 1611 km, 1414 km carrier system (including 268 km carrier system on open wires) 192 km cable (2-wire circuit).

29 1611 500—p. sel. 2 No
metering

1000 2000 0 Unwork­
able

0

30 1000 1500 0 5 20 0
31 ” ” ” ” 1000 1500 0 70 < 1 0 0

1 Definitions of discrimination and bias distortion are given by IBM on the following page.
2 To decrease the influence of metering pulses a high-pass filter (500 c/s) was connected to the input of the receiver.
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Explanation o f  terms “ discrimination ” and “ bias distortion ”

Discrimination.
This is measured at the output of the low-pass filter in the receiver. The procedure 

is as follows:
(a) The character generator at the transmitting end is set to give the pattern 1.1.1.1.1.1.1.1. 

The amplitude and mean d. c. level of the output of the low-pass filter are measured 
on the oscilloscope (figure 105).

(b) Another pattern is set up on the character generator and the waveform at the low- 
pass filter output is examined. The effect of the line is to distort the ideal waveform 
at this point in the way indicated in figure 106.

(c) The measurement is repeated until the pattern is found which gives the smallest values 
of VM. Then this value is used to calculate the discrimination using the expression

VM
discrim ination =  100 —  %.

VR
Bias distortion.

The squared output from the receiver is displayed on the oscilloscope and the extent 
to which the transitions are displaced from the correct relative timing is observed. This 
displacement is expressed quantitatively as follows:

The time between any two transitions should be an integral number of bit periods. 
Let “ t ” be the departure from the ideal interval. The transmitted character is varied 
until the pattern which gives the maximum value of “ t ” is found. This value of “ t ” 
is used to calculate the bias distortion using the expression

t
bias distortion =  — %

where T  — the bit period.

F ig u r e  106
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AUTOMATIC TELEPHONE AND ELECTRIC Co.: CONTRIBUTION  

ON DATA TRANSMISSION

(Contribution GT.43, No. 11, February, 1960)

1. Introduction.

It is considered that high-speed data-transmission requirements can best be met by 
the use of broadband bit-synchronous signalling systems utilizing the whole of the available 
bandwidth of normal telephone channels. This approach is favoured on the grounds of 
the increased complexity and reduced bandwidth-efficiency of multi-frequency systems. 
It seems probable that the maximum possible bit rate compatible with channel bandwidth 
will in general be required by users.

We believe that it is too early to arrive at a standardized design for a high-speed data- 
transmission system and favour the independent development and trial of various systems 
by manufacturers in co-operation with Administrations. An important aspect of these 
trials would be a determination of the principal factors responsible for producing errors. 
Carefully conducted tests at various signal levels can throw much light on these factors. 
From trials so far conducted it is considered that the major type of interference over 
private lines is modulation noise of one form or another while over switched lines impulsive 
noise of error bursts appears to be the information of greatest value to the designers of 
data-handling equipment.

It seems probable that continuously variable bit rate systems will be less tolerant to 
bad line conditions than systems designed for one or more particular bit rates.

2. Types o f  data-transmission systems.

Two transistorized high speed data-transmission systems have been considered for 
trials over telephone circuits. System A (see Reference 1) is a 750-baud system, using 
an amplitude-modulated signal with a 1500 c/s sine wave carrier, both sidebands being 
transmitted. The information is transmitted in binary form such that a “ 1 ” is transmitted 
as a pulse and a “ 0 ” as no signal. Each pulse contains two cycles of the 1500 c/s carrier 
and its envelope corresponds to the appropriate portion of a 750 c/s sine wave.

System B is a 1500-baud system. It uses a phase modulation signal with a 1500 c/s 
sine wave carrier. The information is transmitted in binary form such that a “ 1” is 
transmitted as a 180° change in phase and a “ 0 ” is transmitted as no change in phase 
between the signal carriers in adjacent signal elements. Each signal element contains 
one cycle of the carrier.

Both systems A and B are essentially synchronous systems and will therefore be 
operating continuously during the whole period in which messages are being transmitted.
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Each signalling channel contains one pulse transmitter and one pulse receiver whose 
connections to the associated equipment are shown in figure 107. The pulse transmitter 
converts the information which is fed to it in the form of a square wave (waveform A), 
into a form most suitable for transmission over the line, and the pulse receiver reconverts 
the received information back into its original form (waveform B). Associated with the 
pulse transmitted are the transmitter logical circuits, whose waveforms and operations are 
synchronized with those in the pulse transmitter by means of the timing waveform ts 1, 
and associated with the pulse receiver are the receiver logical circuits, whose waveforms 
and operations are synchronized with those in the pulse receiver by means of the timing 
waveform ts 2. The speed of signalling is therefore determined entirely by the frequency 
of an oscillator in the pulse transmitter.

3. 'System and channel characteristics.

The signal waveform for System A — amplitude modulation — was chosen to give 
a reasonably high-speed data-transmission system, providing at the same time the maximum 
possible reliability and tolerance to the types of interference and distortion normally 
experienced over telephone circuits.

The signal waveform for system B — phase modulation — was chosen as that pro­
mising to give the fastest signalling speed for a given bandwidth consistent with a good 
tolerance to noise and distortion.

A phase-modulated system has definite advantages under conditions of sudden and 
severe level changes in the received signal, such as sometimes occur over short-wave radio 
links. The system would probably also give a better performance over channels using 
compandors. Moreover, when the delay distortion in the transmission path is small, 
the phase-modulated system should for the same signalling speed tolerate more severe 
impulsive noise and white noise than an amplitude-modulated signalling system. On the 
other hand, the amplitude-modulated system should give more reliable operation under 
conditions of frequency drift or sudden frequency fluctuations in the received signal, 
such as occur over carrier telephone circuits. The sudden level changes which sometimes 
occur over these circuits are also not normally of sufficient amplitude to cause errors in 
a binary coded amplitude-modulated system. This system should, moreover, tolerate 
larger values of delay distortion, and should therefore probably have a greater tolerance 
to interference over telephone circuits with severe delay distortion.

Tests over different telephone circuits have indicated that over private lines the majority 
of the interference occurs in the form of amplitude or frequency modulation of the trans­
mitted signal by some noise source. A transient interruption can for instance be regarded 
as 100% amplitude modulation of the transmitted signal by a square-wave interference 
signal.

In the case of a phase-modulated system, as used for instance in System B, interference 
comprising either frequency or amplitude modulation of the right form and intensity can



transmitter 
logical circuits

circuits logiques 
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pulse transmitter pulse receiver

Emetteur Recepteur
d'impulsions

telephone line 
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receiver 
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F ig u r e  107. — A single signalling channel
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in practice produce errors which may be “ l ’s ” converted to “ 0 ’s ” or “ 0’s ” converted 
to “ l ’s ” or a combination of these. t

In the case of an amplitude-modulated system, as used for instance in System A, 
frequency modulation of the type likely to be encountered over carrier telephone circuits 
will not produce errors or impair the performance, provided only that the normal form of 
detection is used as in System A, and not a phase sensitive detector or product demodulator. 
Amplitude modulation of the transmitted signal in System A can only convert “ l ’s ” 
to “ 0 ’s ”, since neither amplitude nor frequency modulation of this signal can affect 
the “ O’s ” which are transmitted as no signal. The tolerance of an amplitude-modulated 
system to modulation interference should therefore be at least as good as that of a phase 
modulated system, and it has the great advantage in that all the errors caused by these 
types of interference will be “ l ’s ” converted to “ O’s ”. This means that with quite a 
simple -error-detecting code employing the minimum of redundant information, all these 
errors can be detected. This property, together with the previous considerations, should 
give an amplitude-modulated data system such as System A a definite advantage over 
phase-modulated systems when used over private lines. Over switched lines, particularly 
those involving only audio links, the majority of the interference is usually impulsive noise 
and under these conditions a phase-modulated data system would probably give a lower 
error rate than that obtained with an amplitude-modulated system.

4. Laboratory tests and field trials.

4.1. System A.

The results of the laboratory tests and field trials over various types of telephone 
circuits are contained in Appendix 1 to this contribution.

4.2. System B. '

A similar set of laboratory tests and field trials over telephone circuits are about to 
commence on signalling system B, and the corresponding results will be the subject of a 
separate contribution at a later date.

Reference 1.

A.T.E. Journal, Vol. 15, No. 2, April 1959, describes a system similar in principle 
to System A.

APPENDIX 1 

. Results of tests carried out on signalling system A

1. General.

All the laboratory tests and field trials were carried out at a speed of 600 bauds using a 1200 c/s 
signal carrier, and the basic arrangement of the equipment used for these tests is shown in figure 108. 
For all the tests, only one pulse transmitter and one pulse receiver were used.



F ig u r e  108. — Outline o f  the equipment used in the tests
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Instead of sending messages, the equipment transmitted a continuous pulse pattern, the form 
of which was determined by the square waveform produced by the square wave pattern generator. 
This generator was designed to give a choice of nine different waveforms to simulate some of the 
possible arrangements of “ 1 ’s ” and “ O’s ” obtained with a five-element code. Errors were detected 
by comparing the input waveform to the pulse transmitter, waveform A, with the output waveform 
from the pulse receiver, waveform B, after suitably phasing these waveforms. Each bit at which 
the waveforms disagreed was recorded as an error and the total number of errors obtained was 
noted on a counter. A separate part of the equipment analysed the errors and counted the number 
of single, double, treble and quadruple errors (a double error, for example, being composed of 
two consecutive errors, that is, two adjacent incorrect bits in waveform B).

2. Results o f laboratory tests.

The frequency spectrum of the transmitted signal was measured for a number of different 
pulse patterns and it was found that, with any combination of pulses likely to be used in a normal 
signal, at least 90% of the total transmitted energy is contained in the frequency band 600 to 
1800 c/s. The band 600 to 1800 c/s was thus the effective transmitted frequency band of the 
signal. Further experiments also showed that the signalling system was not seriously affected by 
distortion and interference outside this frequency band.

Tests carried out over one type of compandor have shown that satisfactory operation is 
obtainable when working with this type of equipment although attenuation of the signal over the 
compandor is about 5 db more than that experienced by a sine wave of similar level and frequency.

Laboratory tests with band-limited white noise have shown that a signal-to-noise ratio of 12 db 
gives an error rate of less than 1 bit in 105 while a signal-to-noise ratio of 11 db gives an error rate 
less than 1 bit in 104. Signal-to-noise ratio is here defined as the ratio of the mean power level 
over the duration of a signalling pulse (the signal level) to the r.m.s. value of the noise, band- 
limited white noise being random noise confined to and evenly distributed over the frequency 
band 600 to 1800 c/s.

Tests with various single frequency tones have shown that the equipment will tolerate a 
continuous sine wave of any frequency within the signal frequency band, with no resultant errors, 
provided its level is a little more than 6 db below the signal level. The tolerance to single frequency 
tones increases rapidly at frequencies extending beyond the limits of the signal-frequency band, 
becoming very large at frequencies sufficiently removed. This is due, of course, to the increasing 
attenuation of the input filter at these frequencies.

A number of tests were made to measure the effects of different degrees of signal distortion, 
on the tolerance of the signalling system to band-limited white noise. The different degrees of 
signal distortion were produced by passing the transmitted signal through various networks which 
were designed to give different values of attenuation and delay distortions in the signal frequency 
band. Perhaps the most significant of these tests was one carried out over a network whose 
attenuation and delay characteristics were approximately equivalent to the worst permissible under 
the C.C.I.T.T. requirements for a modern type telephone circuit. The group delay introduced by 
this network at 600 c/s is 4.6 milliseconds greater than the minimum group delay in the frequency 
band of the signal. This corresponds to a delay distortion of 4.6 ms in the signal-frequency 
band, there being negligible attenuation distortion in the band. This distortion reduces the toler­
ance of the signalling system to white noise by 5.5 db, in other words to maintain the same error
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when this network is included in the transmission path, the signal-to-noise ratio must be increased 
by 5.5 db. Delay distortions of 2.0 ms and 1.2 ms in the signal-frequency band were found to 
reduce the tolerance to white noise by 2 db and 0.5 db respectively. Delay distortions of less than 
1 millisecond in this band were found to have only a negligible effect on the tolerance of the signal­
ling system to white noise.

An experiment simulating the effect of transmitting the signal over a hypothetical carrier 
telephone circuit, in which the modulating and demodulating carrier supplies might differ in fre­
quency, showed that the frequency band of the received signal can be shifted by order of ±  200 c/s 
with negligible change in the tolerance to white noise. The small variable frequency shifts of one 
or two c/s produced in the received signal after transmission over a carrier telephone circuit, or the 
sudden phase shifts sometimes experienced over these circuits, should therefore produce no errors 
in the signalling system and have a negligible effect on the tolerance to noise.

Measurements on the equipment have shown that the oscillator frequency can drift over a 
range of ±  6 c/s about 1200 c/s, for example ±  0.5 % of the correct frequency, without at any time 
reducing the tolerance of the system to white noise by more than 1 db. The maximum frequency 
drift which can be tolerated in the oscillator before errors result in any of the nine pulse patterns 
in the absence of noise, is ±  18.7 c/s or just over ±1.5%.

3. Results of field trials.

Field trials were carried out with the kind co-operation of the Engineering Department of 
the B.P.O. over several different telephone circuits. The basic circuit arrangement shown in 
figure 108 was used, but the noise generator and valve voltmeter were omitted. The transmission 
path in every case included a telephone circuit, and signals were transmitted over that circuit 
in one direction. The pulse transmitter was adjusted to give a standard output signal level of
-  8 dbm and the signal was attenuated to the various lower levels used in the tests by the variable 
attenuator. In a practical application of the system a transmitted signal level of the order of
-  8 dbm would probably be used.

A total of nine different transmission paths including seven different telephone circuits were 
used. The two additional paths were produced by connecting a line simulator at the input to the 
two noisiest private line telephone circuits, in order to raise their delay distortion within the fre­
quency band of the signal to about 5 milliseconds. Each telephone circuit was connected in a 
loop with both the transmit and receive terminals at the place where the signalling equipment was 
housed. The results of the trials are summarized in the table. The telephone circuits 1 to 8 were 
set up as private lines, but circuit 9 contained a length of line set up as in an ordinary switched con­
nection through automatic telephone exchanges.

Circuit 1 contained two audio links in tandem. Circuits 2 to 8 each contained the two audio 
links of circuit 1 in tandem with two carrier links, the carrier links in the different circuits having 
various lengths or being contained in different carrier systems. Circuit 5 was the longest of these, 
being 939 miles long, and it was specially selected as a circuit likely to give severe interference condi­
tions. It was by far the noisiest of the six private lines tested. Circuit 6 was produced by connect­
ing the line simulator at the input to circuit 5. This circuit has a combination of noise and delay 
distortion about as severe as would normally be encountered over any private line. In practice

28



434 DATA TRANSMISSION: SUPPLEMENTS

the conditions over the large majority of private line telephone circuits would almost certainly be 
very much less severe. Circuit 7 was noisier than any of the circuits 1 to 4 and circuit 8 was 
produced by connecting the line simulator at the input to this circuit.

Circuit 9 contained, in tandem with the two audio links of circuit 1, a length of switched line 
set up through 14 two-motion step-by-step switches and 4 transmission bridges, these being con­
tained in two automatic telephone exchanges. This line was set up by ringing up one exchange 
from two different telephones in another exchange and linking the two calls together at the first 
exchange.

The figures for delay distortion quoted for the circuits 1 to 9 represent the variation of group 
delay in the frequency band 600 to 1800 c/s for each of these circuits.

In the telephone circuits 3, 5 and 7 the signal level at the input of each carrier link was about 
6 db below the transmitted signal level, and in circuits 2, 4, 6 and 8 the signal level was about 
7.5 db below. In all tests the received signal levels are quoted to the nearest db above the values 
actually measured.

In every test each of several different pulse patterns was transmitted over the telephone circuit 
for a given period to give in most cases a total signalling time of several hours. Different signal 
levels were used to determine very approximately the minimum signal level at which the error rate 
did not exceed 1 bit in 105.

The tests over the private line telephone circuits 1 to 8 showed that an error rate of about 
1 bit in 105 or less was obtainable in each case when using a transmitted signal level of -  8 dbm. 
(In the circuits 6 and 8 the signal level actually fed to the transmit terminals of the telephone 
circuit was always 1.5 db lower than the transmitted signal level, due to the attenuation in the line 
simulator.) Over circuits 1, 2, 3, 4 and 7 an error rate of less than 1 in 105 was obtained with a 
transmitted signal level of -  30 bdm, the received signal level having nearly the same or a some­
what lower value. The good performance over circuits 6 and 8, these being the two noisiest 
private line circuits with considerable additional delay distortion added, indicates that satisfactory 
operation with a total error rate of less than 1 bit in 105 should be obtained under normal conditions 
over any private line telephone circuit.

The received signal was monitored by means of a pair of earphones at regular intervals during 
the field trials. It was shown that whenever the error rate was higher than 1 bit in 105 (as was the 
case for instance at the lowest transmitted signal levels), the audible level of the noise was at times 
high enough to have constituted a real nuisance in the reception of speech where this had the same 
level as that of the signal.

Four tests were carried out over circuit 9 which included a switched line, the switched line 
used in tests 22 and 23 being different from that used in tests 20 and 21. Test 20 was carried 
out in the evening after 6 p.m., whereas the other three were carried out during the normal working 
hours and each covered a busy period.

The signal level at the input to the switched line was 4 db below the transmitted level, and the 
signal level at the output of the switched line was the same as that reaching the pulse receiver. 
The majority of errors occurring during tests 20 to 23 were due to the effects of impulse inter­
ference in relation to the comparatively low signal level attaining, particularly at the last main 
group of switches where the signal level was only approximately 5 db above the received signal 
level.

The general indications from these tests are that an error rate of the order of 1 bit in 105 or 
less should be obtained over a switched line connected through busy automatic telephone exchanges,
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provided that the signal level at any of the switches does not fall much below -  15 or often 
-  20 dbm. When the error rate is appreciably higher than 1 bit in 105, the interference would 
in any case begin to cause a nuisance to the reception of speech over that circuit. .

Consideration of the characteristics, of the poorer types of telephone circuits in the light of 
the results obtained in the tests shows that the signalling speed can be raised to 750 bauds with 
satisfactory operation over these circuits and with no serious reduction in tolerance to the inter­
ference present. This is particularly so, since over many circuits the more serious delay distortion 
occurs at the extreme low frequency end of the transmitted frequency band. In raising the signal­
ling speed from 600 to 750 bauds, the lower limit of the transmitted frequency band is also raised 
from 600 c/s to 750 c/s, thus in many circuits escaping the more serious delay distortion.

4. Types o f interference observed over the telephone circuits.

During the field trials many hours were spent observing the cathode ray oscilloscope on which 
the received signal was monitored, in order to detect the various types of interference present and 
to estimate their relative importance in producing errors in the pulse receiver.

The types of interference observed can be classified into two groups: those in which a wave­
form is added to the transmitted signal and those in which the transmitted signal is changed or 
distorted without affecting the spaces between the pulses. The latter group corresponds to a 
modulation of the signal by the interference. The types of interference in the second group are 
modulation noise, transient interruptions, sudden level changes, sudden frequency fluctuations 
and gradual frequency drift. In each group the types of interference listed above have been placed 
in order of their importance as measured by their effect in producing errors in the pulse receiver. 
This does not by any means correspond to their importance as measured by the magnitude and 
frequency of their occurrence. The types of interference in the first group become less effective 
in producing errors, as the signal level is increased, while those in the second group have the same 
effect on the signal regardless of its amplitude.

Over the two audio circuits, and particularly that containing the switched line, the large 
majority of the errors were produced by impulsive noise. This was also responsible for a number 
of the errors obtained when signalling over the carrier circuits, more particularly at the lower 
signal levels. -

Speech crosstalk was responsible for a number of the errors at the lower signal levels and at 
normal signal levels under line fault conditions; however, it was not observed to produce errors 
at the higher signal levels under normal line conditions.

White noise was not effective in producing errors except at extremely low signal levels.
Over the telephone carrier circuits connected as private lines, a large proportion of the errors 

occurring when using the normal transmitted signal level of -  8 dbm, were caused by modulation 
noise. This appeared as a modulation of the signal by band-limited white noise and it usually 
occurred in short severe bursts. No modulation noise was observed on the two audio circuits.

Four or five transient interruptions were observed on the two carrier circuits 5 and 7. Each 
of these interruptions appeared as a sudden and clean break in transmission, lasting on the average 
for three or four characters, that is about 30 milliseconds. Only a small number of errors were 
caused by these transient interruptions and they did not contribute appreciably to the total number
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of errors counted on the circuits on which they were observed. If a single error-detecting code is 
used for the transmitted characters, such that each character always has an odd number of “ l ’s ”, 
the errors caused by any interruption removes at least one complete character, which will usually 
be the case in practice. Transient interruptions cannot therefore be considered as a significant 
obstacle to the successful operation of a high-speed signalling system of this type.

Except under line fault conditions, sudden level changes did not appear to produce errors in 
the pulse receiver, providing this was used with the correct slicing level.

Sudden frequency fluctuations and gradual frequency drift may perhaps more correctly be 
regarded as forms of distortion, but they have been included in the list for the sake of completeness. 
Although they occurred quite frequently over the carrier circuits, no errors attributable to these 
effects were observed.

5. Characteristics o f  the distribution o f  errors observed when working over telephone circuits.

On the private line audio circuit 1, which was common to all the other telephone circuits, 
the error rate was very low and the errors, although occasionally occurring in groups at the lower 
signal levels, were generally fairly evenly distributed.

On the private line carrier circuits 2 to 8, it was observed that the more serious modula­
tion noise which was responsible for the majority of the errors at higher signal levels, tended to 
occur in short bursts, each of which lasted up to about a second and caused some ten or twenty 
errors in the pulse receiver. When the transmitted signal level was low enough for the speech 
crosstalk to cause errors, these also tended to occur in bursts, although not as concentrated perhaps 
as in the case of modulation noise. The transient interruptions when they occurred of course 
always produced a very close succession of errors. One general characteristic of the error dis­
tribution observed over the private line carrier circuits was in fact this very marked tendency for 
the errors to be concentrated into short isolated bursts.

On circuit 9 containing the length of switched line, the large majority of the errors were 
produced by impulsive noise and were in general fairly evenly distributed.

In many of the tests over the carrier circuits there were some periods of half-an-hour with no 
errors and others with up to seventy. For this reason the tests were whenever possible made over 
two or more hours, the average time spent over each test being a little over 41/ 2 hours. With these 
precautions it was found that fairly consistent results were obtained.

All the tests except test 20 were carried out sometime between 9 a.m. and 5 p.m. Where 
possible the tests were arranged to include the morning or the afternoon busy hour and if 
possible both. The private line telephone circuits showed on the average no significant variation 
in error rate over the day. The switched lines, however, showed a reduction in error rate at the 
lunch hour and towards the evening.

Over the private line circuits the ratio of single to double errors was on the average about 
11 to 1 and the ratio of single to treble errors was about 60 to 1. Over the switched lines the ratio 
of single to double errors was on the average about 15 to 1 and the ratio of single to treble errors 
was about 80 to 1. Quadruple and higher multiple errors were negligible. In the tests over 
private line circuits, where there was severe delay distortion over the line or where the received 
signal levels, were of the order of — 8 dbm, the ratio of single to multiple errors was somewhat
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below the average, and in the tests at low signal levels the ratio was correspondingly higher than 
the average.

Another interesting result obtained was the almost negligible occurrence of a double error 
involving a change of a “ 1 ” to a “ 0 ” and an adjacent “ 0 ” to a “ 1

A brief theoretical study has been made into the effects of various distributions of the different 
multiple errors, on a simple automatic error detection and correction system in which errors are 
corrected by retransmission. In this system it is assumed that a two-way signalling system is 
available and the information in either channel is transmitted in the form of separate messages, 
where each message is subdivided into characters each of which contains say 5 bits. One of these 
bits in each character is a parity check bit which is made a “ 1 ” or a “ 0 ” so that the sum of the 
“ l ’s ” in that character is always odd. A fixed message length of about 10 characters is assumed. 
Errors are corrected by causing the whole of the message which contains a detected error in one of 
its characters to be retransmitted.

When the errors are widely dispersed, with not more than one error per message, the number 
of messages containing detected errors and consequently retransmitted will be slightly greater than 
the total number of single and treble errors. The number of messages containing undetected 
errors and therefore mutilated but accepted as correct will be slightly less than the number of 
double errors.

When the errors are closely packed together, with several errors in each message affected, the 
number of messages retransmitted will be much smaller than the total number of single and treble 
errors in these messages, and the number of messages mutilated but accepted as correct will be 
very much smaller than the number of double errors occurring during the same time.

There is in general an increase in the proportion of the errors detected and corrected as the 
errors become more closely bunched. This improvement in error detection and correction is due 
of course partly to the fact that in any message a detected error takes precedence over other unde­
tected errors, causing all the errors in that message to be automatically corrected.

Over the private line carrier circuits, where the bunching of errors was very marked, the 
effect of these errors on a practical signalling system would therefore be appreciably less significant 
than that anticipated solely from the measured error rates.

Conclusions.

The results obtained from extensive laboratory tests and field trials show that, when an ampli­
tude-modulated system of the type described is used over any main line telephone circuit of the 
standard used in Great Britain, an error rate of less than 1 bit in 105 should be obtained provided 
the circuit is free from specific faults and would be acceptable for speech. The telephone circuit 
can be set up either as a private line or as in a normal switched call.

The nature and the distribution of the errors obtained when working over the various tele­
phone circuits have shown that under the most severe conditions considered as acceptable, giving 
an error rate of 1 bit in 105, it is most unlikely that the number of messages mutilated but still 
accepted as correct would exceed one in every 30 000 and the number would usually be much 
smaller. The accompanying reduction in the rate of transmission of information, due to the 
retransmission of messages containing detected errors, should also be well below 0.1%. The 
values estimated here are based on a message length of about 50 bits and assume the simple error 
detection and correction system mentioned.



Test No. 1 2 3 5 6 7 8 9 10 11 12

Circuit No. 1 1 1 2 2 2 3 3 3 4 4

Total length of circuit (miles) 75 75 75 315 315 315 315 315 315 589 589

Delay distortion (milliseconds) 1.9 1.9 1.9 0.5 0.5 0.5 0.9 0.9 0.9 0.8 0.8

Transmitted signal level (dbm) — 8 — 30 — 40 — 8 — 30 — 40 — 10 — 30 — 40 — 8 — 30

Received signal level (dbm) — 12 — 34 — 44 — 13 — 34 — 44 — 8 — 28 — 38 — 13 — 35

Total error rate (bits per 100 000) 
(jc 10-5) 0.00 0.07 2.41 0.05 0.02 1.45 0.02 0.58 2.73 0.05 0.57

Test No. 13 14 15 16 17 18 19 20 21 22 23

Circuit No. 5 5 6 7 7 8 8 9 9 9 9

Total length of circuit (miles) 939 939 939 315 315 315 315 83.5 83.5 83.5 83.5

Delay distortion (milliseconds) 0.5 0.5 4.9 0.7 0.7 5.1 5.1 0.5 0.5 0.5 0.5

Transmitted signal level (cbm) — 8 — 20 — 8 — 8 — 30 — 8 — 20 — 8 — 8 +  2 — 8

Received signal level (dbm) — 10 — 23 — 12 — 9 — 30 — 10 — 22 — 30 — 30 — 20 — 30

Total error rate (bits per 100 000) 
(x 10-5) 0.13 1.25 1.21 0.00 0.95 0.14 0.77 0.44 30.30 0.43 3.35

Summary of results obtained in the field trials
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AMERICAN TELEPHONE AND TELEGRAPH COMPANY: DATA 
TRANSMISSION POSSIBILITIES OF THE TELEPHONE NETWORK WITH

SWITCHING

(Extracts from contribution GT.43, No. 13, February 1960)

In the programme about 1100 test calls were made. About 25 % of these were local calls, 
not involved with the long-distance switching plan. About 25 % were short-haul long­
distance calls, up to about 500 miles airline distance. The remaining 50 % were long haul, 
400 to 3000 miles long.

In order to keep the testing programme within manageable size, a single data-transmitting 
system known as the FM digital subset was used for the higher speed data-performance 
tests. In this system the modulator accepts base band binary information in serial form 
and provides a frequency-modulated output. The marking condition is one frequency, 
the spacing condition another. A single oscillator swings between the two frequencies 
and transmits the binary information to the demodulator.

The demodulator is a zero crossing detector, pulse generator and integrator which 
provides serial binary base band signals at its output. The output signals are reproductions 
of the modulator input signals modified by distortion effects of the telephone facility and 
mod-demod process.

For the tests a level of —6 dbm at the transmitting terminal was selected in order to 
meet established criteria for interference and overloading. Means were provided to reduce. 
the output level in discrete steps so that relationships between error rate and transmitting 
level might be determined.

Based upon previous studies and experience it was determined that the most satisfactory 
operating region was likely to be centred somewhere between 1200 and 1800 cycles and 
that, at least initially, a speed of 600 bits per sec. should be used for these tests. Provision 
was made to operate the data terminals at three pairs of mark-space frequencies: 900 (M)— 
1400 (S), 1400 (M)— 1900 (S) and 1100 (M)— 1900 (S).

Information gathered during the early part of the programme indicated that sufficient 
margin was available to permit increasing the speed if the effect of amplitude and delay 
distortion could be reduced. Compromise amplitude and delay equalizers were designed 
and the latter part of the programme was carried out using a speed of 1200 bits per sec. with 
mark-space frequency pairs of 1100 (M)—2100(S), 1200 (M)—2200 (S), and 1300 (M)— 
2300 (S).

In order to accommodate the increased frequency spectrum the digital subject was 
modified with a more optimum band-pass filter and integrating filter.

Error-rate information was taken at 600 bits per sec. using the 900 (M)— 1400 (S) 
frequency pair. At 1200 bits per sec. the 1100 (M)—2100 (S) pair was used. The three
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frequency pairs at each speed were used to determine the best operating region for each 
connection. This was done by measuring maximum repetitive jitter in the transitions of 
the 30-bit word binary signal as received at the output of the demodulator. Jitter is the
total variation in time of the binary transitions from what they should be. The timing
standard is supplied by the receiving clock. The peak jitter may be expressed in terms of
per. cent peak distortion in accordance with the following:

Max variation in transition time
Per cent distortion =  ------------ :-------    X 100

time of two bits

(The maximum possible distortion is 50%.)
The per cent peak distortion (repetitive jitter) was used as the criterion for determining 

the best pair of operating frequencies.
The following paragraphs discuss the effect of present telephone facility transmission 

characteristics on binary data signals and summarizes the results of some of the basic 
transmission measurements that were made during the field testing programme.

IV. Basic transmission characteristics

A. General.

Nyquist theorizes that a channel should be capable of transmitting binary digital 
information at a rate numerically equal to twice the channel bandwidth, e.g., 6000 bits 
per second, assuming a bandwidth of 3000 c/s. This requires a channel having flat 
loss and no delay distortion within the pass-band and infinite loss outside — conditions 
not met by the switched telephone network. Telephone bandwidths have been designed 
to accommodate speech frequencies from about 300 c/s to about 3300 c/s. It is therefore 
necessary to translate the data signal spectrum into this nominal pass-band by such means 
as the FM  digital subset. If the resulting sidebands are transmitted symmetrically, the 
allowable bit speed is reduced by one-half.

Another factor limiting data speeds involves an effect of non-linear distortion. It is 
frequently called “ Kendall effect ” because its occurrence was first predicted by B. W. 
Kendall in connection with studies of telephoto transmission. Non-linear distortion 
results in second-order modulation products which may fall within the baseband spectrum 
of the data signal. If this overlaps the line signal, distortion will result. Therefore the 
lower portions of the telephone band cannot always be used efficiently and the frequency 
space available for the data signal is reduced.

Practically speaking, then, data speeds of binary signals on the switched telephone 
network are certainly less than 3000 bits/sec. Higher speeds may be achieved by other
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than binary systems. For a given speed the rate at which errors occur will depend on the 
method of modulation and transmission characteristics of the channel. The basic trans­
mission phenomena of interest are:

1. Effective channel bandwidth characterized by the attenuation and delay distortion
parameters of the telephone network — imposes an upper bound on transmission
speed and reduces the noise margin to error generation.

2. Circuit net loss affects signal-to-noise margins and hence margin to error.

3. Noise.

B .  Transmission characteristics o f  telephone plant.

The characteristics described herein represent the cumulative effects of the different 
transmission systems and switching equipment required to complete each particular con­
nection. Consider initially the effects of individual transmission and switching facilities.

The attenuation of typical non-loaded wire pairs is proportional to the square root 
of frequency within the voice band and only for short lengths is this distortion across

R E L A T I V E  E N V E L O P E  D E L A Y  
C A R R I E R  S Y S T E M S

FREQUENCY -  KILOCYCLES

F ig u r e  109
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the band tolerable. Cable pairs longer than about 3 miles are loaded at uniform intervals 
with inductance to reduce attenuation frequency distortion and the overall loss. With this 
added inductance the line looks like a low-pass filter and exhibits a cut-off. The cut-off 
of the loaded facility also introduces additional phase or delay distortion over the non­
loaded pair.

Carrier systems exhibit cut-offs both at high and low frequencies. Typical delay 
distortion characteristics for these systems are shown in Figure 109.

Because of multiple connections and cabling runs within switching offices, shunt 
capacitance is added to a switched connection. This of course has the greatest effect at 
the upper end of the voice band on both attenuation and delay characteristics. Associated 
with switching points are repeating coils, series capacitors and shunt inductors used for 
signalling and supervisory purposes. These have their greatest effect at low frequencies. 
Therefore, even if the transmission facilities are voice-frequency wire lines, switched con­
nections will show lower end cut-offs.

R E L A T I V E  A T T E N U A T I O N  C H A R A C T E R I S T I C  
O F  T E L E P H O N E  C I R C U I T S

FREQUENCY

F ig u r e  110
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At switching points a considerable amount of impulse noise is generated due to the 
switches themselves, relays, dialling pulses and the like. This noise is coupled in varying 
degrees, either directly or as cable crosstalk between pairs, to all channels switched by 
office.

1. Effective channel bandwidth.

It is convenient to consider attenuation and envelope delay distortions as occurring 
between two cut-off frequencies at which signal frequency components will be so severely 
attenuated by the transmission medium as to be relatively insignificant. For the purpose 
of this presentation, a 20 db bandwidth is defined as the interval between those frequencies 
at which the circuit loss is 20 db greater than the minimum loss of the circuit. The average 
20 db bandwidth is of the order of 3000 c/s. However, distortions to be described within 
this band are such that considerably less than 3000 c/s may be usable for data-transmission 
purposes. »

2. Attenuation distortion.

A careful examination of all the characteristics taken during the field measurement 
programme has revealed that, in general, the relative attenuation characteristics assume the 
form shown in Figure 110. That is, the circuit loss rises rapidly below f x c/s and above f z c/s, 
is relatively flat from //  c/s to / 2 c/s and rises linearly with frequency from / 2 c/s to / 3 c/s. 
These average frequencies and loss roll-offs are described below.

T a b l e  1

Roll-off below 
/ i f i h fz

Roll-off above
f z

db/octave c/s c/s c/s db/octave

Exchange ..................... 15 240 1100 3000 80
Long distance

Short h a u l ................ 24 300 1075 2950 90
Long h a u l ................. ' 27 280 1150 2850 80

For exchange calls sharp lower rolhoffs are not to be expected on the average since 
many such connections are short, use voice facilities and cut-off only because of the signalling 
and supervisory networks. Some longer calls use carrier facilities showing a sharper cut-off. 
Long-distance calls, in particular, use single carrier systems extensively so that the average 
lower roll-off is fairly sharp.

The upper end roll-offs are much sharper for all classes of calls because of the combined 
effects of carrier systems and inductively loaded cable pairs.
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Since data signals in most cases tend to be placed in the band from 1000 c/s to 2600 c/s, 
it is particularly desirable to describe the linear portion of the relative loss curve between 
these two frequencies. Figure 111 is a plot of cumulative distributions for the loss differences 
between 1000 c/s and 2600 c/s for the three classes of calls. Note that, on the average, 
this difference is about 8 db but that, in about 5% of the cases, 15 db is exceeded. In 
general, long-distance connections show greater slopes as a result, in part, of-the shunt 
capacitance added by the switching points. Exchange calls usually are switched only 
twice whereas long-distance calls may be switched at four or more points.

When transmitting at 1200 bits per second with the FM digital subset it was found 
advantageous to use an attenuation equalizer designed to compensate for a 4 db slope 
between 1100 c/s and 2100 c/s, the mark and space data frequencies respectively. Between 
1000 c/s and 2600 c/s this network equalized a loss slope of about 7 db.

D B  D I F F E R E N C E  B E T W E E N  I K C  A N D  2 . 6  K C  
P E R C E N T  O F  C I R C U I T S  H A V I N G  D B  D I F F E R E N C E  G R E A T E R  

T H A N  S H O W N  O N  H O R I Z O N T A L  S C A L E .

d b

F ig u r e  111
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3. Envelope delay distortion.

The ear is relatively insensitive to minor phase distortions so that the telephone message 
plant, designed for speech transmission, has not required the extremely low distortions 
demanded by data transmission. Since there is no reason to assume that the telephone 
network is minimum phase, knowledge of attenuation characteristics must be supplemented 
by a characterization of the phase variations. It is most practical to measure the derivative

of the phase with respect to frequency, , which has the dimension of time and isa co
referred to as envelope delay.

A V E R A G E  E N V E L O P E  D E L A Y  C H A R A C T E R I S T I C S

0 .2  0 .4  0 . 6  0 .8  1.0 1.2 1.4 1.6 1.8 2 . 0  2 . 2  2 . 4  2 .6  2 . 8  3 .0
FREQUENCY -  KILOCYCLES

F i g u r e  1 1 2

• Curves of envelope delay versus frequency tend to be concave upward as a result of the 
upper and lower cut-offs of the telephone network. Average envelope delay characteristics 
are plotted in Figure 112 for the three classes of calls with the minimum envelope delays 
normalized to zero. They were derived by drawing smooth curves through the following 
five points: the average frequency of minimum delay (FMD), the average upper and lower 
frequencies at which the envelope delay is 1.0 millisecond greater that the minimum, and 
the average upper and lower 0.5 millisecond frequencies.
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Three facts are noteworthy: (1) the average FM D is of the order of 1700 c/s, (2)' distor­
tion for exchange calls is less than for long-distance calls, and (3) all the curves appear 
to be fairly symmetrical about their respective FM D ’s.

It is mildly surprising that the exchange delay characteristics do not show more 
dissymmetry around an FM D somewhat lower than measured. Such a result is to be 
expected if the lower cut-off is determined by signalling and supervisory circuits. The 
explanation lies in the fact that almost 50 % of the exchange connections measured used 
carrier facilities with typically symmetrical delay curves. Deleting the data from calls 
using exchange carrier systems gives rise to the curves shown on Figure 113 which is some­
what more representative of wire line characteristics.

AVERAGE ENVELOPE DELAY CHARACTERISTICS 
EXCHANGE CALLS"CARRIER DELETED

0  0 .2  0 .4  0 .6  0 .8  1.0 1.2 1.4 1.6 1.8 2 .0  2 .2  2.4 2 .6  2 .8  3 .0

F R E Q U E N C Y - K I L O C Y C L E S  .

F ig u r e  113

Of interest are the variations from these average curves which are shown in Figures 
114 to 116. For each point used to draw the average characteristics described above, 
limits were found so that about 90% of the measured points fell within these limits. By 
systematically joining respective limit points, the plots in Figure 114 were derived. Careful



d a t a  t r a n s m i s s i o n : s u p p l e m e n t s 447

sampling of the actual data confirms that indeed approximately 90% of the measured 
curves fall within the shaded areas of the diagram even though the limit points were deter­
mined independently. Dotted lines indicate typical measured curves.

Note that all curves are tangent to the abscissa representing minimum delay (zero 
microsecond) at frequencies varying from 1200 c/s to 2000 c/s. More detailed informa­
tion on the variations of this frequency of minimum delay is shown in Figure 115.

E N V E L O P E  D E L A Y  D I S T O R T I O N  
L O C U S  O F  9 0 %  O F  C H A R A C T E R I S T I C S

F ig u r e  114
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F R E Q U E N C Y  O F  M I N I M U M  E N V E L O P E  D E L A Y  
P E R C E N T  O F  C I R C U I T S  H A V I N G  F R E Q U E N C Y  O F  M I N I M U M  D E L A Y  

G R E A T E R  T H A N  S H O W N  O N  H O R I Z O N T A L  S C A L E

F i g u r e 115

D E L A Y  B A N D W I D T H  0 . 5  M I L L I S E C O N D  
P E R C E N T  O F  C I R C U I T S  W I T H  0 . 5  M I L L I S E C O N D  D E L A Y  B A N D W I D T H  

G R E A T E R  T H A N  S H O W N  O N  H O R I Z O N T A L  S C A L E

F i g u r e  116



Statistics on the delay distortion at the band edges is presented in Figures 116 and 117 
in terms of 0.5 millisecond and 1.0 millisecond “ band widths ”. Delay bandwidth is here 
defined as the difference between those frequencies at which the envelope delay distortion 
is 0.5 ms or 1.0 ms.
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D E L A Y  B A N D W I D T H  I M I L L I S E C O N D  
P E R C E N T  O F  C I R C U I T S  W I T H  I M I L L I S E C O N D  - D E L A Y  B A N D W I D T H  

G R E A T E R  T H A N  S H O W N  O N  H O R I Z O N T A L  S C A L E

F ig u r e  117

A comparison of the measured delay characteristics with the compromise delay 
equalizer used during the tests while transmitting at 1200 bits is made in Figure 118. The 
inverse of the equalizer characteristic is shown superposed on a diagram indicating the 
locus of 90 % of the delay curves including all three classes of calls. Hindsight indicates 
that lower frequencies probably would have been better equalized on the average had the 
compromise favoured those circuits utilizing carrier facilities.

29
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The combined effect of amplitude and delay distortion on the FM digital subset 
shows up as jitter on the transitions of the demodulated signal and can be described in 
term of peak distortion (repetitive jitter). Peak distortions of less than 20 % are considered 
quite acceptable. More than 99% of the calls met this 20% limit while transmitting 
at 600 bits at mark-space frequencies of 1400-1900 cycles. Although the percentage of 
calls exceeding the limit did not vary widely for the three frequency pairs used the overall 
distribution for the 1400-1900 cycles was considerably better. This was probably due to a 
better match of the resultant data spectrum to the average envelope delay characteristic. 
A correlation of peak distortion and error performance showed that the error statistics 
would not have been significantly changed if the 1400-1900 cycle frequency pair had been 
used in this test.

Upon changing to a speed of 1200 bits per second the measured peak distortion, 
without either attenuation or delay equalization, was beyond practical limits. After 
inserting the compromise equalizer, the jitter was considerably improved. Note that for 
pair (1100-2100 c/s) over 2 0 % of all calls exceeded the 2 0 % limit whereas for pairs (1200- 
2200 c/s) and (1300-2300 c/s) less than 10% of the calls exceeded the limit. Pair (1300- 
2300) shows the lowest distortion for two possible reasons: (1) these frequencies best match 
the average compromise equalized connection and (2) the number of carrier cycles per 
signal element is greatest for this pair.

E N V E L O P E  D E L A Y  D I S T O R T I O N  C H A R A C T E R I S T I C -  
A L L  C A L L S  L O C U S  O F  9 0 %  O F  A L L  C H A R A C T E R I S T I C S

10

O 0 .2  0 l4  0 6  0 .8  10 L2 1.4 1.6 1.8 2 .0  2.2 2 .4  2 .6  2 .8  3 .0  32
FREQUENCY-KC

F i g u r e  118
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4. Ripples in distortion characteristics.

The attenuation and delay characteristics described herein were derived by discounting 
ripples in the raw measured data. These ripples, mainly the result of echos (reflected 
energy), can be appreciable and must not be ignored. The source of echoes is varied and 
includes all points of impedance mismatch in bilateral circuits, and hybrid unbalance at the 
junction of 2-wire and 4-wire circuits. If multiple echoes exist, ripples in the attenuation 
and delay characteristics of the same circuit are not necessarily correlated. However, for 
each characteristic, the ripple period on a frequency scale tends to be inversely proportional 
to the electrical length of the path from the observer to the source of echo. That is, 
close-in echoes give rise to long sweeping ripples while remote echoes cause fine structure 
ripples.

Owing to increased reflected energy at the band edges, where impedances deteriorate, 
the ripple amplitudes tend to increase in these areas. In the main, the ripple in the ampli­
tude characteristic is significant (i.e., greater than one to two db) only above about 2000 c/s. 
For the most part the maximum ripple occurs in the frequency range of 2000-3000 cycles.

Both the amplitude and period of the ripples varies across the band, probably due to 
the existence of multiple echo points. Such variations are difficult if not impossible to 
describe statistically.

It has been pointed out that close-in echoes result in ripples in the transmission charac­
teristics which can be equalized whereas remote echoes cannot. The reason for this 
is that an individual transmitted pulse will be affected mainly by its own echo if the source 
of the echo is close-in, and can be equalized to eliminate this distortion. Remote echoes 
tend to affect subsequent transmitted pulses, and the effect is random for an information 
bearing train. Hence ripple equalization will not be effective in general.

6 . Noise.

Two types of noise are of interest in the telephone plant:

1) steady line noise, and

2) impulse noise.

Steady noise is important for its interfering effect on speech transmission. Impulse 
noise, characterized by relatively high peaks of short duration pulses, has the greatest 
effect on the transmission of pulses.

In general, steady noise is not of great importance in pulse transmission. Only 
about 1 % of all the calls exceed noise values of 40 dba. This is equivalent to an average 
of about -  42 dbm of white noise in a 3 kc/s band. In only about 5 % of the calls did the
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— 6 dbm data signal exceed losses of 26 db for a received level of — 32 dbm. Very few 
calls exhibited less than a 10 db average signal-to-noise ratio.

Impulse noise, on the other hand, frequently has peaks comparable to the received 
data signal level. The incidence of impulse noise tends to follow the traffic fluctuations 
in the switched network. That is, busy periods generate considerably more impulse bits 
than quiet periods. • In fact, in the field test about 40 % of the calls failed to show any 
impulse counts regardless of the measured level. This is to be expected in that calls were 
placed at random during both the busy and the quiet periods of the day.

The average number of impulse noise counts above given slice levels for 15 minutes 
measurement periods is plotted in Figure 119. This data gives a general indication of 
impulse noise conditions within the message plant even though it does not correlate well 
with error rates on the same calls. In many instances in which errors occurred, no impulse

A V E R A G E  I M P U L S E  N O I S E  C O U N T S  I N  1 5  M I N U T E S  A B O V E  L E V E L  
S H O W N  O N  V E R T I C A L  S C A L E

AVERAGE IMPULSE NOISE COUNTS' IN 15 MINUTES

F i g u r e  1 1 9
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noise was measured and vice versa. As a result the correlation of impulse noise and error 
generation was poor. Drop-outs and interruptions that do not show up as impulse 
noise counts limit the usefulness of noise measurements in predicting error performance 
on the switched message network.

The error performance actually experienced during the field testing programme is de­
scribed and discussed in the following paragraphs.

V. Error rates

The primary purpose of the investigation described herein was to provide statistics 
of the error rate and the time distribution of errors at bit rates which have a high probability 
o f success for transmission over any jacility between any two telephone stations in the United 
States. There would be little value in designing data systems which have such high bit 
rates that they would work on only half of the circuits encountered. We are interested 
in the performance at data rates where satisfactory transmission can be achieved bn 
practically all of the connections.

In order to obtain a better understanding of error rate as a function of transmitting 
level, some measurements were made at a number of levels. The bulk of the data, which 
includes the distribution of errors as a function of time, was collected with a transmission 
level of — 6 dbm at the sending station.

The method permits a computer to count the number of good bits between error bits 
and present the distribution of errors. This distribution is obtained in a printed output 
similar to that shown below, and is also available on cards and on magnetic tape which 
can then be used for later evaluation of various types of error control schemes or for more 
detailed analysis of error bursts.

Zeros Ones

25 226 1
222 866 . 1 

• 14 692 6
8 971 1

The. first column designated “ zeros ” is the number of good bits between errors. 
The second column designated “ ones ” is the number of errors. Thus, this printed output 
is interpreted as follows: 25 226 good bits were transmitted and then one error was encoun­
tered ; then 222 866 good bits were transmitted and another error was encountered, then 
14 692 good bits were transmitted and six consecutive errors were encountered, etc. This 
is the basic information from which various types of analysis have been made.

The particular distributions and relations presented herein have been selected on the 
basis of what is thought to be most significant in the planning of data-communication 
systems. The first statistic essential in the planning or evaluation of a data system is the 
cumulative distribution of average error rates.
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A. Average error rates at 600 bits per second.

Figures 120 to 123 indicate the probability of obtaining a circuit which produces 
an average error rate better than shown on the abscissae. These probabilities are shown 
for the three types of calls. It is at the receiving central office where the introduction of 
switching noise is most critical due to the lower level of the signal. Figure 120 indicates 
that 85 % of the exchange calls can handle 600 bits per second with an error rate of one bit 
in error for every 105 bits or more transmitted. A slightly lower percentage, 82%, of the 
short-haul calls performed as well, and 75 % of the long-haul circuits met this accuracy 
figure. On the average, exchange calls have less attenuation than short-haul or long-haul 
calls. Since all stations are transmitting at the same levels, this means that the signal- 
to-noise ratio at the receiving station is greater for the exchange calls.

In order to eliminate the effect of the higher losses on the longer connections, Figure 122 
compares error rates at a common receive level of —25 dbm. The transmitting levels 
were adjusted so” that at the receiving station line signals of — 25 dbm were received. 
Here the exchange calls and the short-haul calls are virtually the same, but on the long- 
haul calls, at the same receive level, the performance is somewhat inferior. This should 
be expected since on long circuits there is a greater probability of exposure to noise and 
interference.

E R R O R  R A T E  D I S T R I B U T I O N  S H O W N  B Y  C L A S S  O F  C A L L  
PERCENT OF CALLS HAVING AN AVERAGE ERROR RATE EQUAL 

TO OR B E T T E R  THAN SHOWN ON THE ABSCISSA

I.7SEC 17 SEC 170 SEC 1700 SEC
AVERAGE TIME BETWEEN BITS IN ERROR

F ig u r e  120
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E R R O R  R A T E  D I S T R I B U T I O N  S H O W N  B Y  C L A S S  O F  C A L L
PERCENT OF CALLS HAVING AN AVERAGE ERROR RATE EQUAL

I03 I04 I05 10®
BITS TRANSMITTED PER BIT IN ERROR 

0 .6 5  SEC 8 .5  SEC 8 5  SEC 85 0 S E C
AVERAGE TIME BETWEEN BITS IN ERROR ■

Figure 121

P E R C E N T  O F  C A L L S  H A V I N G  A V E R A G E  E R R O R  R A T E  
B E T T E R  T H A N  S H O W N  O N  A B S C I S S A

X -8 A R  OFFIC E RECEIVING, RECEIVE L E V E L -  2 5  db

BITS TRANSMITTED PER BIT IN ERROR
1.7 SEC 17 SEC 170 SEC 1700  SEC

AVERAGE TIM E BETWEEN BITS IN ERROR

F ig u r e  122



Figure 123 indicates the change in error rate distribution as the transmitting level is 
reduced in 5-db steps. Note that if the transmitting level is lowered from — 6 dbm to — 11 
dbm the error rate is approximately doubled.
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V

L O N G  H A U L  T O L L  C A L L S  
PER CENT OF CIRCUITS WITH ERROR RATES B E TTER THAN 

SHOWN ON ABSCISSA AS TRANSMITTING LEV EL IS REDUCED

I03 I0 4 lO3 106
BITS TRANSM ITTED PER  BIT IN ERROR 

1.7 SEC 17 SEC 170 SEC 1 7 0 0  SEC
AVERAGE TIME B E T W E EN  ERRORS

F ig u r e  123

B. Average error rate at 1200 bits per second.

The curves on Figure 121 are plots of the results at 1200 bits per second for the various 
types of calls. They are shown on the same axis with the curve of all calls at 600 bits per 
second. Note that for a given per cent of the circuits the error rate at 1200 bits per second 
is two or three times greater than that for 600 bits per second. In other words, 70 % of 
the calls at 600 bits per second will produce an error rate better than about one error 
in 200 000 bits, but at 1200 bits per second 70% of the calls will produce an error rate 
better than one in 70 000 bits.

VII. Conclusion

The evaluation programme has demonstrated that speeds as high as 1200 bits per 
second with an FM mod-demod using a zero crossing detection system is entirely practicable 
on the regular switched telephone network. The error performance on the connections
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is variable depending upon a number of factors. In many cases, the probability of error 
in transmission may be so much lower than the probability of error from other sources 
that error control may not be necessary. When very high accuracy is required error 
control techniques can be used effectively.

Error detection and block retransmission methods appear necessary in order to obtain 
a high degree of accuracy on the long-distance transmission. Forward acting error- 
correcting codes may be used to improve the line efficiency when such methods are used.

It is possible to design around many of the data limiting characteristics of the network 
the compandors and echo suppressors, for example. The variability in circuit characteris­
tics can also be compensated for somewhat by corrective devices associated with either 
the data terminal equipment or in some cases the telephone channel itself. The compromise 
equalizers used for the 1200 bit per second tests are typical examples of what can be done 
in this direction.

For some applications, arrangements may be made to bypass certain facilities that 
limit the transmission of data signals. These may take the form of controlled access 
to the long-distance switching network or perhaps the use of only certain telephone facilities 
and offices in the data service offering. In any case, the final decision as to the engineering 
design will be determined by the overall economies.

WORKING GROUP 43: REPORT

(Extracts from contribution GT.43, No. 20, March 1960)

1. Consideration relating to the transmission characteristics o f connections set up over
telephone-type circuits by switching.

7.1. For data transmission the telephone subscriber will generally want to use the 
same equipment for local, trunk and international connections, so that local conditions will 
have to be taken into account as well as C.C.I.F. conditions for the international telephone 
service.

Useful data for designers will be, primarily:

— the usable bandwidth in difficult cases, and

— the maximum attenuation to be considered.

It will no doubt be the local conditions that impose the limits. Since the use of 
4-wire connections throughout would tend to a considerable improvement in data trans­
mission over telephone networks, the question arose of whether it might not be desirable 
to recommend the use of such connections. This raises the question of 4-wire switching 
systems which are being considered at present, but it does not seem that there will be 
a general practical solution of this question for a fairly long time.
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In the meantime, therefore, it can only be recommended that the existing 2-wire net­
works should be used, though this will mean a lower modulation rate.

The question of the compatibility of data transmission and signalling for switching 
purposes (particularly the signalling which is used once the call has been set up) will have 
to be examined very thoroughly; in Europe, at least in the international service conforming 
to C.C.I.F. Recommendations, 2040 and 2400 c/s are used for supervisory signals in 2-fre­
quency signalling systems, and 2280 c/s in 1-frequency signalling systems.

In their national services, however, Administrations use other frequencies. Tables I 
and II above (taken from the C.C.I.F. Green Book, Volume V) give some information on 
this subject. It should be noted further that other signals are sometimes used in inland 
services, for example, metering pulses.

The problem is thus rather complex. It has in fact two aspects: there is the question 
of the frequencies which, when they are used during data transmission may cause wrong 
signals and there is the question of possible interference to data transmission resulting from 
signalling or operation.

Administrations should therefore examine whether existing or projected signalling 
systems are compatible with the procedures expected for data transmissions.

7.4. Echo suppressors.

Echo suppressors present a problem on switched connections, though in the absence 
of echo suppressors, echoes may become a nuisance.

Companies which have already instituted a data-transmission service over the general 
telephone network in countries where echo suppressors are fairly common have chosen 
a signal to switch the echo suppressors before a data transmission begins. Echoes must 
obviously be taken into account in this case, but when they come back over the return 
channel, which is used only for acknowledging the receipt of blocks, they need not be a 
nuisance if the frequency spectrum of the wanted signals is markedly different from that 
of the echoes, or if an appropriate modulation system is used.

The attention of Administrations should be drawn to this point with respect to circuits 
equipped with echo suppressors and long circuits which are not equipped with suppressors. 
Information on the characteristics recommended by the C.C.I.F. for echo suppressors is 
to be found on pages 33 to 38 of the Green Book, Volume III bis.

7.5. Transmission time.

Transmission time is limited to 250 milliseconds in one direction by C.C.I.F. Recom­
mendations. Studies have already been made in connection with phototelegraph transmis­
sions and informations can be found in the contribution of the A.T.T. (See pages 445 
to 450.)

6 . Consideration on the data-transmission characteristics o f  point-to-point telephone circuits 
(not set up by switching).

6.1. Tests have been carried out on telephone circuits not set up by switching. The 
results of these tests are given in the contributions published in the Supplements.
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On telephone type circuits that meet C.C.I.F. Recommendations a general modulation 
rate of 1000 bauds is to be expected.

It appears that, with correction of the phase distortion, up to 2000 bauds is feasible. 
With specially designed circuits, which are far more expensive, 3000 bauds and over can 
be expected.

No general value has been given for the error rate when there is no protection against 
errors. In the most difficult cases, it seems to rise to as much as one in 103.

The method of electric modulation, the output level and the noise level have a very 
great effect on this error rate.

After a long discussion, it emerged that the possibilities of telephone type circuits 
for data transmission have not been studied as thoroughly as their possibilities for speech 
transmission.

It is essential to assemble data on this subject, which should enable a choice to be 
made of modulation speeds, electric modulation methods and the composition of channels, 
establishment of codes with error detection, length of blocks, etc.

SIEMENS & HALSKE: STATISTICS AND DETECTION OF ERRORS FOR 
PURPOSE OF DATA TRANSMISSION

(Extracts from  contribution GT.43, No. 3, September 1959)

The essential improvement of the transmission reliability on telegraph lines required 
for data-transmission purposes depends on the employment of apparatus designed to 
detect or correct errors. The basis for achieving an appropriate design of such apparatus 
is provided by measurements of the nature and rate of errors occurring on the lines.' This 
contribution presents provisional results of such a measurement conducted by Siemens 
& Halske A.G.

It must be assumed that data transmission will proceed partly over conventional 50-baud 
channels, and partly over channels operating at higher telegraph speeds, e.g. 500 bauds. 
In its Recommendation F.7 (Geneva, 1956), the C.C.I.T. recommended, for land-line 
communication circuits operated by 5-unit code start-stop apparatus, a maximum error 
rate of 3 : 105 equalling a minimum transmission reliability of 10s : 3 =  3.3 • 104, at the 
same time declaring that these figures merely represent a provisional standard. It is 
expected that a transmission reliability in the order of between 107 and 109 will have to be 
set as a standard for data transmission.

Measurement o f  errors on lines.

With this in mind, Siemens & Halske have started a series of systematic error measure­
ments. One of these involves the transmission of a 1000-signal test code on a point-to- 
point circuit between Berlin and Munich for approximately 4 hours per day. The per­
forated tape generated at the receiving location is evaluated in a special perforated-tape 
comparator in the following respects:
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3.1. Counting the total number of signals;

3.2. Counting the number of errors produced by unilateral (unipolar) errors within a
signal group, at the same time ascertaining the falsified signal elements having stop
and start polarities;

3.3. Counting the number of transposition errors within a signal group;

3.4. Counting the number of interruptions of more than 300 milliseconds’ duration.

The differentiation between errors as per 3.2 and 3.3 is an important concern, because 
many error-detection systems operating on simple principles are capable merely to detect 
the errors coming under 3.2 while other more complex systems are able to detect or correct 
a smaller or larger percentage of the errors of category 3.3.

- In the period from July 27 to September 11, 1959, with a total of 2.6 million signals 
transmitted, the following errors occurred:

— 56 errors of category 3.2, totalling 58 falsified start-polarity elements and 9 falsified 
stop-polarity elements;

— 2 errors coming under category 3.3;

— 6 extended line interruptions.

A certain model of error-detecting apparatus, which was to be tested in conjunction 
with these measurements, clearly detected all of the 56 errors as per category 3.2 and 
corrected them by way of repetition request signals* Also, one of the two errors coming 
under category 3.3. could be corrected in response to a repetition request signal, because 
the signal group affected contained further errors as per 3.2 which initiated the repetition 
process.

The only error not recognized was the second one of category 3.3.
Thus the insertion of an error detector enhanced the transmission reliability on this 

circuit from 2.6 * 106: 58 =  4.5 • 104 to the substantially higher value of 2.4 ■ 106. (The 
extended line interruptions have been disregarded in this example).

CHILE TELEPHONE COMPANY: CONSIDERATION OF VARIOUS 
REDUNDANCY ARRANGEMENTS

(Extracts from  contributions GT.43, No. 8, February 1960 and GT.43, No. 17, March 1960)

Redundancy can be employed to allow errors to be detected and corrected by one 
means or another.

The efficiency of a redundancy arrangement'is judged on three qualities: firstly, the 
liability for errors to remain undetected; secondly, the amount of hardware necessary; 
and, thirdly, the delays which may be produced in the processing or transmission of the 
data and redundancy.

Five different arrangements, A-E, have been considered, and these may be described 
as follows:
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A (row parity)

If it is considered that a block of 100 bits is transmitted in the order 1, 2, 3 ...........100,
then a typical row parity arrangement is achieved by making:

bit 10 dependent on bits 1—9, 
bit 20 dependent on bits 11— 19, etc.

B (two-column parity)

Considering a block of 100 bits as before, then a typical two-column parity arrange­
ment is given by making:

bit 96 dependent on bits 1, 11, 21, 31, 41, 51, 61, 71, 81, 91; and 6 , 16, 26, 36, 
4 6 ,5 6 ,6 6 ,7 6 ,8 6 ;

bit 97 dependent on bits 2 ........ 92; and 7 . . . 87
bit 98 dependent on bits 3 ........ 93; and 8 . . , 88
bit 99 dependent on bits 4 ........ 94; and 9 , 89
and bit 100 dependent on bits 5 . .  95; and 10 . ., 90.

C (one-column parity)

This arrangement is similar to B, except that the columns are not paired, bit 91 being 
dependent on bits 1, 11 ........ 81, and bits 92— 100 likewise on the remaining columns.

D (two-co-ordinate parity)

The first co-ordinate is taken as in B or C. The second co-ordinate is provided by 
taking, for example, a diagonal parity word. In such a case bit 10 might be the parity 
bit for the parity word comprising bits 19, 28, 37, 46, 55, 64, 73, 82, 91. Bit 9 would 
serve the parity word 18,27, 36,45, 54,63, 72, 81,100; and bits 1— 8 would serve correspond­
ing parity words.

E (binary digit parity)

Bits 1— 100 can be expressed in binary code, using not more than seven digits. Bits 1, 
2, 4, 8 , 16, 32 and 64 are used for these digits and are each dependent on the parity words 
with which they are associated:

The parity word for bit 1 is 3, 5, 1 ,9 , 11, 13 . . .  99.-
„ 2 is 3, 6 , 7, 10, 11, 14, 15, 18, 19 . . .  98, 99.
„ 4 is 5, 6 , 7, 12, 13, 14, 15, 20, 21, 22, 23 . . . etc.
„ 8 is 9 ,10,11,12,13 ,14 ,15 ,24 ,25 ,26 ,27 ,28 ,29 ,30 ,31  . . .  etc.
„ 16 is 17—31, 48—63, 80—95.
„ 32 is 33—63, 96— 100.
„ 64 is 65— 100.



464 DATA t r a n s m i s s i o n : s u p p l e m e n t s

It will be seen that, as in D, each data bit influences more than one parity bit (for 
example 0001101 (13) influences the parity words 8, 4 and 1). Unlike D, the number of 
parity bits influenced is not constant.

Redundancy percentages for the above arrangements, with different block sizes, are 
shown below. For the sake of simplicity, the redundancy percentage is quoted with 
reference to the complete block:

Block size Arrangement Bits of redundancy % of block

50 A 5 10
100 A 10 10
200 A 20 10
500 A 50 10

50 B 5 10
100 B 5 5
200 B 5 2.5
500 . B 5 1

50 C 10 20
100 c 10 10
200 C 10 5
500 C 10 2
50 D (incl. B) ■5 +  5 20

100 D (incl. B) 5 4-5 10
200 D (incl. B) 5 +  5 5
500 D (incl. B) 5 +  5 2

50 D (incl. C) 1 0 +  10 40
100 D (incl. C) 1 0 +  10 20
200 D (incl. C) 1 0 + 1 0 10
500 D (incl. C) 1 0 + 1 0 4

50 E 6 -12
100 E 7 7
200 E 8 4
500 E 9 1.8

The equipment needed for processing the redundancy is dependent on the number of 
redundant bits per block, whereas the time needed to transmit the redundancy is related 
to the redundancy percentage.

In considering the results quoted in the summary which follows, it should be observed 
that as regards redundancy arrangement A the number of undetected errors decreases 
as the block size increases. This is due to the fact that with the larger blocks there are 
more likely to be other errors which are detected and cause retransmission of the whole 
block including the undetected errors. Reference to the summary will show that the 
A arrangement is not acceptable for data transmission. It may be added that a constant- 
ratio code would introduce at least a 50 % reduction in undetected errors but would cause 
the redundancy percentage to become much larger.

The B arrangement is interesting as it offers a very low redundancy percentage with 
fewer undetected errors. As with the A arrangement, the undetected errors may be



covered by errors detected elsewhere. On the other hand, the larger the block the greater 
will be the chance of an even number of errors in a column.

The C arrangement, having more redundancy, should always show fewer undetected 
errors than the B arrangement. If the bits received erroneously are randomly distributed, 
it will be expected that the C arrangement will have rather less than half the undetected 
errors of the B arrangement. The B arrangement, and to a lesser extent the C arrangement, 
is liable to miss a group of errors in a block.

The D arrangement is very much safer than A, B and C because the two-co-ordinate 
check greatly reduces the probability o f an even number of errors within a block forming 
an undetectable combination.

No statistics have been collected for the E arrangement as this would necessitate recor­
ding all the errors in 7-digit binary numbers and carrying out parity checks which are 
cumbersome when the number of errors in a block is excessive.

Both the D and E arrangements are able to indicate which bit is wrong if only one 
error exists. However, the nature of switched telephone connections is such that in many 
cases the chance of having more than one error in a block is considerable, and there appears 
to be little justification for relying on correction without retransmission.

A schedule is included comparing the percentage of blocks received correctly with 
different levels and speeds of transmission.

In the schedule the undetected errors are shown in three columns. Those in the 
first column relate to tests at various speeds with a signal level of — 16 dbm at the first 
switching stage. Column 2 includes only case 7 tests having a full record at 1000 bits 
per second and these figures are also included in the totals in column 1. Column 3 shows 
results of tests with a signal level of — 23 dbm at the first switching stage and a speed of 
500 bits per second. These figures are not included in column 1. The programme used 
for collecting the statistics in column 3 did not include the calculation of results for 
Arrangement D.
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Summary o f statistics measured in respect to undetected errors

Speed of transmission: 250, 500, 1000 bits per second. 
Block sizes measured: 50, 100, 200, 500 bits.

1 2 3

Total number of blocks of 50 bits transmitted . . . 536222 219 360 523 610
Total number of errors . ' .................................................. 4 284 152 - 2310

Arrangement A.

Number of undetected errors in blocks of 50 bits . . 418 36 302
5 5 . 5 5  5 5 5 5 5 5 5 5 5 5 100 , , 278 36 244

900
9 9 9 9 ? 9  9 9 9 9 9 9 9 9 9 9 184 36 216

SftO
9 9 9 9 5 ?  9 ?  9 9 9 9 9 9 106 36 170

30
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Arrangement B. 1 2 3

Number of undetected errors in blocks of 50 bits . . . . 172 4 106
1 AA

9 9 9 9 9 9 9 9 9 9 9 9 9 9 A '-'V ? 9 • . 146 4 100
' 5 5 5 5 5 5 5 5 55  55  55  200 , , . . . 136 4 36
5 5 5 5 5 5 5 5 5 5 5 5 5 5 500 ,, . . . 144 4 52

Arrangement C.

Number of undetected errors in blocks of 50 bits . . . 78 0 34
100

9 9 9 9 9 9 9 9 9 9 9 9 9 9 L\J\J 74 0 , 36
55 55  55  55  55  55  55  200 ,, . . . 80 0 34

o o 80 0 18

Arrangement D (incl. B ).

Number of undetected errors in blocks of 50 bits . . . 6 0
55 55  55  55  55  55  5 5 1 00 , ,  . . . 8 0

9 0 09 9 9 9 9 9 9 9 9 9 9 9 ' 9 9  ,  . . . 14 0
55 55 55  55  55  55  55  500 ,, . . . .. 12 0

Arrangement D (incl. C).

Number of undetected errors in blocks of 50 bits . . . 0 0
100

99 99  99  99  99  99  99  1 9 9 . . . 0 0
55 55 55  55  55 55  55  200 ,, . . . 4 0
55 55 55  55  55  55  55  500 , ,  . . . 6 0

AMERICAN TELEPHONE AND TELEGRAPH COMPANY: ERROR
DISTRIBUTION AND ERROR CONTROL EVALUATION

(Extracts from  contribution GT.43, No. 13, February 1960)

A data-transmission system should be designed to provide for the optimum useful 
bits of information with the minimum cost. Cost includes the cost of data equipment 
such as the data-originating equipment, data-receiving equipment, cost of providing a 
communication channel, as well as the modulators and the demodulators. In many cases 
this resolves into the design for optimum line efficiency for a specified accuracy objective. 
Many studies have been made to relate this efficiency in terms of various error-correcting 
and error-detecting methods. Wood derives optimum block lengths for retransmission 
methods, and Brown and Meyers describe the efficiency of various error-control systems 
including forward acting codes as well as retransmission methods. However, in all these 
evaluations the probability of errors and the distribution of errors in time ’are fundamental 
in arriving at the proper solution. The selection of optimum codes and optimum block 
lengths in error-control schemes is a complex subject. The information contained in the 
statistics herein are provided to aid in the derivation of better control systems. However,
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the overall system concept for data transmission, including error control, should be
cognizant of the following considerations:

1) How serious is an error that is produced? Is error control necessary in view of the 
accuracy of the origin of the data or the final disposition of the data ?

2) Is the relationship of the line transmission cost to equipment cost including error 
control such that optimum line efficiency may not result in the most economical solu­
tion for the system?

3) Is the format of the data such that optimum blocking must be in terms of lines of 
characters, or numbers of cards where mechanical limitations are an important factor 
in the optimum arrangement ?

4) Is there storage and logic circuitry already provided in the system, such as in a com­
puter or in buffer storage or other data machines, which can also be used for error- 
control purposes ?

The above factors are functions of the data machinery and how it is employed. In 
addition, the functions of the transmission medium such as error probability, propagation 
time and turn-around time of echo suppressors must be considered to resolve the optimum 
data-transmission system. If it were not necessary to consider all these factors, then the 
error-control function could become a basic feature of the transmission medium. There­
fore, it is not the purpose of this paper to make an evaluation of the many specific error- 
control methods which have been proposed, but it is desired to provide the fundamental 
error distribution and indicate the relative orders of magnitude improvement that might be 
expected from the error-control schemes. The following curves are arranged to facilitate 
evaluation of optimum block lengths for retransmission methods, to evaluate error-detection 
schemes, and to evaluate forward acting single error and multiple error correction codes 
which include burst-correcting codes.

The error-rate distribution curves (Figures 120 to 123) describe the probability 
of getting an error per number of bits transmitted. An important statistic is the probability 
of getting succeeding errors within various time intervals after the first error, for it is the 
dependency of one error on another which must be considered in error detection or cor­
rection codes. If a cumulative distribution is made of the good bits between errors, a curve 
is obtained which shows the probability of getting an error as a function of time since the 
previous error. Figures 124 and 125 show these distributions for 600 bits per second and 
1200 bits per second, respectively. The results have been analysed and plotted for exchange 
type of calls, short-haul calls, long-haul calls, and another curve for all calls together.

These curves provide statistics which are useful in the planning and evaluation o f 
error-control schemes. For example, having experienced an error, the probability of 
having one or more good bits following that error before getting another error is 0.70 con­
sidering all types of calls. This means that the probability of having zero good bits which
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E R R O R - F R E E  T R A N S M I S S I O N  T I M E  B E T W E E N  S U C C E S S I V E  E R R O R S
PERCENT OF ERRORS HAVING AS MANY OR MORE E R R O R -FR EE 

BITS BETWEEN THEM AS SHOWN ON THE A B SC ISSA

BITS BETWEEN ERRORS

Figure 124

E R R O R - F R E E  T R A N S M IS S IO N  TIM E B ET W E EN  S U C C E S S IV E  E R R O R S

P E R C E N T  O F  E R R O R S  H A V I N G  A S  M A N Y  O R  M O R E  E R R O R - F R E E  
B I T S  B E T W E E N  T H E M  A S  S H O W N  O N  T H E  A B S C I S S A

F ig u r e  125



DATA t r a n s m i s s i o n : s u p p l e m e n t s 469

is the same as having two or more consecutive errors is 0.30. In other words, 30% of all 
errors are immediately followed by one or more errors. For 1200 bits per second the 
comparable figure is 0.74 which is approximately the same as the 0.70 for 600 bits per second. 
If there is particular interest in eight-bit characters, for example, on long-distance calls at 
600 bits per second the curve shows that approximately 40 % of the erroneous characters 
are likely to contain single bit errors because 4 or more good bits will follow the erroneous 
bit. This assumes that on the average the erroneous bit is in the middle of the character. 
However, this means that 60% of the erroneous characters will have more than one bit 
in error.

Each forward acting correction code, whether it be a Hamming code, a Hagelbarger 
code, or a square matrix code, is limited in the number of errors it can correct within a 
given number of total bits. Also some require that a period of error-free transmission 
exist for specific lengths of time between errors or bursts of errors in order to clear out the 
memory and logic of the circuitry and be ready for the next burst of errors. The number 
of correctible errors in a burst and the clear-out period required is a function of the redun­
dancy of the code and the amount of storage and logic provided in the system.

To define these bursts let us assume the sequence of good bits and error bits shown 
by zeros and ones below.

00001010000000001101010000001000100000

<-»• I I burst of 4

A burst is defined as a sequence of bits which starts with an error bit and extends 
for N  — 1 additional bits whether they be error bits or not, where N  is the length of the 
burst. For example, assume we are interested in burst sizes of length 4. The first bit 
in error and the next three bits following are considered as the burst. The succeeding 
burst of size 4 starts at the next error that occurs after the first burst and so on until the 
entire message is analysed by bursts of size 4, and the quantity of good bits between 
errors. Thus, in the illustration above, there are nine good bits between the first two 
bursts of 4, one good bit between the second and third bursts, six good bits between 
the third and fourth bursts, and three good bits between the fourth and fifth bursts. The 
number of good bits between bursts as illustrated, is counted from the last error in one burst 
to the beginning of the next burst. The density of the burst is the ratio of error bits in a 
burst to total bits. For example in the illustration, out of a total of four bits in the first 
burst, two of them are in error, and the density is 50%. Whereas, in the second burst 
three bits are in error, and the density is 75 %.

An analysis of the 600-bit-per-second transmission and the 1200-bit-per-second trans­
mission on this basis is described in Figures 126 to 133. A range of burst sizes from 
bursts of 1 which facilitate the evaluation of single-error-correction codes to bursts of 20 
are shown. This range is provided because it is felt that burst-correcting codes for larger 
bursts than 20 become quite complex and would be of such high cost that there would 
be little application for such systems. , The curves are shown for all calls, and for only
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the exchange calls. This shows how the effectiveness of error-correcting schemes may vary 
for different types of calls. To illustrate the improvement that can be expected from a 
Hagelbarger code which is designed for correcting bursts of 8 bits in duration, and which 
requires a clear-out interval of 26 bits between bursts, an approximation is made. Such 
a code, would have a redundancy of 50 %. In Figure 126,69 % of the bursts for bursts length 8 
have 26 or more good bits between them. This means these are correctible bursts. If it is 
assumed that the uncorrected bursts have the same error density as the corrected bursts,

E R R O R - F R E E  TRANSMISSION TIME BET W E EN  SUCCESSIVE 
BURSTS OF VARIOUS SIZES 

PERCENT OF BURSTS HAVING AS MANY OR MORE ERROR-FREE 
BITS BETWEEN THEM AS SHOWN ON THE ABSCISSA

Figure 126

namely that shown by Figure 127, then an improvement or reduction in average error rate 
of about 3.2 to 1 can be expected. The only reason why this is an approximation rather 
than an exact evaluation is because of the previous stated assumption regarding density 
of uncorrectible bursts and also because the coding scheme may introduce additional 
errors when the bursts are too close. For exchange calls, based on the information shown 
in Figure 128 approximately 96.5 % of the bursts are correctible by an 8-bit-burst correcting 
code with 50% redundancy which should result in an improvement of about 28 to 1. 
This is because on exchange calls there are fewer uncorrectible bursts, since there are fewer 
bursts which extent beyond 8 bits and fewer bursts which are closer together than 26 bits. 
It is interesting to note that if an evaluation is made of a single-error-correcting code which 
requires, say, 10 good bits between errors (a Hamming code would accomplish this),
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then it is found that on these exchange calls the single-bit errors predominate to such an 
extent that a substantial amount of the improvement made with a 8-bit-burst-correcting 
code could have been made with a single-error-correcting code.

D E N S I T Y  O F  G O O D  B I T S  W I T H I N  B U R S T S
PERCENT OF GOOD BITS WITHIN BURSTS PLOTTED AS A FUNCTION 

OF THE PERCENT OF THE BURSTS OF VARIOUS SIZES

PERCENT OF BURSTS

F i g u r e  127

Now examine all calls to explore the amount of improvement that may be expected 
by increasing the error-correcting capabilities from 8 bits to 20 bits. This means that for 
the same redundancy that clear-out interval must be extended from 26 bits to 62 bits. 
The curves indicate that there is very little additional improvement. Figure 126 shows that 
the 20-bit bursts with a clear-out interval of 62 bits represent 79 % of the total burst instead 
of 69 %. Therefore, very little advantage is obtained compared with the increased circuit 
complexity that must be provided. These bursts may seem long for data transmission 
since they may affect many bits, but for speech the circuits are very satisfactory and such 
interruptions are rarely noticeable.

Information is provided for determining the effectiveness of these codes for different 
types of calls. However, the relative value of these coding schemes can better be illustrated 
on cumulative error-rate distribution curves. A computer was programmed to correct
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ERROR-FREE TRANSMISSION TIME BETWEEN SUCCESSIVE BURSTS OF VARIOUS SIZES 
PERCENT OF BURSTS HAVING AS MANY OR MORE ERROR-FREE 

BITS BETWEEN THEM AS SHOWN ON THE ABSCISSA

Figure 128

DENSITY OF GOOD BITS WITHIN BURSTS
P E R C E N T  O F  G O O D  BIT S WITHIN B U R S T S  P L O T T E D  A S A FU NC TI ON  

O F  T H E  P E R C E N T  O F  T H E  B U R S T S  O F  VARIOUS S I Z E S
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ERROR FREE TRANSMISION TIME BETWEEN SUCCESSIVE BURSTS OF VARIOUS SIZES 
P E R  CENT OF B U R ST S HAVING A S MANY OR MORE E R R O R -F R E E  B IT S  BETW EEN THEM A S SHOWN

ON TH E A B S C ISSA
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D E N S I T Y  O F  G O O D  B I T S  W I T H I N  B U R S T S
P E R C E N T  O F G O OD B IT S  W ITHIN B U R ST S PL O T T E D  A S A FU NCTIO N 

O F  TH E P E R C E N T  O F  THE B U R S T S  O F V A R IO U S S IZ E S
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E R R O R - F R E E  TRANSMISSION TIME BETWEEN SUCCESSIVE 
BURSTS OF VARIOUS S IZ E S  

PERCENT OF BURSTS HAVING AS MANY OR MORE ERROR-FREE 
BITS BETWEEN THEM AS SHOWN ON THE ABSCISSA

Figure 132

D E N S I T Y  O F  G O O D  B I T S  W I T H I N  B U R S T S
PERCENT OF GOOD BITS WITHIN BURSTS PLOTTED AS A FUNCTION 

OF THE PERCENT OF THE BURSTS OF VARIOUS SIZES

0  10 2 0  3 0  4 0  5 0  6 0  7 0  8 0  9 0
PERCENT OF BURSTS

F i g u r e  1 3 3



those errors which were single errors with more than 10 good bits between them and also 
was programmed to correct those bursts which did not exceed 8 bits in duration and which 
had at least 26 good bits between them. These values were chosen since they are thought
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E R R O R  R A T E  D I S T R I B U T I O N  
show n for  no correction , sin gle  er r o r  correction and  erro r  burst  correction

PERCENT OF CALLS HAVING AN AVERAGE ERROR RATE EQUAL TO OR BETTER 
THAN SHOWN ON ABSCISSA

100

80

(ft
wJ

o  6 0
LuO
t-2
w 4 0oa:Lda

20

NOTE
SINGLE ERROR CORRECTION APPROXIMATES 
A CODE HAVING 60%  EFFICIENCY REQUIRING 
10 GOOD BITS BETWEEN ERRORS

BURST CORRECTION APPROXIMATES A CODE 
HAVING 50%  EFFICIENCY WHICH IS CAPABLE 
OF CORRECTING BURSTS UP TO 8 ERRORS 
WITH 26 OR MORE GOOD BITS BETWEEN 
BURSTS

NO ERROR- 
CORRECTION

ALL CALLS(5 3 7 )  
600 BITS/SEC

10° 10* 10s 
BITS TRANSMITTED PER BIT IN ERROR 

1.7 SEC. 17 SEC. 170 SEC.
AVERAGE TIME BETWEEN BITS IN ERROR

F ig u r e 134

to represent coding systems which can be implemented with relative ease and illustrate 
order of magnitude improvements that might be expected. The cumulative distributions 
of uncorrectible errors are shown in Figures 134 and 135 for speeds of 600 bits per second, 
and 1200 bits per second, respectively. Also, plotted on the same axes are the identical 
curves which are distributions for these calls without error correction of any type. Thus, 
it is shown that at 600 bits per second 80 % of the circuits achieve an error rate better than 
1 error in more than 100 000 bits without any error correction. With single-error-correc­
tion, 85% of the circuits perform this well, and with burst correction the percentage is



476 d a t a  t r a n s m i s s io n : s u p p l e m e n t s

increased to 91 %. It is necessary to keep in mind that, with error correction, redundancy 
is added and in the case of burst correction 50% of the bits are check bits. Therefore, 
a comparison is made of 1 in 105 bits with no correction, to 1 in 1.7 x 105 bits with single 
error correction, and 1 in 2 x 105 bits with burst correction.

E R R O R  R A T E  D I S T R I B U T I O N
SHOWN FOR NO CORRECTION, SINGLE ERROR CORRECTION AND ERROR BURST CORRECTION 

PER CENT OF CALLS HAVING AN AVERAGE ERROR RATE 
EOUAL TO OR BETTER THAN SHOWN ON ABSCISSA

io o  ' ' r

n o t e :
SINGLE ERROR CORRECTION 
APPROXIMATES A CODE HAVING 
6 0 %  EFFICIENCY REQUIRING 10 
COOD BITS BETWEEN ERRORS

BURST CORRECTION APPROXIMATES 
A CODE HAVING 5 0 %  EFFICIENCY 
WHICH IS CAPABLE OF CORRECTING 
BURSTS UP TO 8 ERRORS WITH 
26  OR MORE GOOD BITS BETWEEN 
BURSTS

20

Z .N O  ERROR 
CORRECTION

103 
0 .8 3  SEC

I04 I05
BITS TRANSMITTED PER BIT IN ERROR 

8.3 SEC 83  SEC
AVERAGE TIME BETWEEN BITS IN ERRORS

8 3 0 0  SEC

F i g u r e  135

At 1200 bits per second, the improvement in performance with single-error correction 
and burst correction is somewhat better than at 600 bits per second. Actually, the addition 
of error control tends to make the performance at 600 and 1200 bits per second very close. 
For example, at 600 bits per second with burst correction, 94 % of the circuits produce an 
error rate better than 1 bit per 50 000 transmitted. At 1200 bits with the same error 
control, 90 % of the circuits gave the same performance. These two sets of curves on Figures 
134 and 135 are for all calls made in the investigation, and therefore included exchange, 
short-haul and long-haul connections. It is emphasized that if such curves were shown for 
only exchange calls the improvement would be greater, whereas if they were shown for only 
long-haul calls the improvement would be less.

These error statistics indicate that where a high degree of accuracy is required, re­
transmission of data is also required. Forward-acting error-correcting codes by themselves 
do not at present appear to be the complete solution. Undoubtedly, progress will be 
made in the direction of achieving large volumes of storage at low cost which will facilitate 
more economical design of forward-acting error-control schemes. Also, as new trans­
mission systems are developed and improvements are made to existing systems, the pro­
bability of large bursts of errors will be reduced.



The previous curves have provided the information necessary to aid in making decisions 
as to whether error control is necessary and what type is most effective. If retransmission 
is necessary the question then arises as to the optimum block length. An important factor
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p r o b a b i l i t y  o f  e r r o r - f r e e  t r a n s m i s s i o n
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adding to the complexity of this problem is the turn-around of the echo suppressors, the 
propagation time, and the physical and electrical design of the data input and output 
machinery. Retransmission methods can cover a vast range of possibilities. For example, 
one method might be to send blocks of data of just a few bits in duration three times
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consecutively and to take the best two out of three. Another scheme which might represent 
the opposite extreme would be to transmit entire messages, say 10 minutes duration, and 
when an error is encountered to retransmit the whole message over again. To evaluate the 
effectiveness of these schemes it is necessary to know the probability of error-free transmis­
sion as a function of message length. Also, if this latter scheme were used with single-error 
correction so that retransmission was not required on the single errors, but was only 
required on the long bursts, this method of error control might be considerably more 
promising.

PROBABILITY o f  e r r o r - f r e e  t r a n s m i s s i o n
SHOWN FOR NO CORRECTION. SINGLE ERROR CORRECTION AND ERROR BURST CORRECTION 

PROBABILITY OF TRANSMITTING AS MANY OR MORE ERROR-FREE BITS AS SHOWN ON ABSCISSA
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HAVING 60%  EFFICIENCY AND 
REQUIRING 10 GOOD BITS 
BETWEEN ERRORS

BURST CORRECTION 
APPROXIMATES A CODE 
HAVING 50%  EFFICIENCY WHICH 
IS CAPABLE OF CORRECTING BURSTS 

-  UP TO 8 ERRORS WITH 26 OR MORE 
GOOD BITS BETWEEN BURSTS

I03| | I04 ' 1105
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ERROR-FREE TIME-BITS
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Figure 137

Figures 136 and 137 describe the probability of error-free transmission for no-error 
correction, single-error correction, and 8-bit burst correction. Because of the vast time 
scales which may be of interest for error control purposes the curves are plotted on two 
different scales. The probability scale on the left permits accurate evaluation for message 
lengths of less than 1000 bits and the scale on the right is used for longer message lengths. 
These curves are shown for both 600 bits per second tests and 1200 bits per second tests.

For example, Figure 136 indicates that with 1000 bit blocks at 600 bits per second with 
no error connection the probability of error-free transmission is 0.993. With single-error 
correction this probability increases to 0.9984 and with burst correction this probability 
further increases to 0.9988. Thus, it is quite obvious that in this application there is very 
little advantage in forward-acting error-correction codes. A forward-acting error-control 
scheme may not by itself appear very promising when it provides for a reduction in error 
rate by a factor, say, of 5 to 1. But if this error-correction scheme is used along with a 
retransmission method and the forward-acting code reduces the number of retransmissions, 
then this code may have proved itself by increasing the efficiency in the use of the telephone



circuit. Many more interesting examples of error control could be discussed on the basis 
of these curves, but the objective herein is to illustrate the engineering value of the statistics 
and to let individual ingenuity go to work.
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N. V. PH ILIPS TELECOMMUNICATION INDUSTRY: SOM E REFLECTIONS ON 

OPTIM UM  BLOCK LENGTH, TRANSMISSION EFFICIENCY, NON-DETECTABLE 

ERRORS AND ERROR BURSTS IN CONNECTION W ITH THE USE OF PARITY

CHECK CODES

( Contribution GT.43, No. 15, March 1960)

1. Introduction

The application of data transmission to telephone lines requires a protecting code 
against disturbances.

Such a protecting code may be designed either to detect or to correct errors. An error- 
correcting code has the advantage that transmission has to take place only once, but the 
disadvantage is that the correction of a few errors necessitates a high redundancy in the 
number of bits to be transmitted as well as complicated coding and decoding equipment.

As the maximum number of errors to be corrected has to be determined beforehand, 
there will naturally remain a small probability of non-corrigible errors. Therefore a 
compromise must be found between this probability and the bit redundancy which reduces 
the effective transmission rate. The drawbacks of this theoretically attractive code will 
carry full weight in practice, and an error-detecting code will usually be preferred for data 
transmission. Such a code requires less complicated equipment and permits a much lower 
bit redundancy. On the other hand it involves a certain time redundancy, which is necessary 
for detecting and asking for repeat of wrong characters or blocks. The possibility of 
asking for repeat implies furthermore that characters or blocks have to be temporarily 
stored in memories.

The error-correcting codes are on the principle of parity checking. This is usually 
done in the form of parity checking in a character, known as vertical parity check. When a 
number of characters are combined into a block (also called matrix), one may add to 
such a block one or more parity check characters which, individually or in combination, 
check all the corresponding bits of the characters in the block for parity. This is known 
as horizontal (single or multiple) parity checking.

Also well known is a combination of vertical and single horizontal parity checks. 
The use of this detection code in data transmission will be considered in the following 
paragraphs.

Table of figure 138 lists a number of parity check codes.
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C a t e g o r i e . Exemples Examples
Nombre
Number O b s e r v a t i o n s N o tes

C o n t r o l e  p a r  
p a r i t e  i n t n n -  
seq u e

I n t r i n s i c a l  
p a r i  ty  
check

co de " 2 ( 3 )  s u r  5" 
code  "3 s u r  6" 
code  " 3 ( 4 )  s u r  7" 
code  ''4 s u r  8" 
code " t o u s  l e s  p a i r s  
(ou im p a i r s )  s u r  n"

" 2 ( 3 )  o u t  o f  5"  code 
"3  o u t  o f  6'* :ode 
" 3 ( 4 )  ou t  o f  7" code 
” 4 o u t  o f  8"  code 
"A l l  even (od d )  ou t  

o f  n" code

10
20
35
70

->n-l

C o n t r o l e  de  l a  p a r i t e  
de chaque  c a r a c t e r e  
a s s u r e  au to m a t iq u em e n t  
p a r  l e  c h o ix  du cod e .

P a r i t y  p e r  
c h a r a c t e r  
a u t o m a t i c a l l y  
e n s u r e d  by 
c h o i c e  o f  
code

I I a )  c o n t r o l e  
p a r  p a r i t e  
v e r t i c a l

b) c o n t r o l e  
p a r  p a r i t e  
h o r i z o n t a l

a )  V e r t i c a l  
p a r i t y  
check

b )  H o r i z o n t a l  
p a r i t y  check

/ A/ / AAAAA AAAA

, n - l Correspond  a 
" t o u s  l e s  p a i r s  (ou 
im p a i r s )  s u r  n"

C o r r e s p o n d s  t o  
" a l l  even  (o d d )  
o u t  o f  n"

I I I a)  c o n t r o l e  
p a r  p a n t e  
m ix te  v e r ­
t i c a l  e t  
h o r i z o n t a l

b)  c o n t r o l e  
p a r  p a r i t e  
h o r i z o n t a l  
m u l t i p l e

c )  c o n t r o l e  
p a r  p a r i t e  
h o r i z o n t a l  
m u l t i p l e  
s c i n d e

a )  Combined 
v e r t i c a l  and 
h o r i z o n t a l . 
p a r i t y  check

b )  M u l t i p l e  
h o r i z o n t a l  
p a r i t y  check

c )  S p l i t - u p  
mul t i p l e  
h o r i z o n t a l  
p a r i t y  ch eck

I
A AAA A A AA AA A AA A?

Combinais on  de  I l a  

e t  de  l i b
Co m b in a t io n  
o f  I l a  and  l i b

Far exemple,  E . g .  one p a r i t y
un c a r a c t e r e  s e r v a n t  ch e c k  c h a r a c t e r  
au c o n t r o l e  de tou s  f o r  a l l  even 
l e s  c a r a c t e r e s  p a i r s ,  c h a r a c t e r s  and  one  
e t  un a u tr e  Dour tou s  f o r  a l l  odd ones  
l e s  c a r a c t e r e s  im pair s

Peut r e m p la c e r  I l i a
" S u b s t i t u t e "  
f o r  I l i a
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Since the number of bits per character is completely dependent on the number of 
different characters to be transmitted, the dimensions of a block are determined only by the 
number of characters one wants to transmit successively. The “ length ” of the block can 
thus be matched to the disturbance pattern of the transmission line; the most favourable 
value will be called optimum block length. Let M  be the number of different characters 
needed for data transmission. Each character may then be represented in the binary 
system by m  bits, with the condition that:

2m ^  M

It is evident that coding redundancy will occur if M  deviates from  a whole power of 2, 
as the information content of M  (equally probable) different characters is log2 M . This 
coding redundancy:

R ,  =
m

log M

will be left out of the discussion, as the transmission aspect has nothing to do with it. 
(The coding is an a priori condition.) It may be interesting to note, however, that in the 
class “ Intrinsical parity check ” the coding redundancy R c absorbs the bit redundancy Rb. 
When all possible characters are indeed used the values of R c for the examples given will 
be successively:

1.50; 1.39; 1.36; 1.30;
1

Let us now restrict the discussion again to class I lia  and forget about R c. 
optimum block length of /, we have a bit redundancy Rb:

For an

where the factor

R *
■ (m +  1) x / n x /

m (l  — 1) (n — 1)(/ — 1)

m + 1 n
m n — 1

predominates.

For n =  8 and / =  30 to 200, we have Rb included between

1.18 to 1.15.

The parity check code has a transmission efficiency which is inversely proportional to 
the product of bit and time redundancy, viz.

E =
100 

R b' Rt

31
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If Rt is of the same order as Rb, E  will vary from about 50 % to a maximum of 80 %.

from errors, for the disturbed bits may be distributed through the block in such a manner

at least two characters are absolutely wrong. It is necessary, therefore, to determine the 
error probability of non-detectable combinations. While this is desirable for a disturbance 
pattern consisting of mutually independent errors, it becomes a necessity in the case of 
error bursts prolonged disturbances involving several successive bits (even up to 20 bits 
at a transmission rate of 1000 bauds).

When quantities have to be numerically calculated for illustration in the following 
paragraphs, calculations will be based on a transmission rate of 1000 bauds.

2. Optimum block length and time redundancy.

The average transmission time for a block, of N  =  nl' bits at a transmission rate of 
C bauds, a delay of tw sec. and a mean error probability pb is

Although pb and tw are not entirely independent of /', it will be permissible to make 
this assumption for a first approximation. In addition, we see that

so that we may approximate the minimum value of tb as a function of /' with the aid of 
the expression

Finally we have to consider that a parity check code will not afford complete protection

that the detection device will approve the block on the grounds of the parity check while

tb = (—  +  tw) (1 +  pb • n • /') for pbnV < 1 .

nl'

from which it follows that the optimum block length I is defined by :

For tb we may thus write:

For error-free transmission we ‘may postulate:
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The time redundancy is:

Pt — 1 +  2 yfpb C tw

The term Ctw expresses the delay in bits.
Consequently, both the total number of bits per optimum block N  =  nl and Rt are 

functions of p b and Ctw. A simple graphical representation is obtained if log Ctw is plotted 
against log pb, with N  and Rt being used as parameters (Fig. 139).

If, for instance, an optimum block length of 1000 bits (transmission time =  1 sec.) 
is required, p b will directly determine the value of R t. Thus p b =  10-4 gives a value of 
R t — 1.2 and a consequent delay of Ctw = 1 0 0  bits.

Since Rb =  1.15 for a block of 1000 bits, the efficiency under such conditions will 
be E  =  72.5%.

Whereas the variations of Rb are only small, those of Rt may be considerably greater. 
However, a lower limit for E of, say, 50% will restrict R t to a maximum of 1.7.

3. Independent errors.

If p  is the average probability of an error, the probability of x errors occurring in a 
block of N  bits will b e :

px = CNx -px - ( l ~ p ) N- x .

When combined vertical and horizontal parity checking is employed the probability 
of detected errors in the block will b e :

P  =  P i  +  P2 +  Ps  +  P a (1 ~ P a) +  Ps  +  Pe  (1 ~  Pe )  +  •••



and the probability of non-detectable error combinations'. .

P' =  p A ‘ P4 +  Pe  ' P e  +  •••

where *
C n  / n  1 / - i  n s~,2 >— — 2

2  * ' - / 2  ,  ' ^ 2  * ^ 1  ’ W  * ^ 3
P4 =  " 7 F -  and  Pe =  -------------7 S --------

The terms p 8, p l0, etc., may be neglected; even the term p 6 p 6 contributes hardly
anything to P'.

For n =  8 and N  — 1000 (which means 1 =  125) we have:

pA =  5.25 x 10- 6 etp6 =  5.85 x 10-8

Both p A and p 6 are very much less than 1, so that P  can be calculated from:

P = 1 -  p0 = 1 -  (1 -  p)N

Table II gives some values of P as a function of p  for N  — 1000.
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T a b l e  II

p p

0.001
0.0005
0.0001
0.00005
0.00001

0.63272
0.39326
0.09427
0.04830
0.00985

P  directly determines the value of p b from paragraph 2, for P =  p bnl =  PbN.
The smaller the value of p  and the higher the value of N, the more p b will approach p. 
For p  =  10-4 and N  — 1000 we have pb — 0.94 x  10“4, the deviation being only 6 %.

Some values of P ’ are given in Table III.

T a b l e  III

p P i P o p '

0.001 1.53 x 10-2 5.0 x 10-4 8.0 x 10-8
0.0005 1.57 x 10-3 1.3 x 10-5 8.3 x 10-9

It is seen that P' is already very small for relatively high values of p; the order of 
10-7 to 10'8 is acceptable for data transmission.



DATA t r a n s m i s s i o n : s u p p l e m e n t s 485

4. Error bursts (dependent errors),

The term “ error burst ” is used for a prolonged disturbance extending over several 
successive bits. An error burst has a length o f  e if bits i +  1 and i +  e as well as any 
number of the intermediate bits (/ +  2 to i +  e —) are wrong. The combined vertical 
and horizontal parity check will fully detect any error burst having a length of e 5S n +  1. 
Non-detectable combinations will occur only for e > n +  1; under these conditions the 
detection device may completely fail to recognize considerable disturbances covering 2 to 
4 characters. For n =  8 , all error bursts with e >  9 are therefore dangerous. If p e is 
the probability of an error burst having a length of e, and Pe is the corresponding proba­
bility of non-detectable errors, we have for n —

P ’10 =  34.2 X 10“4 X p xo 

P'n 13.3 X 10-4 X p n

13.4 X  F T 4 X P l 2

P'x3 =  12.2 X 1 0 “4 X PX3

P ’14_ =  11.0 x  10-4 x  P14

P'15 = 9 .8  x  10-4 x  pxs 
P'16 =  8.5 X 10“4 X p x 6  

P'17 =  7.3 X 10“4 X p x i  

P[8 = 7 .0  X 10-4 X p x s  

P[9 =  4.6 X 10~4 X pxg

In  the above, we have assumed that all error patterns with a length of e are equally 
probable, which is a perfectly reasonable assumption. The assumption that error bursts 
of different lengths are equally probable is less obvious and may even be wrong.

Disturbances of 10 to 20 ms duration, such as may be caused by selectors in switching 
centres, will lead to error bursts of e =  10 to 20 for a transmission rate of 1000 bauds. 
The assumption of equal probability will hold fairly well under these conditions, so that 
we may write:

I  Pe — P 10 +  Pxx +  P 12 +
i-4=  pe x 10“4 {34.2 +  13.3 +  13.4 +  ...}

From e =  11 upwards, the graphical representation of Pe =  f  (pe) may be approxi­
mated by a straight line:

14.5
Pe = —  (23 -  e) x 1 0 - 4 x pe

so that

Z P'e =  p.  x 1CT4 { 34.2 +  1 1 2  f  (23 -  c) }
12 i i

= 124 x 10"4 x p

or put in a different form:

pe
Z Pe =  — • 80
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The probability of an error burst, divided by a reduction factor of 80, gives the pro­
bability of non-detectable errors.

If the order of magnitude is to be 10-7 to 10~8, p e must not exceed 8 x  10~6. The 
ratio of p  (paragraph 3) to p e for P' =  I  Pe — 10-7 is about 150.

A more general expression for Z Pe: if n =  8 and C =  1000 bauds is:

T P  =
5 x 2 ”

Thus it is seen that the reduction factor increases with a factor 2".

5. A more effective detection code against error bursts.

A more effective code against error bursts, based on the same principle as the code 
discussed in the preceding paragraphs, is obtained with a combination of IIa and lllb  
from Table I. At only slightly higher cost, this gives much better protection against non- 
detectable error combinations. Although this applies to independent as well as dependent 
errors, we shall restrict ourselves to the discussion of dangerous error bursts. The reduc­
tion factor in this case proves to increase with 22", so that the gain is a factor 2”,

The general expression for P' =  I  P'e is now:

Another important advantage is that error bursts start to be dangerous only for 
e > 2n +  1.

For n =  8 and C =  1000 bauds, this means that the duration of the disturbance 
has to exceed 17 ms.

Although not much is known about disturbance patterns in telephone connections, 
it will be understood that the concept of equal probability is hard to support for e > 17. 
Thus, the reduction factor will increase even more pronouncedly; for n =  8 it will be at 
least 20 000 when this detection code is employed.

6 . Detection codes without vertical parity check.

One may consider the possibility of using only horizontal parity checking, which 
would considerably reduce bit redundancy, while the characters could be handled directly 
in parallel without the need of first removing the parity check bit. The latter advantage 
applies, of course, only in those instances of data transmission where this check bit has 
to be added in the transmitting equipment; in many cases the parity bit is integrated with 
the code (e.g. the code of the flexowriter), so that the advantage does not exist. Another, 
more important, advantage is the protection against error bursts because, as we have seen



in the previous paragraphs, the vertical parity check pays no great contribution in this 
respect. A major disadvantage, however, is the poor protection from independent errors, 
and it will be demonstrated that this disadvantage weighs quite heavily in the balance.

To illustrate this we take code Illh  from Table I, i.e. the code with twofold horizontal 
parity check.

The bit redundancy of this code is:
I
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which means that the deviation from the ideal value Rb =  1 is very small.

6.1. Independent errors.

Since combination of 2 errors may also figure among the non-detectable errors in 
this case, P' is defined by

P' =  p 2 p 2 +  p 4 p'4 +  p 6 p ’6 +  . . .

In order to make a comparison with the values given in paragraph 3, we take again 
N  x  1000, for which n =  7. By choosing I =  142 we have N  — 994.

For these values of n, I and N  we obtain:

p'2 = 7.04 x 10-2  p \  =  1.39 x 10~ 2

p6 = 3.59 x 10“ 3

P ' has been calculated for the same values of p  as given in Table III and the results 
are listed in Table IV.

T a b l e  IV

p P2 Pi p& P'

0.001
0.0005

1.84 X 10-1 
0.76 x ,10-1

1.53 x 1 0 -2 
1.57 X 10-3

5.0 x 10-4  
1.3 x 1 0 -5

1.317 x 10-2  
0.537 x IQ-2

Such figures for P ' are absolutely unacceptable for data transmission.

6.2. Error bursts.

The error bursts start to be dangerous at e > 2n.
It will easily be seen that the total probability of non-detectable error combinations 

is defined by:

p e =  fffin { 2P2n + l +  P2n + 2 +  P2n + 3 + ••• }

A remarkable aspect is that the coefficients of pe are not convergent now. The con­
vergence of the series has to be found in the monotonic decreasing probability of p e for 
increasing e.
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In order to permit at least a rough comparison with the result of paragraph 4, where 
the reduction factor was 80, we assume a rectangular distribution for pe up to / =  23, 
remembering that n =  7 in the present case.

Z P '.  = '  { 2  +  8  X * }  =  ^  X p ,

or:

I P ,  =
1640

Although the comparison cannot be perfectly objective, owing to lack of knowledge 
• about the distribution of p e, it will be evident that the protection against error bursts is 
definitely better.

N. V. PHILIPS TELECOM M UNICATE INDUSTRIE: COMPARISON 
OF VARIOUS CODES FOR DATA TRANSMISSION ON A BASIS 

OF REDUNDANCY AND NON-DETECTABLE ERRORS

( Contribution GT.43, No. 16, March 1960)

1. Introduction.

At present, message transmission in many countries is practised on either public or 
private telegraph networks or on public telex networks, often with the possibility of leasing 
a private line.

The telegraph networks are almost exclusively used for one-way transmission of 
relatively short messages consisting mainly of text. The telex network, a subscriber net­
work with calling facilities, on the other hand, is more widely used for two-way transmission 
(question and answer) of alpha-numerical messages, the numerical data being often repeated 
to improve reliability. Use is made in both cases of the international 5-unit code (tele­
printer code), which does not provide any intrinsical protection against errors. Data 
transmission, which is mainly concerned with numerical messages, requires at any rate 
a network similar to the telex network. With a view to the reliability required, however, 
it is very much to be doubted whether the present telex network with the associated code 
is suitable for this purpose, quite apart from the low transmission speed of 50 bauds or 
33 y3 bits/sec. (start-stop system).

2. Possibilities.

From S.E.L. in Germany comes the suggestion to equip the teleprinter with a third 
shift, which gives the 10 numerals in the “ 3-out-of-5 ” code, so that an intrinsical protection 
(odd-number parity) is obtained for figures.
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The number of permutations for a normal teleprinter is 57, of which 54 are used. 
The suggestion of S.E.L. raises the number of permutations to 83, 'and the number of 
combinations used to 65. Another suggestion from Germany (addressed to C.C.I.T.T.) 
concerns the introduction of a new 6-unit code for teleprinters, such that 20 characters, 
and amongst these the 10 numerals, are protected by the “ 3-out-of-6 ” code.

Although the new teleprinter is to have two shifts, resulting in about 120 possible 
combinations, we shall restrict ourselves to a machine with one shift giving 26 — 1 =  63 com­
binations.

Further possibilities of reproducing about 60 characters are offered by the 7-unit 
odd-parity code (64 characters) and the “ 4-out-of-8 ” code (70 characters).

In the U.S.A. Friden has constructed a flexowriter using an 8-unit code with odd- . 
number parity (128 characters) and offering more facilities than the teleprinter. The 
FPC 8 code (one shift) uses only 60 characters of the 128 possible ones. The flexowriter 
may also be provided with two shifts.

3. Concepts and conventions.

The various codes can be compared on a basis of redundancy and non-detectable 
errors. Before doing this we shall first define these concepts and introduce some additional 
conventions.

Although data transmission may be predominantly numerical in character, it will be 
desirable to have a code that is also suitable for alpha-numerical and message tranmission. 
The international telegraph alphabet for normal teleprinters (two shifts) meets this require­
ment. This 5-unit code will therefore be used as a basis. Even in those cases where the 
information to be transmitted is purely numerical, we therefore accept the 5-unit code as 
the minimum code although we know that the coding of 10 numerals and a few operators 
requires only a 4-unit code.

By definition, the 5-unit code jo r numerical data has a redundancy o f 1. If the 5-unit 
code in the sense of a teleprinter code is used for alpha-numerical data, we may assume 
that 1 shift character will be used on an average of 6 characters, so that in principle we 
have a redundancy of 1.2 .

This assumption also holds good for a modified teleprinter with three shifts.

The codes mentioned in section 2 will thus have redundancies of 1.2 (6-unit code), 
1.4 (7-unit code) and 1.6 (8-unit code).

It is known that any alpha-numerical message has a certain amount of built-in redun­
dancy, which causes a given percentage of errors to be “ detected ”. Even in purely 
numerical data such detection may still be possible (code numbers etc.). It will be clear - 
that this degree of detectability has to be left out of consideration here. We therefore 
make the convention: every undetected error in alpha-numerical data transmission is non- 
detectable. If it is known in advance that numerical data only will be transmitted, each
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undetected error received as non-numerical information will still be detectable; if a numeral 
changes into another numeral, the error will be non-detectable in numerical data trans­
mission. Transmission problems such as method of modulation, serial or parallel trans­
mission, transmission speed, synchronization, start-stop systems, line outages, etc. will be 
left out of discussion. The assumption is made that the disturbances causing errors in a 
message are mutually independent.

For protection against “ error burst ” please refer to the notes on this subject in Con­
tribution GT.43 No. 15.

The probability of non-detectable errors will be determined for a block length L  =  80 
(equal to the number of columns on a punched card and about equal to the number of 
characters per line, including spaces, on a page printer).

4. Comparison o f the various codes.

The probability of non-detectable errors P ' is determined by:
*

CO
p ' = Z  PiPi

i = I

p t is defined for all codes a s :

P i = C ? ' Pi ' q nL- i

where p  is the average probability of an error and q =  1 — p.
According to the code employed, n may be 5, 6 , 7 or 8.
Table I gives the values of p x, p 2 and /;4 as functions of p  for the different values of n 

(L =  80).

T a b l e  I

n  — 5 6 7 8

P i  = 0 .4 0 .103./?.#399 0 .4 8 .1 0 3./7.^79 O ^ T O 3. ; ^ 559 0 .6 4 .103./?.#639

P 2  = o .8 o : io 5./72.9 398 l . i s . i o 5./?2. ^ 78 1 .5 7 .1 0 5.j72.<?558 2 . 0 5 A 0 5 . p * : q e ™

P i  = l.O S .lO 7. ^ 396 2 .1 8 .1 0 7./>4.#476 4 .0 5 .107./?4.# 556 6 .9 3 .1 0 7.j74.#636

The values of p \, p 2 and p'A are obtained from exact expressions with binomial coeffi­
cients and/or from the average of a number of counts. Table II gives p \, p 2 and P' for 
eight different cases without extra checking character, where P ' has been calculated for 
p  =  10-4 and p =  10-5.

The modified teleprinter, which can naturally be used for low transmission speeds 
only (telex network), has the lowest P' ; the flexowriter, having completely different facilities, 
combines an Rb of 1.6 with an error probability which is 4.6 times higher.



T a b l e  II

International 5-unit code 6-unit code 7-unit code 8-unit code

no protection “ 3-out-of-5 ” 
code for figures

“ 3-out-of-6 ” code 
for figures

“ odd-out-of-7 ” 
code

“ 4-out-of-8 ” 
code

“ odd-out-of-8 ” 
code

alpha-numerical figures in • 
2nd shift

figures in 
3rd shift alph a-numeri cal figures alpha-numerical alpha-numerical alpha-numerical

Pb = ~  1.2 1 1 1.2 1.2 1.4' 1.6 1.6

P i  = 1 ~  0.55 0 1 0 0 0 0

P i  = 1 /■— 0.30 0.60.10-2 1 0.63.10-2 1.07.10-2 ' 0.63.10-2 1.10.10-2

P ' = 0.39.10-1 0.21.10-1 0.46.10-5 0.47.10-1 0.69.10-5 1.59.10-5 1.20.10-5 2.12.10-5

0.40.10-2 0.22.10-2 0.48.10-7 0.48.10-2 0.71.10-7 1.67.10-7 1.27.10-7 2.24.10-7

The error probability of suitable codes is roughly from (0.5 to 2.3)-10z -p2 for L  =  80. 
For good transmission circuits, with p  <  10“ 5, the value of P ' will be acceptable.

so
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5. Comparison o f the various codes protected by extra checking characters.

The discussion of Table II suggests that extra measures will usually have to be taken 
for data transmission to obtain a reliability of P' — 10-7 to 10~8. For those codes in 
which p x =  0 it is possible to make p 2 =  0 by means of one additional checking character 
(horizontal parity check). The reliability is then expressed by P' =  PAPA, where pA p 2 
and p4 p'2, so that the requirements of reliability can even be met by less good transmis­
sion circuits with p  =  10-3 to ICh4. The codes for which p\ #  0 will always be inferior 
to those discussed above. By means of horizontal parity checks it will be possible to make 
p — 0, b u tp 2 ^  0 even with multiple horizontal parity check. Furtherm ore,p2 in these 
cases will always be larger than the p2 from Table II for the codes discussed earlier. ,

The conclusion we have to draw is that codes without intrinsical ( vertical) protection 
cannot be considered for data transmission.

Although this conclusion rules out the use of the normal teleprinter code, it will be 
useful to discuss the protection method of Western Union known as “ ED IT  ”.

Western Union have used the following protection:

The binary sum, modulus 28 =  256, is determined of all characters up to and including 
“ carriage return ” on a line (say L — 80). The supplement of this sum, 0 <  S  <  255, 
is punched in two characters of four units each (numbers 1, 2, 4, 5 of the 5-unit ’code). 
At the receiving end, the sum for modulus 256 is again determined with the aid of eight 
binary counters. If no errors have occurred in transmission, the complement received 
will cause all the counters to be reset to zero; if they do not all return to zero, there will 
be errors. The idea is highly attractive and the method seems reliable at first sight. A 
more detailed study of it, however, shows that this method of protection is worse, or at 
least not better, than the' simple method of double horizontal parity checking.

The figures listed in Table III for “ EDIT ” have been calculated on the assumption 
that 40 out of the 80 corresponding bits have a value of 1 while the other 40 have a value 
of 0. This assumption, which is necessary for a simple calculation, leads to maximum 
values for p\.

T a b l e  I I I

International 5-unit code

EDIT D ouble horizontal 
parity checking

PX 
Pz 
P  3 
P\ 
P5

0
102.10-3
24.10-3
10.10-3 
4.10-3

0
98.10-3 

0
27.10-3 

0
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The suitable codes are finally compared on a basis of redundancy and p4. For the 
figures listed in the columns of the 5-unit and 6-unit codes the condition applies that it 
should be known in advance that figures only are transmitted.

P' has been calculated for p — 10~3.

T a b l e  I V

5-unit code 
3rd shift

6-unit code 7-unit code 8-unit code 8-unit code

“ 3-out-of-5 ” 
code for figures

“ 3-out-of-6 ” 
code for figures

“ odd-out-of-7 ” 
code

“ 4-out-of-8 ” 
code_

“ odd-out-of-8 ” 
code

figures figures alpha-numerical al pha-numerical alpha-numerical

Pb = 1 1.2 1.4 1.6 1.6

P4 = 1.08.10-5 0.39.10-5 1.65.10-5 0.41.10-5 1.25.10-5

P ' = 0.76.10-10 0.53.10-10 3.82.10-10 1.50.10-10 4.46.10-10

If, for instance, the 7-unit code is permitted the same redundancy R b =  1.6 as the 
8-unit codes, this means that the 7-unit code may be checked by 10 horizontal parity 
characters; in other words: each checking character checks 7 information characters. 
This reduces the error probability p\ to 1.45 X 10-6, of course at the expense of more 
elaborate checking equipment.

6 . Conclusion.
It is extremely difficult to draw strict conclusions, because various related but never­

theless important questions are still undecided. Quite apart from specific transmission 
problems, such as nature of lines and transmission speed, the following questions remain 
to be answered:

— to which extent is data transmission numerical?
— how many characters in addition to the roughly 60 already in use are required for 

control ?
— to what extent must the codes be adapted to the codes of computers and input and 

output equipment ?
— is it always preferable to make machines with several shifts, in order to keep the 

number of bits per character low ?

The following conclusions can be drawn from Tables II and IV :

(a) Intrinsically protected codes have a probability of non-detectable errors of p 2 =  (0.6 
to 1.1)TO-3; the order of magnitude is the same for all codes.
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(b) The codes mentioned in (a),  when provided with extra protection by one horizontal 
parity character, have a probability of non-detectable errors of p4 =  (0.4 to 1.7) • 10~5; 
the order of magnitude is the same for all codes.

(c) Non-intrinsically protected codes, even with extra horizontal protection, are unsuitable 
for data transmission.

(d) The codes mentioned in (a)  can be used on very good transmission lines (p <  10-5); 
the codes mentioned in (b)  will already be satisfactory on transmission lines with

P S  10"3-

FEDERAL GERMAN REPUBLIC: CODING 
AND ERROR-DETECTION METHODS

(Extracts from contribution GT.43, No. 19, March 1960)

Coding and error correction are the main problems of data transmission at a low 
error rate. Hence, these problems will have to be treated in greater detail. Referring 
to Figure 140, the coding system provides code combinations consisting of m binary digits 
carrying the information, the total number of possible combinations being 2m. The 
additional k  binary digits form the results of k  parity checks of the m information bits. 
Obviously, the error rate will decrease, but the redundancy of this code will increase with 
increasing k. A code of this structure may be used for both error detection or error 
correction with various efficiencies.

m  k

n

F ig u r e  140. —  Code o f  n bits o f  which m  injorm ation and  k  check bits

Figure 141 presents four error-correction methods conceivable for such codes. In 
the case “ without repetition ”, the n =  m +  k  bits of each combination are transmitted 
in one direction only; hence, a simplex channel can be used. Owing to the absence of a 
backward path, only an error-correcting code could be used. The other three methods 
“ with repetition ” may employ error-detecting codes. Any disturbances will provoke 
a repetition of the information, the number of repetitions depending on the quantity and 
duration of the disturbances. For these reasons, the flow of information is discontinuous 
in all duplex or half-duplex systems employing repetition; this has a certain disadvantage
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compared with the simplex system without repetition where the information flows con­
tinuously. The systems “ with repetition ” can be subdivided into the following three 
groups:

(a) error detection in the receiver, involving decision feedback through the return channel. 
(The decision-taking station is shaded in Figure 141.) An error-detecting code is 
employed, and it is the receiver that decides whether the returned decision signal q 
is “ proceed to send ” (when no error is detected) or “ repeat ” ;

System Channel Code
Flow of 
infor­
mation

WITHC UT REPETITION
m + k | m  ^ SIMPLEX ERROR

CORRECT.
CONTINUOUS

WI

erre

TH 

r c

REPETITION
m * k _ _

<7
letection in receiver

DUPLEX ERROR
DETECT.

DISCON­
TINUOUS

m + q 

k
error detection in transmitter

DUPLEX ERROR
DETECT.

DISCON­
TINUOUS

1 
I ble detector

m (n) n o i s e ^
DUPLEX DISCON­

TINUOUSq

F i g u r e  141. — Comparison of error correction systems

(b) error detection in the transmitter is provided by an operation where only the m informa­
tion bits are transmitted to the receiver. The k  check bits are derived in both stations 
and transmitted from the receiver back to the transmitter where they are compared 
with the k  check bits there stored. This operation is also called redundancy feedback. 
The decision signal is now sent by the transmitter and prepares the receiver for either 
a repetition or for the continuation;

(c) to these two well-known methods, another one may be added which permits the 
abolition of the k  check bits altogether. The receiver is here equipped with a “ trouble 
detector ” circuit that will indicate the presence of any trouble, interference or noise.
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F ig u r e  142. — Frequency o f noise pulses on a telephone line

F ig u r e  143. — Typical selector noise on a telephone line
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This trouble detector may be an additional parallel channel conveying no transmitter 
signals; or, in a frequency modulation system, utilization of carrier amplitude modula­
tion for trouble indication; or a circuit measuring the character distortion of the signal 
received; or a circuit with some other mode of operation. In-each case, repetition 
of the message is provoked by the decision signal q (Figure 141) as soon as the output 
of the trouble detector reaches a pre-adjusted value, regardless of whether the character 
just received has become incorrect because of the trouble or not. This method can 
also be combined with the first method “ without repetition ” so that a repetition is 
provoked whenever the decision is initiated either by the error-correcting code or by 
the trouble detector.

The selection of the most suitable of the above four error-correcting methods must 
necessarily be influenced by the statistics of the noise affecting the transmission. This 
requires a brief discussion of typical noise on telephone lines and its statistical evaluation. 
Figure 142 shows the cumulative frequency distribution of such noise pulses against 
receiver-response level. This was measured as follows: a telephone connection was estab­
lished by dialling; both subscriber’s stations were then disconnected from their lines 
and replaced by proper terminating resistors. At one end of the line, an electronic counter 
was inserted which counted all noise peaks exceeding the response level. The two solid 
curves are representative for measurements on the public network of the Stuttgart area 
(two-motion selectors) and on the PABX plant of Standard Elektrik Lorenz AG (crossbar 
switches). Assuming a telegraph speed of 1000 bauds, the noise-peak frequency (left- 
hand ordinate of Figure 142) can be converted into the faulty-bit probability p  (right- 
hand ordinate) denoting the probability of the occurrence of incorrect bits.

It should be noted that p  can be somewhat improved by limiting the receiver bandwidth.

For comparison purposes, Figure 142 shows also the p  caused by thermal noise of
0.01 microwatt as obtained by calculation. The local network noise curve is remarkably 
less steep than the theoretical thermal-noise curve corresponding to the Gaussian distribu­
tion, i.e. it does not give the chance of improving p  by several orders by increasing the 
transmitter level (and receiver-response level). In the response-level range of interest 
(— 3 to — 4 N ), a faulty-bit probability p  of 10~2 to 10"3 will have to be expected.

The most important source of these noise peaks is the modulation of the selector- 
contact current by vibration due to the step-by-step motion of adjacent selectors. (This 
source is absent in crossbar switches.) Figure 143 shows the typical variation of this noise 
voltage with time. The clearly visible periodicity is caused by the horizontal homing motion 
of selectors. Such disturbances may haVe amplitudes up to 50 or 100 mY and last up to 
several hundred milliseconds.

The statistical evaluation may be facilitated by conceiving blocks of information being 
transmitted in a sequence as shown in Figure 144, each block having the same duration (of,

32
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say, 100 ms). Those blocks disturbed by one or more noise pulses are counted as “ noisy 
blocks ” (shaded in Fig. 144). Referring now to a noisy block, it is interesting to know the 
number of noise pulses is a block and the optimum duration of such a block. Figure 145 
gives the probability distribution of the numbers of noise pulses in a noisy block, with block

‘ block
m  , i

noise
v / f i p r

F ig u r e  144. — Schematic distribution o f  noisy blocks in time

0 20 40 60 80 100 120 J 4 0

Number of noise pulses in a block ---

F ig u r e  145. — Probability o f occurrence o f noise pulses in blocks

durations as parameters. As will be noted, the cases of only one, or only a few noise pulses 
appearing in a block, are relatively very rare. All curves are rather flat, that is, the proba­
bility of 10 noise pulses is not much different from the probabilities of 20 or 30 noise pulses 
appearing in a block. This shows the uselessness of an error-correction code (for instance,
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the Hamming code) which operates only as long as a given number of faulty bits is not 
exceeded. Large numbers of noise pulses should be very rare in this mode of operation, but 
measurements show that this is not the case.

Time lost

block duration -----

F i g u r e  146. —  L oss o f  transmission tim e vs. block duration

Another point of interest is the number of noisy blocks referred to the total number 
of blocks. This ratio governs the loss of time in a system where noisy blocks require 
repetition. The resulting time-loss (i.e. the shaded blocks in Figure 144 as a percentage of 
the total time) was plotted as a function of block duration in Figure 146. When the block 
duration is increased, it becomes more probable that it will coincide with a disturbance, 
and the time lost will necessarily increase. Figure 146 shows, however, that block durations 
may be increased to several hundred milliseconds without substantially increasing the loss 
of time; the latter will then not exceed a few per cent, and it will be negligible in a system 
where noisy blocks are repeated as correct blocks.

The result of the statistical evaluation of noise measurements is that considerable 
disturbances may occur; fortunately, however, the intervals between such disturbances 
are large enough to permit transmission. From this it follows that the data-transmission
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system should provide block-by-block transmission of information. Figure 147 indicates 
two possible modes of operation; in 147a, the transmitter is stopped after the sending 
of a block, to await the decision signal q from the receiver. The waiting time equals 
at least twice the delay caused by the transmission path plus the delay of transmitter and 
receiver equipments. Depending on the decision signal q (“ proceed to send ” or “ repeat ”), 
the transmitter either sends the next block of information or repeats the block just trans-

TRANSMITTER

- 0 = 1 - 2 ( 1 )

tr a n sm itte r

7* \
RECEIVER \ / Q  \

1 1 I I 2 ( 1 )  I

1 1 2 3(1)

RECE1 V E R \ /  <7

— i 1 r 2 i 3d) i
( a ) . ' ( b)

F ig u r e  147. —  Method employing block repetition

(a) with waiting time (b) without waiting time

mitted. In the case of Figure 1476, the second block is transmitted immediately after the 
first, the only requirement being that the decision signal related to the first block shall 
arrive at the transmitter before the transmission of the second block is complete. When 
the decision signal is “ proceed to send ”, the third block is transmitted immediately after 
the second. In the case of a “ repeat ” signal, the first block takes the place of the third. 
In this system (Fig. 1476), the minimum block duration is determined by twice the line 
delay plus equipment delay. Of course, this system is more favourable as the time loss due 
to the waiting time is eliminated and the only time-loss results from the frequency of a 
repeated block which does not exceed a few per cent (see Fig. 146).

Considering a maximum transmission-time delay of 20 ms (say, 8 carrier-system 
sections in series) and a telephone speed of 1000 bauds, the following reasonable limits 
would be attained:

Block duration: 50 ms <  tb <  200 ms.
Block capacity: 50 bits <  nb <  200 bits.

This data transmission system should have, it will be remembered, an error rate not 
exceeding p ch =  10-7 to 10-8. Since only a few per cent of the blocks are disturbed, these 
should be detected when incorrect bits are to be expected at a fault probability pch =  10~6 
to fulfil the above high requirement. However, the noise amplitude may assume any 
value; hence, a faulty-bit probability covering the whole range 0 <  p < 0.5 has to be taken 
into account.

Compliance with this specification appears feasible when an error-detecting code is 
used in connection with a trouble detector as discussed in connection with Figure 141. 
On the other hand, it is desirable to base the error detection on the code alone. Such a 
code should then meet the specification

p ch =  10 6 when 0 <  p  <  0.5.
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In general, computation of p ch is cumbersome and calls for the use of an electronic 
computer. In the special case p — 0.5, however,

p ch =  0.5* -  0.5".

d -- U

m
infor-" 
mation 
bits

j k check bits
(a)

d -- 6

(b)

d-- 8

( c )

F ig u r e  148. —  Examples o f block codes
(a) Plane matrix with line and column checks
(b) Plane matrix with line, column and diagonal checks
(c) Cube with checks in three dimensions

In this case, for instance, the probability is 0.5 that any one of the parity checks results 
in a 1. Hence, the probability is 0.5* that each of the k  parity checks results in l ’s and, 
hence, is an undetected error. The minor probability 0.5" that the character comprising



502 DATA t r a n s m i s s i o n : s u p p l e m e n t s

n bits is transmitted correctly should be subtracted from 0.5fc; however, this may be 
neglected. For pch =  10~6 it is thus required that

k  =  20

r e d u n d a n c y  -2j-

F ig u r e  149. — Maxima o f faulty character probability pch o f  various block codes

in other words: 20 parity checks and the transmission of 20 redundant check bits would 
be necessary. Compared with the 6 information bits of a character code, this means 
substantial redundance; that is why the “ character code ” should be replaced by a “ block 
code ” where each block-code combination comprises many more information bits.

Examples of block codes are shown in Figure 148. Figure 148a shows a two-dimen­
sional matrix (for instance, of ferrite cores) into which a block of information may be 
written line by line, complemented by a check line and a check column. The check line 
and column contain the results of parity checks of all lines and columns. The k  check 
bits of check line and check column can be so provided as to complete all line and column 
parity checks to, say, an even number of l ’s. In this operation incorrect blocks remain
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undetected only when 4 bits form a rectangle as indicated by the dots in Figure 148a. The 
so-called Hamming minimum distance is d =  4 in this case. This distance can be improved 
by adding diagonal checks to the above as sketched in Figure 1486 (where the matrix should 
be visualized as extended to the right and left in order to cover all bits). Here, not less 
than 6 incorrect bits in a certain arrangement (d — 6) would result in an unidentified 
incorrect block. Figure 148 c shows a three-dimensional arrangement or cube where the 
verticals are checked apart from the lines and columns. In this case, an incorrect block 
remains undetected only when 8 faulty bits are located in a spatial arrangement as indicated 
( d =  8).

The faulty-block probability pch has been approximated by a calculation which showed 
p ch to have a maximum depending o n p, but not corresponding to p — 0.5. This maximum 
p ch alone is of interest; in Figure 149 it is plotted as a function of the ratio n/m  (ratio of all 
block bits to information bits). This ratio is a measure for the redundancy of the code. 
The figures entered along the curves in this diagram denote the block sizes n. The curves 
represent the three block codes of Figures 148 a, 6 and c. In addition, a plot designated 
“ repetition ” is given as computed for single repetition and bit-by-bit comparison of the 
original and repeated messages; it will be seen that this mode of operation is unsuitable 
inasmuch as the above-evolved block size n <  200 cannot be placed into the area of 
interest where p ch <  10~6 and n/m <  2. In this respect, the code after Figure 148a would 
also require too large blocks (1000 bits). The block codes after Figures I486 and 148c 
with three parity checks per information bit, however, appear suitable to meet the require­
ment. The redundancy of the block code Figure 1486 is less than that of Figure 148c.

Thus the specification for a high accuracy (low p ch) can apparently be realized even 
for blocks having the optimum size of about 100 bits as required for operation on noisy 
telephone lines, and the problem can be solved even by purely digital error detection.

WORKING GROUP 43: REPORT

(Extracts from  contribution GT.43, No. 20, March 1960)

6.2. Sharing o f responsibility.

With the high modulation rate to be expected in the case of transmission over telephone 
type circuit, it will not be possible to have direct current control from the user’s end of 
modulating equipment located in the stations of the operating Administration (although 
this will ordinarily be the case with telegraph circuits having a low modulation rate). 
For the local ends, up to the subscriber’s premises, alternating current with an appropriate 
modulation method will be used.
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The following diagram, taken from the Federal Republic of Germany’s Contribution 
gives an idea of the terminal arrangement for a connection of this type:

Typical layout o f  apparatus fo r  subscribers using data-processing systems

circuit

A, =  data-processing system (sending end) or secondary source, for example per­
forated tape transmitter, magnetic tape transmitter, etc. Standardization of 
such apparatus is difficult and unnecessary.

Bx =  Code and speed converter. The purpose of this apparatus is to convert the 
special code and the speed of system A x into the code and speed required for 
transmission. It is desirable to standardize the code and modulation speed 
at the output of Bx.

Cx =  Apparatus for protection against errors (sending end). The German Admi­
nistration considers that it is desirable to standardize the method to be used 
for error detection and correction. This apparatus could be omitted if the 
requirements concerning error rate are not too rigorous.

Dx =  Terminal transmitting apparatus (sending end). This apparatus comprises 
the modulator and transmitter. If each subscriber is to be in a position to 
co-operate with any other subscriber, the shape and significance of signals at 
the output of Dx must be standardized in every detail. This apparatus may 
also include the switching unit.

A2, B2, C2 and D2 are the corresponding sets of apparatus at the receiving end. In 
practice, the design may be such that several of these basic functions (A, B, C and D) 
may be performed by the same apparatus.

The question will arise of what exactly is the “ demarcation line ” between the used 
and the operating Administration, e.g. should the terminal transmission equipment at the 
user’s end (D \ and D2 of the diagram) be adjusted and maintained by the Administration 
or the user. This appears to be an internal matter, but in any case it will be necessary 
to define limits for the different responsibilities and to specify values and measuring methods 
for checking purposes and for assigning responsibility.

The role of Administrations seems to be limited to making lines available for data 
transmission and to supplying the necessary information. If the modulating/demodulating 
equipment at the user’s premises is under the responsibility of the Administration, its role 
may extend to the question of codes and protection against undetected errors.



However that may be, it is the user who knows what undetected error rate he can 
accept; the choice of a protection method against errors should be left to the designer and 
the resulting code would be free, subject perhaps to a few restrictions due particularly to 
the requirements of protection against interference with the signalling conditions.
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INTERCONNECTION OF DATA TESTING AND TERMINAL EQUIPM ENT 
WITH A COMMUNICATION CHANNEL

(Extracts from contribution GT.43, No. 20, March 1960)

Introduction.

This paper gives a general view of the various problems arising from the association 
of a data terminal equipment with a communication channel. It is based on a preliminary 
report of E.I.A. Sub-Committee TR—24.3 on data terminal equipment and it is recognized 
that there has not been an opportunity for these suggestions to be examined widely.

The paper was prepared to meet the immediate need for establishing practices for the 
interconnecting circuits between testing (or comparable terminal equipment), and modula- 
tor-demodulator equipment for digital data transmission at rates higher than 100 bauds. 
It constitutes a proposal directed only towards existing or immediately contemplated 
practice rather than to what might be ultimate solutions to the digital data transmission 
problem.

This proposal does not cover the important area of synchronization methods, nor are 
standards specified for the communication channel itself with respect to distortion, errors 
or interruption of service.

1. Purpose and scope o f coverage.

1.1. This paper is intended to describe a method of interconnecting data terminal 
equipment , and a data communication channel including the modulator-demodulator 
when each is furnished by different organizations. It defines a means of exchanging 
control signals and binary serialized data signals between data testing or terminal equip­
ment and a data communication channel in cases where the interchange point is as shown 
in Figure 150.

1.2. The data communication channel includes transmitting and receiving signal 
converters to permit the data communication channel to exchange standardized signals 
with the data terminal equipment. These standardized signals are defined in Section 4.

1.3. The data are to be serialized by the data testing of terminal equipment, so that 
the design of the data communication channel may be independent of the character length 
and code used by the data terminal equipment.
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1.4. It is intended that the signal interchange shall be located on the customer’s 
premises and that the interchange circuits shall convey signals over relatively short distances 
(i.e. less than fifty feet).

1.5. Performance standards herein are not specified for the data communication 
channel or its associated equipment, either for maximum distortion of the received signals, 
transmission error rates, or interruptions of normal service. It is recognized that, in the 
future, if the performance requirements of the complete system are more stringent than 
the expected performance of the data communication channel, the data terminal equip­
ment may include error-checking arrangements.

1.6. This proposal neither requires nor prohibits pulse regeneration equipment 
associated with the data communication channel.

1.7. This proposal is intended for modulation rates above 100 bauds.

1.8. The control circuits at the signal interchange are arranged to permit the alternate 
use of a higher class of communication service, as follows:

(a) Data terminal equipment designed for “ send-only ” service may also use either 
half-duplex or full-duplex service.

(b) Data terminal equipment designed for “ receive-only ” service may also use either 
half-duplex or full-duplex service.

(c) Data terminal equipment designed for half-duplex service may also use full-duplex 
service.

The substitution of a higher class of communication service does not require a change 
in the operation of the control circuits.

2. Interchange circuits.

2.1. Seven interchange circuits are defined.

2.1.1. Frame grounding rack earth circuit.

This conductor shall be electrically bonded to the machine frame and/or to any con­
ducting parts which are normally exposed to operating personnel. This circuit may 
further be connected to external grounds (earths) as may be required.

2.1.2. Signal ground (signal earth).

This conductor establishes the electrical ground reference potential for all interchange 
circuits except the frame grounding rack earth circuit.

2.1.3, Transmitted data circuit.

Signals on this circuit are originated by the data terminal equipment for transmission 
on the data communication channel. This circuit is not required for “ receive-only ” 
service.
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2.1.4. Received data circuit.

Signals on this circuit are originated by the receiving signal converter, in response 
to' signals received over the communication medium. This circuit is not required for 
“ send-only ” service. In half-duplex service, the receiving signal converter shall hold 
marking condition on the received data circuit when the remote data terminal equipment 
has its “ send request ” circuit in the “ off ” condition. (See paragraph 4.10.4.) Optionally, 
in half-duplex service, the received data circuit may be used to monitor transmitted signals 
(e.g., to provide a local copy).

2.1.5. “ Send request ” circuit.

Signals on this circuit are originated in the data terminal equipment to select whether 
the signal converter is to be conditioned to transmit or to receive. For half-duplex service, 
when the signal on the “ send request ” circuit is switched to the “ on ” condition, the signal 
converter shall switch to the transmit condition, without regard to any signals that may 
be received from the communication facility. When this signal is switched to the “ off ” 
condition, the signal converter shall switch to the receive condition, without regard to any 
signals on the transmitted data circuit.

Data terminal equipment intended for use with “ send-only ” service shall hold the 
“ send request ” circuit in the “ on ” condition at all times. Data terminal equipment 
intended for use with “ receive-only ” service shall hold the “ send request ” circuit in the 
“ off ” condition at all times. This circuit is not required for full-duplex service.

2.1.6. “ Clear-to-send ” circuit.

Signals on this circuit are originated in the signal converter. For “ send-only ” and 
full-duplex service, the signal converter shall hold the “ clear-to-send ” circuit in the “ on ” 
condition at all times. This circuit is not required for “ receive-only ” service.

For half-duplex service, when the “ send request ” signal is switched to the “ on ” 
condition, the “ clear-to-send ” circuit shall be switched to the “ on ” condition, after a time 
delay sufficient to effect the reversal of direction of transmission of the data communication 
channel and all associated equipment. When the “ send-request ” circuit is switched 
back to the “ off ” condition, the “ clear-to-send ” circuit shall be switched back to the 
“ off ” condition.

2.1.7. Interlock circuit.

The signal on this circuit originates in the signal converter and shall be in the “ on ” 
condition only when all the following conditions are met:

(a) that its internal switching circuits are arranged for signalling on a communication
facility;

(b) that it is not in any abnormal or test condition which disables or impairs any normal
function associated with the class of service being used.

2.2. Additional interchange circuits may be provided to perform special functions, 
such as to convey timing information or to notify the data terminal equipment that the
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data communication channel is not in use. Such additional circuits shall conform to the 
electrical specifications in Section 4.

3. Line o f demarcation.

3.1. The interchange point may be a pluggable connector. The female connector 
shall be associated with the data communication channel and should be mounted in a 
fixed position near the data terminal equipment. An extension cable with a male connector 
may be provided with the data terminal equipment. The total length of cable between 
the data terminal equipment and the data communication equipment should be short 
(less than approximately 50 ft.—see Sections 1.2 and 4.7).

4. Electrical signal characteristics and wiring.

4.1. All interchange circuit equipment shall conform to approved safety standards.

4.2. The wiring of interchange circuits shall be such that no circuit except the frame 
grounding (rack earth) circuit is directly exposed to contact by operating personnel.

4.3. The maximum open-circuit voltage to ground (earth) (either frame ground 
(rack earth) or signal ground) (transmission earth) on any interchange circuit shall not 
exceed 50 volts, and the maximum short-circuit current flow between any two conductors 
(including grounds) shall not exceed one-half ampere.

4.4. Any circuitry used to generate a signal voltage on an interchange circuit shall be 
so designed that no damage will be caused by either an open circuit condition or a short 
circuit to either frame ground or signal ground (rack earth or transmission earth). Any 
circuitry used to receive signals from an interchange circuit shall be designed for continuous 
operation with any input signal within the maximum voltage limits specified in Section 4.3.

4.5. The signal on an interchange circuit shall be considered to be in the “ marking ” 
or “ off ” condition when the voltage on the circuit is more negative than minus three volts 
with respect to signal ground, and the signal shall be considered to be in the “ spacing ” 
or “ on ” condition when the voltage is more positive than plus three volts with respect to 
signal ground.

The “ marking ” and “ spacing ” terminology will be used for the transmitted-data 
circuit and received-data circuit, while the “ off ” and. “ on ” terminology will be used for 
all other circuits.

4.6. The operation of the circuitry that receives signals from an interchange circuit 
shall be dependent only on the signal voltage, as specified in Section 4.5, and should there­
fore be insensitive to the rise time, fall time, presence of signal overshoot, etc. The design 
of this circuitry shall minimize the effects of any circuit time-constants which would delay 
the circuit response, thus introducing time distortion in the signals.

4.7. The terminating impedance of the receiving end of an interchange circuit shall 
have a d. c. resistance of not less than 1000 ohms, and the voltage in the open-circuited 
condition shall not exceed two volts. The effective shunt capacitance of the receiving 
end of a signal interchange circuit, measured at the pluggable connector, shall not exceed 
2500 micromicrofarads.
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4.8. The source impedance of the sending end of an interchange circuit is not 
specified.

4.9. For the transmitted-data circuit and received-data circuit, neither the rise nor 
the fall time through the 6-volt range in which the signal conditions are not defined, shall 
exceed 3 per cent of the nominal pulse period. The circuitry used to generate a signal 
voltage on an interchange circuit shall meet this specification with any receiving termination 
which complies with Section 4.7.

4.10. The following are offered as a guide for equipment design to obtain reliable 
operation and ease of maintenance with minimum timing distortion introduced by the 
interchange circuits:

1) the nominal signal voltage on all interchange circuits should be ±  6 volts with a 
minimum of ±  3 volts with respect to signal ground (referred to in Section'4.5) 
and not greater than ±  20 volts with respect to signal ground.

Note. — Since the interchange connections will be short (Section 3.1.) the transmission 
protection afforded by polar transmission of signals may not be required. Therefore, in 
some instances, neutral operation might be permissible and may be used in the interest 
o f circuit simplicity.

2) The signals should have approximately rectangular waveforms.

3) In order to avoid inducing voltage surges on interchange circuits, signals from inter­
change circuits should not be used to drive inductive devices, such as relay coils. 
(Note that relay or switching contacts may be used to generate signals on an inter­
change circuit.)

4) It should be noted that on some types of communication channels it may not be 
economically feasible to provide a “ mark hold ” specification as indicated in Sec­
tion 2.1.4. It may therefore be desirable for operation of the data terminal equip­
ment to be independent of this specification for “ mark hold ”.

C.C.I.T.T. SECRETARIAT: VOCABULARY FOR DATA TRANSMISSION

(Extracts from  contribution GT.43, No. 2, June 1959)

When a new technique is introduced, technicians always try to create their own 
technical language. They do not attempt to find out whether suitable terminology already 
exists in a neighbouring field; nor do they avoid using terms which are already well esta­
blished with a different meaning.

It would not matter so much if designers used the terms “ channels (voies) ”, “ levels 
(niveaux) ” or “ feedback (retour) ” with meanings different from those attached to them
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in telecommunication were it not that we are now faced with the problem of transmission.. 
If the C.C.I.T.T. does not control these tendencies great confusion will ensue.

Here are a few examples of bad terminology:

(a) Bit per second (used instead of baud).

The word “ bit ” was defined as follows in C.C.I.R. Warsaw Recommendation 166: 
“ this unit of quantity of information corresponds to a ‘ message unit ’ consisting of a 
random choice between two equally probable signals ”.

The “ bit per second ” would be a unit of flow of information.
A baud is a unit of modulation rate; it corresponds to a modulation rate of one unit 

interval per second.
For data transmission, modulation rate (in bauds) and information flow (in bits per 

second) may be expressed by quite different values.

Example. — Automatic data transmission by means of a standardized start-stop 
teleprinter code, by pulses with a unit interval of 20 milliseconds.

One character is sent by means :

of one start pulse of a duration of 20 milliseconds,
of coded pulses carrying information, each pulse having a duration of 20 milli­

seconds at least, there being not more than 5 pulses,
of a stop pulse (deduct 30 milliseconds for example).
Total duration of transmission of one character = 1 5 0  milliseconds.

1
The modulation rate is - bauds, i.e. 50 bauds.

1
In one second, there is a flow of ■ ■■  ̂ characters over the circuit, at a rate of 5 bits 

1
per character, i.e. -- - — bits per second, or 33.3 bits per second.

It is the additional signals—or signals elements—for synchronism and code protec­
tion, which, in a binary modulation with series transmission, are the causes of this difference 
between bauds and bits per second.

Binary modulation with parallel transmission effected, for example, by means of 
5 different frequencies and pulses lasting 20 milliseconds, has a modulation rate of 50 bauds 
and permits the transmission of 5 x  20 =  250 bits in one second.

There is thus a considerable difference between bauds and bits per second.

(b J Channel (voie), level (niveau) to designate the unit intervals (intervalles unitaires) 
used, according to the code, to compose the signal corresponding to a character (six- 
channel code, six-level code, channel number 2 to designate all the perforations in a tape 
corresponding to the 2nd unit of the signals, etc.). It is superfluous to point out the 
confusion which this terminology will lead to in data transmission, where the terms and 
level will always be used with the meaning normally attributed to them in telecommu­
nication.

Suitable terminology already exists in telecommunication: the terms “ unit ” (moments) 
or “ unit interval ” (intervalle unitaire) should be used. The word “ track ” (piste) may
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be used to designate all the perforations (or recordings) corresponding to a unit of the 
same rank.

(c) In data transmission, as in telegraphy, one of the transmission channels of a 
circuit is used for the transmission of information from the sending to the receiving appa­
ratus, while the other channel is used to transmit certain signals in the opposite direction 
to control the rhythm of emission (for example, signals enabling the receiving apparatus 
to indicate to the sending apparatus whether the control of the protection against errors is 
satisfactory or not). Data-processing experts are accustomed to calling these signals 
“feedback signals ”. This terminology could lead to confusion, whereas the terms “ back­
ward signals ” (signaux en retour, signaux vers l’arriere) are currently used in telegraph 
and telephone signalling for this purpose.

(d) The terms signal, word, block will have to be clearly defined. In coded telegraphy, 
“ signal ” corresponds to a character or a function; it will be easy to extend this definition 
to data transmission, as signal corresponds to a character (generally a figure) or to a func­
tion; “ word ” has a clear meaning in telegraphy and a word is limited by the “ space ” 
signal. It would be useful to keep this meaning in data transmission, if only because texts 
are frequently used in data transmission.

In data transmission, it is usual to carry out a check (parity check or otherwise), 
after a given number of signals have been transmitted, in order to detect errors; for this 
check, supplementary signals are added to the train of signals being checked; emission is 
suspended until a backward signal is received to indicate that the receiver has made the 
check and agrees. The characters in the train of signals thus checked are usually printed 
at this moment, or transferred to an element of the data-processing machine.

It is proposed that “ block ” should be taken to designate the whole of the signals 
grouped for submission to a common check for protection-against errors.

PROPOSED WAY OF DEFINING OVERALL PERFORMANCE 
CHARACTERISTICS OF DATA-TRANSMISSION SYSTEMS

(Extracts from  contribution GT.43, No. 20, March 1960)

Let the elementary time intervals of any code in any data-transmission system, inde­
pendently of their actual length, be referred to as significant bits, if they are supposed to 
carry useful information (which excludes all redundant bits added for error detection and 
correction or any start and stop signals).

For any given time interval t, let:

5 be the number of significant bits transmitted, 
r be the number of significant bits correctly received.

The number of significant bits in error is then s —r.
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It is now possible to define the overall performance of any system of data transmission 
in a very general and uniform way, by the following figures:

s — r
1) error rate for significant bits: e = -------,

s

s
2) transmission rate for significant b its: R  =  — .

This applies, without any restriction, to all systems using binary codes, even though 
they differ in every other respect, in particular as regards their respective bandwidths, 
modes of modulation and transmission (serial or parallel), methods of error detection and 
correction, types of codes, size of blocks, etc.

It at the same time provides a common basis for practical comparison of different 
systems of data transmission.

It is therefore suggested that the results of tests on data-transmission systems be 
expressed in terms of the two essential parameters, as defined above. This may prove 
helpful in studying the problem of how the changes in some specific parameters (e.g. size 
of blocks, signal-to-noise ratio, etc.) affect the general performance of the systems under 
consideration. It may also help to decide which one of any particular set of alternative 
systems is most suitable for any specific application.

33
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