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PREFACE TO THE ENGLISH EDITION.

This volume contains an unofficial translation  of the official F rench tex t of the P ro­
ceedings Of the COMITE CONSULTATIF INTERNATIONAL DES COMMUNICATIONS TELEPHONIQUES 

a  G r a n d e  D is t a n c e  (c .c .i .) a t its plenary  sessions in Paris, 26th N ovem ber-6th  December, 
1926, and Como, 5 th - i2 th  Septem ber, 1927.

The original French tex t of the  1926 proceedings has been followed in all respects except 
as regards the symbol used for the U nit of Transm ission in term s of the N aperian logarithm  
and as regards the symbol and the m agnitude of the U nit of Transm ission in term s of the 
decimal or Briggs’ logarithm. For the N aperian system  the F rench edition uses the 
symbol n, whilst the English version uses b to express the same values. In  term s of Briggs' 
logarithm  the French edition expresses the fundam ental U nit of Transm ission on a power 

P t
basis, as N  =  log10 whilst the English version gives the working “ Transm ission U n it,” 

■*2
p

T U  =  10 log10 y  on a power basis. In  o ther words, the F rench te x t  no tation  N  is the 

same as 10 T U ’s.

In  section A .a .i (page 62) of the 1927 proceedings the U nit of Transmission is discussed 
and a proposal made th a t the u n it in term s of the N aperian logarithm  shall be the Neper 
and th a t the un it on the Briggs’ logarithm  basis shall be known as the Decibel, and these 
term s have been w ritten  in full in the English edition. Thus the T U  in the 1926 E dition  
is equivalent to the Decibel in the 1927 Edition.

The English bibliography, contained in the French tex t of the 1926 proceedings, has 
been slightly augm ented in this translation.

In  the English Edition of the 1927 proceedings th a t p a rt of the F rench tex t (pages 123- 
150) relating to Questions concerning the protection o f Telephone Cables against corrosion due 
to Electrolysis or to Chemical action has been p rin ted  as a separate edition, otherwise the official 
French tex t has been followed in all respects.

The Indices to the 1926 and 1927 proceedings respectively will be found in front of each 
Edition.

I n t e r n a t io n a l  S t a n d a r d  E l e c t r ic  C o r p o r a t io n .
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QUESTIONS OF GENERAL ORGANIZATION.

E xtracts from  th e  I n ter n a tio n a l  R eg ulations S ervice 

(Paris Revision 192$).

Chapter XXIV.—Telephone Service, Article 71, Section S.

INTERNATIONAL CONSULTATIVE COMMITTEE FOR LONG-DISTANCE TELEPHONE 
COMMUNICATIONS.

(1) An In ternational Consultative Committee for long-distance telephone com m unications 
is constitu ted , charged w ith  the study  of standards regulating technical and operating questions 
for in ternational long-distance telephony. This Committee is formed of experts of the 
Telephone A dm inistrations which declare their wish to partic ipate . This declaration is 
addressed to  the A dm inistration of the country  where the last international' telegraphic 
conference has been held.

(2) This Com mittee centralises all the inform ation which it needs for the study  of long­
distance telephony and gives advice on questions concerning in ternational telephony,

(3) The In ternational C onsultative Committee for long-distance telephony chooses its 
organization and establishes its own in ternal regulations and m ethods of work.

(4) The expenses of the In ternational Consultative Committee are borne by the partic i­
pating  A dm inistrations according to  the m ethod of division fixed by  the in ternal regulations 
of the said Committee.

(5) The In ternational Consultative-Com m ittee corresponds directly w ith all the Adm inis­
tra tions which take p a rt in its work.

(6) I t  com m unicates all the advice which it  form ulates to  the In ternational Bureau, 
which publishes them  in the "  Journa l Telegraphique.”

Article 71— Section A.— International Network.

§ 1.— (1) The A dm inistrations concerned provide, if necessary, after agreem ent w ith the
interm ediate A dm inistration or A dm inistrations the m eans of comm unication* necessary 
for the exchange of In ternational telephone traffic.

(2) E ach in term ediate A dm inistration furnishes the sections of the means of com m uni­
cation which m ust traverse its territo ry .

(3) E ach section to be construc ted  on the territo ry  of an in term ediate A dm inistration 
is established as far as possible, tak ing  into account difficulties of all kinds, by the shortest 
rou te between the points of en try  and exit of the in ternational m eans of com m unication.

. § 2.— (1) The m eans of com m unication destined for the exchange of in ternational telephone 
traffic and the technical installa tions are provided, m aintained and worked in a m anner to 
ensure a reliable and rap id  service, as also satisfactory  audition.

(2) In  this connection the A dm inistration conforms as far as possible w ith the advice 
issued by  the In tern a tio n al Consultative Com mittee on long-distance telephony as regards 
equipm ent, apparatus, repeaters, allocation, lpading, superposition, equivalents ;of • trans-* 
mission, testing  points,, etc. (see Section “ S ”).

* W ires, cables, offices, w ireless s ta tio n s .
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Advice of the International Consultative Committee concerning Questions of General
Organization.

Organization and Working of the International Consultative Committee for Long- 
Distance Telephone Communications. . .

The In ternational Consultative Committee; comprises, three divisions :
(a) The P lenary  Assembly (A P );
(b) The General' Secretary (SG) ;
(c) The Commissions of Assessors (-Rapporteurs)■ (CR).’

(a) The Plenary Assembly.
1. The A P m eets norm ally once a year, so far as possible between the i s t  of April

a n d -th e  15th of June. ■
; Such A dm inistrations, belonging to the In ternational Consultative Committee, as wish 

to be represented a t a certain  AP are obliged to  advise by telegram  or le tte r addressed to. the. 
SG the  nam es of the members of their, delegations, and particu larly  the nam es of the chiefs 
of the  delegations.

E ach  delegation thus introduced has one vote.
The resolutions p u t to  the vote are considered as accepted if they  obtain  a m ajority  of 

votes. The m inutes will indicate the results of the vo ting  w ithout indicating the delegations 
which have vo ted  for or against. The corresponding resolutions will also refer to, these 
results in  the following form  :—

“ The In terna tional Consultative Com mittee . . . .  passes unanimously,, the resolution . . . .”
“ The In ternational Consultative Com mittee . . . .  passes by  . . .  . votes, a g a in s t . . . .  votes, 

the  resolution . . . .”
I t  is no t perm itted  th a t a delegation shall vote on behalf of' an A dm inistration, not 

represented.

2. The first m eeting of the AP is opened by the A dm inistration of' the country  where i t
is held.

I t  begins by  electing the President and the Vice-Presidents and, on the proposal of the 
General Secretary, nom inates the Secretaries.

3. The function of the AP is to  approve, reject, or modify the reports presented afte r
having, if necessary, referred them  to the com petent Commission.

4. The A P decides w hat fu rther questions shall be specially- studied.
5. A t the closing m eeting the SG gives a sum m ary of’the work of the Conference, containing

particu larly  the resolutions approved and the list of questions which have yet to  be exam ined ; 
the  AP appoints un til the following m eeting the A dm inistrations who will' be asked to  nom inate 
m em bers of the various Commissions. In  addition, it  will decide the town where the next 
m eeting will be held.

6. E xperts belonging to  other groups or organizations dealing w ith questions likely* to
have a bearing on in terna tional'te lephony  m ay be invited  by the AP to be present a t certain  
meetings.

7. The AP appoints three A uditors of’ Accounts, en tru sted  w ith exam ining the budget
proposals for the  ensuing year and  the accounts of the past year.

(b) The General Secretary. ,
1. The SG is the D irector of the office of the In te rn a tio n a l Consultative Committee. He

is elected by  the AP for an  indefinite period, b u t w ith  reciprocal powers of term inating  his
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engagement: a t the end. of each calendar year. As confidant of all the Administrations, it is 
desirable th a t, for the period of his office, he should not be en trusted  w ith any active service 
in his Adm inistration.

His salary as General Secretary is payable out of the budget of the In ternational 
C onsultative Com mittee and  ds fixed by the AP. His residence is decided by the AP. An 
office, m aintained out of the budget of the C.C.I., shall be a t his disposal for his work.

2. The SG conducts the entire correspondence of. the In ternational Consultative Com­
m ittee. W hen required, the SG will get in touch w ith the Chief Assessor (Rapporteur) 
of the Commission of Assessors to which a question raised would belong according to its 
nature.

3. In  order th a t  he m ay always rem ain in direct contact w ith the  progress of engineering
questions, the SG is authorised to a tten d  the special meetings of the  Commission of Assessors. 
The A dm inistrations will allow the SG to visit their installations and will procure fon him  all 
the necessary inform ation. The expense incurred on this account will be chargeable to the 
In ternational Consultative Committee.

4. The SG makes arrangem ents for the next conference of the  AP. He prepares the
agenda for this m eeting in accord w ith  the reports subm itted  by the Commissions. In  agree 
m ent' w ith  the A dm inistration of the  country  where the next plenary m eeting will be held, 
he fixes the date of the m eeting, and  takes all necessary steps in' th is connection.

5. The SG will report to the AP on the activities of the Committee since the last AP.
D uring the first quarte r of each year he prepares an account of the preceding year, drawn up 
as of 31st December, and approxim ate budget proposals for the following year, which he 
subm its for the previous approval- of the auditors before subm itting  them  to the next AP. 
The expenses of the curren t year are m et by means of contribution levies requested during 
the previous year. An emergency fund enables the period between two budgetary  periods 
to be covered and to m eet any unforeseen expenditure or expenditures in excess of the forecast 
of" the budget.

(c) The Commissions of Assessors {Rapporteurs) (CR)./ .
1. The AP appoints each year the Commissions of Assessors {Rapporteurs) necessary

to. deal w ith the questions which it has subm itted  for study.

2. The function of the CR is to  make a detailed study  of new questions and present to
the following AP a detailed report on each question complete, by proposed recom m endations.

3. D uring the m eeting of the AP, the CR holds itself a t the disposal of the 'AP.

4. M embership of a CR is conferred for one year by  the AP on certain A dm inistrations.
The la tte r appoint the persons who will represent them  and advise the SG of their names. 
The choice of any A dm inistration represented on a CR can be renewed w ithout restric tion .,

5. Each CR elects a Chief Assessor {Rapporteur) who assumes the direction of the
work of the CR. A CR m eets a t a convenient place in order to discuss the questions of which 
the study  has been en trusted  to it, if the Chief Assessor considers.this to be necessary.. In- 
such cases the travelling expenses, of the representatives , of an A dm inistration are borne by 
th a t A dm inistration. The CR are authorised to invite experts to partic ipate in their 
deliberations.

6. The report draw n up by a  CR, as well as all the docum ents which have been used to
prepare this report, are sent to  the A dm inistration as early as possible, and always a t  least 
one m onth  before the date  of the A P. The A dm inistrations will be asked to com m unicate 
this inform ation to all the experts whom it considers it useful to consult.

7. Questions which have not form ed the  sub ject’of a report, prepared  under the conditions
indicated above, cannot be placed on the agenda'.of the AP.'
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Distribution of the Expenses incurred in the Operations of the Permanent Secretariat.

The expenses incurred by the work of the Secretariat will be divided between the p artic i­
pating  countries in, accordance w ith the following table, in conform ity w ith th a t adopted  by 
the Universal Telegraph: Union in. 1925.:—

First Class.:—Germany, France, G reat B ritain , I ta ly  and  Union of Soviet-Socialist 
Republics.

Second Class.—Spain and Poland'.
Third: Class.—Belgium, Finland, Norway, H olland, R oum ania, K ingdom-of Serbs, Croats 

and  Slovenes, Sweden and  Czecho-Slovakia.
Fourth Class.—Austria, Denm ark, H ungary and, Switzerland.
Fifth. Class.—Esthonia, Latvia, L ithuania and  Portugal.
Sixth Class.—Luxem bourg and Mozambique.

The nations in the first class shall each pay  25 u n i ts ; those of the second- class 20 units-; 
those of the th ird  class 15 un its ; those of the fourth  class 10 u n its ; those of the fifth class 
5 un its;, and those of the six th  class 3 units.

The contributing shares- will be paid in advance on the  first' of Jan u a ry  of each year, by 
cheque or w arran t (virement de compte) in gold francs.

The to ta l annual, expenditure shall no t exceed 60,000 gold francs.

Representation of Private Telephone Organizations on, the International
Consultative Committee.

The In ternational Consultative Committee 
Considering :—-

The first paragraph  of Article 91 of the In ternational Service Regulations (Paris Revision
1925)
Unanim ously passes the following resolution —

1. T hat the private telephone enterprises operating w ithin the boundaries of. one or more
A dm inistrations belonging to the In ternational C onsultative Committee,, and which partic ipa te  
ia .the In ternational Service, are regarded (from the point of- view of this service) as- form ing 
an integral p a rt of the telephone system  of those A dm inistrations with, which lies the decision 
w hether it. is desirable th a t  these private telephone enterprises shall be represented a t the 
meetings of the In ternational Consultative C om m ittee;

2. T hat a t the meetings of the In ternational C onsultative Committee a single country
can only have one delegation, representing a t the same , tim e b o th 'th e  S ta te  and the p rivate  
telephone enterprises operating w ithin the confines of th a t  S ta te ; the members of this 
delegation being all nom inated by the S ta te  A dm inistration of- that- country.

Technical Collaboration between the C.C.I. and Technical Organizations dealing with Questions 
likely to have a bearing on International Telephony.

The In ternational Consultative Committee passes the  following resolution :—
1. T hat it is desirable to establish technical collaboration between the C.C.I. and  all

the technical organizations which deal w ith questions likely to  have a- bearing on in ternational 
telephony :—

In ternational Union of, Railways.
In ternational E lectro-technical Commission.

< In ternational Conference of the chiefrpower. system s.
Internationa] Union of Producers and D istribu tors of. E lec tric .P o w er;
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Committee on In terna tional Telephony of the In ternational Chamber of Commerce. 
Advisory and Technical Commission on Communications and T ransit of the League 

of N ations Union, etc.

2. T hat it  is desirable forthw ith  to send to all these organizations the reports of the work
of the  C.C.I. which m ay in terest them .

Official Language to be employed at the Meetings.

The In ternational Consultative Com mittee 

Considering :—
T h at the selection of the official language should be guided by th a t which is spoken by the 

m ajority  of the delegates,

U nanim ously resolves :—■
T h at the language generally em ployed a t the P lenary Conferences should be the French 

language.

Considering, nevertheless :—
T h at the French language is no t spoken and understood w ith equal facility by all delegates,.

Unanim ously resolves :—
T hat during Conferences of the In ternational Consultative Committee each delegate 

addressing the m eeting should be requested to speak slowly and distinctly , while standing, 
and m ake frequent stops in such a  w ay as to allow all his colleagues to gather his m eaning 

-and, if needs be, to  translate  his rem arks. (Moreover, recourse m ay be had  to the service of 
in terp reters when the deliberations render their presence desirable.)

Nomenclature of the International Circuits and Plan of the International Cables.

The In ternational C onsultative Committee
Unanim ously resolves :—■

T hat it is useful th a t  the General Secretariat of the In ternational Consultative Committee 
should keep up to date  a nom enclature of the in ternational circuits and a m ap showing existing 
and projected in terna tional telephone cables.
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A. ADVICE OF THE INTERNATIONAL CONSULTATIVE 
COMMITTEE ON LONG DISTANCE TELEPHONE COMMUNICATIONS.

(A.a.) G en era l .

(A.a.i.) Transmission Standards and Definitions.

Transmission Unit.

The In tern a tio n al C onsultative Com m ittee—
Considering th a t  there is a general agreem ent regarding the na tu re  and  object of the 

transm ission unit, th a t  is to say, th a t  it serves to express the ratios of apparen t or real powers, 
voltages or curren ts in transm ission system s and  th a t in practice the logarithm s of these 
ra tios shall be used.

Considering th a t, as regards the  use of N aperian or decimal logarithm s, th e  various 
A dm inistrations reserve their opinions in favour of the one for which they  have, for some 
tim e, presented  num erous argum ents. - .

Considering, on the o ther hand, th a t  a m ajority  vote should no t compel any A dm ini­
stration , belonging to the C.C.I., to  adopt a un it of which it does not approve.

Considering, finally, th a t  converting tes t results from  one system  .to ano ther present 
no difficulties, because of the agreem ent reached in regard  to the reference system.

Unanim ously a,dvises :—
1. T hat, though in principle it  is desirable, it does not appear to  be possible, for the

present, to adop t a common transm ission unit. The Naperian or the decimal system  of 
logarithm s m ay therefore provisionally be used, as desired, by  the A dm inistrations, it being 
understood th a t, in in ternational traffic, the  two units shall be used indiscrim inately, and  no 
A dm inistration  shall claim the exclusive use of the un it it adopts.

2. T h a t in the  technical lite ra tu re  and  particu larly  in the C.C.I. docum ents the tran s­
m ission equivalents, losses or gains, etc., shall be expressed in bo th  units.

Method of expressing Frequency.

The In ternational Consultative C o m m itte e -  

Considering :—
T h at it is desirable to  adopt a uniform  m ethod of expressing frequency, and of m aking 

selection between the expression of frequency in periods per second and the expression of 
the angular velocity in radians per second, and th a t the  first m ethod has the advantage of 
giving a physical representation more precise th an  the second,

U nanim ously advises :—-

T hat, all th ings considered, it  is preferable to  express frequency in periods per second 
in accordance w ith common practice.



DEFINITIONS OF SOME EXPRESSIONS USED IN THE QUESTIONS ON 
TELEPHONE TRANSMISSION.

The In ternational Consultative Com m ittee proposes .the following definitions 

{a) General Definition.
.The unit of transmission serves .to express the  ratios of apparen t or real powers, voltages 

or curren ts in transm ission systems.

I. vln practice the num ber of transm ission units in -a  given case is determ ined .by a 
logarithm ic e x p r e s s i o n . .

( i1) If two powers P x and  P 2. are'Concerned the num ber of .units are;:—
In  the  N aperian system. In  the  decimal system.

i  P ,  P i
b X - lo g ^ = p -  .T U  —  .10 logI0 —

(2) If two voltages V 1 and  V 2 or two currents I x and 72 are concerned th is 
becomes : —

In  the N aperian 'system. In  the decimal system.
V 1 V x

& =  lognat pX or T U  =  2o log10— or
\  -2  •• ' . ■ - 2

h ^ I ,
6 =  lognaty- T U  == 20 log10 y  . . ,

2 2

II. A decimal sub-m ultiple of th e  fundam ental un its above defined m a y 'b e  used;
it  is permissible to give special denom ination to  these sub-multiples.

I I I . In  the following special definitions the  term  “ determined by ” signifies th a t  the
com putation should be m ade as indicated  under (1) and (2) above.

(6) Special Definitions (provisional).
1. The equivalent de transmission or rendement de reference (French), transmission

equivalent or reference efficiency (English) Ubertragungsaquivalent (German) of a transm ission 
system  or one of its principal p a rts  (transm itting  system, transform er system  or receiving 
system) is the  num ber of un its of transm ission obtained by ,th e . reference system  when this 
reference system  is ad justed  so as to  give the same volume of sound a t the receiving end 
before and  after .the substitu tion  of either the system  under test for the reference system  
or the principal p a r t of the system  under test: for a .corresponding p a rt of the reference 
system , the  .acoustic power supplied being identical in both  instances.

2. The difference between twro transm ission equivalentsis called rendement relatif (French),
relative efficiency (English), Differenz der Ubertragungsaquivaient (German). The relative 
efficiency of two transm itte rs  m ay, for example, be evaluated by the difference between the 
transm ission equivalents of a given circuit, associated w ith each of these transm itte rs.

3. The pertes ou gains de transmission (French), transmission losses or gains (English),
Verlust or Gewinn (German) of a p a r t of a system  are the difference between the transm ission 
equivalents of th is system  before and after the insertion of the p art in question.

4. The rendement energetique (French), transmission efficiency (English), Wirkdampfung
(German) of a p a r t or of the whole of the system  is determined by the ra tio  of the real powers 
a t bo th  ends of the  p a r t or of the whole of the  system  in question.

5. The niveau de transmission (French), level (English), Pegel (German) of the power,
of the volume of sound, of the current, of the voltage a t one point in a system  is determined 
by  the ra tio  of the value of one of these quantities to  the value of the corresponding quan tity , 
chosen as zero reference.



6. The diaphonie (French), crosstalk (English), Nebensprechen (German) ibetween two 
system s— disturbing and d isturbed—is determined by The /ratio between the powers obtained 
a t given points on the disturbing and disturbed system s under specified term inal conditions 
(for example, iby/means of image im pedances).

7. Affaiblissement Image (French), image transfer ratio (English), -Dampfung (German). 
This ̂ particular expression of the .general term  for transfer ra tio  applies to a- quadripole 
electric system , term inated  by its  im age im pedances; i t  i s  determined by  the ra tio  of the 
apparen t powers a t the ends of the  system  so term inated.

8. Affaiblissement Iteratif (French), iterative transfer ratio (English), Kettendampfung
(Germ an). This applies to  a quadripole electric system , term inated  by its ite rh tiv e im p ed an ces; 
it is determined by the ratio  of the real or apparent powers -at the -ends of the system  so 
term inated . . ‘ '

9. Affaiblissement Conjugue (French), conjugate, transfer ratio (English), Minimal- 
dampfung (German). This applies to a quadripole electric system , term inated  by its  conju­
gate im pedances; it is determined by the ra tio  of the real powers a t the  ends of a system  so 
term inated .

10. Affaiblissement (French), attenuation (English), -Dampfung (German). This is a 
general term , indicating the decrease in  a certain  q u an tity  (current density, voltage or power) 
as a function of distance.- " . ■ ,

11. Amortissemerit (French), damping (English), Zeitliche Dampfung (German). A 
general term  indicating a decrease in a  certain  q u an tity  (current density, voltage or power) 
as a  function of time.

12. Nettete ;pour les sons vofcaux isoles* ou combines (French), articulation (English), 
Verstandlichkeit (German). '

- French. .English. ■ German.
La nettete pour les lettres. Articulation of letters. Laut-verstandlichkeit.

,,* ,, syllabes. ,, syllables. Silben- ,,
,, ,, mots. ,, words. Wort- ,,
.,, ,, phrases. .,, sentences. Satz- ,,

is -characterized -by The percentage -of -the different vocal sounds, correctly received in Terms 
of The Total num ber of words, read  from  a s tandard  list.

rNote.— (a) I t 'is  also.necessaryTo-defineThe equivalents for the English expressions : 
audibility and intelligibility.

(b) Similarly The Germ an sengineers em ploy the '.expression “ Betriebsdampfung,” 
The definition of ’which is  as follows • ■

Die Betriebsdampfung of a  system  containing the im pedances Zx and Z2 is 
determined by the ratio  of The apparen t power of. a generator of the  im pedance Zx 
applied to  a receiving elem ent .having -an im pedance of Z1 to  the  apparen t power 
which the same .generator would -produce through The in term ediary  of a p a r t of the 
system  having ,a  receiving im pedance .Z2.

If the value determ ined by th is ra tio  is negative, it is called Betriebsverstarkung.
The In ternational Consultative Com m ittee has decided th a t  questions (a) and  (&) shall 

be studied and invites--the -various A dm inistrations-to  inform  the Com mittee of the  results 
of their, studies of these questions.
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Telephone Transmission Reference System.

A. OBJECT,. OF THE TELEPHONE TRANSMISSION REFERENCE SYSTEM.

The In ternational C onsultative Com m ittee advises :—•
T h at a reference system ' which can be rigorously defined and "exactly  reproduced is 

essential to form a constant basis for transm ission m easurem ents •• and to  - co-ordinate the 
transm ission data; obtained in telephone system s used ’in the various countries.

The reference system  shall serve to determ ine :—
(1) Transmission equivalents or reference efficiency.
(2) R elative efficiency.
(3) Transmission losses and, gains.
(4) Calibration of working standards.
(5) A rticulation.
(6). The practice coefficient o f ' a testing crew, who - m akes • the  testsu

B. CONDITIONS WHICH THE TRANSMISSION REFERENCE SYSTEM SHOULD
FULFIL.

(I) Transmitting system.

Q u e s t i o n  i .

(1) How should the acoustic input to the transmitter be defined ?
. A n s w e r .— In  order to  simplify the definition of the Reference System ,.it is,useful 

to s ta r t  w ith  the sound pressure ra th e r th an  w ith, the acoustic power. F o r the  trans-; 
m itte r the  ratio  of the voltage delivered to the input of the  reference artificial' line 
to  the uniform  sound pressure on the diaphragm  of the reference tran sm itte r is chosen 
as the  m easure of efficiency; Hence it is necessary to  fix. the  essential external 
m echanical dimensions of the reference transm itte r and the m anner in .w hich; it is to 
be used— see Q uestion/9, below / . . .

Q u e s t i o n  2.

W hat is the best method o f measuring this input ?
A n s w e r .—For the m easurem ent of the  sound pressure, any  reliable m ethod m ay 

be used (e.g., Thermophone, Rayleigh Disc, or Compensation methods).

Q u e s t io n  3. ■
W hat■ is- the m axim um  permissible acoustic ■ input for. which the transmitter is to be 

constructed ?
A n s w e r .—The m axim um  acoustic pressure depends upon the permissible non­

linear distortion. I t  has been found th a t when the types of transm itte rs  and  receivers 
m entioned below, together w ith  suitable amplifiers, are used, no disturbing non-linear 
distortion is produced over the range of sound.pressures norm ally occurring..

Q u e s t i o n  4.

W hat should be the output impedance o f the transmitting system?'
A n s w e r .— In  order to have all required corrections in a positive direction i t  is 

convenient to select 600 ohms. A tolerance of i  5 per cent., and  an angle no t greater 
th an  ^  io ° as the o u tp u t im pedance' of the transm itting  system  over the  frequency 
range 100 to  5,000 p.p.s. m ay be perm itted.

Q u e s t io n  5.. ,
W ithin  what lim its and by ■ what steps ■ shoiild the ■ efficiency ■ o f - the transmitting system be 

adjustable ?
A n sw er.—-The transm itting  system  should be adjustable in steps of b =  0 .1  

(or 1 TU) w ithin the lim its b — — 1 (or — 10 TU) and  & =  -f- 1 (or*-j- 10 TU).

W



Q u e s t io n  6

W hat ratio between the acoustic and electric power [taken respectively as the inpu t and 
output- of the transmitting system)* should-be-chosen* to define the normal setting on zero point o f 
the transmitting system ?

; A n s w e r , —The zero point of the  transm itting  system, should, approxim ate to  th a t
of: the standards for commercial transm itting  system s in general use and  is therefore 
defined provisionally by the value o • 05 volts per dyne per cm 2, taken  as the  arithm etical 
m ean of th is ratio  over the frequency range from  500 to  2,500 p.p.s.

Q u e s t io n  7 .

(a) Over what frequency range should this ratio remain constant ?
(b) What difference o f ratio within this frequency-range-should be regarded as tolerable?

A n s w e r .—The ratio  defined under (1) should not vary  b y  m ore th an  6 =  -{- 0 .2  
(or A: 2 TU)' within-, the frequency range between 100 and. 5,000 p.p.s.

Q u e s t io n . 8.

What is the non-linear distortion which should not be exceeded in  the transmitting system
(a) fo r the m axim um  acoustic load, (b) fo r a given fraction o f this load ?

A n s w e r .— See I (3). -

Q u e s t io n  9.

W hat transmitting system and what type o f construction are proposed in  order to satisfy  
the. required conditions ? What are the variations in. respect o f time o f the ratios defined in  (5) 
and how are they to be compensated

A n s w e r .—A  transm itting  system  composed of a condenser tran sm itte r w ith  
stretched metallic diaphragm  connected to  a  suitable amplifier is recom m ended. The 
essential dimensions of the condenser tran sm itte r are indicated  in Fig. 1. To com­
pensate the  variations which m ay occur a regulating device should be included in the 
transm itting  system.

(II) Reference' Artificial. Line:.

Q u e s t io n  i .

W hat should be the characteristic impedance, o f the artificial line ?
A n s w e r v —The reference artificial line should have a characteristic im pedance 

of 600 ohms. A tolerance of F  1 per cent, and  an  angle no t g reater th an  ^  20 over 
the-frequency range io o - to -5,000-p.p.s. m ay be perm itted:

Q u e s t io n - 2.

By what 'steps and-within what range - should the attenuation o f the.artificial line be adjustable ?
A n s w e r .—T h e  a r t i f ic ia l  l in e  s h o u ld  b e  a d ju s t a b l e  in  s t e p s  o f b =  0 .0 2  (o r  0 . 2  TU) 

w ith in  t h e  l im i ts  b — 0 a n d . b =  12 (o r 1 0 0  TU):

(III) Reference Receiving Systiem.

Q u e s t i o n  t .

How should the acoustic output o f the receiver be defined?

A n s w e r .— The sound pressure delivered a t the end m arked Z in Fig. 2 of 
. a f m etallic acoustic coupler (artificial ear passage) should be regarded as the  m easure 
of acoustic ou tpu t. The essential dim ensions of the coupler are shown in Fig.. 2.

.I t  is also-necessary to specify the  essential dim ensions of th e .rece iv e r; these also 
are shown-in Fig. 2..
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Q u e s t i o n  2. . . .  :.. ............ ................
W hat is the best method o f measuring this output ? ■ -

A n s w e r .— The m easurem ent of the sound pressure, as in the case of the tran s­
m itter, m ay be carried out. by  m eans of any practicable m ethod (calibration by  means 
of a condenser tran sm itte r and the sound pressure com pensation m ethod are in 
practical, use).

Q u e s t i o n  3.

W hat should be the electric, impedance at- the input end" of the receiver system ?
A n s w e r .-—The inpu t im pedance should be 600  ohms. A  tolerance of 4 ; 5 per cent, 

and an angle not greater th an  4 ;  io °  over the frequency range-100  to  5 ,0 0 0  p.p.s. m ay 
be perm itted. -

Q u e s t i o n  4 .

B y  what steps and within what range should the efficiency, of, the receiving system be 
adjustable ?

A n s w e r .— The reference receiver should be adjustable by steps of b — O'l.  (or 
1 TU) w ithin the  lim its 5 =  — 1 (or — 10 TU) and & •=  +  1. (or + -10  TU).

Q u e s t i o n  5.

, W hat ratio between electric, and acoustic power taken at the input and output' ends o f the 
receiving system, respectively, should define the normal setting or zero point o f the receiving 
system ?

A n s w e r .— The efficiency of the reference receiving system  is determ ined by the 
ra tio  of the sound pressure a t the end m arked Z in Fig. 2 of the  acoustic coupler 
(artificial ear passage) to  the  inpu t voltage across the receiving system. The zero point 
of the  receiving system  should approxim ate to th a t of the s tandard  commercial 
receiving system s in general, use and  is defined provisionally by the  value of 50 dynes 
per cm 2 per volt, taken  as the arithm etical mean of th is ra tio  over the frequency range 
500 to  2,500 p.p.s.

Q u e s t io n  6.

(a) Over i&hatfrequency range should this ratio remain constant?
(b) W hat difference o f ratio within this frequency range, should be regarded as tolerable?

A n s w e r— This ra tio  should no t vary  by more th an  b = + ° '4 or ( + 4  TU) 
over the frequency range 30 0  to  3 ,0 0 0  p.p.s. and by more th an  b =  4 : 1 '°  (or +  10 TU) 
over the frequency range 100  to  5 ,0 0 0  p.p.s.

Q u e s t i o n  7 .

W hat is the greatest non-linear distortion, which may be permitted in  the receiving system
(a) fo r  the m axim um  electric load, (b) fo r  a given fraction of this load ?

A n s w e r .-— See I (3).

Q u e s t i o n  8.

W hat receiving system and what type o f construction are proposed in  order to satisfy the 
required conditions ?

A n s w e r .— A  receiving system  composed of a receiver of the Bell Receiver type, 
w ith a diaphragm  additionally  dam ped connected to* a. suitable amplifier, is 
recommended.

The essential -dimensions of the  ear cap of th is receiver, are shown in Fig.* 2.
Receivers of the m oving coil type have also been found satisfactory  in 

perform ance and m ay prove to  be preferable if their constancy is found to  be 
adequate.

To com pensate th e  varia tions1 which m ay occur a regulating device should be. 
included in the receiving system.



C. GENERAL RECOMMENDATIONS CONCERNING THE REFERENCE SYSTEM.

The In ternational Consultative Committee—
Considering

T hat any system , which m eets the, conditions prescribed in the foregoing advice (B) 
will be adequate for m ost p ractical telephone problems.

T hat in any case the  physical d a ta  given in the foregoing advice cannot by them selves 
define w ith  sufficient accuracy the characteristics of the Reference System. In  other words, 
two sj^stems,.both built to comply w ith 'th e  advice, as far as.physical calibration is concerned, 
m ay give som ewhat different performances for actual speech transmission.

Considering fu rther the  very complex character of a description covering all factors 
entering into the  perform ance of a transm ission system  under actual speech conditions 
unanim ously decides :—

T hat, in order to secu re , uniform ity of various standards, one particu lar physical 
em bodim ent sh a ll be chosen as the Master Transmission Reference System.

For the present, it is recom m ended th a t an, exact replica of the American form of 
Transmission Reference System  be designated as the European M aster Transmission Reference 
System  and  to  be held' by  the C.C.I.

This apparatus includes a condenser tran sm itte r w ith stretched diaphragm  (Fig. 3) coupled 
to four stages of am plification and a perm anent m agnet Bell type receiver w ith 'a  diaphragm ,

C ondenser T ran sm itte r , 
F i g . 3 .
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m echanically dam ped by a series of paper discs, and coupled to three stages of amplification. 
The apparatus is approxim ately distortionless and  transm its speech of very high quality . In  
addition, it is provided w ith m eans for sim ulating commercial telephone apparatus when 
desired, by  the insertion of d istorting electrical networks. The system  is provided with 
com plete acoustical and electrical calibrating devices. The condenser tran sm itte r is 
calibrated  when necessary by m eans of a therm ophone in atm osphere of hydrogen. The 
constan ts of the therm ophone have been found by the Bell System  to be accurately 
com putable. The receiver is calibrated by  connecting 'it acoustically to  the condenser 
tran sm itte r by m eans of a special coupler. The whole of the apparatus, 'including the 
calibrating instrum ents, is m ounted on five floor racks. A photograph of this appara tus is 
shown in Fig. 4.

In  the fu ture the M aster Transm ission Reference System m ay, subject to approval by 
the C.C.I., be modified in such respects as will have been proved desirable.. Any other system  
com plying w ith the foregoing advice '(B) m ay, if approved by the C.C.I., be designated as 
a P rim ary  Transmission Reference System.

These Prim ary  Reference System s should be of such physical construction th a t  th ey  will 
be capable of being calibrated  by the m eans provided for calibrating the M aster T rans­
mission Reference System.

One im p o rtan t use of these M aster or P rim ary  Standards would be the calibration of 
Secondary and W orking Standards. In  view of the com plexity and cost of the  M aster 
S tandards, it is no t thought th a t  a considerable num ber of replicas thereof would be likely 
to be required, b u t th a t  m any A dm inistrations m ight consider the advisability  of calibrating 
Secondary and  W orking S tandards by  m eans of the  M aster S tandard, or the  m ost conveniently 
lo ca ted 'P rim ary  Standard.

The Secondary S tandards m ight consist of a simpler and more portable type of apparatus, 
based on the  M aster or P rim ary  S tandard  and  incorporating m any of their features w ithout 
th e  calibrating apparatus.

Secondary Reference System s should therefore be of such physical construction th a t 
they  will be capable of being calibrated  by  the  m eans provided for calibrating the  M aster 
Transm ission Reference System.

Present types of s tandard  telephone sets of commercial type m ight be used as working 
standards un til some more stable apparatus for the  purpose is available. I t  is recom m ended 
th a t  efforts be m ade to develop w orking standards which will be more stable th an  the  present 
types of w orking s tandard  which incorporate the ordinary p a tte rn s of commercial 
tran sm itte rs  and  receivers.

The In ternational C onsultative Com mittee strongly and  unanim ously recom m ends th a t  
every A dm inistration should engage itself to adhere strictly  to  these recom m endations. 
M odifications of one point or another m ay be found to be desirable from tim e to time, b u t 
an y  such m odifications should be m ade by  m u tu a l agreem ent and for universal use, and in 
no case by  any A dm inistration acting ap a rt from  others.

D. LIST OF OUTSTANDING POINTS TO BE STUDIED IN CONNECTION WITH 
STANDARD REFERENCE SYSTEMS AND THEIR APPLICATIONS.

The In te rn a tio n a l Consultative Com mittee subm its the following questions for 
stu d y  :—

1. How shall the prim ary S tandard  Reference System  be com pared w ith the fundam ental
system , and  a t w hat in tervals of tim e will it be necessary to  m ake such com parative
m easurem ents ?

2. W hat are the different permissible m ethods of constructing secondary Reference
vSystems ?
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3. How shall the secondary system s be com pared to  the  p rim ary  system s or to th e
fundam ental system s, and a t w hat in tervals of tim e should these com parisons be 
repeated  ?

4. How shall the working standards corresponding to the  different types of commercial
telephone connections existing in th e  different countries be realised?
How shall these working standards be re la ted  to  th e  fundam ental, th e  p rim ary  and  
secondary systems, and a t w hat in tervals of tim e shall these calibrations be repeated?

5. How can the practice coefficient of the  different crews of observers m aking .laboratory
and voice tests be defined and determ ined ?

6. W hat tests (physical and physiological) shall be em ployed in recruiting  observers in
order to  ascertain the state  of their hearing and  their voice ? , ,

7. How can be defined and determ ined the m ean correction factors corresponding to
different languages in order th a t  the results of tests  of clearness m ade in different countries 
m ay be compared, taking account of the  language used ? . . .

8. Does the  figure 0*05 volts per dyne per centim etre squared specified previously in the
proposals of the Conference of London for the zero point of the  tran sm ittin g  system  
correspond well to the efficiency of the  s tandard  transm itting  system s of com m ercial types 
used by  the  different A dm inistrations in their working standards ' for every day 
m easurem ents?

9. Does the  figure 50 dynes p e r centim etre squared per vo lt specified for the  zero po in t of
the  transm itting  system  correspond well to  the efficiency of the  s tan d ard  receiving 
system s of commercial types used by  th e  different A dm inistrations in their w orking 
standards for every day m easurem ents?

10. In  m easurem ents of transm ission equivalents or transm ission efficiency is i t  desirable 
to apply  corrections to the results because of the  difference in im pedances betw een 
th e  apparatus m easured and the  corresponding p a rts  of the reference system  ?

Note.—Tolerances regarding angle and modulus have been fixed for the 
im pedance of the artificial line of the reference sy s tem ; also, the  a tten u a tio n  of this 
line a t 800 cycles per second was defined, this a tten u a tio n  being variable from  b =  o 
to  b =  12, or 104 TU  by steps of b =  0-02 or 0-174 TU.

I t  is recommended th a t, im m ediately an  a tten u a to r perm itting  an a tten u a tio n  
variable over such a range has been established, the  different tolerances permissible 
for attenua to rs of this k ind shall be decided.

E. SUPPLY, LOCATION, INSTALLATION AND MAINTENANCE OF THE EUROPEAN 
MASTER TRANSMISSION REFERENCE SYSTEM.

The In ternational Consultative Com mittee considering th a t, in addition to  the  foregoing 
questions, it is henceforth necessary to examine the  questions relating to th e  supply, location, 
installa tion and m aintenance of the European M aster Transm ission Reference system , decides 
th a t a special perm anent Sub-Commission shall be charged w ith  the  study  of these questions, 
and  th a t  th is Sub-Commission shall be com petent to  deal w ith  th e  problem s relating to  the  
European M aster Reference system and  its application.

The m em bers of th is Sub-Commission are
Dr. Breisig (Germany).
Captain Cohen (Great Britain).
M. Chavasse (France).

Mr. Sivian, of the  American Telephone and  Telegraph Company, has k ind ly  volunteered 
to collaborate w ith this Commission. x
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The Commission has already exam ined the  following points :—

(a) Constitution of the European Master Reference system. ~
- . The Commission has • adopted the  ■ following com ponent, p a r ts :  4 therm ophones,

4 condenser transm itters, 4 standard  receivers, one set of spare vacuum  tubes for each 
position. ■ .

(b) Housing of European Master Reference system.
The Commission is of the opinion th a t  the  premises offered to the C.C.I, by  Le 

Laboratoire du Conservatoire N ational des A rts e t M etiers should be accepted. I t  approves 
of these premises w ith the  following reservations :— .

(1) The furniture in Room- 1 (intended for the reference system) shall be 
supplem ented by an additional cupboard, provided w ith lock and key, to  house 
standards belonging to the various A dm inistrations,

(2) There shall be special entrance stairs, perm itting  the easy ingress of the 
apparatus,

(3) The walls of the listening operator’s cabinet shall be of ordinary brick 
construction about 25 cm. thick. I t  shall be lined w ith felt (or an equivalent sound 
absorbing m aterial). The floor of the cabinet shall be covered by a carpet of sound 
absorbing m aterial. There shall be double doors to the cabinet, allowing it to  be 
herm etically closed.

(c) Accessories.
I. Accumulators.—These are to  be provided by the  C.C.I. and shall be as hereinafter 

specified :—■
(1) One battery , 310-325 Volts, capable of delivering 80 ma.
(2) „ 24 „ „ ,, 5-5 a.
(3) -  130 „ „ „ 85 ma.
(4) » 24 „ „ „ 3 a.
(5) „ 130 „ „ „ 10 ma.
(6) „ 6 „ „ ,, 1 a.
(7) » 6 „ „ „ 0 .5  a.

The low-tension batteries shall be of the  po rta tive  type. E ach high-tension b a tte ry  shall 
be m ounted on a small wagon for easy tran sp o rt and  shall be provided w ith  the necessary 
instrum ents to  .te s t the charge and discharge conditions.

II . Charging facilities.—The charging installa tion  of the Laboratoire du  Conservatoire 
des A rts et Metiers shall be augm ented to a capacity  of about 10 amperes. F urtherm ore, 
the possibility of continuous charging (day and night) should be investigated. I t  is also «, 
necessary to  arrange for suitable apparatus and  m easuring instrum ents, required  in  order 
to  complete the equipm ent on the power board and  to  ensure satisfactory b a tte ry  m aintenance.

I I I .  Supply of hydrogen and compressed air.— The hydrogen apparatus shall be of the  
ordinary transportab le  reservoir type, equipped w ith  a valve, perm itting  the desired flow 
of gas (of a pressure 5 cm. of m ercury above atm ospheric pressure). Since the  consum ption 
of compressed air will be considerably greater, it will be necessary to  em ploy a producer of 
greater capacity  (pressure about 15 cm. of m ercury above atm ospheric pressure).

IV. Oscillator and Volume Indicator to adjust the energy of speech emitted.— This 
apparatus will be furnished by the Am erican Telephone and. Telegraph Company.

V. Frequency Meter.— It is necessary to provide a ' frequency m eter w ith  a range of 
from 30 to 10,000 p.p.s. 1
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(d) Personnel.

The engineer and assistant engineer, placed a t the disposal of the C.C.I. by the French 
A dm inistration shall (as from about the m onth  of May 1927) follow the  installa tion and 
calibration of the M aster System  and  shall familiarize themselves w ith its operation. Two 
ex tra  helpers, which will complete the operating staff, shall be assigned when the . ac tu a l 
calibrating of working standards begins. . . .

The In ternational Consultative Committee has decided th a t the expenses in connection 
w ith  the installa tion and m aintenance of the  M aster Reference Transmission System  shall 
be covered by means of contributions from  the various Adm inistrations, belonging to the
C.C.I., these contributions to be in proportion to those which are now m ade for the m aintenance 
of the  secretariat of the In terna tional C onsultative Committee. ' *
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(A.a.2.) Recommendations of Principle.
Uniform value to be given to the Impedance of International Circuits.

. The In ternational C onsultative Com mittee—
C onsidering:—

T hat, for various general reasons, it  is desirable to  m ain tain  a uniform  value of im pedance 
for all in ternational circuits m easured from a repeater station, or from one of the term inal 
exchanges, by  th e  suitable adap ta tion  of in term ediate transform ers.

T h at th is im pedance should be chosen in such a m anner as to avoid, as far as possible, 
reflection losses a t  the  ends of th e  long-distance circuits— i.e., th a t  its value should be as near 
as possible to th a t of the local circuits to which these long-distance circuits are generally 
connected.

T hat it has been found from tests  carried ou t in various countries th a t  the values of the 
im pedance of local circuits varies appreciably w ith  the  frequency of the  m easuring curren t, 
w ith  the length of the circuits and  w ith  the na tu re  of the subscriber’s apparatus.

T hat, in spite of the lack of precise inform ation, it is, however, possible to give, pro­
visionally, to this typical im pedance an  average value sufficiently approxim ate for practical 
needs, and th a t, in m any cases, satisfactory  results have already been obtained.

T hat this choice (which, however, is subject to revision) will itself constitu te  an  experi­
m ental basis for the future.

U nanim ously advises :—
T h at the value to be given to  the  apparen t im pedance of in ternational circuits (measured 

across the term inal transform ers, and  m easured or calculated a t a frequency of 800 periods 
per second) shall be provisionally fixed a t  800 o h m s; it  m ay, however, fall w ith in  the  lim its 
of 600 and 950 ohms.

Combinations of International Circuits.

The In ternational C onsultative C om m ittee—
Unanim ously advises :—

T h at for reasons of stab ility  in transm ission the com bining of in terna tional telephone 
circuits shall never be m ade except between com plete repeater sections (i.e., a t repeater 
stations).

Practical Limits of Transm ission Equivalents.

The In ternational Consultative Com mittee—
U nanim ously advises :—

1. T hat the transm ission equivalent (measured a t 800 p.p.s.) of the com bined sections,
comprising in ternational lines and  repeaters, shall no t exceed b = 1 - 3  or 11-3 T U ; th a t, 
however, for cable circuits, which are no t ex tended  beyond the term inals of the cable, the 
transm ission equivalent, m easured between the offices, m ay be increased to  b =  2 or 17-4 TU 
in certain  special cases.

2. T hat the losses which occur in the entire circuit which connects a subscriber to  the
in ternational office of his own coun try— th a t is to  say, the office which gives him  in terna tional 
service—should not exceed b = T  or 8*7 TU  in order th a t  the to ta l loss of an in terna tional 
connection shall no t exceed b = 3 - 3  or 29 TU.

Note.— “ The losses, occurring in the entire circuit, which connects a subscriber 
to  the in ternational office of his own coun try  ” do no t include the losses due to  b a tte ry  
supply decrease to  the transm itte r.

W hen the standard  reference system  is available, it will be necessary to  define 
the transm ission equivalent of the  entire connection betw een a subscriber and  the  
in ternational office of his own country.
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Allowable limits of variation in the transmission equivalent with frequency for long 
2-wire and 4-wire International Circuits.

The In ternational Consultative Committee unanim ously gives the following tw o 
ad v ice s :—  - ■ '

2-wire circuits.*
The quality  of transm ission in a repeatered 2-wire circuit is characterized ,

(1) by the loudness of speech, which is defined by the figure of over-all loss a t a 
m ean frequency (800 p .p .s .) ;

(2) by the distortion, which is defined by  the deviation of the attenuation  figure 
a t the lowest and the highest frequency to be transm itted  (300 p.p.s. and 2,000 p.p.s.) 
from  the attenuation  figure a t 800 p .p .s .;

(3) by the  deviations of the over-all loss-frequency curve from the m ean curve 
or the  stab ility  of the circuit (singing point). In  order to simplify the m easurem ents, 
th e  loudness and the distortion are m easured after suppressing the am plification 
in the reverse direction.

According to  this the varia tion  of a tten u a tio n  w ith  frequency on in ternational 2-wire 
circuits m ay  be defined as follows; having suppressed the am plification in the reverse direction, 
the over-all loss is m easured a t the frequencies : 300, 800 and 2,000 p.p.s.

The a ttenua tion  a t 800 p.p.s. ought to  be equal to  b  =  1 -3 or 11 -3 T U ; the a tten u a tio n  
a t 300 p.p.s. should not differ from th a t a t 800 p.p.s. by  more th an  b =  0-5 or 4-3 T U  and the 
a ttenua tion  a t 2,000 p.p.s. should not differ m ore th an  b = i ’5 or 13 TU from th a t  a t 
800 p.p.s.

H aving reduced the over-all loss by b = 0 - 4  or 3*5 TU, the  singing point of the tran s­
mission system  should no t be reached.

4-wire circuits.
The lim its laid down in the Typical Specification for a com plete telephone cable betw een 

term inal offices should rem ain.

Adoption of Arrangements in regard to Type of Loading and Gauge of Conductors, 
other than those prescribed by the C.C.I.

The In ternational Consultative Committee—
U nanim ously advises

T h a t the types of loading and gauges of conductors, adopted as standards by the  C.C.I., 
provide sufficient flexibility to  m eet all practical requirem ents in regard  to the spacing of 
repeater stations.

However, cases m ay occur where standard  types of lines cannot be used. Care m ust then  
be tak en  th a t the perform ance clauses of the specifications issued by the C.C.I. are o b serv ed ; 
particu larly  those relating to cut-off frequency, characteristic im pedance and a tten u a tio n  fre­
quency curves and, if possible, adopt the type of loading called for in the C.C.I. specifications.

In  case it  is proposed to increase the d iam eter of the  conductors the  In tern a tio n al 
Consultative Com mittee would point ou t.'tha t it is m ore difficult To,obtain a uniform  d is tr ib u ­
tion of th e  electrical constants of the line w ith  large diam eter conductors. Consequently, 
when it  is essential to increase the  diam eter oCthe conductors in order to reduce th e  a tten u a tio n  
of a particu larly  long repeater section, it m ay be necessary to select so large a d iam eter th a t  
th e  a ttenua tion  of the repeater sections falls below the  norm al value. In  this m anner it is 
possible to  operate the circuit w ith  reduced repeater g a in s 'an d  thus obtain  the sam e degree 
o f : stab ility  as th a t of a s tandard  type of circuit.

* O n th is  sub jec t, see A ppend ix  B .d.2, No. 4, en titled  " E ssen tia l clauses of a  ty p ica l specification, 
fo r th e  su p p ly  of a  com plete te lephone cab le .”



E cho Effects.

The In ternational Consultative Com mittee—

C onsidering:— . . . ; '

T hat, as a result of practical tests, the  m axim um  distances over which it is possible to 
tran sm it commercial speech w ithout the use of echo suppressors are as shown on th e  curve 
ch a rt (Fig. i),

L im ita tio n  of th e  T ransm ission  E fficiency o f 4-W ire C ircu its  d u e  to  E cho  E ffects.

F i g . i .

U nanim ously advises

i .  T hat, for the  present, all in ternational circuits w hich exceed the. lim its indicated by 
these curves should be specially tested  for the  presence of echo effects and  special m eans 
provided for their reduction, if necessary. Devices for th is purpose are described in 
Appendices C.c.4, No. 1, No. 2 and  No. 3. '
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2. T hat, in any case, considering the  sim plicity and reliable operation of •echo suppressors;- 
together w ith the fact th a t  4-wire circuits are often connected repeater-operated to 2-wire 
circuits, it is recom m ended th a t all 4-wire in ternational circuits which m ay . be extended 
beyond 500 km. (“ m edium -heavy ”) or 1,000 km. (“ ex tra-light ”) should be equipped w ith 
echo suppressors. ’

3. T hat, in general, long circuits can be considerably im proved by  the  use of echo 
suppressors, and  th a t, when such provision is. m ade, echo effects will not influence the  range 
of speech. ’ •

Transient Phenomena.

The In ternational C onsultative Committee—

U nanim ously advises :— -
1. T h a t fu rther investigation is necessary before definite recom m endations can be m ade 

on th is subject. ' ' •
2. T h at the  various A dm inistrations should be invited to  s tudy  transien t ’ phenom ena' 

particu larly  on circuits equal to or longer th an  800 km.
3. T hat, in any case, where speech transm ission appears to be affected by  these 

phenom ena, it  m ay be advantageous to restric t the  frequency band  transm itted . Proposals 
by  the German A dm inistration give some indications in this respect (see A ppendix C,d.2, 
R eport of the  Germ an A dm inistration  w ith reference to  long-distance com m unications on 
E x tra  L ight-Loaded Toll Cables. Precautions to be taken 'w hen  transien t phenom ena become 
troublesome).

Star-quad Cable for Long Distance International Circuits.

The In ternational C onsultative Com mittee—

U nanim ously advises :—
1. That- from a technical point of view star-quad  cables are suitable, for in ternational 

telephone circuits in so far as these cables m eet the general conditions laid down in the 
specification for factory  lengths and  for repeater sections.

2. T h a t w hether s tar-quad  cables in any given case should be preferred is purely a 
question of economics.

Considering, on the o ther h and—
T h at the  sim ultaneous use of phantom  cables and star-quad  cables w ithout phantom s, 

as portions of a telephone circuit, .presents difficulties in so far th a t  star-quad  cables render 
it necessary to  change over a t junction  points from  phantom  working to  physical circuits,

Unanim ously advises :—
T hat, in order to  preserve hom ogeneity of 2-wire repeater circuits in th e  repeater sections, 

i t  m ust be arranged th a t  s tar-quad  cables, in every case, be-used only th roughout complete 
repea ter sections.

Uniformity.*

The In ternational C onsultative Committee—

C onsidering :—
T h a t i t  is desirable, in order to  insure a satisfactory perform ance of the  repeaters as 

well as to  avoid reflection losses, to  ob tain  a uniform  distribution of the electrical constants 
th roughout a repeater section,

* See A ppend ix  C .b .i, en titled  : “ D ifferen t w ays in  w hich tw o T elephone A dm in istra tions can
co-opera te  in  th e  co nstruc tion  of a  re p e a te r section , w hich crosses a  fro n tie r .”
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Unanim ously ad v ises :—
T h a t cable sections betw een repeater stations in one and the same coun try  should be 

absolutely uniform  th ro u g h o u t; th a t  it  should be prescribed th a t the construction of the 
cables shall be such th a t  th e  circuits shall be perfectly balanced and  th e  electrical constants 
uniform ly distributed.

Considering, however :—
T hat, for th e  design of cable sections, extending over the  frontiers of two contiguous 

countries, it  m ay, in certain  cases, be necessary to join two sections of cable which do not 
fulfil the  requirem ents of the  same specification; and  th a t certain  connections of this kind 
have given good results, b u t th a t  no deterioration in quality  should be perm itted  as a result 
of any  departure from the  principle of uniform ity,

U nanim ously advises :—  .

T h a t uniform ity in th e  m ake-up of international cable sections between repeater stations, 
located on either side o f  a  frontier, is very  desirable, b u t th a t; in exceptional cases, a direct 
connection m ay be sanctioned betw een sections of cable m ade to  different specifications, 
provided th a t the  conditions re la ting  to impedance balance laid  down in the  paragraph  on 
“ Im pedance balance ” in  the  “ E ssential clauses of a  typ ical specification for repeater 
sections of loaded in terna tional telephone cable ” are fulfilled (Appendix B.d.2, No. 3).

Note.— U niform ity  of repeater sections is particu larly  im portan t for circuits, 
m ade up of 1-3 and  1-4  mm. conductors; b u t in view of the  fact th a t  these circuits 
have alm ost the-sam e to ta l capacity  per loading section in M ethods 1 and  2, a sufficient 
degree of uniform ity  is obtainable if, in a com plete repeater section, one or the other 
of the  two loading coils are used, keeping the characteristics of M ethods 1 and  2 
respectively as regards th e  equipm ent of the cable proper in the  sections to  be joined.

Frequency of Ringing Currents.

The In ternational C onsultative Com m ittee—
Considering :—

T hat, for convenience of in terna tional relations, it  is desirable to  adop t a single 
frequency for ringing; th a t  th is frequency should be sufficiently high for ringing currents 
to  be tran sm itted  b y  repeaters under norm al conditions; th a t  experim ents m ade in various 
countries w ith  curren ts of 500 periods per second frequency have given satisfactory  re su lts ; 
th a t  the  d isturbing effect of cross-talk due to  'Currents of frequency of 500 periods per second 
is generally less th an  the  cross-talk due to currents of a  higher frequency; th a t  in view of 
facilitating  the  ad justm en t of appara tus used for receiving calls, it  is m oreover desirable 
th a t  in the  present s ta te  of telephone engineering developm ent to  m odulate or in terrup t 
a t  low frequency th e  curren ts of m usical frequency,

U nanim ously advises :—
T h a t for circuits used for in terna tional com m unications, and, for the tim e being, there 

shall be em ployed a ringing curren t of a frequency of 500 periods per second ±  2 per cent, 
in te rru p ted  w ith  a frequency betw een 2Q and 25 periods per second and  an effective EM F 
of from  0-5  to  j  • 5 volts a t  zero transm ission level, and  th a t i t  is desirable th a t  an  agreem ent 
should be reached in regard  to  one frequency. • . ’ . .

Choice of a Single Frequency for Routine Measurements.

The In ternational C onsultative Com m ittee—■
Considering :—

T h a t i t  is desirable to  have, for rou tine m easurem ent, a  curren t of definite frequency— 
and a frequency which is alw ays th e  sam e—th a t th is frequency should be as near as possible
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to th a t  of the  average frequency of spoken so u n d s; th a t  i t  has been provisionally adm itted , 
up  to  the p resen t; th a t  th is frequency should be 800 periods per second and th a t the 
experience h itherto  acquired w ith curren ts of different frequency appears to  be still inadequate 
to  enable one to consider a  change in  the present practice,

U nanim ously advises :—
T hat, provisionally, currents of a frequency of 800 periods per second should still be 

em ployed for routine m easurem ent; th a t  th e  various A dm inistrations should be inv ited  to 
continue investigations, which they  have already undertaken  on th is question, and  to  state  
la te r their opinion.

Single Frequency Method, suitable to replace Voice Test.

The In tern a tio n al Consultative Com m ittee—
. . . ' " i . . ^

Considering ;— ,
T h a t the choice of the  frequency for currents used in routine m aintenance tests should 

be of such a  n a tu re  as to  facilitate th e  investigation of faults in the various types of circuits 
com m only used; . ’

T h a t in m odern telephony, it  is becoming, increasingly im portan t to  consider no t only 
th e  volum e of th e  sound transm itted , b u t also the  articulation of the speech tran sm itted ;

Considering, on the  o ther hand  :— . .
T h a t testing  m ethods, using single frequency, have been proposed, and th a t these give 

results com parable w ith  voice tests, nam ely ' •
. (a)  A m ethod  using a conjugate rhythm ic frequency w ith an in tegrating receiving 

device. (See inform ation furnished by  the B ritish delegation, Appendix C .a.i, No. 1.)
.(b) A ‘m ethod, based on cross-talk m easurem ents a t a few frequencies:only, the 

results ob tained  being in terp re ted  according to  a  m ethod determ ined by  each country, 
tak ing  in to  account the phonetic characteristics of the language of the  country. (See 
inform ation furnished by  the  G erm an delegation, Appendix C .a.i, No. 2, as well as the 
N ote on Cross-talk, subm itted  by  the  French delegation, A ppendix C .a.i, No. 4);

Considering fu rther
T h a t these m ethods are no t y e t sufficiently confirmed by experience and  th a t it  is 

necessary to  continue the  study  of their m ode of application,

Unanim ously advises :—
T h a t th e  voice tests, prescribed in the  paragraphs on "  Cross-talk ” in the  typical 

specifications for in terna tional telephone cables shall provisionally be m aintained, b u t th a t  
it  is necessary to  study, as soon as possible, a testing  m ethod for cross-talk, which shall be 
independent of th e  tester. The various A dm inistrations are therefore inv ited  to  examine 
th e  two m ethods under consideration and  give their views on th is point. ‘ •

Use of International Circuits for the relaying of Radio-broadcast Transmissions.

The In tern a tio n al C onsultative Com mittee—

C onsidering:—
T h a t broadcasting  has become an im portan t elem ent in the  social life,
T h a t experience has shown th a t  th e  exchange of broadcast program m es over considerable 

distances can best be done by  the use of long-distance telephone lines, capable of reproducing 
correctly  all m usical frequencies and  protected  against atm ospheric disturbances, which 
frequently  affect radio transm issions,
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T h at the relaying of broadcasting transm issions by  m eans of in ternational circuits, from 
an economical standpoint, has the double advantage of utilizing the circuits during the slack 
hours and of obtaining from several broadcasting stations excellent program m es of high 
artistic  standard , which otherw ise would entail a considerable expense, lectures or speeches 
of general interest,

U nanim ously ad v ises:—
T h a t it  is desirable th a t radio-broadcast transm issions should be effected on in ternational 

circuits.

Frequency Band to be transmitted for different Quality of Broadcast Transmissions.

The In ternational Consultative C o m m itte e -  

Considering :—
T hat, as regards the frequency band  to, be transm itted  for the  reproduction of speech 

and  music, it is necessary to-discrim inate in each case in practice between w hat is desirable 
as an  ideal and w hat can be accomplished, having due regard  to  th e  various economical 
factors involved,

U nanim ously advises —
T h at an ideal reproduction of speech and  music necessitates a  distortionless transm ission 

of the  currents comprising the entire range of frequency betw een 30 and  10,000 periods per 
second; th a t  the transm ission of very low frequencies (30 to  100 p.p.s.) is m ore im portan t 
from th is standpoint th an  th a t  of the higher frequencies, and  th a t  an extension beyond 
10,000 periods per second of the  band  of frequency correctly tran sm itted  would no t be of 
any  particu lar advantage,

T h a t the transm ission of a frequency range from 100 to 5,000 periods per second is 
adequate for the reproduction of good q u ality  music and  elocutionary speech,

T h at for the transm ission of lectures and  speeches th e  range of frequencies employed 
m ay be restric ted  to 200—3,000 periods per second.

Co-ordination of Radio Telephony and Wire Telephony in the Exploitation of
International Circuits.

A lthough long distance radio telephony can only be regarded as in tim ate ly  associated 
w ith  wire telephony, from a technical and  commercial standpoint, the in te rn a tio n a l C onsultative 
Com mittee has no t as y e t dealt w ith  long distance radio telephony, w hich is still in 
the  experim ental s tage; however, since very rapid  technical progress is tak ing  place, which 
bids fair to introduce radio telephony in the in ternational telephone netw ork, the  In ternational 
Consultative Committee will s tudy  m eans for co-ordinating radio telephony w ith  wire telephony 
for in ternational traffic. -
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(A.b.) G eneral R ules c o n c er n in g  the  M ake-u p  of T r a n sm issio n  S y st e m s .

(A.b.i .) Ordinary Telephony.

Inter-connection of q-wire Circuits.

The In ternational C onsultative Com m ittee—

Considering
T h a t it  is desirable th a t circuits already ear-m arked for tran sit traffic or capable of 

eventually  being inter-connected should be established in such a m anner as to operate w ith 
full efficiency when th ey  u ltim ate ly  form p a r t of the projected long distance netw ork, although 
their provisional use for traffic betw een term inal stations m ay not be economical^

T h a t for m aking connections betw een long 4-wire circuits, it is desirable to adopt 
preferably m ethods of connection which do not introduce prejudicial echo effects, and

T h a t it  is desirable to po int out, in regard  to th is m atter, th a t  cord circuits have been 
designed w ith  a view to perm itting  the  extension of a long 4-wire circuit b y  m eans of another 
4-wire circuit (with or w ithout the  in troduction  of additional telephone repeaters) w ithout 
its  being 'necessary for the  operator to  m ake any ad justm ent (on th is p o in t see Appendices
C.c. 3, No. 1 and No. 2, describing the m ethods of inter-connection used by ' the  In te r­
na tional S tandard  E lectric C orporation and  Siemens and  H alske A.G.),

U nanim ously advises
T hat, where two 4-wire circuits have to  be joined together, i t  is desirable to m ake this 

connection by  switching arrangem ents designed in such a m anner as to prevent additional 
echo effects, and in such a m anner th a t  ad justm ents of the in term ediate repeaters by  the 
operators is not necessary. -

(A,b.2.) Carrier Current Telephony.



(A.b.3-) Radio-Broadcast Transmission.
Maximum and Minimum Transmission Levels to. be adopted for Radio-Broadcast

Transmissions.

T he In ternational Consultative Com m ittee—

C onsidering:—
T hat, as regards the m axim um  and  m inim um  transm ission levels to  be ad o p ted  fo r the 

relaying of broadcast transm ission, a distinction m ust be m ade between cable circuits and  open 
wire lines,

T hat, in fixing these values, consideration should be given to the  technical qualities of 
the circuits involved,

Unanim ously gives the  following two advices :—

(a) Cable Circuits.
If it is desired to use ordinary vacuum  tubes, the  m ean value delivered to  the  long 

distance line and calculated for any in terval of tim e of 10 milli-seconds m ust no t exceed 
i  m illi-watt. For the transm ission of greater powers, it  seems necessary to  use special cables, 
equipped w ith proper vacuum  tubes.

The m axim um  transm ission level a t  any  point on th e  line m ust not exceed b =  i  • i  or 
9*6 TU.

In  ordinary  cables th e  m inim um  transm ission level should not be less th an  th e  lim it 
allowed for ordinary telephony. In  special cables, w here th e  cross-talk is considerably reduced, 
th is lim it m ay be reduced by  an am ount corresponding to  th is reduction. F o r example, in 
the case of these special, already existing cables having cross-talk values b — 12 or 104 TU, 
the transm ission level m ay be fixed a t b =  — 5*5 or — 47-8 TU.

(b) Open Wire lines.
'  A lim it of 4 m illi-w atts seems to be permissible for the  m axim um  m ean power, calculated 

for any in terval of tim e of 10 milli-seconds. No definite m axim um  level for th e  instantaneous 
power appears to be necessary, b u t the m inim um  value of th is power m ust no t be less than  
i - 6  m illi-watts.

Conditions which Open Wire Lines must fulfil in order to be used for Radio
Broadcasting.

The In ternational Consultative Com m ittee—

Unanim ously advises :—
(a) T h a t in all cases where parasitic noise or interference, due to  m u tual induction between 

the  open wire lines used for broadcasting and  o ther circuits do not enter into consideration, 
these open wire telephone lines are in every respect suitable for broadcasting purposes.

(b) T h at one should no t forget th a t  the  necessary freedom  from inductive interference 
can only be obtained on circuits which are very  carefully balanced and  m aintained.

(c) T h a t no serious distortion would be caused by  th e  in troduction of short, non-loaded 
cable lengths on open wire lines, such as are used for railw ay and river crossings, etc. If 
long, loaded cables are inserted, the  effects m ay be m ore serious. In  the  case of long cable 
lengths, the  cut-off frequency m ust m eet the  conditions, la id  down on page 32, re la ting  to 
the  range of frequency to  be transm itted  for the  various qualities of broadcast transm ission.

(d) T h a t when am plification is necessary on open wire lines used for broadcasting, i t  is 
desirable th a t  the  transm ission equivalent of the line betw een two repeater s tations should 
not exceed b — 1 or 8*7 TU.
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(e) T h a t w ith respect to the  value of-the in p u t power applied to  the repeaters, vacuum  
tubes should be em ployed which are capable of dealing w ith 100 m illi-w atts w ithou t undue 
non-linear distortion. The repeaters to be, used m ust have a: very flat frequency characteristic 
curve over a range of 30 to  10,000 periods per second. . -

. Alterations made in Cable Circuits in order that they may. be suitable for Broadcast
Transmission. , .

The In terna tional C onsultative Com m ittee having regard to  the  considerations laid  down 
in th e  advice on page 32 “ F requency ban d  to  be transm itted  for different quality  of 
broadcast transm issions ”—

. ’ U nanim ously advises :—
(1) T h a t cable circuits for radio broadcasting require a  different value of cut-off 

frequency. In  m edium -heavy loaded quads, the  phantom  circuits of which have a  cut-off 
frequency of approxim ately 3,800 periods per second, these circuits can only Ue used for 
transm issions over which a range of 3,000 periods per second is sufficient. F or broadcast 
transm issions of a  higher standard , extra-ligh t loaded side and phantom -circuits are usable, 
w ith  a preference for the  phantom  circuits.

(2) In  long-distance cables'of the types specified by  the C.C.I. (Systems 1 and  2 of the 
Typical Specification of Loading, contained in  A ppendix B.d.2, No. 3), when specially loaded 
circuits have been reserved for the relaying of broadcasting transm ission, i t  would be possible, 
bo th  economically and  technically, to prescribe for these circuits a cut-off frequency of 
approxim ately  10,000 periods per second. I t  m ust be rem em bered th a t, in  th is case, the 
inductance of the  line is no longer negligible as com pared w ith  the  inductance of the 
loading coils.

(3) T hat, w ith  respect to th e  repeaters, it  is necessary th a t  the  frequency curve of 
am plification and  the frequency curve of the  circuit coincide. This coincidence should take 
place w ith  a m axim um  allowable deviation of b =  i  0-05 or dr 0-43 TU  w ithin the  frequency 
ranges required  for the  different types of broadcast transmission. On the  basis of the  advice 
already given vacuum  tubes m ay  have to be used which are capable of dealing w ith  a power 
of the order of 100 m illi-w atts in order to avoid non-linear distortion.



(A .c .)  A ppa r a tu s .

(A .c. i .) Subscriber’s Instruments.
The In tern a tio n al C onsultative Com mittee—

Considering
T hat, in order to obtain  satisfactory  transm ission on in ternational com m unications, 

i t  is essential to  have well-defined testing  m ethods for subscriber’s in stru m en ts;

Considering also.:-.—
T h a t although several m ethods exist which have been used by  various A dm inistrations 

(see Appendices C .c.i. No. 2, No. 3 and No. 4), it is impossible for the present to select one 
of these m ethods as standard ,

U nanim ously advises :—-
T h a t it  is desirable th a t  each subscriber’s station  which is used in conjunction w ith 

in terna tional circuits shall be tested  once a year and the A dm inistrations should continue 
th e ir studies and  m ake proposals to the C.C.I. in order th a t  one m ethod m ay be adopted.

(A.c.2.) Local Central Offices.

(A.c.3.) Long-distance Central Offices.
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(A.c.4.) Telephone Repeater Stations.
Position of Repeater Stations.

The In ternational Consultative C om m ittee—

U nanim ously advises :—
T h at the position of repeater stations shall be determ ined by  technical ra th e r th an  on 

political considerations.

Choice of Repeaters.

The In ternational C onsultative Com m ittee—

Considering :—
T hat, as a result of ac tual experience, i t  has been found impossible to ensure, for 

satisfactory  commercial use, a stable operating condition w ith two or more telephone repeaters 
in tandem  w ithout having artificial lines inserted  in the line.

Advises :—
T h at on two-wire circuits, open wire or cable, there shall be used only two-way repeaters 

equipped w ith  balancing artificial lines in each direction of the line.

Amplification Characteristics of Repeaters.

The In ternational C onsultative Com m ittee—■

U nanim ously advises :—  f
T h a t repeaters should ensure a faithful reproduction of the hum an voice, i.e., transm it 

telephone curren ts of such a type th a t  the  resulting over-all a ttenua tion  of telephonic 
com m unication betw een term inal exchanges should not differ by  more th an  .

b =  i  or 8-7  T U  for any two frequencies between the intervals of frequency indicated  
below :

. Two-wire telephone circuits—300 to  2,000 periods per second.
Four-wire telephone circuits (medium heavy loaded)—-300 to 2,200 periods per 

second.
Four-w ire telephone circuits (extra light loaded)—300 to 2,500 periods per second.

In  order to  ob tain  these results repeaters m ay be used, which give uniform  amplification 
over the  entire frequency ranges indicated, these repeaters to be associated w ith  correcting 
devices if required, or, alternatively, repeaters m ay  be used which in them selves supply the 
desired correction.

Transmission Level— Adjustment of Repeaters.

The In terna tional C onsultative Com m ittee—

Unanim ously advises :—
T hat, in  order to ensure satisfactory transm ission on in ternational circuits, it  is essential 

th a t  the rules regarding transm ission levels and  ad justm ent of repeaters, laid down in the 
paragraph  en titled  “ M aintaining satisfactory  transm ission ” (A.e.) be observed.



Compensation of the Effects, due to Rapid Temperature Variations,

The In ternational C onsultative Com m ittee—

Considering :— ■
T h a t in certain  cases cables are subjected to tem perature variations, which m ay-sensibly 

affect th e  electrical characteristics of the  circuits,

Unanim ously advises :—
T h at it  is recommended to provide regulating devices, perm anently  associated w ith  the 

repeaters in cases where appreciable tem perature variations frequently  affect the  tran s 
mission on cables, which contain long sections of aerial cable. In  th is case the control station, 
from the  point of view of adjusting and  d istributing the amplification of the  various repeaters 
shall be the  stations, where such regulating devices are installed. .

Adjustment of the Amplification of.Telephone Repeaters.

The In ternational C onsultative Com m ittee—

Considering :—
T h a t for various reasons—for example, on account of variations in batteries or valves, 

etc.—the gains actually  furnished by  telephone repeaters in com m ercial service inevitably 
differ appreciably from the nom inal value of these gains for each definite adjustm ent.

Unanim ously advises :—
(1) T h at it is desirable th a t the  a tten d an ts  responsible for the  m aintenance of the 

repeaters need only be requested to  inform  the supervisor a t the Control S tation  of the  effective 
gains m easured in the form of a definite num ber of un its of transm ission, and  not in the form 
of the num ber of the stud, on which the po in ter of the regulating device has been p laced ;

(2) T h a t it would be desirable to m ake i t  clear th a t the  gain so com m unicated should be 
the effective gain given by  the repeaters, and should not include appara tus losses which have 
to be included in the line losses and  indicated  on the  transm ission level diagrams.
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(A.d.) L i n e s .

(A.d.i.) Open Wire Lines.

Loading of Open Wire Lines.

The In ternational C onsultative Committee-^-

Considering :—
T h a t the  loading of open wire lines—

(1) renders difficult the operation of these lines because of variations in the
insulation resistance and  m agnetization  of the coils, due to atm ospheric discharges;

(2) renders difficult the operation  of these lines w ith  repeaters;
(3) is incom patible w ith  carrier telephone operation on these lin es ;
(4) varies excessively the transm ission of the different speech frequencies,

introduces distortion and  consequently decreases the  articulation of the  conversation,

Unanim ously advises
T h a t open wire telephone lines, operated  w ith repeaters and used for long distance 

in terna tional traffic, should not be loaded.

0

Use of Open Wire Lines.

The In ternational Consultative C om m ittee—

Considering :—-
T h a t the  em ploym ent of long distance in ternational com m unication necessitates the 

use of open wire lines.
T h a t the m axim um  efficiency'of these lines will be obtained by  their phantom  circuits, 

by th e  use of repeaters and also the  in troduction  of carrier frequency telephony,
T h a t in order to ensure satisfactory  w orking-of these devices, as well as to prevent 

reflection losses, it is essential to have well-balanced circuits and also a uniform  distribution 
of th e  electrical constants th roughout th e  entire length of the line between successive 
repeaters.

Unanim ously advises :—
T h a t it  is desirable, th a t  long open wire lines, used for in ternational communication, 

should be well balanced and, furtherm ore, should not have any electrical discontinuity 
betw een two successive re p ea te rs ; th a t is to  say, the electrical constants should be uniformly 
d istribu ted  throughout such sections.

Crosstalk on Open Wire Lines.

T he In ternational Consultative C om m ittee—
Unanim ously advises :—

T h a t it should be understood, th a t  the  crosstalk between any two circuits, side or 
phantom , in an open wire line, used for long distance in ternational telephony should always 
be less th an  b =  6-9 or 60 TU, the te s t to  be m ade from any repeater s ta tion  or central 
office of the line.
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(A.d.2.) Cables.

a . Ge n e r a l .

General Recommendations for Cables allocated to International Service.

The In ternational Consultative C o m m itte e -  

Considering :—
T h at the establishing of long in terna tional lines in cables is facilitated, if local cable 

networks of the various countries have characteristics approaching those specified for in te r­
national cables; th a t  these characteristics are, moreover, those of the usual types of cable 
now in existence in the  various countries.

Unanim ously ad v ises :— ■ - •
T h a t the telephone adm inistrations in the various countries are recom m ended to apply, 

for preference the advice given in the essential clauses of the  typical specifications to their 
local cables for national service, particu larly  the  clauses relating to diam eters of conductors, 
loading coil spacing and  distances betw een repeater stations.

0 . A e r i a l  Ca b l e s .

y.  U n d e r g r o u n d  C a b le s .

S. Su b m a r in e  Ca b l e s .



(A.d.3'.) Mixed Lines.
General Recommendations concerning Mixed Linesv

The In ternational Consultative Com m ittee—

C onsidering:—
T h at on m ixed lines—th a t is to  say those comprising bo th  aerial line and  cable sections— 

it is difficult to  obtain  stable and  efficient operation of the rep ea te rs ;
T h at there are always reflection losses a t the junction of lines having different charac­

teristics which reduce the to ta l efficiency of the c irc u it; th a t  the insertion of heterogeneous 
sections, even of very short length (at tunnels in passing through large towns, etc.) in telephone 
lines is, according to  experience gained by  certain  countries represented on the  In ternational 
Consultative Committee, of such a na tu re  as seriously to interfere w ith  the developm ent of 
long-distance telephony owing to disturbances affecting the  operation of the repeaters and 
high-frequency telephony sy stem s; th a t  it  is, therefore, advisable to  avoid this procedure 
except where it is impossible to  do otherwise.

T hat, nevertheless, certain  cases of this k ind  m ay involve the necessity for such practices, 
b u t th a t it  would then  be best to  take special precautions,

Unanim ously advises :—
(1) T hat, as far as possible, it  is advisable to  avoid the  use of m ixed lines for in ternational 

long-distance telephony.
(2) T h at if i t  is impossible to  avoid m ixed lines, efforts should be m ade to  reduce reflection 

losses as m uch as possible b y  the  use of continuously loaded or " light-loaded ” cables.

Transmission Equivalents and Distortion of Mixed Lines.

The In ternational Consultative Com m ittee—

Unanim ously advises :■—
T h at for a m ixed line of any  length the  transm ission equivalent and  the  distortion should 

be as nearly  as possible the same as for a uniform  line.
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A.e.-AMAINTENANCE AND SUPERVISION OF LlNES AND INSTALLATIONS.

Extracts from the International Service Regulations.

(Revised in Paris, 1925.)

Se c tio n  A.

§ 6. The A dm inistrations concerned shall inform  each o ther regarding the m ake-up of 
the lines of com m unication in their respective territories and acquaint each o ther about all 
im portan t changes.

In  case there is a breakdown in an im portan t line of com m unication used for in terna tional 
long-distance traffic, every defective section of the line shall, so far as possible, be speedily 
replaced by  a  line (or a portion of a line) of com m unication allocated to the  in ternal service 
or by a less im portan t channel (or portion thereof) of th e  same in ternational system . The 
channels of com m unication (or portions thereof) which are to  be used for replacem ent purposes 
shall, if possible, be designated in advance. • - -

§ 7. Daily, a t a m utually  agreed 'tim e, the  cen tral offices' having direct connection— 
th a t is to say, those which form the  outlets for in terna tional traffic— shall ascertain  b y  m eans 
of ringing and talking tests the condition of the channels of com m unication. Record of any  
trouble shall be made.

Tests shall be made, as required, by  th e  term inal exchanges or by  repeater s tations 
nearest to the frontier. The term inal exchanges or the  stations concerned shall agree as to  
the day and hour when these tests shall be made. The results of the  tests shall be exchanged 
betw een th e  services concerned. •

Proper m eans for rem edying breakdowns and  fau lts shall be taken  im mediately.
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Advice of the International Consultative Committee regarding Maintenance and 
Supervision of the Lines and Installations.

Rapid Re-establishment of International Communications.

The Internationa] Consultative Com m ittee—

Considering :—

T h a t it  is of general in terest to  re-establish in ternational com m unications as rapidly  
as possible in cases of breakdown, lasting some tim e :

Unanim ously advises :—

(1) T h a t the  country  in whose te rrito ry  an in ternational line is out of order should 
endeavour, as far as possible, to  substitu te  for the  defective section a circuit from  the  in ternal 
network.

(2) T h a t in order to ensure, in th is case, good transm ission on the  in ternational line, 
a prelim inary study  should be m ade in each country  in order to determ ine the circuits of the 
in terna l netw ork, suitable for use in the case under consideration.

Testing Points on the International Circuits.

The In terna tional Consultative Com m ittee—

Considering :—

T h at the  localisation of faults should be m ade, above all, by m eans of precision m ethods, 
avoiding as far as possible sectionalisation of th e  line :

T hat, further, the  leading-in of circuits in  the num erous exchanges increases the 
a tten u a tio n  and destroys the  hom ogeneity of the  line :

U nanim ously advises :—

(1) T h a t the  num ber of leading-in points— a frequent source of fau lt—be reduced to a 
m inim um  com patible w ith  local requirem ents.

(2) T h a t testing points enabling precision tests to  be effected should be installed in the 
exchange on the route, approxim ately  200 km . apart. T h a t such exchanges be called " m ain 
testing  points ” and  the  length  of circuit included betw een two m ain testing  points be called 
“ m ain section.” In  a m ain section the  position of a fau lt will be determ ined by tests  carried 
out sim ultaneously a t  the testing  points s ituated  on either side of the fault. The results of 
these tests  will be exchanged betw een the  exchanges concerned.

(3) T h a t tests  for conductiv ity  and  insulation of the conductors shall be m ade frequently  
and a t  least once a m onth, by  th e  term inal exchanges or the repeater stations nearest to the 
frontier and the results of these tests  shall be exchanged between the  services concerned.

If th e  circuit is provided w ith  repeaters, the repeater stations will be ” m ain testing  
po in ts.”

I t  is recom m ended th a t the perm anent introduction  of a long length of cable on an 
aerial circuit for carrying th is circuit to  a m ain testing point be avoided, and  a  separate 
testing  arrangem ent a t a distance be adopted.



Restriction of the Number of Test Points on International Cable Lines.

The In ternational Consultative Com mittee—
Unanim ously advises

T h a t on in ternational cable lines it  is advisable to provide leading-in facilities for test 
purpose only a t repeater stations.

T h a t exception m ay be m ade for the frontier crossing points afte r agreem ent between 
the services concerned.

Supervision of the Lines by means of Patrol Service.

The In ternational Consultative Com m ittee—

Considering :—
T hat it  is advisable to assure the continued supervision of the lines w ith  the  object of 

preventing, faults as far as possible and of ensuring th e ir rapid  clearing.

Unanim ously advises :—
T h a t it  would be advisable, where the  im portance of the line w arran ts it, to  organise a 

patro l service for-supervision along the  lines as is already done in certain  countries.
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Maintaining Satisfactory Transmission.

In  order to  ensure satisfactory  co-operation between A dm inistrations in terested  in the 
m aintenance of one and  the same circuit, the In ternational Consultative Com mittee gives, 
under th is heading, a list of the tests which should be m ade on in ternational circuits and a 
description of the  appropriate apparatus and  operating m ethods. Localisation of faults 
and  the  restoration  of lines are no t dealt w ith  in this report. . The. apparatus described for 
m aintenance purposes is sufficient to determ ine the  position of faults,, b u t it will, in addition, 
be necessary to. draw up detailed instructions, w ith  a view to ensuring th a t  the tests shall be 
satisfactorily carried ou t in practice.

A list of periodic tests  forms the subject of the  first chap te r; a second chapter is devoted 
to m ethods and  apparatus used in periodic tests ; a th ird  chap ter indicates the function of 
the control station  {station directrice) and contains instructions for th a t station  and specimen 
report forms for the. recording of the supervision and  m aintenance d a ta  of the in ternational 
telephone lines.

List of Periodical Tests.

I. At Terminal Stations : Tests to be made on the circuits.

(1) Insulation resistance
(2) Conductor resistance
(3)' Over-all transm ission test
(4) Over-all signalling test
(5) Over-all speech tes t . .  . .

II . At Repeater Stations : Tests to be made on the circuits.

(1) Insu lation  resistance
(2) Conductor resistance . .  . .  . .  . .
(3) Line im pedance m easurem ent __
(4) Singing point test
(5) E nd-to-end transm ission tes t between successive

repeater stations and  betw een term inal stations and 
ad jacent stations 

■ (6) Transm ission level test . .

I I I .  At Repeater Stations : Tests upon repeaters.

(1) Check of b a tte ry  voltage and  cu rre n t. .  . .  . .  D aily
(2) R epeater gain tes t a t single frequency . .  . .  W eekly
(3) R epeater gain tes t over range of frequencies . . , H alf-yearly
(4) Valve rejection tes t ........................................................ As required
(5) T est of signalling apparatus . .  . .  . .  . .  M onthly
(6) Singing poin t tes t of repeaters . .  . .  . .  . .  Q uarterly
(7) C alibration of repeaters ... . .  . .  . .  . .  Half-yearly

IV. Miscellaneous Tests (made as required).

(1) Crosstalk tests.
(2) Noise m easurem ents.

M onthly

D aily

M onthly
y>

Yearly
M onthly

Yearly
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Apparatus for Making Routine Tests.

I (i) and II (i). Insulation Resistance.

The C.C.I. does no t desire to specify the type of apparatus to .b e  used for th is test. 
W hatever instrum ent is used, it should fulfil the following conditions :—

(1) I t  should be dead-beat so as to perm it of rapid  readings.
(2) I t  should indicate the  insulation resistance correct to 10 per cent.
(3) I t  should require a voltage of no t m ore th an  600 volts.
(4) I t  should give a steady reading w ith  a capacity  load, even if a current is

produced by  m anual operation (megger).
(5) Means should be provided to prevent a sudden discharge of the line after 

test so as not to  damage th e  loading coils.

I (2) and II (2). Conductor Resistance.

The C.C.I. does-not desire to specify the type of apparatus to be used  in this case. I t  
should be accurate to d: o - i  per cent, and  lend itself to quick m anipulation.

I (3). Over-all Transmission Test.

This test is m ade w ith  the object of ensuring th a t  th e  transm ission efficiency of th e  
circuit under test is up to its. nom inal value. A routine te s t of th is type should be m ade 
m onthly. I t  is also em ployed when speech on a circuit is reported  “ fa in t.” If the resu lt 
of th e  m easurem ent indicates th a t the  circuit is below its nom inal efficiency, a transm ission 
level test (No. 11(6) ) will generally be m ade in order to localise the trouble.

The principle of the  m easurem ent is to apply a known alternating  voltage or cu rren t 
to  the sending end of the circuit and to measure the corresponding voltage or current a t the 
receiving end of the circuit. The apparatus necessary consists essentially of a generator 
capable of producing alternating  curren t of audible frequencies, and  a m eans of com paring 
th e -sen t and received voltages.

The apparatus should comply w ith  the  following requirem ents :—

Generator.
The generator, which is preferably of the valve oscillator type, shall be capable of giving 

an ou tp u t of not less th an  0-2 w atts. The wave-form shall be practically  sinusoidal. F or 
purposes of test I I  (3)' and I I I  (3) the power ou tpu t a t all frequencies th roughout the audible 
range shall be approxim ately constant. For the purposes of tests  I (3), I I  (5), I I I  (2) and 
I I I  (7) the frequency should be constan t a t 800 p.p.s. -

The frequency should not vary  appreciably w ith  th e  o u tp u t power w ithin the range 
required or w ith the variations of b a tte ry  voltages occurring in practice.

Measuring Apparatus. <»
(1) The im pedance of the  apparatus a t the sending end and  a t the  receiving end shall 

be adap ted  to th a t of the circuit under test.
(2) The results of the tests shall be expressed in transm ission un its and the apparatus 

employed shall be calibrated  so th a t  the  m easurem ent can be read directly  in these units.
(3) The artificial cables and o ther apparatus, indicating the  transm ission equivalent of 

the  line under test, should read to b =  0-05 or 0-43 TU. The m easuring instrum ent shall 
indicate, w ith sufficient accuracy, a difference of b =  0*05 or 0-43 TU.

(4) The instrum ents for indicating the  received voltage should give a visual reading.
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' (5) W ithin  the  range of frequency 700 p.p.s. to 1,100 p.p.s. th e  apparatus should be capable 
of reading transm ission equivalents w ith  an accuracy of b =  d= °*°5 or dr ° ’43 TU  (see also 
tes t I I  (6) on th is subject).

W ithin  the  ranges of frequency 300 to 700 p.p.s. and 1,100 to  2,400 p.p.s. the  apparatus 
should be capable of reading transm ission equivalents w ith an accuracy of b =  i  o • 2 or 1 • 7 TU.

(6) The apparatus should be capable of m easuring transm ission equivalents over a range 
i> =  0 to b == 5 or 43*4 TU  (see also test No. I I  (6) in this connection).

(7) F o r in ternational circuits which contain not more th an  two telephone repeaters 
and  which are not in tended to  be connected to o ther circuits which contain repeaters, m easuring 
apparatus- m ay be used, em ploying listening devices for com parative m easurem ents, the 
accuracy of which m ay be in the  order of b =  0 • 1 or o • 87 TU.

II (5). End-to-end Transmission Test between successive Repeater Stations and
between Terminal Stations and adjacent Stations.

The object of th is te s t is to check the transm ission efficiency of the  circuit between 
adjacent repeater stations and between the term inal stations and  ad jacent repeater stations.

A routine tes t should be m ade on each circuit yearly  in order to check any change in the 
transm ission efficiency of the  circuit, due, for example, to changes in the inductance of loading 
coils. T he te s t m ay also be m ade in cases of fa in t speech, which m ay be due to faults oh the 
circuit. ... 7 ' ' .

The tes t is m ade in th e  same w ay and w ith  th e  same apparatus as in the case of test 
No. 1 (3). . . . . . .

Ill (2). Repeater Gain Test at Single Frequency.

The object of th is tes t is to check the perform ance of the telephone repeaters w ith  the  
gain-regulating ad justm ent in its  working position. If the gain indicated is below the  specified 
value, th e  valve rejection tes t (No. I l l  (4))- should be applied.

The tes t is ordinarily  applied weekly and  also in localising faults which m ay be due to
failure of a repeater.

The apparatus used for th is tes t is similar in principle to th a t in the  two previous tests, 
Nos. I (3) and  I I  (5), w ith  the  exception th a t the  circuit under tes t consists of two sections of 
artificial cable w ith  the repeater connected betw een them . The characteristic im pedance of 
the artificial cable should be equal to the im pedance of the telephone repeater and  equal 
to th a t of the  balancing netw orks connected to the  repeater. Since both  ends of the  circuit 
are available, a direct com parison between the  sent and received voltages can be made.

» III (3). Repeater Gain Test over a Range of Frequencies.

The object of th is tes t is to .determine the  frequency-am plification characteristic of the 
repeater. '

The tes t is m ade by  m easuring the  im provem ent given b y  the repeater w ith the norm al 
ad justm ent of the  am plification-regulating device a t frequencies throughout and slightly 
be)mnd the  efficient range of the  repeater. M easurem ents should be m ade a t frequencies 
differing by  no t m ore th an  200 periods per secpnd. .

The m ethod of m aking each m easurem ent is th e  same as in the  case of test No: I I I  (2).
The inpu t should be kep t constan t a t all frequencies.

Test III (7). Repeater Calibration Test.

The object of th is tes t is to ascertain the im provem ent given by  the repeater a t a definite 
frequency in each position of the  am plification-regulating device.
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In  addition to  ensuring th a t the repeater is in  an  efficient state, the results obtained in 
this test; are used in in terpreting  the “ singing point ” tests.

The m ethod of m aking each m easurem ent is the same as in the  case of test No. I l l  (2), 
the' input being kept constan t as regards am plitude and  frequency for all measurements..

No. II (6). Transmission Level Test.

. The obj ect of th is tes t is to ensure th a t all repeaters in circuit are functioning correctly 
and  th a t the a ttenua tion  due to the circuit or to appara tus connected in circuit is norm al. 
The test also ensures-that the transm ission levels th roughout the  circuit fall w ithin th e  specified 
m axim um  and m inim um  limits.

The results of the routine tests are recorded and form  a record showing w hat transm ission 
levels should be obtained when the circuit is in norm al w orking order.

In  addition to the routine m easurem ents, test No. I I  (6) is also used to  localise the position 
of the fau lt when the overall transm ission m easurem ent (No. I (3)) has indicated  th a t the 
transm ission efficiency of a circuit is below norm al.

The apparatus should conform to the requirem ents given above and, in addition, the 
im pedance of the instrum ent bridged across the line should not be less th an  100,000 ohms 
a t 800 periods per second.

I (4). Over-all Signalling Test.

This test should be m ade daily by the operators to  ascertain  w hether calling signals in 
bo th  directions are received correctly.

The test is m ade by operating the cord-circuit ringing key in the norm al way.

I (5). Over-all Speech Test.

This tes t should be m ade daily by the operators im m ediately following the ringing test. 
The operators should ascertain by exchanging a few words over the  circuit w hether it  is in 
good condition for commercial work, especially as regards volume of speech and freedom 
from  noise.

II (3). Line Impedance Measurements.

This test consists in m easuring the im pedance of the line a t frequencies throughout the 
efficient range of the  repeaters. The object of th e  test is to  ascertain  w hether any change has 
taken  place in the im pedance of the circuit which would affect the accuracy of the duplex 
balance or produce reflections.

The im pedances m ay be m easured by m eans of any of the recognised alternating  curren t 
methods.

The d istan t end of the circuit should be closed by an im pedance approxim ately  equal to  
the characteristic im pedance of the circuit. The m easurem ents should be m ade both  w ith 
and w ithout the line transform ers actually  in use on the circuit. M easurem ents should be m ade 
a t intervals of approxim ately 40, periods per second. The voltage across the sending end of 
the circuit should be approxim ately 2 volts. . • ‘ •

The results of the tests should be expressed as the  resistance and reactance (-J- or —) 
com ponents of the  im pedance a t each frequency. E ach com ponent should be expressed 
in  ohms.

II (4). Singing Point of a Circuit.

The object of this test is to  ascertain  th a t no appreciable varia tion  has taken  place between 
the  circuit and its balance.

The test m ay be carried out either w ith the repeater norm ally working in the circuit, 
or by means of a specially adap ted  repeater un it. The la tte r  m ethod is the more accurate 
and  should be adopted w henever the im portance of the equipm ent w arran ts i t s  use.
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To m ake the  tes t a  request should be first m ade to  th e  stations in bo th  the E ast and 
W est directions to  close the circuit to  be tes ted .b y  an im pedance approxim ately th a t of the 
circuit. A t term inal stations this should be done by m eans of a rheosta t of the required 
value, unless a special im pedance is provided. W here the term ination is m ade a t a repeater 
s ta tion  a repeater unit, in. norm al operating condition bu t w ith the gain regulating device 
set a t zero gain, shall be used. • •

.Should it be desired to tes t the singing point on the direction E ast, a short-circuiting
plug should be in serted  in the  W est repeater balance jack. This converts the differentia] 
transform er in the direction W est to an in tervalve transform er, and the un it gives the im prove­
m ent of a two-way 2-valve repeater. The two potentiom eters should be raised together un til 
“ singing ” is heard  when listening on the  m onitoring circuit, and then  reduced alternately
step  by step  un til singing ceases. The test should be then  repeated w ith the positions-of the
short circuiting and  open circuit plugs interchanged.

The singing point should be then  taken  as the sum of the gains represented by the positions 
of the potentiom eters in whichever of the tw o tests gives the lower value. An allowance 
of b =  o • 7 or 6 TU  should be added, due to  the increased efficiency of the W est transform er,• 
acting as an intervalve instead of a differential one.

The gains, represented by the sum of the potentiom eter readings, should be taken  from 
the records of te s t I I I  (7), giving the calibration  of the repeaters.

In  those cases where a specially prepared  repeater un it is provided, a key is substitu ted  
for the plugs, b u t otherwise the m ethod of test is exactly  similar.

A second m ethod, hereinafter described, m ay be used to determ ine the m axim um  gain 
which a repeater m ay give w ithout “ singing.”

The circuit in one direction and its  balancing netw ork are connected to  the repeater in 
the norm al way. The circuit in the opposite direction and its balancing netw ork are replaced 
by two resistances, one of a  fixed value (1,000 ohms)- and the other by a variable resistance R. 
The gain of the tw o repeater elem ents are raised to  their m axim um  value. The value of the 
resistance R  is then  decreased un til “ s in g in g ” occurs. The lim iting value of the relation 
Rjj.,000, obtained in this m anner, is a definite function of the m axim um  permissible gain. 
F or th is reason it  is possible to  calibrate the variable resistance R  d irectly in term s of b or TU.

A record should be m ade of the result of these tests when the circuit is first form ed and 
the varia tion  from  these figures on subsequent tests should not exceed b = 0 * 2  or 1-7 TU.

In  the event of this figure being exceeded an im pedance test should be m ade of the  circuit 
and  the balancing network.

Ill (1). Check of Battery Voltages and Currents.

The object of these tests is to  ensure th a t  the b a tte ry  voltages are m aintained w ithin 
such lim its th a t  the  repeater gains do no t v ary 'b ey o n d  the allowable limits.

I ll (4). Valve Rejection Test.

The object of th is tes t is to  ascertain  w hether a fau lt in a telephone repeater, indicated 
by !the  m easurem ent of repeater gain, is due to  a change in the characteristics of the valve.

A suitable voltage is applied to  the incom ing term inals of the repeater— the voltage being 
determ ined in each case in accordance w ith  the  type of repeater and valve employed. The 
b a tte ry  po ten tials on the plates and  filam ent are then  given their m axim um  permissible 
values and  verification is m ade as to  w hether the  degree of gain corresponding to  the  desired 
value (also specified in advance for each type of apparatus) and as to  w hether any  apparen t 
varia tion  of .the continuous current of the p late  circuit occurs, i.e., w hether any-such varia tion  
is detected. W hen these conditions are no t fulfilled the valve should be rejected.

49



Ill (7). Determination of the Singing Point of Telephone Repeaters.

. This te s t is to ensure th a t the balance of the repeater un it is. m aintained.
The test is made in a sim ilar m anner to test I I  (4), except th a t  balanced non-reactive 

resistances are substitu ted  for the  circuit and for the  balancing netw ork respectively. 
The repeater should no t “ sing ” when the gain-adjusting device on each half of the repeater 
is set a t full gain. . (

IV. Miscellaneous Tests (made as required).

(1) Definition and Measurements of Crosstalk.
The crosstalk between two circuits is defined by com paring the im pedance network 

and the connections which join the  incoming term inals of the d isturbing circuit to  the 
outgoing term inals of the disturbed circuit w ith an heterogeneous transm ission line having 
the. same o u tp u t of energy and characteristic term inal im pedances Z i Z2, equal respectively 
to  the real impedance of the d isturbing circuit, regarded from the side of its incoming 
term inals and to th a t of the d isturbing circuit, regarded from the side of its outgoing 
term inals.

.T he in tensity  of crosstalk corresponding to a given frequency is m easured by  the 
co-efficient of a ttenuation  b or the  corresponding exponent, e ~ b, of th is equivalent line.

In  the particular case where the two term inal im pedances Z x and  Z 2 are equal to one 
another as well as the im pedance R, to  which the d isturbed circuit is looped, the fractional 
num ber e ~ b is equal to the ratio  of the in tensity  coming from the  disturbed circuit to  the 
in tensity  given to the disturbing circuit.

The m easurem ent of the crosstalk is then  reduced to  a direct m easure of th is ratio. 
W hen these conditions have not been satisfied, the true  value of the  cross-talk is deduced 

i
from  the direct measure j ,  or of th a t  of the  ratio  of i  to the  applied voltage U, by  one

or o ther of the form ulas:—
e ~ h   i R  -\- Z 2 1   i R  -j- Z 2 j  z x

~  I ' 2 • y / Y T z % ~  U  ' 2 V  ^

W hen the m easurem ent, properly so called, is being carried out, the ends of the disturbing 
and  disturbed circuits, o ther th an  those used for supplying curren t and  for listening, will 
be closed w ith the corresponding characteristic impedance. C urrent will be supplied by  the 
same generator to the disturbing circuit, and  a potentiom eter, artificial line or any other 
apparatus which enables us to a tten u a te  the alternating  energy w ith in  known proportions. 
(The la tte r  m ay be joined up in series or in parallel w ith  the line or su bstitu ted  for the  latter.)

The same telephone receiver will be successively shunted across th e  end of the disturbed 
circuit and  th a t  of the apparatus in question, which will be ad justed  to  give equality  of sound,

i
and consequently of current, in the two listening positions. The value of the  ra tio  ^

i
in the series arrangem ent, or of the  ra tio  ^  in the parallel arrangem ent, will be obtained

from the adjustm ent of the a tten u a tin g  apparatus and  in all cases will perm it e ~ b to  be 
calculated. -

I t  m ay be convenient, finally, to ad ap t the im pedances Z x, Z 2, and  R  to  one another 
by  m eans of suitable transform ers, so long as the la tte r have a sufficiently high, o u tp u t and 
are sufficiently well balanced so as no t to m odify the results of the  m easurem ent.

W hen voice tests are made, the same operating m ethods and correcting formulae as those 
ind icated  above m ay be allow ed; th e  value of the  crosstalk will be deduced from th e  readings 
shown by the apparatus in the same m anner as if equality  of sound had  been obtained  by 
unaffected (pure) sound. The elem ents which en ter in to  the m easurem ent and  w hich are 
adap ted  to  th is purpose will then  be ad justed  to  values corresponding to  a frequency of 800 
periods per second,
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(2) Noise Measurement on Telephone Circuits.

The object of this tes t is to obtain  a m easurem ent in some definite un its of th e  am ount 
of ■ disturbance on a telephone circuit. The C.C.I. considers it desirable to postpone the 
choice of the m ethod of m aking these m easurem ents until fu rther experim ental work has 
yielded more definite results.

Three m ethods have been considered
(a) Comparison of the  sound produced by  the disturbance w ith  a s tandard  source 

of sound a tten u a ted  by  a known am ount.
(b) M easurement of the  voltage produced by th a t portion of the  disturbance 

falling w ithin the  audible frequency range.
(c) M easurem ent of the  reduction in intelligibility due to the disturbance.

Note.—The 'In ternational C onsultative Committee recommends th a t the periodic 
m easurem ents of transm ission losses and transm ission levels should be carried out
in accordance w ith  the  following rules :— '

i .  T r a n s m is s io n  L o sses o r  Ga in s .

(a) For reasons of practical convenience, and to give in general the same sense to the
corrections which it  will be necessary to apply to m easured results for an accurate theoretical 
in terpre tation , the  m easurem ents shall be m ade w ith the  two ends of the  line term inated  
w ith  a fixed im pedance of 600 ohms.

(b) The m easurem ents will comprise in all cases the line repeating coils.
(c) The m easurem ents should be m ade in such a m anner th a t the  sending apparatus 

connected to  the line term inals shall be equivalent to the generator having an  in ternal im pedance 
equal to 600 ohms and  developing a power of 1 m illiw att into an external resistance of 600 ohms.

(d) The apparatus shall be arranged in such a m anner th a t the result of the m easurem ent 
shall be expressed in term s of the  exact theoretical a ttenuation  in the case in which the line 
under tes t is homogeneous and  has a characteristic im pedance equal to  600 ohms.

If the m easuring apparatus complies w ith  the  conditions indicated  above, it shall indicate 
directly  transm ission losses or gains.

(e) The m aintenance d a ta  will be expressed directly in transm ission losses or gains.

2 . T r a n s m is s io n  L e v e l s .

The object of these m easurem ents is the determ ination of transm ission power levels. 
These levels are fixed on the establishm ent of the  circuits, th e  zero level corresponding to the 
power of 1 m illiw att.

For practical m easurem ents th e  voltage transm ission levels which correspond to the 
power transm ission levels are determ ined beforehand, account being taken  for each repeater 
s ta tion  of the im pedances in the  two directions.

The voltage transm ission level is determ ined by  the ra tio  of the  voltage m easured to the 
voltage a t the  term inals of a resistance of 600 ohms, absorbing a power of 1 m illiwatt.

The m easuring instrum ents should be constructed in such a  m anner th a t they  indicate 
d irectly  the  voltage level expressed in a ttenua tion  units.

To deduce the  power level from th e  voltage level, it is necessary to add to the  la tte r
Z n

one-half of the logarithm  of if Z n  indicates the impedance a t the point considered 

regarded in the direction of th e  transm ission.
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The values of voltage level corresponding w ith  norm al m easured conditions a t  bo th  sides 
of each repeater .are m dicated once, for all a t each repeater station. The reports norm ally 
supplied to  the headquarters station  will comprise only the  m easurem ents m ade a t  the ou tpu ts  
of the  repeater stations. In  case of trouble, each repeater s ta tion  will m easure the two voltage 
levels and  will m ake them  known to the headquarters station.

While m easurem ents are in progress in one direction on a circuit the  am plification in 
the o ther direction will be suppressed if necessary, w ithout th e  impedances being altered  
in the direction in which the m easurem ents are m ade.
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Function and Duties of the Control Station (cc Station directrice ”).
The In terna tional Consultative C o m m itte e -  

Considering :—  ,
T hat, in so far as the m aintenance of in terna tional circuits is concerned, it  will be necessary 

to  w ork out a complete system  of tests which will perm it of the rap id  localisation of faults, 
and  for the  ad justm ent of questions of detail re lating  to each group of circuits.

T hat, independently  of this, general rules m ay also be recom m ended to serve as a basis 
for such system s of tests.

Unanim ously advises :—
T h at one of the term inal stations of each group of circuits, term ed the “ Control S tation  ” 

(“ Station directrice ”) for th a t  group of circuits, in accordance w ith agreem ents arrived a t 
between the A dm inistrations interested, shall be en trusted  w ith m aintenance control. This 
s ta tion  will be responsible for the  following m atters  :—

(1) D rafting of a program m e of tests in  conjunction w ith all the o ther stations 
interested.

(2) Preserving reports of these tests, and ensuring th a t they  will be carried out 
in accordance w ith the procedure laid down.

(3) Supervision of the localisation of faults.

The A dm inistration in whose te rrito ry  lies the section of line in which the fau lt is found 
will be responsible for rem oving the  fault. The Control S tation will be inform ed of the  cause 
of the fault, and of the tim e a t which it has been removed. The Control S ta tion  will keep a 
record of all faults.

(4) The giving of instructions w ith  respect to the position on the scale of the 
apparatus used for ad justing  am plification. This ad justm ent will no t be changed 
w ithout the au tho rity  of the Control S tation.

(5) The Control S ta tion  will be responsible for m aintaining the norm al transm ission 
efficiency of each of the circuits, as well as the organization of a system  of tests, of 
such a na tu re  th a t  the periods during which the circuit m ay be out of use in consequence 
of the  tes ts  m ay be reduced to  a m inim um .

Considering fu rther :—
T h at for practical reasons it appears necessary, to  assign to  each country  the d u ty  of 

directing the  operations of clearing faults occurring in their territo ry .

Unanim ously advises :—
1. T h a t in each country  and for each group of circuits one station  belonging to  the 

group of circuits considered, and known as sub-control station  (“ Station sous-directrice ”) 
for th is group of circuits, shall have charge of directing the operations of clearing the faults 
occurring in  the country  concerned; it  being understood th a t the control sta tion  for this 
group of circuits preserves the duties and the responsibility outlined in the preceding advice.

2. T h a t the various A dm inistrations are invited  to  utilise s tandard  record forms for 
collecting the m aintenance d a ta  and  the d a ta  pertain ing to  the supervision of the in ternational 
circuits (specimens of records are shown on pages 54, 55 and 57) and give their opinion as to 
the results obtained.
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SPECIMEN TYPICAL FORM FOR RECORDING DATA OF MAINTENANCE AND SUPERVISION ON INTERNATIONAL
TELEPHONE LINES (FRONT SIDE).
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B .
X .
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I f . . : .
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SPECIMEN TYPICAL FORM FOR RECORDING DATA OF MAINTENANCE AND SUPERVISION ON INTERNATIONAL
TELEPHONE LINES (BACK SIDE).
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Maintenance of Circuits Used for the Relaying of Broadcast Transmission,

Maintenance Tests.

The In ternational Consultative Com mittee—

Unanim ously advises :—
(a) T hat for the m aintenance of lines used for broadcast purposes sim ilar m easurem ents 

are necessary to  those used for long-distance telephone traffic, i.e.,
(1) Periodic m easurem ents on the cable lines them selves for verifying the con­

dition of insulation, resistance and the a tten u a tio n  of the various repeater sections.
(2) Periodic m easurem ents of the repeaters in order to determ ine w hether the 

frequency curve of am plification is satisfactory. For th is purpose it is necessary to 
test w ith four frequencies w ithin the transm ission range.

(3) Periodic m easurem ents of the line used throughout its  whole length in order 
to determ ine the to ta l transm ission loss and the transm ission level a t the various 
repeater stations; for this purpose it is usually sufficient, in accordance w ith  long­
distance telephone practice, to  m ake tests w ith a frequency of about 800 periods per 
second.

(b) T h at volume m easurem ents appear to be necessary only a t the in p u t end of the line ; • 
the various A dm inistrations are inv ited  to ascertain w hat devices can best be used for these 
tests as outlined in  Appendices C.e., No. 1 and No. 2.

Division of Responsibility between Telephone Administrations and Radio Broadcast Services 
(State or Private) regarding the Maintenance of Circuits used for the Relaying of 
Broadcast Transmissions.

The In ternational Consultative Com mittee—

Unanim ously advises :—
(a) T h at the lim it of responsibility of supervision between Telephone A dm inistrations 

on the one hand, and the B roadcasting A uthorities on the other, should be the protectors 
which are inserted a t the broadcasting stations in the leads to  the telephone exchanges a t 
both ends of the line.

(b) T h at when there is a broadcasting circuit in a long-distance telephone cable, the role 
of the directing station  should be the  same as it  is in ordinary  telephone com m unication.

Technical Responsibility in Connection with the Renting of International Telephone
Circuits to Broadcasting Authorities.

The In ternational C onsultative Com mittee—

Unanim ously advises :—■
T h at Broadcasting A uthorities should be responsible for the  supply of broadcasting 

energy , a t the requisite level, while the directing sta tion  of the  Telephone A dm inistration 
should control the transm ission over the telephone circuits as in  the case of ordinary telephone 
connections.
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APPENDIX TO THE QUESTIONS CONCERNING SUPERVISION ANt> MAINTENANCE 
OF INTERNATIONAL TELEPHONE LINES.

Description of Apparatus for making Transmission Measurements.

The descriptions below show a typ ical device of m aking the transm ission tests referred 
to  in the report. A t the end of th is description will be found circuit diagram s of special 
instrum ents used in different countries to m easure th e  over-all transm ission equivalent of 
a  telephone circuit between tes t boards in the central offices.

Fig. i shows the general arrangem ent of the  apparatus. An oscillator G producing 
currents of audible frequencies is connected through a regulating resistance P, a screened and 
balanced transform er T  and a m illiam m eter A to a section of artificial Cable C2. The functions 
of this cable are : (i) to m ake the im pedance of the  sending end approxim ately equal to 
th a t  of the lin e ; (2) to  reduce the curren t in some convenient ratio  so th a t the  m illiam m eter A  
m ay m easure a curren t larger th an  th a t  entering the  line under test. B y th is m eans it  is 
possible to use a robust type of instrum ent for m easuring the  curren t and a t the same tim e 
obtain  more accurate m easurem ents of the current entering the  line under test th an  would
be the case if the  la tte r  curren t were m easured directly. A convenient ra tio  of reduction is
found to be 5 to  1. , . .

A switch 5  provides for the connection of the  oscillator and  m easuring instrum ent to  one 
ex trem ity  of an artificial cable C^, or, alternatively , to one ex trem ity  of the circuit under test.

Each circuit is norm ally closed through a resistance Z0, approxim ately  equal to the 
characteristic impedance of the line. The voltm eter should be of the  recognised therm ionic 
valve type having an impedance high com pared w ith  th a t  of the  line. Connection is m ade 
to  the  line under tes t by  m eans of the  jacks shown.

Fig. 2 shows the m ethod of applying th is set to  " Gain ” m easurem ent. ,
The telephone repeater R  is connected between fixed sections of artificial cable. The 

two ends of circuit thus formed are connected by  m eans of plugs to  the  “ send ” and “ receive ” 
jacks, respectively.

The current entering the circuit is ad justed  to a su itable value. The length of the  cable 
Cx is adjusted  until the deflection on the voltm eter is th e  sam e in either position of the switch.

The transm ission equivalent of the  circuit* under tes t is then  equal to the  indicated 
length  of the cable Cv

Fig. 3 shows the application of the  apparatus to  over-all m easurem ents. At the sending 
end the switch is left in the position shown, and the  curren t ad justed  to an agreed value.

A t the receiving end the line under tes t is connected to  the  “ receive ” jacks. The curren t 
into the artificial cable C2 is adjusted  to  the same agreed value as th a t  a t the sending end. A 
balance is then m ade as before by  m anipulating the sw itch and  adjusting  the 'length  of the cable 
Cv  The resu ltan t length of Cx then  indicates the  transm ission equivalent of the  circuit under 
test.

Fig. 4 shows the application of the apparatus to  “ transm ission level ” m easurem ents. 
The sending and receiving ends are sim ilar to. Fig. 3 and  the  m easurem ents are m ade in  the  
same way.

A t in term ediate stations the  line is connected to  th e  " in term ediate ” jack  as shown. 
A balance is m ade in the same w ay as a t  the receiving station. The indicated  value of th e  
cab le .C j then gives the " tran sm issio n  le v e l” required.

The voltage corresponding to this " transm ission level ” m ay be greater th an  th a t  a t  
the sending end. To provide for this condition cable Cx is set a t zero and  the  cable C2 is m ade 
adjustable and is so calibrated th a t it indicates directly  the  transm ission units (or absolute 
units) by  which the transm ission level exceeds th a t a t  the sending end of the circuit.

I t  will be understood from the above description th a t  i t  is essential th a t  all circuits should 
be brought to approxim ately the sam e im pedance in order th a t  th is system  of m easurem ent 
should give accurate results.
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Various Special Instruments used for Measuring Over-all Transmission between two Offices.

(i) Method used by the British Post Office.

(2) Method used by the International Standard Electric Corporation.
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(3) Method used by the German Adm inistration and Messrs. Siemens <& Halske.
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DIAGRAM OF THE LEVEL METER.

63



(A .f.) C o-existence of T elephone  a n d  T elegraph  C ircuits  in  the
same C a ble .

i . Recommendations adopted.

The In ternational C onsultative Com m ittee—

Considering :—
T h a t technical arrangem ents already exist w hich perm it telephone and telegraph service 

in the same cable, either over separate conductors or even over common conductors; th a t  
w ith these arrangem ents, and by  tak ing  the precautions sta ted  below, th e  telephone circuits, 
including phantom s, are practically  not influenced by  the telegraphs, either from an electrical 
or from a traffic standpoint.

T h at even when the cable is subject to influence b y  power system s (in particu lar railroads 
using A.C.) it is possible to obtain  a telephone and  telegraph service free from interference 
troubles, by  using devices which have already proved satisfactory  in practice.

T hat, furtherm ore, the sim ultaneous use of long-distance cables for telephony and 
telegraphy is recom m ended for economical reasons.

Unanim ously advises—
T h at the sim ultaneous exploitation of in ternational telegraph and telephone circuits in 

the  same cables be forthw ith  accepted in principle; e ither over separate conductors or common 
conductors, on condition th a t all m easures be taken  to ensure th a t the telegraph does not 
interfere w ith present and  fu ture telephone traffic.

The particulars given in the  a ttached  A ppendix (Appendix No. i)  indicate the  conditions 
which should be satisfactory from  a technical s tandpo in t and from  th e  standpo in t of the  
exploitation of different types of telegraph and telephone installations, bo th  sim ultaneous and 
co-existent.

The A dm inistrations are inv ited  to  undertake experim ents to verify the num erical d a ta  
given in this Appendix, which should not prejudice fu tu re developm ents. These d a ta  have 
been given by  certain  experts and  m ust necessarily be confirmed.

2. Recommendations Regarding Voice-Frequency Telegraphy.

The In ternational C onsultative Com m ittee—

Considering :—
T h at in cables the use of carrier frequencies (voice frequency carrier telegraphy) instead 

of separate conductors is strongly to be recommended.
T h at it will be desirable to  employ standard ised  carrier frequencies for voice-frequency 

carrier telegraphy.
T h at a proposition on this subject has been presented to  the  Committee.
T hat, nevertheless, i t  has n o t been possible to  determ ine th e  influence of all th e  con­

siderations involved.

Unanim ously advises :—
T h at the  rapporteurs who have been nom inated to  exam ine the  co-existence question, 

and  who have already studied the  frequency problem , shall continue the exam ination of the  
proposition which has been subm itted  on th is subject {see A ppendix 2 : Proposal for the  
selection of carrier telegraph frequencies) and report a t  the  nex t m eeting of the C.C.I.

T h at in order to arrange the frequencies in such a m anner as to obtain  the greatest traffic- 
carrying capacity  from the circuits, either w ith existing apparatus or a s tandard  ap p a ra tu s  
which m ay eventually  be developed, these rapporteurs shall keep in touch w ith  th e  w ork 
of the  rapporteurs of th e  C.C.I. dealing w ith the question of standard isation  of apparatus.
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A P PE N D IX  i .

C o n d it io n s  w h ic h  sh o uld  satisfy  th e  present  T ec h n iq ue  regarding  S im u l ­
taneo us , or C o- ex istent , T elegraph  a n d  T elephone  I n st a l la tio n s .*

I. Simultaneous Telegraphy and Telephony (over the same Conductors) or Infra- 
Acoustic Telegraphy.

In  order not to prejudice the transm ission quality  of telephone circuits the  following 
requirem ents m ust be m et :—

1. The E.M .F. produced in the line circuit by  the  telegraph transm itte r m ust not exceed 
50 volts.

2. W hen the term inals of the telegraph tran sm itte r are closed through a resistance of 
30 ohms su bstitu ted  for the  line, the  curren t through this resistance m ust not exceed 50 m.a.

3. The increase in the attenua tion  of the  telephone line due to infrai-acoustic telegraph 
installations m ust no t exceed b =  0-06 or 0-5  TU  for a line section having the length of the 
section between two successive repeaters, and  over the frequency range of 300 p.p.s. and 
the  m axim um  frequency transm itted .

4. Over 4-wire circuits the variation of line im pedance produced by infra-acoustic tele­
graphs m ust no t exceed 10 per cent, in the  frequency range; indicated. As regards 2-wire 
circuits, infra-acoustic telegraph installations m ust no t exceed th e  values prescribed by  the 
Telephone C.C.I. for the  exact sim ulation of the  im pedance of the line by  balancing networks.

5. Interference noise produced in telephone circuits by  telegraph apparatus m ust not 
exceed a value which corresponds to an interference voltage of o - i  m v for a transm ission 
level b — — 1 • 0 or — 8-7 TU and  an im pedance of 800 ohms.

6. The increase in crosstalk produced by infra-acoustic telegraph installations shall be 
determ ined as follows :—

The cable quads are replaced by artificial lines free from crosstalk and reproducing, 
w ith in  the  closest possible limits, the impedances of the circuits (terminal apparatus for 
quads). U nder these conditions the attenuation  corresponding to the crosstalk 
m easured from the  telephone office side m ust not be inferior to  the following values :—

a. F o r 4-wire Circuits : b — 7 • 5 or 65 TU for the crosstalk between any  two 
speech circuits in the  same quad.

b. F o r 2-wire circuits : b =  8-5 or 74 TU for the  crosstalk between any  two 
speech circuits in the same quad.

c. F or 4-wire and 2-wire circuits : b — 10 *o or 87 TU for the crosstalk between 
two speech circuits in different quads.

7. For in terna tional telephone com m unications the to ta l length of circuit sections 
em ployed sim ultaneously for infra-acoustic telegraphy m ust no t exceed 450 km.

8. A fter infra-acoustic telegraph system s are connected into a circuit the unbalance 
to  ea rth  m ust no t exceed the value prescribed by the C.C.I.

II. Co-existent Telegraphy and Telephony (over separate Conductors).
1. W here the telegraph uses loaded conductors which m ay la ter be used for telephony :—

The conditions sta ted  under heading I., Nos. 1, 2 and 5- m ust be fulfilled.

2. W here th e  telegraph uses non-loaded conductors :—
P arag raph  5 of heading I. need only .be fulfilled.

* V arious system s of in fra-acoustic  te leg rap h y  an d  voice frequency  te leg raphy , used by  d ifferen t 
A dm in istra tions, a re  described  in  A ppendices C.f., Nos. 1, 2, 3, 4 and  5.
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III. Voice-Frequency Telegraphy.

The sum  of the effective voltages corresponding to  the frequencies used sim ultaneously 
on the same circuit, should be less th an  2 volts, and  the sum  of the effective currents corre­
sponding to  the frequencies used sim ultaneously on the same circuit, should be less than  
2 m.a.

W hen it  is required to  use currents or voltages greater th an  th e  above values, it  is 
desirable, for preference, to  choose the circuits allo tted  to  telegraph purposes in the outer 
layers of the cable and to  balance them  in separate groups.

The Committee has received the a ttached  proposal (Appendix 2), which is to  be fu rth e r 
studied : “ Proposal for the selection of Carrier Telegraph Frequencies to be used in Loaded 
Telephone C ab les/’
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A P P E N D IX  2.

PROPOSAL FOR THE SELECTION OF CARRIER TELEGRAPH FREQUENCIES 
TO BE USED IN LOADED TELEPHONE CABLES.

I t  is desirable 'that the various countries should agree as to  the exact frequency values 
to  be em ployed in Voice F requency carrier current telegraphy, particu larly  for loaded 
telephone cable circuits. W ith  reference to  telegraph apparatus, it is necessary to  consider 
first of all S tart-S top  apparatus, Siemens high-speed telegraphs and M ultiplex systems.

T aking as a basis an o u tp u t of 480 letters per m inute for S tart-S top  apparatus and  1,500 
per m inute for m ultiplex apparatus, there results for the two cases a dot frequency of 56 and 
125 cycles per second.. To tran sm it this, a filter frequency band of 65 and 150 cycles per 
second is required. Such a transm ission band  is also adequate for the  operation of the 
Siemens high-speed telegraph system .

For m edium -heavy loaded cables a frequency band is available between 300 and 
1,800 cycles per second. W hen a distance of a t least 50 cycles per second between the 
cut-off frequencies of ad jacent filters is prescribed, it is possible to operate 12 S tart-S top  
system s, or Siemens high-speed telegraph, and six M ultiplex system s w ithin th is interval.

R egarding the d is trib u tio tro f ' carrier frequencies it is necessary to  take care, on the one 
hand, th a t  the carrier frequencies should be odd m ultiples of a single fundam ental frequency, 
so th a t  interference oscillations which m ay occur should no t be included in any of the channel 
frequency bands, and, on the o ther h an d , th a t  th e  carrier frequencies for sim plex and m ultiplex 
ap p ara tu s  coincide, thus allowing the same source of current to  be used for bo th  systems.

These requirem ents will best be m et by s tarting  from  the fundam ental frequency;
60, for simple transm ission apparatus (Start-Stop or Siemens h igh-speed);

and
113, for the m ultiplex apparatus.

Then the following odd m ultiples are obtained :—

Table 1.

Sim plex
A p p a ra tu s .

M ultip lex
A pp ara tu s .

P e r cen t, difference 
of frequencies.

420 p .p .s.
54° 565 p .p .s. 5 p e r cent.

660
780 791 i -3  „

900
-1,020 1,017 o -3 „

1,140
1,260 1.243 2 „

1,380
1,500 1,469 2 „

1,620
1,740 1,695 2 -6  ,,

A pplying in place of the carrier frequencies indicated on the second line those indicated 
on the  first line, we ob tain  a  m axim um  varia tion  of 5 per cent., the interference oscillations



being in th is case sufficiently rem ote from the carrier frequencies of the different filters. 
I t  is thus expedient to  select the transm ission bands indicated in Fig. I  and in Table 2.

SIN<5LE 'H A N NEIL TELE G R A f3HY.

t 3 4 5 6 8 9 10 11 12

MULTIFLE
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1 1 
X  T E L E G R A P H Y.

1 z 4 5 6

F R EQUE N C Y — C Y C  I. E S P E R SEC C >N D .

1700 1800

PROPOSED ALLOCATION OF CARRIER FREQUENCIES FOR 
SINGLE CHANNEL AND MULTIPLEX TELEG RA PH Y  IN 

MEDIUM HEAVY LOADED CABLES.
F i g . 1 .

Table 2.

Sim plex A ppara tu s . M ultip lex  A p p ara tu s .

C arrier Carrier
frequency F requency  band  cycles F req . frequency F req u en cy  band
cycles per per second. N o. cycles per cycles per second.

second.. second.

I 420 3 8 7 -5-  4 5 2 -5
2 540 5 0 7 -5-  5 / 2 -5 1 54° 4 65 - 615

3 660 6 2 7 -5 -  692-5
4 780 7 4 7 -5 -  812-5 2 780 705- 855

5 900 8 6 7 -5 -  9 3 2 -5
6 1,020 987-5 -1 ,052 -5 3 1,020 945-1,095

7 1,140 1,107-5-1 ,172-5
8 1,260 1,2.27; 5-1,292-.5 4 1,260 1,185-1,335

9 1,380 i . 3 4 7 -5- i . 4 1 2 -5
10 1,500 1 .467-5-1 .532-5 5 1,500 1,425-1,575

11 1,620 1 .587-5-1 .652-4
12 1,740 1 ,707-5-1 ,772-5 6 1,740 1,665-1,815

Carrier frequency band fo r the sim plex and m ultiplex apparatus.

The same m ethod could be adopted for circuits w ith extra-light loading.
For the reason th a t  the duration  of propagation of the frequencies appropriated  to the 

transm ission is more or less long, the tran sien t period exceeds the duration  imposed by the 
filter frequency band. The differences in duration  of propagation of frequencies included in 
a band are increased in proportion as the carrier frequencies approxim ate to the  cut-off 
frequencies of the circuits and as the filter bands are widened. The range of the  different 
carrier frequencies is therefore lim ited. If an extension of 10 per cent, of the transien t periods 
is allowed, the duration  of which depends on the w idth  of the filter band, the theoretical ranges 
indicated in Table 3 result for cables w ith m edium -heavy loading;
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Table 3'.

Sim plex A ppara tu s , 
S ta r t-S to p  A ppara tu s .

.............. .
M ultip lex  A p p a ra tu s .

F req . No. R ange K m .

N um ber of 
le tte rs /m in . 

fo r th e  range 
ind ica ted .

Siem ens
H igh-Speed
T elegraph .

F req . No. R ange Krjci.
No. of le tte rs  

per/m in .

i - 4 10,000 1,920 2,640 1 1,900 1,500
1-2 1,500 3,000
i -3 800 • 4 ,5oo
i - 4 500 6,000

i - 5 6,500 2,400 2,300 i -5 500 : 7 ,5oo
1-6 5,000 2,880 3,960 1-6 300 9,000
! - 7 4,200 3,360 4,620
1-8 3 ,5° ° 3.840 5,280
i - 9 3,000 4.320 5,940
I-IO 2,300 4,800 6,600

, i - i i 1,900. 5,280 7,260
1-12 1,500 5 ,76o 7,920

Range for circuits in  cables with medium-heavy loading.

For distances exceeding 300 km. .the best operation of the circuit is ob tained  if m ultiple 
apparatus and simplex apparatus are used sim ultaneously. For different distances the 
m ost favourable operating conditions will therefore be those indicated below :—■

L en g th  of 
line. 
K m .

M ultip lex
A p p ara tu s

Frequencies.
No.

S im plex 
S ta r t-S to p  ■ 
A p p ara tu s  

F requencies. . 
No.

T o ta l n u m b er 
of le tte rs  

tra n sm itte d  
p e r !m in.

M ultip lex
A p p ara tu s

F requencies.
No.

Siem ens
H igh-Speed
T eleg raphy .

T o ta l nu m b er 
of le tte rs  

tra n sm itte d  
p e r m in .

200 1-6 9,000 1-6 _ 9,000
3 0 0 - 400 i - 5 ■ 12 . ■ 7 ,98o i - 5 12 8,160
40 0 - 500 1-4 10-12 7,440 i - 4 10-12 7, 98o .
500- 800 J- 3 8-12 6,900 — 1-12 7,920
800-1,500 1 and  2 6-12 6,360 — I- J 2 7,920

1,500-1,900 1 4- i  1 5,340 — I - I I 7,260
1,900-2,300 —  . I-IO 4,800 — I-IO 6,600
2,300-3,000 — 1 -9 4,320 —- 1-9 ■ 5,940
3,000-3,500 — 1-8 3,840 ■— ' 1-8 5,280
3,500-4,200 — i - 7 3 ,36o — ! - 7 4,620
4,200-5,000 — 1-6 2,880 — 1-6 3 ,9 6o
5,000-6,500 — i -5 2,400 — i - 5 3 ,3 oo
6,500-10,000. 1-4 1,920 1-4 2,640

F or cables w ith extra-light loading there is available the band  included betw een 300 
cycles per second and 2,500 cycles per second. W ithin  th is band  it is possible to operate 
w ith  the fundam ental frequency of 60 cycles per second :

9 m ultiplex circuits
or

18 single channel circuits.
U nder the same conditions as those outlined above, for the single channel apparatus there 

will be, generally, theoretical ranges of m ore th an  10,000 km.



For m ultiplex apparatus, tab le 4 indicates the  range over extra-light loaded circuits :

Table 4.

F requency  No.
F req u en cy  cycles j 

per sec. R ange K m .

1 54°. 2,20.0'
i2 780 5.000
B. 1,020 5.900

b 1,260 5.3o9
is 1,500 4,40.0

P 1.740 3.40:0
\f 1,980 3.5°P
8 2,220 2,00,0
i
9 2,460 1,80,0 ’

Range of the, rmiltiplex apparatus in  cable circuits with extra-light loading.

As is known, it is possible to com pensate, to  a certain  ex ten t, the  difference in 
the  duration of propagation of different frequencies.

Using for th is object the same networks as those used in telephony, it is possible to  obtain  
the  following ranges :

Table 5.

F requency  
■ No".

S im plex
A p p ara tu s .

F requency
No.

M ultip lex
A ppara tu s .

X 8,000 1 8,000
2-12 10,000 O 8,000

.3 5.000
4 2,000
5 3,000
6 5,ooo

.. - - .
Range in  cable circuits with phase balancing.

The m ost favourable d istribu tion  resulting from  th is  is indicated  b e lo w :

L en g th  of line. 
K m .

Sim plex 
A ppara tu s . 
F req . No.

M ultip lex  
A p p ara tu s  
F req . No.

T o ta l n u m b er of le tte rs  tra n sm itte d  
p e r m inu te .

S ta r t-S to p
A pp ara tu s .

Siem ens H igh-Speed 
T elegraphs and  

M ultip lex  A p p ara tu s .

2,000 1-6 9,000 9,000
2,000-3,000 8 1- 3 , 5 , 6 7,980 8,160
3,000-5,000 8—10 1-3 6 6,840 7,980
5,000-8,000 6-12 1 an d  2 6,360 7,920

8,000 2-12 5,280 7,260

Summary.— I t  is proposed to  em ploy Voice-frequency carrier operation for in te rna tional 
traffic on loaded cables, and a stu d y  is being m ade to determ ine w hat o u tp u t i t  is possible 
to  obtain from the circuits w ith S tart-S top  apparatus, Siemens high-speed telegraphs, and 
M ultiplex apparatus.. The frequencies proposed can be very well adap ted  to all practical 
requirem ents.
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B. ESSENTIAL CLAUSES OF TYPICAL SPECIFICATIONS.

The In ternational C onsultative Com m ittee considers th a t  the efficiency of a long distance 
cable (containing several repeaters) depends to  a  large ex ten t on questions of details 
of construction and  of the general arrangem ent of the system.

The In ternational C onsultative Com mittee proposes to recom m end to an  A dm inistration 
which would prefer to  leave the proposal for a com plete cable, including several repeaters, 
in the hands of the C ontractor, instead  of having a service of specialised engineers and  of 
assum ing the responsibility which would result from the acceptance of the  various portions 
of the  system , separately, to discuss m atte rs  in detail w ith the C ontractor, in order to  obtain  
necessary inform ation w ith regard to the lay-out, general arrangem ents, etc., and to  dem and 
all the guarantees desired in order th a t  the  conditions specified in the  partia l specifications, 
appended, shall be duly fulfilled. A t the  outset, th is A dm inistration should give the 
Contractor inform ation in respect to  the  circuits which will be necessary and w ith  respect 
to  the probable traffic.

Certain A dm inistrations show, in their proposals respecting specifications for underground 
cables, details w ith  respect to m ethods of constructions, laying, etc. These are no t included 
in the  typ ical specifications dealt w ith  in  Appendices B., because the  C.C.I. is of opinion th a t  
it  is preferable to give a free hand  to the  various A dm inistrations in  respect to  the  choice of 
their m ethods relating to everything th a t  concerns construction and laying of the  cables, 
subject to  the condition th a t  the  circuits established will satisfy the  conditions im posed by  the 
appropriate specifications.

I t  is specified in A ppendix B.d.2 No. i  th a t  when the.processes of m anufacture do not 
adm it of realising, w ith sufficient approxim ation, equality  of the capacities of th e  various 
loading sections included between two successive telephone repeaters, th is equality  m ight be 
ob tained  as perfectly  as possible b y  suitably  d istribu ting  factory lengths am ongst these loading 
sections. , " ,

Precise rules have been specified in A ppendix B.d.2. No. 5 in respect to the  spacing of 
loading coils in cables. If, in consequence of local circumstances, a regular spacing of these 
loading coils cannot be observed, th e  special arrangem ents adopted in th is case shou ld , be 
such th a t the  result shall no t be detrim ental.

Some A dm inistrations prefer, in carrying o u t tests of dielectric strength  of the  cables 
in  the  factory, to  apply the testing  voltage for two (2) m inutes instead of two (2) seconds 
specified in A ppendix B.d.2 No. 1. The C.C.I. does no t see any objection to th is m ethod 
of procedure.

The rules and specifications will be found in the  following Appendices : B.c.4 Nos. 1 and  2, 
B .d.2 Nos. 1, 2, 3, 4 and* 5.
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A P PE N D IX  B .c .4  No. 1.

ESSENTIAL CLAUSES FOR A TYPICAL SPECIFICATION FOR THE SUPPLY OF 
TWO-WIRE TELEPHONE REPEATERS.

This Specification covers the m ost im portan t electrical requirem ents concerning the  
essential qualities of repeater un its as supplied by  the  factory. I t  does not cover the  require­
m ents for installed repeaters.

Type.
I t  shall be a two valve vacuum  tube repeater, associated w ith  balancing networks. I t  

shall give two-way amplified transm ission w ithou t introducing appreciable, d istortion for all 
frequencies w ithin the efficient speech-range of the cable circuits and  for the m axim um  inputs 
occurring in practice.

Balance.
The telephone repeater shall not “ sing,” i.e., it  shall not generate oscillations which 

cause' “ s in g in g ” a t m axim um  gain, when the  circuit and netw ork term inals on either side 
are closed through non-reactive resistances equal to  the inpu t im pedance specified for the 
repeater, w hilst'the circuit and netw ork term inals on the o ther side are open and  short circuited, 
respectively, or vice versa.

Gain.
Means shall be provided for regulating th e  gain of the telephone repeater, preferably by  

steps no t exceeding b — 0-2  or 1-7 TU.
W ithin the  efficient speech range of the  cable the repeater gain shall be approxim ately 

uniform for all gain settings.
The repeater circuit and apparatus shall be so designed, th a t  the  variations of power 

voltage and current occurring under norm al m aintenance conditions shall not cause an average 
variation from the  working gain greater th an  b =  0-05 or 0-43 TU.

Impedance. . ,
The impedance, of .the repeater, looking in to  the line term inals, shall be approxim ately , 

equal to th a t of the circuit in connection w ith  which it is in tended to  operate. Suitable 
term inal transform ers shall be provided, if necessary, to  ad just the line im pedance to th a t of 
the repeater where the la tte r is required to  operate on circuits of im pedance other th an  th a t 
for which it is designed.

Monitoring.
Means shall be provided so th a t it  is possible to  m onitor on the circuits in either or bo th  

directions w ith an operator’s telephone set and to  ta lk  on the circuit when necessary.
W hen m onitoring on a through connection, the losses caused by  the m onitoring device 

shall no t exceed b = 0 -0 3  or 0 • 26 TU.

Crosstalk.
W hen repeater units, m ounted either side by  side or one over the other, are operated 

by batteries, as in practice, the crosstalk betw een the units, m easured on the o u tp u t side shall 
not be less than  b =  8 or 69 T U ; on th e 'u n d e rstan d in g  th a t when these m easurem ents are 
being carried out the repeaters will be joined to  im pedances having a value equal to th a t of 
the  uniform  im pedance fixed for in terna tional circuits.

General.
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A P P E N D IX  B .c .4  N o* 2.

ESSENTIAL CLAUSES FOR A TYPICAL SPECIFICATION FOR THE SUPPLY o p  
FOUR-WIRE TELEPHONE REPEATERS.

This Specification covers the- m ost im p o rtan t electrical requirem ents concerning the 
essential questions perta in ing  to telephone repeater un its as supplied by the factory. It.does 
not cover the requirem ents for installed repeaters. 4

Type.
I t  shall be a vacuum  tube repeater and shall give one-way amplified transm ission w ithout 

appreciable distortion for all frequencies w ith in  the efficient speech range of the cable circuits 
w ith which it  is sassociated for the  m axim um  inpu ts occurring in practice.

Gain.
Means shall be provided for regulating the gain of the repeaters, preferably by steps 

no t exceeding b = o - i  or 0-87 TU. In  the  case of very long circuits it m ay be necessary 
to  provide for an ad justm ent by  steps no t exceeding b =  o • 03 or 0-26 TU.

W ithin  the efficient speech range of the circuit, the  repeater gain shall increase w ith  . 
frequency so as to com pensate for the d istortion  of the circuit contained between successive 
repeaters. v

The general shape of the gain frequency characteristic curve shall be m aintained for all 
gain settings of the repeater. Suitable term inal transform ers shall be provided a t the  ends 
of the circuits, if necessary, to  ad just the  line im pedance to  th a t of the repeater, where the 
la tte r  is required  to  operate on lines of im pedance other th an  th a t  for which it is designed.

Monitoring.
Means shall be provided so th a t  it is possible to  m onitor on the lines in either or bo th  

directions w ith  an operator's  telephone set and  to  ta lk  on the circuit when necessary.
W hen m onitoring on a th rough connection T he losses caused by m onitoring shall not 

exceed b == o * 03 or 0-26 TU .

Crosstalk.
W ith  repeater un its m ounted either side by  side or one over the other and operated by 

batteries, as in practice, the crosstalk between, units, m easured between the outgoing term inals, 
shall no t be. less th an  b =  8 or 69 T U ; on the understanding  th a t, when these m easurem ents 
are being carried out, the repeaters will be joined to  im pedances having a value equal to  th a t 
of the uniform  im pedance fixed for in terna tional circuits.

G eneral.
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A P PE N D IX  B .d.2 No. I.

' ESSENTIAL CLAUSES FOR A TYPICAL SPECIFICATION GENERALLY 
APPLYING TO FACTORY LENGTHS OF INTERNATIONAL TELEPHONE 

CABLES OF THE QUADDED TYPE.

This specification covers the  electrical requirem ents which m ust be fulfilled by factory  
lengths of air space paper-insulated  lead-covered cables for long distance telephone circuits. 
These requirem ents are specified in order to ensure th a t  the cables will be suitable for :—

(1) Phantom  working.
(2) Loading of pair and phantom  circuits.
(3) Efficient long-distance working in conjunction w ith  repeaters.

These requirem ents do no t apply :—
(1) To cables in which the  conductors are sm aller th an  eight-ten ths (o-8) of a 

millim etre (approxim ately 16 lb. per mile).
(2) To groups of one gauge of conductors of less th an  ten  (10) quads.
(3) W hen the to ta l num ber of circuits of each gauge specified is such th a t  the 

lay-up of the cable is necessarily unsym m etrical, or such th a t  conductors of different 
gauges are required to be in the same layer.

Some of the more im portan t raw  m aterial requirem ents are also specified.

General.

Raw Materials.
Copper Conductors.

Each conductor shall consist of a wire 'of pure, annealed copper, sm oothly draw n, 
cylindrical, uniform in quality  and resistance, free from scales or o ther defects and having 
a conductivity  equal -to th a t specified by the In ternational E lectro-technical Commission 
(Berlin, 1913), th a t is, one fifty-eighth (-̂ g-) of an ohm for the resistance of ar w ire 'o f-standard  
annealed copper one (1) m etre in length and of a uniform  section of one (1) square m illim etre 
a t a tem perature of tw enty  (20) degrees Centigrade. , . 1

. W hen correcting for tem perature, the  tem peratu re coefficient specified by the same Com­
mission will be adm itted—th a t  is, a t a tem perature of tw en ty  (20) degrees Centigrade, the 

constant mass ” tem perature coefficient of resistance of stan d ard  annealed copper is 0-00393 
per degree Centigrade.

The diam eter of the wires used shall no t vary  by m ore th an  one and  a half (1 • 5) per cent, 
above or below the nom inal diam eter.

Factory Joints.
W hen it is necessary to  join conductors in the factory, the jo in t shall be m ade by a m ethod 

which m eets the following requirem ents :—
The tensile strength  of a section of a conductor which includes the jo in t shall be a t least 

n inety  (90) per cent, of the tensile streng th  of an ad jacent section of the  conductor of equal 
length w ithout joint.

The resistance of a section of the conductor no t exceeding fifteen (15) centim etres 
(approxim ately 6 inches) in length, which includes the joint, shall no t exceed by m ore than  
five (5) per cent, the resistance of an adjacent section of the conductor of equal length w ithout 
joint. No tw ist joints shall be used. The m aterial used for the jo in ts m ust no t contain 
acid. The joints shall be brazed w ith  silver solder.
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Insulating Paper.
The paper used for insulating  the conductors shall be uniform  in' tex tu re  and thickness, 

long-fibred and free from  m etallic particles or o ther deleterious substances.
A sample' of paper, taken  from the finished cable and .subjected to  exposure to  the 

atm osphere for one hour, shall have a tensile streng th  of no t less th an  4 .kilom etres .(approxi­
m ately  2 • 5 miles) length  of paper of the same dimensions and .the same quality.

Sheathing and Armouring Material.
The requirem ents for these m aterials shall be specified separately for each individual 

cable.

Electrical Characteristics.
Conductor Resistance.

The direct curren t resistance of any wire in a finished m anufacturing length sh a ll -not 
exceed by m ore th an  four (4) per cent, the  value calculated for a straigh t wire of the nom inal 
size of the  conductor considered.

The average resistance of all the wires in a group 9! one gauge shall no t exceed the nom inal 
value, as defined above, by  m ore th an  one (1) per cent.

For the  m axim um  and for the average value an additional allowance, for the increase 
in length, due to  the stranding, shall be m ade in accordance w ith th e  tab le below :—

O verall d iam ete r of 
o u te r lay e r con ta in ing  th e  

gauge considered (in 
m illim etres).

A llow ance for th e  
increase in  len g th  due to  

strand ing .

Below  30, 1 • 0 p e r cent.
30-40 i - 6  „ .
40-50 2 -5
50-60 3 -7
60-70 5 -o
70-80

...........  , . .
7 ' °  ■ » :

. . .

In. any  length of cable the difference between the d irect-current' resistances of the two 
conductors of a  pair shall no t exceed one (1) per cent, of the loop resistance of th a t  pair.

Insulation Resistance.
In  a length  of cable each conductor, when, m easured for insulation against a ll-o th er 

conductors and  the sheath  connected to  earth , shall have an  insulation resistance equivalent 
to  no t less th an  ten  thousand (10,000) megohms per kilom etre of cable (approxim ately  6,200 
m egohm s per mile), the po ten tia l difference em ployed being a t least 100 volts and no t more 
th an  six hundred  (600) volts. The reading shall be taken  after an electrification of one
(1) m inute, a t a  tem perature of no t less th an  fifteen (15) degrees Centigrade (approxim ately 
600 F.).

Dielectric Strength.
W hen specially called for, the cables shall be designed so th a t  the insulation on every 

length  of cable shall be capable of w ithstand ing  for two (2) seconds w ithout ru p tu re  n  fifty 
(50) cycle a lternating-curren t po ten tia l of the R.M.S. value specified in each particu la r case, 
b u t n o t exceeding two thousand (2,000) volts, when applied between all conductors of the 
cable connected together and the cable sheath  earthed.

The m axim um  value of the testing  voltage shall no t differ b y  more th an  ten ( t o ) per cent, 
from  th a t  of a true sine wave of the same R.M.S. value.



Mutual Capacity (Alternating Current).
.' The m utual capacity  of a pair is the capacity  m easured between: the  two conductors 
of the pair when all the o ther conductors in the cable are connected to  the lead sheath.

The m u tu al capacity  of a phan tom  circuit is the  capacity  m easured between the  two 
pairs of a quad w ith each of the pairs short-circuited, and all o ther conductors in  the cable 
connected to the lead sheath.

The test shall be m ade w ith  alternating  current a t room tem perature. No correction 
for tem perature shall be applied. In  case of dispute, the results obtained w ith  an alternating  
current, of 800 p.p.s. a t no t less th an  fifteen (15) degrees Centigrade (approxim ately 6o° F.) 
will be taken  as final. ’ .

In  each length of cable the average m utual capacity  of all the pairs of each gauge, taken  
separately, shall be as specified by  the A dm inistration concerned; a tolerance of plus or m inus 
five (4  ̂ 5) per cent, on n inety  (90) per cent, of all factory lengths, and a tolerance of plus or 
m inus eight ( +  8) per cent, on one hundred  (100) per cent, of all factory  lengths shall be 
allowed.

In  each length of cable the average m utual capacity  of phantom  circuits of each group 
of one gauge shall not differ by  m ore than  plus or m inus five ( i t  5) per cent, from the value 
which shall be determ ined by  m ultiplying th e  average pair-capacity  of th a t  group b y  the 
factor 1*62.

The m utual capacity  of every pair and every phantom  circuit shall be m easured on not 
less th an  ten  (10) per cent, of the to ta l num ber of factory  lengths.

In  any length of cable the  capacity  deviation of the pair or phantom  circuits, respectively, 
of a group of one gauge shall not exceed the following values :■—•

Average, 4 per cent.
Maximum, 12^ per cent.

By “ capacity  deviation ” is m eant the  difference of the  capacity  of any  circuit of a group 
from the  average capacity  of all sim ilar circuits of th a t  group in the sam e factory  length. 
This difference shall be expressed as a  percentage of th is average vafue.

Measures to be taken with a view to Equalising, as far as possible, the Capacities 
of the Loading Sections between Successive Repeaters.

F or each group of physical circuits of the. cable the average capacities of the  various 
loading sections between repeater stations should n o t differ by  m ore th an  d: 2 per cent, from 
the  average value of the  capacity  of the  group of circuits in question th roughout the  whole 
of the loading sections. W here such regularity  could no t be obtained directly by  m anufacturing 
processes, if there are deviations greater th an  the lim its indicated, it is recom m ended th a t the 
factory  lengths be d istributed in each loading section in such a m anner th a t  the  capacities 
of the various loading sections shall fulfil the condition m entioned above.

Leakance Constant.
The average leakance of the pair and  phantom  circuits shall be determ ined on a sm all 

percentage of factory  lengths w ith an a lternating  curren t of 800 p.p.s.
The average leakance constant for each type of circuit for any  length  tested  shall no t 

exceed twenty-five (25). This constan t shall be taken  as being equal to the ra tio  of the  average 
leakance and the  average m utual capacity  m easured w ith alternating  current.

This/value m ay also be expressed as the ratio  : G/w C — Leakance/Susceptance, which 
m ust no t exceed 0-005.

Capacity Unbalance.

In  a cable two hundred and th ir ty  (230) m etres (approxim ately 750 ft.) in length, the 
capacity  unbalances, m easured w ith alternating  curren t of approxim ately  800 p.p.s. (5,000
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rad ians per second), shall no t exceed th e  value given in th e  following table, .each gauge being 
considered separately :—

\

L im its for C apacity  U nbalance  
in  m icro-m icrofarads per 

230-m etre leng ths.

**
A verage. M axim um .

Side to  side 40 150
Phantom , to  side
P h a n to m  to  p h a n to m  betw een  ad jac en t quads 

in  a layer o r betw een  q u ad s in  th e  cen tre

150 750

.and in  th e  first layer 80 300
Side to  e a r th  . .  . .  . .  . . 150 -720

In  cables in tended for four-wire operation, the average capacity  unbalance between circuits 
in one direction and  sim ilar circuits in the  o ther direction shall be m easured on one or more 
facto ry  lengths and the  average unbalance for a factory length of 230 m etres shall no t exceed 
3 m.mf.

In  every length of cable o ther th an  two hundred and  th ir ty  (230) m etres the  capacity  
unbalances, m easured w ith  a lternating  curren t for each gauge j shall no t exceed the values 
determ ined by  m ultiplying the figures, given in the  above table, for two hundred  and th ir ty  
(230) m etres, by  the square root of th e  ra tio  between the length in question and  two hundred 
and  th ir ty  (230) metres.

This correction shall no t apply  to lengths of cable less th an  one hundred  (100) m etres 
(approxim ately 110 yards). F or such lengths the lim its for a one hundred (100) m etre length 
shall apply, com puted in accordance w ith  the  preceding rule.

Note.— For lengths of cable of one-tenth  (o* 1) of- a mile (approxim ately 161 m etres), 
the  lim its for the  capacity  unbalances would, in accordance w ith  the  conversion rule 
given in the preceding paragraph , assume approxim ately the following v a lu e s :—

A pprox im ate  lim its for
cap ac ity  unbalances in

m icro-m icrofarads per 0 • 1 mile
leng th .

* A verage. M axim um .

Side to  side 33 125
P h a n to m  to  side 125 625
P h a n to m  to  p h an to m 67 250
Side to  e a r th  . .  . .  . .  . .  . . 125 600

The lim its here specified are based on th e  following definitions for the capacity  unbalances.
The capacity  unbalance betw een a  phantom  circuit and  either of its  side circuits is the 

capacity  unbalance which would be produced or corrected, as the case m ay be, by  the insertion 
of a  capacity  between one wire in th e  side circuit in question and  the  sheath  of the  cable.

Some A dm inistrations define th is capacity  unbalance as the  unbalance which would 
be produced or corrected, as the  case m ay be, by  the insertion of- a  capacity  between one wire 
of a  pair and  a wire of th e  o ther pair. In  th is case the lim its of the  unbalance in micro-micro­
farads are those given above, b u t divided by  two (2).
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THe capacity  unbalance between the side circuits of a quad is the unbalance which w ould 
be produced or corrected, as the  case m ay be, by  the insertion of a capacity  between one wire 
of one pair and  one wire~of th e  o ther p a ir  of the quad.-

The capacity  unbalance between two phantom  circuits is defined as the  unbalance which 
would be produced or corrected, as the  cajse m ay be, by  the  insertion of a capacity  between 
one of the pairs of one quad  and one of the pairs of the o ther quad.

The capacity  unbalance to  earth  of k  side circuit is the difference betw een the direct 
capacities of the  two wires bf the pair to the,conductors of all o ther quads in the cable connected 
together- and  to  th e-sh ea th , which shall -be earthed.
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A P PE N D IX  B .d.2 No. 2.

ESSENTIAL CLAUSES FOR A TYPICAL SPECIFICATION GENERALLY APPLYING 
TO FACTORY LENGTHS OF INTERNATIONAL TELEPHONE CABLES NOT 

INTENDED FOR PHANTOM WORKING.
General.

This specification covers the  electrical requirem ents which m ust be fulfilled by  factory 
lengths of air space, paper-insulated, lead-covered cables for long distance telephone circuits 
where phantom  circuits are not required. These requirem ents are specified in order to ensure 
th a t the cables will be suitable for :—

(1) The loading of physical (pair) circuits.
(2) Efficient long distance working in conjunction w ith  repeaters.

These requirem ents do not apply :—
(1) To cables in which the conductors are sm aller th an  eight-tenths (o'- 8) of a 

m illim etre (approxim ately 16 lb. per mile).
(2)'T o  groups of one gauge of conductors of less th an  20 pairs.
(3) W hen the to ta l num ber of circuits of each gauge specified is such th a t  the  

lay-up of the cable is necessarily unsym m etrical, or such th a t conductors of different 
gauges are required to be in the  sam e layer.

Some of the more im portan t raw m ateria l requirem ents are also specified.

Raw Materials.
Copper Conductors.

E ach conductor shall consist of a wire of pure, annealed copper, sm oothly drawn, 
cylindrical, uniform  in quality  and resistance, free from  scales or o ther defects and  having 
a  conductiv ity  equal to  th a t specified by the  In ternational E lectro-technical Commission 
(Berlin, 1913); th a t is, one fifty-eighth (£■%) of an ohm for th e  resistance of a w ire of stan d ard  
annealed copper one (1) m etre in length and of a uniform  section of one (1) square m illim etre 
a t  a tem perature of tw en ty  (20) degrees Centigrade.

W hen correcting for tem perature, the  tem peratu re coefficient specified by  the  same 
Commission will be ad m itte d ; th a t  is, a t a tem peratu re of tw en ty  (20) degrees Centigrade, 
th e  “ constan t m a s s ” tem perature coefficient of resistance of stan d ard  annealed copper is 
0-00393 per degree Centigrade.

.The diam eter of the  wires used shall no t vary  by  m ore th an  one and  a  half (1-5) per cent, 
above or below the nom inal diam eter.

Factory Joints.
W hen it  is necessary to join conductors in the  factory, the  jo in t shall be m ade by  a m ethod 

which m eets the following requirem ents :—
The tensile s treng th  of a section of a conductor w hich includes the jo in t shall be a t least 

n inety  (90) per cent, of the tensile streng th  of an ad jacent section of th e  conductor of equal 
length  w ithout joint.

The resistance of a section of the conductor no t exceeding fifteen (15) centim etres 
(approxim ately 6 inches) in length, which includes the  jo in t, shall no t exceed by  m ore th an  
five (5) per cent, the resistance of an ad jacent section of the  conductor of equal length w ithout 
joint. , No tw ist jo in ts shall be used.. The m aterial used for the jo in ts m ust no t contain acid. 
T he jo in ts shall be brazed with. silver!solder.
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Insulating Paper.
The paper used for insulating the conductors shall be uniform  in tex tu re  and thickness, • 

long fibred and free from metallic particles or o ther deleterious substances.
A sample of paper, taken  from  the  finished cable and  subjected to exposure to the 

atm osphere for one hour, shall have a tensile strength  of no t less th an  4 kilom etres (approxi­
m ately  2*5 miles) length of paper of the same dimensions and  the  same quality .

Sheathing and Armouring Material.
The requirem ents for these m aterials shall be specified separately for each individual 

cable. *

Electrical Characteristics.
Conductor Resistance.

The direct cu rren t resistance of any wire in a finished m anufacturing length shall not 
exceed by  more th an  four (4) per cent, the  value calculated for a s tra igh t wire of the  nom inal 
size of the conductor considered.

The average resistance of all the  wires in a group of one gauge shall no t exceed the 
nom inal value, as defined above, by more th an  one (1) per cent.

For the m axim um  and for the  average value an additional allowance for the increase 
in length, due to the stranding, shall be m ade in accordance w ith the  tab le below :—

O ver-all d iam eter of o u te r 
layer con tain ing  th e  gauge 
considered (in m illim etres).

A llow ance fo r th e  increase 
in len g th  due to  

s tran d in g .

Below 30 i* o  p e r cent.
30-40 = • 1-6
40-50 2 -5
50-60 3 -7
60-70 5 -o

: 70-80 7 -o

Insulation Resistance,
In  a length of cable each conductor, when m easured for insulation against all o ther 

conductors and the sheath  connected to  earth , shall have an insulation resistance equivalent 
to  no t less th an  ten  thousand (10,000) megohms per kilom etre of cable (approxim ately 
6,200 megohms per mile), the po ten tial difference em ployed being a t least 100 volts and  no t 
m ore th an  six hundred (600) volts. The reading shall be taken  after an electrification of 
one (1) m inute, a t a  tem perature of no t less th an  fifteen (15) degrees Centigrade (approxi­
m ately  6o° F.). .

• Dielectric Strength.
W hen specially called for, the cable shall be designed so th a t  the insulation on every 

length of cable shall be capable of w ithstanding  for two (2) seconds w ithout rup tu re  a fifty (50)
cycle alternating curren t po ten tial of the  R.M.S. value specified in each particu lar case, b u t
n o t exceeding two thousand (2,000) volts, when applied between all conductors of the cable
connected together and the cable sheath  earthed.

The m axim um  value of the testing  voltage shall no t differ by more th an  ten (10) per cent, 
from  th a t of a  true  sine wave of the same R.M.S. value.

. Mutual Capacity (Alternating Current).
• The m utual capacity  of a pair is the capacity  m easured between th e  two conductors

of the  pair when all the  o ther conductors in  th e  cable are connected to the lead sheath..
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The tes t shall be m ade w ith  alternating  curren t a t  room tem perature. ■ No correction 
for tem perature shall be applied. In  case of dispute, the results obtained  w ith an a lte rna ting  
curren t of 800 p.p.s. a t no t less th an  fifteen (15) degrees Centigrade (approxim ately 6o° F.) 
will be taken  as final.

I n  each length  of cable the  average m utual capacity  of all the pairs of each gauge taken  
separately, shall be as specified by  the A dm inistration concerned ; a tolerance of plus or m inus 
five ( ^  5) per cent, on n inety  (90) per cent, of all factory lengths, and a tolerance of plus or 
m inus eight 8) per cent. on one hundred (100) per cent, of all factory  lengths shall be 
allowed. - ...

The m utua l capacity  of every pair shall be m easured on no t less th an  ten  (10) per cent, 
of the to ta l num ber of factory  lengths.' -c

In  any length of cable the capacity  deviation of the pair circuits of a group of one gauge 
shall not exceed the following values :

Average 4 per cent.
M aximum 12J  per cent.

B y “ capacity  deviation ” is m eant the difference of the capacity  bf any circuit of a 
f group from  the average capacity  of all sim ilar circuits of th a t  group in the same factory length. 
This difference shall be expressed as a percentage of this average valu^.

Measures to be taken with a view to equalising, as far as possible, the Capacities 
of the Loading Sections between Successive Repeaters.

For each group of pairs of the cable the average capacities of the various loading sections 
between repeater stations should no t differ by  more than  ^  2 per cent, from the average 
value of the capacity  of the  group of circuits in question throughout the whole of the loading 
sections. W here such regu larity  could not be obtained directly  by m anufacturing processes, 
if there are deviations greater th an  the lim its indicated, it  is recom m ended th a t ' the factory 
lengths be d istribu ted  in each loading section in such a m anner th a t the capacities of the 
various loading sections shall fulfil the condition m entioned above.

Leakance Constant.
The average leakance of the  pair circuits shall be determ ined on a small percentage of 

factory  lengths w ith  an  a lternating  current of 800 p.p.s.
The average leakance constan t for all circuits of one gauge for any  length tested  shall 

no t exceed tw enty-five (25). This constan t shall be taken  as being equal to the ra tio  of the 
average leakance and  the  average m utual capacity  m easured w ith alternating, current.

This value m ay  also be expressed as the ra tio  : GwjC  =  Leakance/Susceptance, which 
m ust no t exceed 0*005.

Capacity Unbalance.
In  a cable two hundred  and  th ir ty  (230) m etres (approxim ately 750 ft.) in length, the 

capacity  unbalances, m easured w ith  a lternating  current of approxim ately  800 p.p.s., shall 
not exceed the value given in the following table, each gauge being considered separately  :

L im its fo r C apac ity  U nbalance  
in  m icro-m icrofarads per 

230-m etre leng ths.

A verage. M axim um .

P a ir  to  p a ir  . . 4° 150

P a ir  to  e a r th 150 72c
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In  cables in tended for four-wire operation / the  average capacity  unbalance between 
circuits in one direction and  sim ilar circuits in the  o ther direction shall be m easured on one 
dr m ore factory* lengths and- the average unbalance for a factory length, of 230 metres, shall 
no t exceed 3 m.mf.

In  every leng th  of cable o ther 'tb a n : two hundred  and th ir ty  (230). m etres .the. capacity  
unbalances, m easured w ith  alternating  current for each gauge/-shall no t exceed the values 
determ ined b y 1 m ultiplying the figures, given in the above table;, for. two hundred  ah d -th irty  
(230) m etres, by  the  square root of the  ratio  "between the  length in  .question and two hundred 
and th ir ty  (230) metres.

This correction shall no t apply to lengths of Umble less th a n  one hundred  (100) m etres 
(approxim ately n o  yards). For such lengths the limits, for a one hundred (100). m etre length 
shall apply, com puted in accordance w ith th e  preceding rule.

Note.— For lengths of cable of one-tenth (o n )  of a mile (approxim ately 161 m etres),- 
the  lim its for the  capacity  unbalances would in accordance w ith  the  conversion rule 
given in the  preceding paragraph, assume approxim ately the following values :—

A pprox im ate  lim its for cap ac ity  
unbalances in  m icro-m icrofarads 

■ per 0 - i  m ile lengths.

A verage. M axim um . ...■

P a ir  to  p a i r ................ 33 125

P a ir  to  ea rth 125 600

The lim its here specified are based on the  following definitions for the capacity  unbalances.
The capacity  unbalance between pairs is rthe unbalance which would be produced, or 

corrected, as the  case m ay be, by  the  insertion 'of a capacity  between one wire of a  pair and 
one wire of the  o ther pair.

The capacity  unbalance to  earth  of a pair is the difference between the direct capacities 
Of th e  two wires of the pair to  the  conductors of all o ther pairs in the Cable connected together 
and, to the  sheath., which .shall be earthed.



A P PE N D IX  B .d .2  -No. 3.

ESSENTIAL CLAUSES FOR A TYPICAL SPECIFICATION FOR REPEATER SECTIONS 
OF LOADED INTERNATIONAL TELEPHONE CABLE.

General.

This specification covers , the chief, electricaii-Teqtwrjements of in s ta lled  repeater section 
lengths of loaded cable, where the factory lengths of jcabl'.e an d  th e  loading coils are in  accordance 
w ith  their corresponding specifications.

The clauses of this specification are draw n' up so as/ to  en su re  th a t  the cable shall be 
suitable for phantom  working in the cables and for efficient- long-distance per.formance,\in 
conjunction w ith 2-wire or 4-wire repeaters.

The clauses below apply to circuits which m ay be used for either 2-wire w orking or 4-wire 
working, except when otherwise indicated  in the  test.

Resistance Unbalance.

In  any cable section between telephone repeaters, no t exceeding 100 km ., the  difference 
between the  direct curren t resistance of the two conductors of any pair shall no t 'exceed six (6) 
ohms for conductors of 1 mm., m axim um  diam eter, nor four (4) ohms for conductors larger 
th an  this.

Insulation Resistance.

The insulation resistance, between any wire and all o ther wires together w ith  the  sheath  
connected to earth , m easured from the term inals of the cable, and not including the in ternal 
office wiring, shall not be less th an  five thousand  (5,000) megohms per kilom etre of cable, 
th is insulation resistance being m easured w ith a difference of po ten tial of a t least 100 volts 
and  riot, m ore th an  600 volts, the readings to be taken  after one m in u te’s electrification.

Impedance Balance.

The balance between the im pedance Z ct o f  any side or phantom  circuit and  the  corre­
sponding netw ork impedance Ze ■, calculated from the  m easured average constan ts of the 
circuit, shall satisfy the following’ requirem ents : after determ ination, by  direct m easurem ent, 
of the real and im aginary com ponents of the  im pedance Z ct and Zeq, the difference, between 
the real com ponents and  the difference of the im aginary com ponents, will be expressed in 
percentages; de and d-u of the im pedance Zeq of the balancing network, and  if ds an d ■ di are 
taken  as the Cartesian co-ordinates of a point, th is point should be situ a ted  w ith in  a circle 
having a radius of y1-^  for all the  circuits and for any frequency betw een 300 and  2,200 periods 
per second. F u rther, for 90 per cent, of the circuits; and  for all the frequencies ind icated  above, 
th e  corresponding poin t should’ falT w ithin a circle having a radius j-0-0-

System of Loading and Cut-off Point.

B y w ay of example, two system s are described below under the  titles : System No. 1 
and  System. No. 2. B oth system s are equally satisfactory  from an In tern a tio n al po in t of 
view.

In  the application of either system  tb  any  re^eatered 'section  of cable, th e  whole of " the 
specified requirem ents foir th a t particu lar system  m u s t be adopted. .T here-is no objection 
to  the  two system s being used' im adjacent repeatere.d lengths of cable respectively-, provided 
th a t, in any  circuit, the cable between two ad jacen t telephone repeaters is of one system .



The requirem ents of System  No. i  are given in paragraphs (i), (ii), (iii), (iv) an d  (v). 
The requirem ents of System  No. 2 are given in paragraphs (vi), (vii), (viii), (ix) and (x,

System No. 1.
(i) Loading Coil Spacing.

In  any  cable section between successive telephone repeaters the average loading coil 
spacing shall be eighteen hundred and th ir ty  (1,830) m etres w ithin lim its of plus or m inus 
two (J- 2) per cent.

The actual length of any loading section, m easured along any cable section between 
tw o successive repeaters, m ay vary  as a  m axim um , plus or m inus ten  (10) m etres from  the 
norm al spacing.

(ii) Loading Coil Inductances.

For circuits which are planned not to  exceed seven hundred  (700) kilom etres in length 
the  units of loading shall have nom inal inductance values of one hundred and seventy-seven 
(177) m illihenrys for side circuits and six ty-three (63) m illihenrys ' for phan tom  circuits 
(alternatively, one hundred and seven (107) m illihenrys m ay be used for the phan tom  circuit 
inductance). The lim it of seven hundred kilom etres m ay be extended to one thousand  (1,000) 
km. for 4-wire circuits, provided th a t no d isturbing echo currents are produced. ' •

For circuits which are planned to exceed seven hundred (700) kilometres in length, w ith 
the  exception sta ted  in the preceding paragraph, the  un its of loading shall" have nom inal 
inductance values of forty-four (44) m illihenrys for side circuits • and tw enty-five ■ (25) 
millihenrys for phantom  circuits.

(iii) Cut-off Point.

The cut-off point for the various system s of loading for bo th  side and phan tom  circuits 
shall be calculated by the form ula :

■ . ■■ ■ w° ' =  V L C
where w0 =  cut off point, expressed in radians per second. . . .

L  =  inductance per coil, in henrys.
C — m u tual capacity  of the cable circuit between loading,coils, in farads.

The cut-off point has approxim ately the nom inal values given in the following tab le  -

Side.

R ad ians. Periods per 
Second.

R adians. P eriods per 
Second.

Circuits less than 700 km . in  length. 
W ith  177 m h. side, 63 m h. p h an to m 18,000 2,900 23,600 3,600
W ith  177 m h. side, 107 m h. 18,000 2,900 18,000 2,900

C ircuits over 700 km . in  length.
W ith  44 m h. side, 25 m h. p h an to m  . . . . 36,000 5,800 37 .4° ° 6,000

P h an to m .
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(iv) Impedance.
The characteristic im pedance of side and phantom  circuits, loaded in accordance w ith 

the foregoing system s of loading and  calculated by the form ula :

2 , = V l]c
(where Z Q — the characteristic im pedance, L  and C being the constants referred to in paragraph 
on “ Cut-off Point ") has the values given in the following table :—

O hm s Im pedance.

Side. P h an to m .

Circuits less than  700 km . in  length. 
W ith  177 m h. side, 63 m h. p h an to m 1.590 740
W ith  177 m h. side, 107 m h . p h an to m 1,590 97°

Circuits over 700 km . in  length.
W ith  44. m h. side, 25 m h. p h an to m 790 ■ 470

(v) Attenuation Constant.
The average attenuation  constan t for all circuits of one type, in any section between 

successive repeaters, loaded in accordance w ith  the foregoing system s of loading, shall' not 
exceed the values quoted in the following tables.

The attenuation  constan ts shall, be m easured on the cable sections between telephone 
repeaters, including exact half value term inating  loading sections. In  cases where exact 
half value term inating loading sections do no t exist, these term inating  sections shall be built 
out to  half value by artificial cable and  suitable corrections m ade to  the m easurem ents taken.

The following table gives the values of the a ttenuation  constants for circuits loaded w ith 
177  m h. side circuit coils and 63  mh. phan tom  circuit coils 011 1 ,8 3 0  ni. nom inal spacing.

Mean, m utual capacity  of cable : side circuit 0 -0 3 8 5  m.f. per km,, phantom  circuit 
0 - 0 6 2 5  hi.f. per km.

M a x im u m  A v e r a g e  A t t e n u a t i o n  p e r  k m . a t  8 00  p e r io d s  p e r  s e c o n d .

D iam eter of C onductors. Side Circuit. P h a n to m  C ircuit.

! P P
0 -9  m m . 0-0217-

1 -3 m m . 0 ;0 I 2 I 0-0125

M a x im u m  A v e r a g e  A t t e n u a t i o n  p e r  k m . a t  1 ,9 0 0  p e r io d s  p e r  s e c o n d .

D iam eter of C onductors. Side C ircuit. - P h a n to m  C ircuit.

0 -9  m m . 

1 • 3 m m .

P
0-0250

0-0164

P
0-0245

0-0147
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The following table gives the values of the a tten u a tio n  constants for circuits loaded w ith 
177 mh. side circuit coils and 107 mh. phan tom  circuit coils a t 1,830 m. spacing.

Mean m utual capacity  of cable : side circuit 0*0385 m.f. per km ., phan tom  circuit 
0*0625 m -f- Per km.

M a x im u m  A v e r a g e  A t t e n u a t i o n  p e r  k m . a t  8 0 0  p e r io d s  p e r  s e c o n d ,

D iam ete r of C onductors. Side C ircuit. P h an to m  C ircuit.

P P
0*9 m m . 9*0214 0*0177

i*3  m m , . . 0*0119 0•0099 :

M a x im u m  A v e r a g e  A t t e n u a t i o n  p e r  k m .  a t  1 ,9 0 0  p e r io d s  p e r  s e c o n d .

D iam eter of C onductors. . . Side C ircuit. . P h a n to m  C ircuit. ;

P P
0*9 m m . . . 0*0251 0*0202

1*3 m m . 0*0159 0*0127

The following table gives the values of the a tten u a tio n  for circuits loaded w ith 44 mh. 
side circuit coils and 25 mh. phantom  circuit coils on 1,830 m. spacing.

Mean m utual capacity  of cab le : side circuit 0*0385'm.f. per k m .; phan tom  circuit 
0*0625 m -k Per km.

M a x im u m  A v e r a g e  A t t e n u a t i o n  p e r  k m . a t  800 p e r io d s  p e r  s e c o n d .

D iam eter of C onductor. Side C ircuit. P h an to m  C ircuit.

0*9 m m . . .  . ,
P

0*0390
P

0*0328

M a x im u m  A v e r a g e  A t t e n u a t i o n  p e r  k m . a t  1 ,9 0 0  p e r io d s  p e r  s e c o n d .

D iam eter of C onductor. Side C ircuit. P h a n to m  C ircuit.

P P
0 • 9 m m . 0 *0410 0*0339

System No. 2. •
(vi) Loading Coil Spacing.

For 'cables w ith wires 0*9 mm. diam eter (having a m ean m utual capacity  of 0*0335 
m icrofarad per kilom etre for the side circuit and 0*054 m icrofarad per kilom etre for the
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phan tom  circuit) and  w ith wires 1-4 mm. diam eter (having a m utual capacity  of 0-0355 
m icrofarad per kilom etre for the side circuit and 0-057 f°r the phantom  circuit) the nom inal 
loading coil spacing shall be two thousand (2,000) m etres ^  2 per cent.

In  any cable section between two successive telephone repeaters the actual length of 
any  loading section (measured along the  cable) shall not vary  from the nom inal spacing by 
m ore th an  plus or m inus ten  ( ^  10) m etres.

(vii) Loading Coil Inductance.
For circuits which are p lanned no t to exceed seven hundred (700) kilom etres in length, 

the  un its of loading shall have nom inal inductance values for wires of 0 • 9 mm. diam eter, 
200 mh. for side circuits and 70 mh. for phan tom  circu its; for the wires of 1-4 mm. diam eter 
190 m h. for side circuits and  70 mh. for phantom  circuits. The lim it of seven hundred (700) 
kilom etres m ay be extended to  one thousand (1,000) kilometres in case of 4-wire circuits, 
provided always th a t  this does no t give rise to  d isturbing echo currents.

For circuits which exceed 700 kilom etres in length, excepting as provided in the preceding 
paragraph, the un its of loading shall have nom inal inductance values of fifty (50) m h. for 
the  side circuits and tw enty  (20) mh. for the phantom  circuits.

(viii) Cut-off Point.
The cut-off points, calculated by  the previously m entioned formula, will have the approxi­

m ate values given in the following tab le :—

Side. P h an to m .

R ad ians. Periods. R ad ians. Periods.

C ircuits less than  700 km . in  length.
W ires of 0 -9  m m . d iam e te r (200 m h. side, 

70 m h. phan tom ) 17,300 2/750 23,000 3,670
W ires of 1 -4  m m . d iam e te r (190 m h. side, 

70 m h. phan tom ) 17,200 2,740 22,100 3 ,520
C ircuits over 700 km . in  length.

W ires of 0 -9  m m . d iam ete r (50 m h. side, 
20 m h. phan tom ) 3 3 .5oo 5,340 43,000 6,840

(ix) Impedance.
Calculated by  the  previously m entioned formula, the characteristic im pedance shall 

have the  values given in the  following tab le :—

O hm s Im pedance.

Side. P h an to m .

C ircuits less than  700 km . in  length.
W ires of 0*9 m m . d iam ete r (200 m h. side,

70 m h. phan tom ) i , 73o 805
W ires 1 -4  d iam ete r (190 m h. side, 70 m h.

ph an tom ) . . 1,630 775
, C ircuits over 700 km . in  length.

W ires of 0 -9  m m . d iam ete r (50 m h. side,
20 m h. phan tom ) 855 440

87



(x) Attenuation.
The table below gives the values of the attenuation  for circuit of :— (i) 0*9 mm. diam eter 

(loaded w ith 200 mh. side circuit coils and 70 mh. phan tom  circuit coils, w ith  2,000 m etre 
spacing, and m ean m utual capacities of cable :—side circuit 0-0335 m icrofarad per kilom etre, 
phantom  circuit 0-054 m icrofarad per k ilom etre); (2) for circuits of 1 - 4 mm. diam eter (loaded 
w ith 190 mh. side circuit coils and 70 m h. phantom  circuit coils w ith  2,000 m etre spacing, 
w ith a m ean m utual capacity  of cable :—side circuit o • 035 m icrofarad per kilom etre, phantom  
circuit 0-0585 m icrofarad per kilometre).

M a x im u m  A v e r a g e  A t t e n u a t io n  p e r  k m . a t  80 0  p e r io d s  p e r  s e c o n d .

D iam eter of C onductors. Side C ircuit. - P h a n to m  C ircuit.

P P
0 • 9 m m . 0-0197 0-0210

1 '4  m m . 0-0097 O-OIOI

M a x i m u m  A v e r a g e  A t t e n u a t i o n  p e r  k m . a t  1,900 p e r i o d s  p e r  s e c o n d .

D iam eter of C onductors. Side C ircuit. P h a n to m  C ircuit.

P P
0 -9  m m . 0-0236 0-0234

1-4 m m . 0-0133 0-0131

The following table gives the  values of the a ttenua tion  for circuits of 0 -9  mm. diam eter, 
loaded w ith 50 ,mh. coils on the side circuits and  20 mh. coils on the  phantom  circuits, the 
norm al spacing being 2,000 m etres and  the  m ean m utual capacity  0-0335 m -f- Per km - side 
circuit, and 0-054 m.f. per km. phan tom  circuit.

M a x im u m  A v e r a g e  A t t e n u a t i o n  p e r  k m . a t  8 0 0  p e r io d s  p e r  s e c o n d .

D iam eter of C onductors. Side C ircuit. P h a n to m  C ircuit.

P P
0 -9  m m . 0-0307 0-0350

M a x i m u m  A v e r a g e  A t t e n u a t i o n  p e r  k m . a t  1,900 p e r i o d s  p e r  s e c o n d .

D iam eter of C onductors. Side C ircuit.
-

P h a n to m  C ircuit.

P p :■
0-0308 0-0353



Cross-talk.
The following tables s ta te  the  m axim um  cross-talk allowable between any circuits as 

specified above and  m easured on any  repeater section of cable between two successive repeaters. 
The values are those which would be m easured from  the  term inals of the  cable and include 
only cross-talk con tribu ted  by  the cable and  loading coils. They do no t include cross-talk 
in troduced  by  arrestors, repeating coils, repeater station  cabling and o ther equipm ent located 
in the  repeater or term inal buildings,

The cross-talk values shall be determ ined by  m eans of a talking test or by  tone approxi­
m ating, in energy distribution, to speech (in cases of dispute, speech tests shall be taken  as 
final).

The m easuring circuits employed shall be such th a t bo th  the  disturbing and disturbed 
circuits are closed a t b o th  ends through im pedances which conform to the  impedance of the  
d isturbing and  d isturbed  circuits, respectively.

The lim iting value of attenuation  corresponding to the  cross-talk expressed in b or TU  
shall be a t  least equal to the  values quoted  below :—

Near End Cross-talk, 2-wire Circuits.

Side to  Side of same quad  ...
P hantom  to Side of same quad  
P han tom  to  Phantom  
P hantom  to  P a ir of different quads 
P air to  P a ir of different quads

Near End Cross-talk, 4-wire Circuits between Opposite going 4-wire Groups.
P air to  P a ir . .  . .  . . . .  . .  . .  . .  "1
P hantom  to Phantom  .... . .  , .  .'. . .  . .  f  9 78
P han tom  to P air

Far End Cross-talk, 4-wire Circuits.
Side to  Side of same quad 
P hantom  to  Side of same quad  
P hantom  to Phantom  
P hantom  to P a ir of different quads

b TU

► 7 ’5 65
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A P PE N D IX  B .d.2 No. 4.

ESSENTIAL CLAUSES FOR A TYPICAL SPECIFICATION FOR THE SUPPLY OF A 
COMPLETE TELEPHONE CABLE BETWEEN TERMINAL EXCHANGES, INCLUDING 
REPEATER STATIONS, ASSUMING THAT THE CABLE IS ORDERED FROM ONE

CONTRACTOR, WHO ASSUMES RESPONSIBILITY FOR OVER-ALL RESULTS.

Introduction.
The In ternational C onsultative Com mittee considers th a t  the inform ation a t present 

a t its disposal is not sufficient to enable it to specify all th e  details which such a specification 
should cover. I t  is also of the opinion th a t  certain supplem entary specifications are necessary 
for the supply and installation of repeater stations, for repeating coils, &c. Consequently, 
the  p arts  of a typical specification for which it  has been possible to collect sufficient d a ta  
have been drafted and com pleted by  m eans of two Appendices :—

(1) Appendix (a), indicating the points which should be taken  into consideration 
in the  specification and the corresponding inform ation which it  has been possible to 
obtain.

(2) Appendix (6), indicating the  points which necessitate fu rther research.

The In ternational Consultative Committee recommends th a t the  following inform ation 
should be given to the contractors in as m uch detail as possible :—

(1) D etails of the  Route. ■ • ,
(2) D etailed inform ation as to the  num ber of circuits necessary and the  expected traffic.
(3) Details of telephone and  telegraph cables existing on the  projected  route, if any.
(4) D ucts and m anholes available along the  route, if any.
(5) Detailed inform ation as to repeater stations, if any.
(6) Location preferred for new repeater stations and  reasons justifying th is preference.
(7) Power supply available a t these points.
(8) In itia l and final capacities of the  new repeater stations.
(9) Type of Construction p re ferred ; aerial cable, underground cable (arm oured and

non-armoured).
(10) D etailed inform ation as to available poles in th e  case of aerial cables.
(11) Inform ation on the power system s liable to produce inductive disturbances or

electrolytic damage.

Specification.
I. Component Parts of the Circuits.

The various parts of the circuits should conform w ith  the  corresponding specifications 
published by  the C.C.I.

The parts  in question and  the corresponding specifications are the  following :—- 
Cable : F actory  lengths, Appendices B.d.2 No. 1 and No. 2.

Section between 2 Repeaters, Appendix B.d.2 No. 3.
Loading Coils (Pupin Coils), Appendix B.d.2 No. 5.
Telephone R epeaters, Appendices B.c.4 No. 1 and  No. 2.
Signalling apparatus 
Installation of repeater stations 
T erm inating apparatus and protective devices 
A pparatus for testing  and m easurem ent 
Balancing netw orks for 2-wire repeaters 
Line Transform ers

T he corresponding specifications 
have no t yet been published.

Specification proposed in the 
present report (see V. Ap­
pendix (e) a ttached).
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Z. Attenuation and Distortion.
(iJ^KtLgjDver-all a ttenua tion  m easured a t a frequency of 800 cycles per second betw een 

testboards a t term inal exchanges should not exceed b — 1*3 or 11-3 T.U. The In ternational 
Consultative Commitfee-cqiisiders th a t  5 per cent, of the circuits of each type should be tested  
w ith  greater accuracy. A m ethod  of tes t is indicated in A ppendix (c) for consideration by 
the  A dm inistrations interested. D uring such a tes t the repeaters am plifying in the opposite 
direction should be disconnected.

(2) W hen the circuits are n o t  to  be extended beyond their term inal points in  the  cables 
in question, the a ttenua tion  indicated  above m ay be increased in these special cases to b =  2 • 0 
or 17-4 T.U.

(3) The attenua tion  of a circuit, m easured a t 800 cycles per second, should have th e  same 
value in bo th  directions, w ith  a tolerance of no t m ore th an  b =  o • 3 or 2-6 T.U.

(4) In  4-wire circuits the  m axim um  overall attenuations should not differ by  more th an  
b =  i - o  or 8-7  T .U . w ithin the following frequency intervals :—

M edium -Heavy Loading— 300-2,000 cycles per second.
E x tra-L igh t Loading— 300-2,500 cycles per second.

Clauses 1 and  4 m ay be modified when a m ore accurate m ethod of testing has been laid 
down.

(5) As regards 2-wire circuits, th e  permissible variation in the a ttenua tion  w ith frequency 
shall conform w ith  the  following advice of the C.C.I. :—

The a ttenua tion  a t 800 p.p.s. shall not be less th an  b =  1-3 o r 11-3 T.U.
The attenua tion  a t  300 p.p.s. shall no t differ from the attenuation  a t  800 p.p.s. by  more 

th an  5 =  0-5* or 4-3  T.U.* and  th e  attenuation  a t 2,000 p.p.s. shall not differ from the 
a tten u a tio n -a t 800 p.p.s. by  m ore th an  b =  1-5* or 13 T.U.*.

Reducing the  over-all transm ission loss by b — 0 -4  or 3-4  T.U. shall not cause singing.
The con tracto r should give detailed inform ation on the  m ethods of obtaining these results 

as well as curves showing how th e  a ttenua tion  of the  lin e , (repeaters and a ttenuation  equalizers 
not included) varies w ith  frequency as well as curves showing the variations w ith frequency, 
between the lim its indicated above, of the overall a ttenuation  of the circuit (including repeaters 
and  attenuation  equalizers).

The variations in a tten u a tio n  due to norm al changes in atm ospheric conditions should 
no t exceed b =  -L 0-2  o r +  1 -7 T.U. In  the case of aerial cables for which these lim its m ay 
be exceeded, the  con tracto r shall provide suitable apparatus to correct these effects and furnish 
all desirable inform ation regarding such apparatus.

3. Transmission Levels.
The transm ission level a t  any  point on the circuit is determ ined by  the ratio, expressed

in un its of transm ission, of the power, voltage or current m easured a t  th a t point to the power, 
voltage or curren t m easured a t  the  transm itting  end of the circuit. (For such m easurem ents 
the circuit is connected to the  tes t tab le  a t  the sending end.)

A correction m ust be m ade to  take  account of the differences in im pedance of the line 
a t the  two points a t which the  m easurem ent is carried out. If, a t th e  point considered, the 
value of the power, voltage or curren t, as the  case m ay be, is g reater th an  the  corresponding 
value m easured a t  th e  sending end, th e  sign of the  transm ission level in this case is positive 
(-(- b) ; if it  is less, th e  sign is negative (— 5).

In  the case of 4-wire circuits, th e  transm ission level a t any poin t on a circuit contracted  
for m ust be w ithin the  lim its b =  +  i - i  or + 9 - 6  TU  and b =  — 3-0 or —26 TU. In  the 
case of 2-wire circuits, it is desirable to  m aintain  the level between th e  lim its b =  -j- o • 6 or 
5 • 2 TU  and b =  — 1 • 6 or 13-9 TU.

The con tracto r should give detailed  inform ation as to the  varia tion  in transm ission 
levels for each of the, type of circuits contracted  for.

* The.figur.es, m ark ed  w ith  an  a s te risk  (*) are p rov isional an d  should  be verified by  th e  A d m in is tra ­
tio n s concerned.



4- Echo Effects.
There m ust be no appreciable echo effect when a conversation is carried out between 

two term inal exchanges by m eans of ordinary telephone apparatus, including or no t including 
anti-echo devices.

In  order to  satisfy this condition and to  elim inate the possible echo effects, special m eans 
m ay be employed where th is becomes necessary.

The contractor m ust forward detailed inform ation as to  the m easures taken  to  ensure 
the absence of echo on the  term inated  circuit.

5 - Transient Phenomena.
On term inating  circuits there should n o t be any  appreciable alteration  in the articu lation  

(quality of speech) on account of transien t phenom ena.*

6. Stability of Circuits.
Circuits m ust rem ain stable under all ordinary  atm ospheric conditions and for all the 

norm al conditions of term ination  for which the circuit has been designed.
From  this point of view, the  circuit is considered as unstable when the quality  of the  

conversation is appreciably affected by any  reaction produced a t any point in  the  circuit, 
even if th is does not consist of actual “ s in g in g ” (howling).

In  order to  ensure th a t a telephone circuit fulfils the conditions indicated above, the  
am plification o f  the repeaters on the circuit, assum ed to  be connected to the usual equipm ent, 
should be m aintained a t a  value sufficiently below the  singing point (for example lower by 
an  am ount b — 0-4 or 3-5 T U .f

7. Cross-talk and other Disturbances.
Cross-talk shall be m easured and corrected by the m ethod described on page 50 and  51. 
Cross-talk m easured in the various com ponent p a rts  of the circuits shall rem ain w ithin 

the limits fixed in each of the separate foregoing specifications. I t  is desirable to  choose 
the  various com ponent p arts  of in ternational circuits in such a w ay as to ob tain  on these 
circuits as low a value of cross-talk as possible.J

In  commercial working, in ternational circuits should be pro tected  from disturbance 
due to  external causes (e.g. power lines) or causes arising in the repeater stations them selves.§

8. Cross-talk between Pairs of 4-Wire Circuits.
Measures shall be taken  to reduce to  a m inim um  the cross-talk between pairs of conductors 

used for the “ go ” and “ re tu rn  ” of a 4-wire circu it; for example, the conductors in “ go ” 
conductors shall be separated  from the “ r e t u r n ” conductors throughout the whole length 
of the cable, as well as in the repeater stations. The con tracto r should indicate the  m eans 
adopted in this respect.

* A ppend ix  (c) outlines th e  te s ts  p roposed b y  th e  G erm an  A d m in is tra tio n  in  o rder to  v e rify  t h a t  
th e  circu it is sa tis fac to ry .in  th is  respect, and  A ppend ix  (d) co n ta in s  th e  com m en ts of th e  In te rn a t io n a l 
S ta n d a rd  E lec tric  C o rpo ra tion  on th e  sam e po in t.

f  F o r th e  ex ac t defin ition  of th e  “ singing p o in t ” refer to  page 45, line 5, of th e  B lue B ook (C.C.I., 
Paris, 1925).

f  See A ppendix  (a), p a rag rap h  headed  : "  C ross-talk!”
§ In v es tig a tio n  is in  progress to  determ ine  th e  m ax im um  to lerab le  lim its of - noise due  to  vario u s 

d is tu rbances.
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A P PE N D IX  A .

The points m entioned in th is appendix have not been quoted in the typical specification, 
the  In ternational Consultative Com mittee considering th a t in the actual s ta te  of the art, 
it  is not possible to specify definite figures. The C.C.I. has m erely p u t on record the following 
considerations accom panied by au tho rita tive  inform ation.

(a) Type of Repeaters, Loading, etc.
The contractor should give detailed inform ation on the gauge of the conductor, the type 

of loading, the spacing and the  type of repeaters which he proposes to  instal.
The C.C.I. recom m end the  following num erical limits. The contractor should explain 

any  appreciable deviation from  these limits.

Gauge of Conductors.
The C.C.I. recom m ends th a t  diam eters a tT east.equal to o*9 mm. or 1-3 mm. should be 

adopted  for the conductors of underground cables, bn the understanding, however, th a t  there 
will not be more th an  two types of conductors in the same cable.

Type of Loading.
The type of loading has been specified in the “ Essential clauses for a typ ical specification 

for a section included between two successive repeaters,” b u t the C.C.I. desires to  point out 
th a t  on circuits of a length greater th an  700 'k in .,'echo  effects and transien t phenom ena are 
factors of increasing im portance. I t  has no t a t its disposal sufficient d a ta  to  justify  a definite 
recom m endation on this point, b u t in  all doubtful cases the loading should be extra-light.

Type of Repeaters and Spacing of Repeaters.
The C.C.I. considers th a t  the  choice of the  type of repeater (2-wire or 4-wire) depends to 

such an ex ten t on the quality  of the  lines, etc. . . . th a t, in view of the num erical lim its
recom m ended a t present for d istortion, transien t phenom ena and echo effects, there is no 
need to  specify any definite value of a ttenuation , above which the 2-wire system  should be 
used instead  of the 4-wire system , nor to specify the positions of repeater stations.

(b) Cross-talk.
Experim ents have been m ade to  fix the m axim um  tolerable value of cross-talk on long 

telephone circuits. The value to w hich these experim ents have led corresponds to  an a tten u a ­
tion of b =  ^  6-2 or 54 TU. F or th is value, speech on one circuit can just be heard  on the 
o ther circuit, b u t it becomes quite unintelligible, when heard  from  subscriber’s instrum ents. 
In  any case, it  is extrem ely desirable to  ob tain  a value of cross-talk corresponding to a higher 
a tten u a tio n  and all practicable m eans should be m ade to a tta in  th is end.

I t  is considered th a t on circuits of a length less th an  500 km ., cross-talk should be 
considerably less th an  th a t  corresponding to  the above value (of attenuation).

APPENDIX B.

Points concerning the specification for com plete circuits equipped w ith repeaters and  which 
are to  be m ade the  object of fu rther investigation :—

(a) L im its of d istortion on 2-wire circuits.
(b) Conditions under which transien t phenom ena become detrim ental.
(c) Perm issible lim its of cross-talk between circuits and between the pairs of " go ” 

and  “ re tu rn  ” conductors of 4-wire circuits.
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A P PE N D IX  C.

CIRCUIT ATTENUATION.

Circuits of a length greater th an  500 km. should have a m ean over-all a ttenuation  greater 
th an  b =  4-3 or 37-3 TU  for all frequencies exceeding b y  more th an  10 per cent., th e  highest 
frequency which the  circuit should transm it. F or all frequencies which the circuit should 
transm it the period of growth of an  alternating  curren t suddenly applied should no t exceed 
30 milliseconds.

The A dm inistrations interested, are invited  to verify the above figures.

APPENDIX D.

MEMORANDUM OF THE INTERNATIONAL STANDARD ELECTRIC CORPORATION 
CONCERNING LIMITS IMPOSED ON THE SPECIFICATION FOR COMPLETE SYSTEMS 

BY TRANSIENT PHENOMENA IN INTERNATIONAL TELEPHONY.

The Germ an A dm inistration has proposed th a t “ for circuits over 500 km. in length, 
the values of the  m ean residual a ttenua tion  for all frequencies exceeding the highest frequency 
to be transm itted  by  more than  10 per cent, should be greater th an  b =  4-3  or 37*3 T U T

The objectionable effect of transien t phenom ena does no t depend directly  upon the 
frequencies tran sm itted  in any system , b u t on the  ratio  between the  highest frequency 
transm itted  w ithout excessive attenua tion  and the  critical frequency of the transm ission 
circuit. .

Definite values for the critical frequencies have already been fixed b y  the  C.C.I. for 
in ternational circuits.

We therefore propose th a t the  lim it b =  4-3  or 3 7 - 3 T U  should apply to  frequencies 
between the critical frequency and a frequency, 14 per cent, below the  critical frequency.

The Germ an A dm inistration has fu rther proposed th a t  " for all the  frequencies to  be 
transm itted , the building-up period of an alternating  current, suddenly applied, shall not 
be greater th an  30 m illiseconds/’ The ex ten t of the  detrim ental effect is- thus lim ited in a 
satisfactory m anner, b u t as the expression ".frequencies tran sm itted  ’’ is no t clearly defined, 
because the approach to  the critical lim it for the whole circuit is m ore or less progressive, 
and  as the tim e of growth depends on the critical frequency of the  line, we propose th a t  the 
phrase should read " f o r  all frequencies tran sm itted  up to 78 per cent, of the  critical 
frequency, etc."

94



A P P E N D IX  E.

ESSENTIAL CLAUSES FOR A TYPICAL SPECIFICATION FOR THE SUPPLY OF
LINE TRANSFORMERS.

This Specification concerns transform ers to be used on .circuits equipped w ith telephone 
repeaters. . . .  . .

General Clause.'

1. The ratio  of transform ation shall be such, th a t  when the  transform er is connected 
to  the  circuits for which it  has been designed, the impedance m easured a t . th e  ends of the 
windings on the exchange side should be w ithin the lim its fixed by  the C.C.I., th a t  is to say, 
provisionally 800 ohms T: 12 Per cent.

2. The efficiency for any frequency between 300 a n d .1,200 p.p.s. and  for curren ts varying 
from 2 m illiamperes to  0 :03 milliam peres should be a t least 75 per cent, when the  transform er 
is connected to the im pedances for which it  has been designed.

3. The transform er should be balanced from the point of view-of inductance, resistance 
and  capacity  in such a m anner th a t  the  cross-talk between the  windings corresponding to side 
circuits and  t o . the  phantom  circuit, do no t exceed the value corresponding to  b — 8-5 or 
74 TU  when these windings are connected' to. perfectly balanced non-inductive resistances, 
representing the  lines.

4 /  The insulation resistance betw een any  two windings or between any  w inding and the 
case (or the screen, if a screen is used) shall no t.be less th an  500 megohms w hen it  is m easured 
w ith  a d.c. voltage of 100 volts.* The dielectric strength  between the w inding on the line side 
and  the winding on the  exchange side, as well as the dielectric streng th  betw een anj^ winding 
and  the case or the screen (if a screen is used) shall be sufficient for these windings to w ithstand 
the  application of an a lternating  voltage of 500 volts a t a commercial frequency.

5. The properties (or constan ts of th e  transform ers) shall n o t vary  to an  appreciable 
ex ten t under the action of the  continuous or alternating  curren ts which occur in practice.

6. Cross-talk between ad jacent transform ers shall be negligible.

Special Clauses.

7. Transform ers designed for use in th e  line and netw ork circuits of 2-wire repeater 
installations.

In  2-wire repeatered circuits, when a transform er is inserted on the  line side and  another 
transform er is inserted on the netw ork side, these two transform ers shall be selected in pairs, 
in such a w ay th a t  the  vector im pedance m easured a t the term inals of the  w inding on the 
repeater side betw een 300 and  2,500 p.p.s. and  under norm al and  sym m etrical working 
conditions shall be the same w ithin approxim ately  2 per .cent., w hatever m ay  be conditions 
of current, tem perature, etc., occurring in practice.

8. Transform ers are designed to  tran sm it signalling currents a t a low frequency of about 
16 to  25 p.p.s. The efficiency shall no t be less th an  55 per cent, for currents having a frequency 
of 16 to  25 p.p.s. under w orking conditions.
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A P PE N D IX  B .d.2 No. 5.

ESSENTIAL CLAUSES FOR A TYPICAL SPECIFICATION OF GENERAL APPLICATION 
TO LOADING COILS FOR INTERNATIONAL TELEPHONE CABLES.

The loading coils shall be suitable for loading bo th  side and phantom  circuits. The coils 
employed shall be assembled to form a un it of loading, so th a t when this un it is inserted  in 
any quad, bo th  side and  phantom  circuits shall be loaded. The electrical requirem ents 
hereinafter specified apply to the side and phantom  circuits of such a u n it of loading.

The m agnetic m aterial employed shall be of the compressed iron dust type or o ther 
approved m aterial having equally satisfactory  characteristics.

Housing.
The coils shall be encased in suitable protective cases which shall be herm etically sealed. 

The cases shall be w aterproof and  able to w ithstand  being buried in dam p ground w ithout 
deterioration.

Means shall be provided for easily connecting the loading units to the  m ain cable. 

Magnetic Stability.
The m agnetic stab ility  of the core m ateria l shall be such th a t the inductance of a coil 

shall no t vary  by  more than  ^  two and  one half (2 |) per cent, after d irect curren t of any 
value between zero (0) and two (2) amps, has been allowed to  pass th rough one line winding. 
This test shall be m ade five (5) m inutes afte r the  cessation of the direct current. This is 
a destructive tes t and should be applied only to  sample coils.

Inductance.
The inductance m easured w ith a curren t of one (1) m .a. a t  1,800 periods per second shall 

be equal to the values s ta ted  for side and  phantom  circuits, w ith  a tolerance of i  (2) per cent.

Effective Resistance.
The effective resistance of the side or phan tom  circuit m easured w ith a curren t of one

(1) m .a. a t 1,800 periods per second shall no t exceed one hundred  and fifty (150) ohms per henry  
of the specified inductance.

Cross-talk.
The cross-talk in po tted  loading coils shall be m easured w ith an a lternating  curren t of 

not less th an  five (5) milliamperes a t 800 p.p.s., or w ith speech, under conditions in which the 
side circuits are term inated  w ith non-reactive resistance of twelve hundred (1,200) ohms and 
the phantom  circuits w ith a non-reactive resistance of eight hundred (800) ohms. The 
incom ing term inals of the circuit under tes t and  the  outgoing term inals of th e  appara tus used 
for comparison will be joined in parallel and to  the source of current. In  the correcting 
form ula corresponding to  th is arrangem ent 1,200 ohm s or 800 ohms will be taken  as the 
value of Z x or Z 2, as the case m ay be.

. In  cases of dispute speech tests shall be taken  as final.

The m axim a values of a ttenuation , corresponding to the cross-talk values expressed in 
b or TU , shall not be less th an  the figures quoted below :—

b TU
Between side circuit and side circuit in the coil u n it . .  . .  • • 9 78
Between side circuit and phan tom  circuit in the coil un it . .  8 69
Between phantom  circuit and phantom  circuit . .  . .  . .  ■ • 9 78
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Insulation Resistance.
The insulation resistance of any line winding of a- loading coil un it against all other line 

w indings (both in the same u n it and in all o ther loading-coil units) and the case shall not be 
less th an  ten  thousand (10,000) megohms. This test shall be m ade w ith  a po ten tial no t less 
th an  one hundred  (100) nor more th an  five hundred (500) volts a t a tem perature of no t less 
th an  fifteen (15) degrees Centigrade (approxim ately 6o° F .j.

Dielectric Strength.
The insulating m aterial between any two line windings shall w ithstand, w ithout rupture , 

a difference of potential, w ith  a R.M.S. value not exceeding five hundred (500) volts. This 
test shall be m ade w ith an alternating  curren t of a frequency not less th an  fifty (50) cycles 
per second, the voltage being applied instantaneously.

The insulation between any line winding and the case shall w ithstand, w ithout rup ture , 
a difference of po ten tial of any effective value no t exceeding two thousand (2,000) volts, applied 
during two (2) m inutes.

The m axim um  value of the testing  voltage shall no t differ by more th an  ten  (10) per cent, 
from  th a t  of a true sine wave o f.th e  same R.M.S. value.



LIST OF TRANSMISSION QUESTIONS TO BE STUDIED.
Questions Concerning Standard Reference System.

The In ternational Consultative Committee subm its the following questions for stu d y  -

1. How shall the prim ary S tandard  Reference System  be com pared w ith  the fundam ental
system  and a t w hat intervals of tim e will it  be necessary to  m ake such-com parative
m easurem ents ?

2. W hat are the different permissible m ethods of constructing secondary Reference
Systems ? '

3. How shall the secondary system s be com pared to the prim ary  system s or to the fun d a­
m ental system s and a t w hat in tervals of tim e should these com parisons be repeated  ?

4. How shall the working standards corresponding to the different types of commercial
telephone connections existing in the different countries be constructed ?
How shall these working standards be related  to the  fundam ental, the  p rim ary  and 
secondary systems, and  at w hat in tervals of tim e shall these calibrations be repeated  ?

5. How can the practice coefficient of th e  different sets of observers m aking labora to ry
and voice tests be defined and determ ined?

6. W hat tests (physical and  physiological) shall be em ployed in recruiting  observers in
order to ascertain the state  of their hearing and  their voice?

7. How can be defined and determ ined the  m ean correction factors corresponding to  different
languages in order th a t the results of tests of clearness m ade in different countries m ay  
be compared, tak ing  account of the language used?

8. Does the figure 0-05 volt per dyne per centim etre squared specified previously in the
proposals of the Conference of London for the zero point of the transm itting  system  
correspond well to the efficiency of the standard  transm itting  system s of commercial 
types used by the different A dm inistrations in their working standards for every-day 
m easurem ents ?

9. Does the figure 50 dynes per centim etre squared per volt specified for the  zero poin t
of the transm itting  system  correspond well to the efficiency of the stan d ard  receiving
systems of commercial types used by the different A dm inistrations in  their working 
standards for every-day m easurem ents ?

io . In  m easurem ents of transm ission equivalents or transm ission efficiency is it desirable
to apply corrections to the results because of the difference in im pedances between the
apparatus m easured and  the corresponding p arts  of th e  reference system  ?
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Additional Transmission Questions.

Permissible lim it of transm ission loss caused by apparatus inserted in  international 
telephone circuits either in series or parallel.

General conditions to be satisfied by overhead lines used for in ternational circuits. 
General conditions to  be satisfied by sections of cable inserted in these overhead lines 

in regard to losses of efficiency and im pedance irregularities.
Possibility of standardising system s of long-distance telephony..
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C. LIST OF A PPEN DICES ON TRANSM ISSION QUESTIONS.

Method of m easurem ent with, single frequency, em ployed in G reat B ritain, 
as a substitu te  for voice tests. '
Method, of m easurem ent w ith single frequency, employed in Germ any, as a 
substitu te  for voice tests. ■
Note by the In ternational S tandard  E lectric Corporation regarding, the 
choice of a single frequency to  be used for-routine transm ission loss m easure­
ments.
Note on crosstalk by the .Service d ’E tudes e t de Recherches techniques 
Frangais.
Different ways in which two Telephone A dm inistrations can co-operate in 
the construction of a repeater section which crosses a frontier.
Notes on the transm ission testing  by m eans of speech of telephone transm itte rs 
and receivers, as carried out in the B ritish Post Office Engineering D epart­
m ent ; w ith  special reference to selection and m aintenance of standards.

C .c.i. No. 2a. B ritish Post Office m ethod of m easuring the transm ission efficiency of a sub­
scriber’s installa tion from  the central office.

C.c.i. No. 2/3. B ritish . Post Office m ethod for m easuring the  efficiency of a subscriber’s
station from  the cen tral office by m eans of a lternating  current.

C .c.i. No. 3. M ethod of testing subscribers’ instrum ents from  the central office (In te r­
national S tandard  E lectric Corporation).

C .c.i. No. 4. M ethod used by the Germ an A dm inistration for testing  a complete subscriber’s
installation from the local telephone exchange.

C.c.3. No. 1. The switching of 4-wire circuits a t term inal exchanges to  sim ilar circuits or
to circuits of a different type. (In ternational S tandard  E lectric Corporation.)

C.c.3. No. 2. Through traffic for long-distance circuits effected a t  the  through switching
positions.

C.c.4. No. 1. Siemens & Halske echo suppressors- for 4-wire circuits.
C.c.4. No. 2. Echo Suppressors for Long Telephone Circuits (In ternational S tandard

Electric Corporation).
C.c.4. No. 3. Echo Suppressor (British Post Office System).
C.d No. 2. R eport of the German A dm inistration w ith  reference to  long-distance com ­

m unications on ex tra  light loaded toll cables.
C.e. No. 1. The Siemens Im pulse Meter.
C.e. No. 2. A pparatus for the m easurem ent of Speech Volume (British P ost Office

System ).
C.f. No. 1. Voice Frequency Carrier Telegraph System  for Cables (In ternational S tandard

Electric Corporation).
C.f. No. 2. Metallic Polar-D uplex Telegraph System  for Long Small-Gauge Cables (In te r­

national S tandard  E lectric Corporation).
C.f. No. 3. System of E a rth  R etu rn  Telegraphy, derived from P han tom  Circuits, used

by the German A dm inistration.
C.f. No. 4. System of Telegraphy, derived from Telegraph Circuits, used by  th e  Germ an

A dm inistration (Siemens & Halske System).
C.f. No. 5. System of Voice F requency Carrier Telegraphy used by  the  Germ an

A dm inistration (Siemens & H alske System).

C .a.i. No. 2.

C .a.i. No. 3.

C .a.i. No. 4.

C .b.i.

C.c.i. N o. i .

C . a . i .  N o .  1,



A PPE N D IX  C .a .i No. I.

METHOD OF MEASUREMENT WITH SINGLE FREQUENCY, EMPLOYED IN 
GREAT BRITAIN AS A SUBSTITUTE FOR VOICE TESTS; •

The suggestion to m ake use of a series of single frequency alternating-current tests in 
place of speech tests was m ade a t an early stage in the a r t of telephone transm ission m easure­
m ent. In  m any cases such m easurem ents are of considerable value, but, where resonant 
apparatus (such as tran sm itte rs  and receivers) is present, serious errors will be introduced 
should one of the testing  frequencies coincide w ith a resonant frequency.

In  order to  sim ulate speech it has been proposed to  construct an apparatus which 
repeated rhythm ically  a series of frequencies covering the im portan t speech-frequency range. 
This has the double advantage th a t any given frequency is no t in operation sufficiently long 

• to cause the resonance of any  p a rt of the circuit or apparatus under test to predom inate unduly, 
and also to average up the results of a large num ber of frequencies. In  1915 and 1916 a 
considerable am ount of w ork was done by  m eans of a special series of in terrupters driven from 
a machine of which the  speed was rhythm ically  varied (see paper entitled “ Telephonom etry," 
by  B. S. Cohen, Proceedings I.P .O .E .E ., 1916), and later a special in terrup ter wheel was 
built such th a t  when driven a t a constan t speed the speed of the in terruptions varied 
rhythm ically  as the wheel ro tated . This device has been in general use for some years for 
certain  special tests. The frequency range is 600 p.p.s. to 1,300 p.p.s. repeated 300 times 
per m inute. The disadvantages of this arrangem ent are th a t it is impossible accurately to 
duplicate the apparatus and  there is little  control over the m agnitudes of the different 
frequencies. An in terru p te r also cannot be guaranteed to give the same A.C. o u tp u t wave 
form from tim e to time.

I t  is now proposed to  build  oscillators which can be m ade to  vary in frequency over a 
specified range by  the continuous ro tation  of a small air condenser. I t  is found possible by 
the use of specially bu ilt iron cored inductances to m ake use of an air condenser of the order 
of o -oo i m icrofarad (max.) to vary  the frequency between wide lim its w ithout seriously 
varying the  outpu t. An a lternative arrangem ent which is being experim ented w ith, and will 
probably  prove the sim plest in practice, is to rhythm ically  vary  the inductance in the 
oscillator circuit by  m eans of a ro ta ting  arm ature of stalloy. The capacity  then, of course, 
takes the form of a condenser of fixed value. An oscillator is now being built w ith  a con­
tinuously varying frequency range of about 600 p.p.s. to 2,500 p.p.s., which has been found 
to be a suitable range for the  testing of transm itte rs and receivers. This is also to be used 
to operate a receiver, the acoustic o u tp u t of which can be used for m easurem ents of the efficiency 
of -subscriber's telephone apparatus, as has been elsewhere described. A rhy thm  of a t least 
200 per m inute appears to  be necessary and  there is no difficulty in getting  steadv readings 
w ith commercial poin ter type m easuring instrum ents a t this speed.

A sim ilar rhythm ic oscillator will be used for experim ents on the m easurem ent of cross­
ta lk  and it is proposed to  operate this a t a frequency range of 600 p.p.s. to  over 2,500 p.p.s. 
in conform ity w ith  the results obtained in G erm any for a series of single frequency m easure­
m ents and  p u t before the Conference by Dr. Breisig.

I t  is proposed to use the  rhythm ic oscillator for subscriber's instrum ent efficiency 
testing in conjunction w ith  a therm ionic valve-m easuring instrum ent. W ith  such an 
instrum ent incorporating a rectifying and am plifying valve and a continuous curren t moving 
coil pointer type instrum ent a m easurable deflection can be obtained for -o i volt. The circuit 
(Fig. 1, on page 103) contains two dull-em itter type four electrode valves used as oscillator 
and  amplifier respectively, and  this arrangem ent is suitable for a portable set owing to the 
low high-tension and  low-tension b a tte ry  consum ption.



In  the case of cross-talk m easurem ents it  will be necessary to m easure values of the 
order of 40 millionths on a  cross-talk m eter, and if the oscillator o u tp u t is 1 volt, th is will 
represent -00004 v ° h  and will therefore require about 3,000 tim es fu rther amplification. I t  
is questionable w hether a m ulti-stage amplifier to give this fu rther am plification will be 
practically usable for field tests owing to complication, w eight and liability  to instability , and  
whilst experim ents in th is connection will be carried ou t it  is expected th a t  aural balances 
using a telephone receiver will prove the m ost p racticable arrangem ent.
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RHYTHMIC OSCILLATOR.

APPARATUS TAKEN TO SUBSCRIBER'S OFFICE.

DRIVEN VARIABLE 
AIR CONDENSER,

OU TPUT 1-38 V. AT 6 0 0  ~ /S E C . TO 1-5 V. AT 1475 ~ /S E C . 
ON BELL RECEIVER ( 2 0 0 0  OHMS).
SPEED OP CONDENSER 2 0 0  R,P.M.

1 0 3  U ?



A P PE N D IX  C .a .i No. 2.

METHOD OF MEASUREMENT WITH SINGLE FREQUENCY, EMPLOYED IN GERMANY
AS A SUBSTITUTE FOR VOICE TESTS.

The German Postal A dm inistration has had  carried out some tests  which have shown 
th a t m easurem ents w ith the voice cannot produce reliable results. I t  is prim arily  the difference 
in electro-acoustic qualities of the telephone used in voice tests which causes unreliability.

For a given telephone the observations of from three to five independent observers do 
not differ from their m ean by more th an  b =  o-2  or 1*7 TU (rarely by  b =  0-3 or 2-6 TU) 
w hatever m ay be the. variation of the  speaker and w hatever the  na tu re  of the transm itting  
system.

On the other hand, the .mean figures of the observers for one telephone differ from the 
m ean figures of the same observers for another telephone by  b --■= 1-5 or 13 T U ; even the 
m ean differences for eight telephones are & =  0 -4  or 3-5 TU.

Special tests on two transm itters, which showed big differences, dem onstrated th a t these 
had  several resonant frequencies, differently situated  in each.

I t  follows th a t  if m easurem ents are m ade w ith an oscillator having a m ultiple frequency 
output, the results obtained will no t be b e tte r th an  when using the voice, since from am ongst 
the m ultiplicity of frequencies produced one or another will suffer resonance or suppression 
more than  the remainder, according to  the particu lar properties of the  diaphragm  of the  
transm itte r employed.

Recently another m ethod has been tried, which gives results of practically  the sam e • 
value as w ith the voice, b u t in a reproducible form.

M easurements are m ade a t a num ber of single sine wave frequencies w ithin the voice 
spectrum . If the exact relative value of each frequency in the m ake-up of the language 
were known, it would be possible to  combine the different m easurem ents in such a m anner 
th a t their sum or their m ean would give a characteristic value for the case in point. B u t 
since these relative values are unknow n and perhaps different for different languages, it  is 
only possible to combine certain frequencies in different ways and to  com pare the m ean thus 
obtained w ith the value obtained w ith  the voice tests. Calculations have been m ade which 
were related to 28 different circuits comprising side circuits and phantom  circuits w hether 
medium or light loaded, balanced or not, and of loading coil cases, m easured a t the frequencies 
of 640, 800, 955, 1115, 1,280, 1,910 and 2,225 psriods per second. Then com binations were 
made from the above. Those which gave an in tegral mean, differing the least from the 
values obtained with the voice, were those m easured a t the frequencies of 640, 800, 1,115 
and 1,910 periods per second.

Since in each particu lar case a single frequency was used, results were independent of the 
telephone employed. However, because of the a rb itra ry  choice, the m ean calculated for 
the whole group of the above frequencies gives a m ean difference of b = 0 - 2  or 1-7 TU 
(maximum b = 0 ‘6 or 5-2 TU) com pared w ith the figure obtained w ith the voice test. The 
m axim um  figure is then  the same as th a t obtained for the differences of the m ean of five 
observers, each one in tu rn  using several telephones. The m easurem ent a t four single 
frequencies gives then for an observer w ith any telephone the same precision as the voice 
m easurem ent w ith several observers, each using several telephones. B ut, besides the greater 
brevity  of this m ethod of calculating the value, the straightforw ard m easurem ents have 
the advantage of being reproducible. If the m ethod of calculation is fixed once for all, the 
true m eaning of guarantee figures in tenders will be com pletely defined.

I t  is suggested th a t A dm inistrations in terested  a ttem p t to find for their particu lar 
conditions a similar com bination of frequencies which will give by calculation a figure of 
b or TU  sufficiently equal to  th a t which will be found by m easurem ents w ith the voice.
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A PPE N D IX  C .a .i No. 3.

NOTE BY THE INTERNATIONAL STANDARD ELECTRIC CORPORATION 
REGARDING THE CHOICE OF A SINGLE FREQUENCY TO BE USED FOR 

ROUTINE TRANSMISSION LOSS MEASUREMENTS.

In the report of the  June 1925 Meeting of the C .C .I./the  opinion of the Sub-Commission 
handling this question reads as follows :

“ T hat it is desirable to have, for ordinary  m easurem ent, a current of definite 
frequency—and a frequency which is always the same—th a t  this frequency should 
be as near as possible to  th a t  of the average frequency of spoken sounds."

The “ ordinary  m easurem ent " referred to above is, of course, th a t  necessary for the 
m aintenance of the p lan t involved in an in ternational cable system , and the various item s of 
p lan t m ay be broadly divided under the following heads :

(1) Cable or open wire lines.
(2) Repeaters.
(3) In terposed or bridged apparatus.

This question of the relation between voice current losses and single frequency losses 
has been the subject of extensive investigations by the American Telephone and Telegraph 
Company. Very m any tests have been m ade w ith various types of cables and apparatus. 
W ith  each item  tested  a series of m easurem ents was taken  :

(a) W ith  various single frequencies.
(b) W ith  speech.

For edch of these, a balance was obtained by adjusting an artificial line of 600 ohms im pedance 
un til it was found to  in troduce the same attenuation  to  the testing  current as the cable or 
apparatus under test.

The result of these investigations from the standpoin t of cable and open wires m ay be 
briefly s ta ted  as follows :

W ith cables loaded to a high cut-off point such as ex tra  light loading on 1,830 m. spacing 
and  w ith non-loaded open-wire lines, th a t is in cases where the a ttenuation  frequency 
characteristic is approxim ately  flat over a wide range, there is a very close correlation between 
talk ing tests and  any single frequency between 700 cycles and 1,300 cycles.

W ith non-loaded cables and cables loaded to a cut-off frequency no t higher th an  2,300 
cycles, th a t  is cases where the a ttenua tion  frequency characteristic has a d istinct slope, tests 
a t 1,000 cycles give a m uch closer approxim ation of ta lk ing tes t results than  tests a t 800 
cycles.

Cables loaded w ith 177 mh. side circuit coils on 1,830 m. spacing have a cut-off point 
higher th an  2,300 cycles and thus fall between the two categories outlined above.

From  the standpo in t of R epeater Gain m easurem ents, the gain frequency characteristics 
are either flat over a wide range or rise w ith frequency to an ex ten t necessary to counteract 
the distortion on the  cable w ith  which they  are associated. In  either case the gain frequency 
characteristic is fairly constan t between frequencies of 700 cycles and 1,000 cycles and any 
frequency w ithin th is range is equally satisfactory.

Interposed or Bridged A pparatus of the types norm ally occurring in practice, as, for 
example, repeating  coils or bridged ringing apparatus, do no t contribute to  over-all loss 
m easurem ents to  any large ex ten t, and in any case have attenuation  frequency characteristics 
which, for the m ost part, are either flat over a wide range or so shaped th a t the sloping 
characteristic of the cable w ith w h ich .they  are associated is corrected. In  either case 
they  m ay be neglected in the  present question.

The conclusions which the  A.T. & T. Co. have drawn from their investigations are th a t, 
as non-loaded cable and cable w ith  a low cut-off point will enter into overall loss m easurem ents,



these types become the controlling factors. These types dem and a definite frequency, whereas 
other types offer a wide choice of test frequencies. Consequently 1,000 cycles has been 
chosen as suitable for all types.

The attached  m em orandum  gives samples of the tes t results which have led the A.T. & T- 
Co. to adopt the routine test frequency of 1,000 cycles.

Some Experimental Results obtained in the Search for a Suitable Single Frequency
for Measuring Currents.

The a ttached  curves show for certain  typical types of facilities now in the p lan t results 
of single frequency' transm ission tests w ithin a range of frequencies com pared to  voice tests. 
The full irregular curves show the transm ission frequency runs, while the full horizontal line 
is the value obtained by  talking tests. The dashed horizontal lines were obtained by  frequency 
band m easurem ents and need not be considered in  the present discussion. The transm ission 
equivalents m easured are expressed on these curves in term s of miles of s tandard  cable a t 
800 cycles.

Drawings Nos. 701-6610, 701-6623, 701-6617 and 701-6601 give m easurem ents of 
typical circuits in the B oston-W ashington cable. These circuits are of the low cut-off type 
having sloping transm ission frequency characteristics. They do not, of course, represent the 
la ter developm ents in cable circuits, b u t are still in service and  will continue to  be used for 
some tim e to come.

No. 701-6610.

. . FREQUENCY. .

TRANSMISSION MEASUREMENT.
• • CABLE—241-6 MILES.

13 GAUGE HEAVY LOADED SIDE. '
THESE MEASUREMENTS W ERE MADE FO R COMPARISON W ITH  SIMILAR 

MEASUREMENTS MADE SEPTEM BER 25, 1925, W ITHOUT APPARATUS.
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T.U.

No.. 701-6623.

FREQUENCY

TRANSMISSION MEASUREMENT.
19 GAUGE CABLE.
8 REPEA TERS.



N o . 7 0 1 -6 6 0 1 .

FREQUENCY
TRANSMISSION MEASUREMENT.

CABLE— 175 MILES.
10 GAUGE MEDIUM HEAVY LOADED SIDE, W ITHOUT APPARATUS.

No. 701-6617..

FREQUENCY

TRANSMISSION MEASUREMENT.
CABLE—300 MILES.

13 GAUGE MEDIUM HEAVY LOADED PHANTOM, W ITHOUT APPARATUS.



. . D rawing No. 701-6644 shows m easurem ents of an artificial cable circuit, the  characteristics 
of which are representative of non-loaded cable in the p lant. D rawing No.. 701-6633 shows

No. 701-6644.

FREQUENCY

TRANSMISSION MEASUREMENT.
16 MILES ARTIFICIAL CABLE.

No. 701-6633.,

FREQUENCY

TRANSMISSION MEASUREMENT;
O PEN W IR E —326 MILES.

12 GAUGE LOADED SIDE.
INSULATION POOR AND CIRCUIT CHANGEABLE, W ITHOUT APPARATUS.
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m easurem ents on a ’ loaded open wire 104 copper c ircu it (2 -64..mm), while D raw ing 'N o . 
701-6630 is for a  com bination of loaded .and  non-loaded 'open  wire. These types of open 
wire circuits are still quite extensively used in the p lant.

No. 701-6630.

FREQUENCY

TRANSMISSION MEASUREMENT.
OPEN W IR E —218 MILES.

8 GAUGE NON-LOADED SIDE LOOPED TO 12 GAUGE LOADED SIDE,
W ITHOUT APPARATUS.

In  all of the drawings referred to  above it will be noted th a t m easurem ents a t 1,000 cycles 
give appreciably b e tte r correlation w ith talk ing tests th an  do m easurem ents a t 800 cycles. 
For this reason, 1,000 cycles was chosen as a convenient value of m easuring curren t frequency 
which would give results sufficiently close for all practical purposes to those which are obtained 
by talking tests.

Drawing No. 701-6629 shows results of te s ts ' of a non-loaded wire circuit which is of 
the type having the flat transm ission frequency characteristics. This is also fairly repre­
sentative of the la ter types of high cut-off cable circuits. I t  will be noted from this drawing

No. 701-6629.

T.U.

FREQUENCY

TRANSMISSION MEASUREMENT.
OPEN W IR E  L IN E —226 MILES.

th a t  fairly good correlation w ith talking" te s ts 'is  obtained  over a wide range of frequency so 
th a t the value of m easuring frequency used is not so* im portan t as in the case of th e  older 
type of circuits referred to above. . .
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A P PE N D IX  C .a .i No. 4.

NOTE ON CROSS-TALK BY THE SERVICE D ’ETUDES ET DE RECHERCHES
TECHNIQUES FRANCAIS.

General.
In  accordance w ith the  desire expressed by  the C.C.I. during its  session of 22-29 J une> 

1925, the Research O rganisation o f-the  F rench  P .T.T. has undertaken  some tests on cross­
talk . The aim of these tests  has been to  determ ine : •

(1) A m ethod sufficiently practical, on the one hand, of determ ining the actual 
trouble in troduced by  cross-talk into a telephonic com m unication.

(2) A m ethod sufficiently precise, on the o ther hand, to give a reliable technical
basis for acceptance tests  of a telephone system.

The tests undertaken  have been of two kinds :
A. Comparison of tes t results obtained w ith the voice as a source, using a cross­

ta lk  m eter, w ith  various testers and  different transm itte rs and receivers, as well as 
w ith  test results obtained by  m eans of a source of complex tone.

B. Comparison of the  above tes t results, w ith cross-talk values m easured a t 
various single frequencies.

Results.
A.— (1) The. tests which have been carried out' on coil-loaded and  non-loaded cables 

have shown th a t  voice tests can give results which vary  quite considerably, according to 
the testers and still m ore according to  the types of transm itte rs and receivers employed.
One m ay obtain curren t values or readings on the  cross-talk m eter varying to the ex ten t of
double the readings, w hich in attenua tion  units corresponds to  b == 0-7  or 6 TU. In  general 
the  variation is, however,-less.

(2) If in place of testing  w ith the  voice, a simple low frequency v ib rato r giving sharp 
in terruptions (25 to  100 p.p.s.) is used, it  is found th a t  the settings of the cross-talk m eter are 
approxim ately the same, w ithin lim its of experim ental error, as those corresponding w ith  
voice current m easurem ents (within one division of the cross-talk meter*). Otherwise, they  
are practically  independent of the frequency of the v ibrator. This las t fact, together w ith 
the agreem ent of the voice tes t results, m ay be due to the fact th a t  transien t phenom ena are 
of great im portance in  their relationship to cross-ta lk ; the  judgm ent of the tester takes more 
account of the consonants, which correspond w ith  the v ib rato r in terruptions. M easurements 
w ith  'the v ib rato r are, however, easier and  very m uch m ore simple and  precise th an  voice 
m easurem ents.

B. Comparisons between m easurem ents m ade w ith  the voice and  a t a single frequency, 
have led to the adoption of six frequencies : 700, 800, 900, 1,300, 1,400 and 1,500 p.p.s. and 
the formula expressing the  trouble due to  cross-talk is :

o 2 ( 8 ? 00 +  ^800 ±1  goo  F  ^1,300 ~T ^1,400 ^1,500)Oy
10

where S700, 8800, etc., are the  cross-talk values a t the frequencies of 700, 800 p.p.s. etc.

The justifications for th is choice are based on the following experim ental d a ta  :—
(a) The selected frequencies either belong to th a t portion of the  speech spectrum  

in which m ost of the  speech energy occurs, or are those a t  which the sensitivity of the 
ear is m axim um . The coefficient 2 bears upon those frequencies for which these two 
properties especially operate together.

* I t  is necessary  to  n o te  th a t  th e  cro ss-ta lk  values of various system s te s ted  were w idely  d if fe re n t: 
from  50 (or b =  ro -o  o r 86-8  TU) to  2,000 (or & = 6 - 2  o r 53-8  TU).
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(b) The cro.ss-talk-frequency curves - obtained on loaded cables show in general 
groups of well-defined m axim a and m inim a, very close to  one another (separated on 
the average by 100 to 200 p.p.s.). The choice of a few widely spaced frequencies

■ m ight, in consequence, as a result of un fortunate  coincidence, fall alm ost entirely  
on m axim a or minima, and give a false result, either of too great or too sm all m agnitude. 
On the contrary, the grouping of three frequencies close together gives a reasonable 
chance of tak ing  account sim ultaneously of the m axim a and m inima, and  there is 
a strong probability  th a t the n e tt resu lt will no t overlook a trough or a crest of cross­
talk , liable to be of im portance on the observed cross-talk.

(c) The coefficients are simple, and experience has shown, so far, th a t  their 
application is satisfactory.

, The comparison of the mean values of the  results obtained from voice tests, w ith  figures 
obtained by the use of the above expression, show a satisfactory  agreem ent. The following 
figures, obtained experim entally, are given as an example :■—

Values of Cross-talk in Cross-talk Units.

Voice te s t 
results . 189 118 57 500 800 500 550 1,200 i , 3° °

8V . . 180 113 50 580 750 520 480 1,050 1,150

The agreem ent reached is w ithin ' 20 per cent, (or b — o-2  or 1-7 T U ); the varia tion  
is thus less th an  th a t found in practice w ith  voice tests.

Conclusion.
As a result of the foregoing sum m arised tests, it  appears convenient a t the tim e acceptance 

tests on telephone system s are made to adopt the following m ethod of m easuring cross-talk 
(at least, in so far as the French language is concerned) :—

(1) Measure the cross-talk on the whole of the system  to be tested  w ith a v ib rato r 
(or any  other appropriate source of tone) and consider this simple and  rap id  tes t 
sufficient for all system s for which the values obtained are less than  the values specified.

(2) For all system s showing cross-talk values greater than  the prescribed lim it, 
it is necessary to have recourse to a m ethod independent of testers and apparatus, 
th a t  is to say, relying upon sinusoidal currents a t single frequencies. The form ula 
given above will m eet this need and  will give in an independent m anner a value of 
S, which is satisfactory  as a basis for arb itra tio n  betw een adm inistrations and  suppliers. 
The tests are com paratively lengthy, b u t as they  are applied only to a sm all num ber 
of system s, their relative com plication m ay be accepted.

Moreover, the form ula m ight be more generally used and  it m ight be agreed th a t  it  would 
essentially define the cross-talk observed and  effectively disturbing during a telephonic 
com m unication (at least, in so far as the French language' is concerned).
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A P P E N D IX  C ,b .i.

DIFFERENT WAYS IN WHICH TWO TELEPHONE ADMINISTRATIONS CAN CO-OPERATE 
IN THE CONSTRUCTION OF A REPEATER SECTION WHICH CROSSES A FRONTIER.

Two types of repeater sections have been recom m ended by the C.C.I., as described in 
Appendix B.d.2-, No, 3. These two types are referred to as M ethod No. 1 and M ethod No. 2, 
the  essential features of which are indicated  in the following tables :—

M ethod  No. 1. 1 • 3 mm . 
C onductors.

0*9 m m . 
C onductors.

N om inal M utual C apacity , Side, m f. per km . 0-0385 0-0385
,, ,, ,, P h an to m , mf. per km . 0-625 0-0625

N om inal L oading  Coil Spacing, m etres . . . . . . 1,830 1,830
L oading  Coil Induc tance , M edium  H eavy , Side, m h. . . . . 177 177

,, ,, ,, ,, ,, P h an to m , m h. 63 or 107 63 or 107
,, ,, ,, E x tr a  L igh t, Side, m h. . . — 44
,, ,, ,, ,, ,, P h an to m , m h. —— 2 5

W ith  the above M ethod No. 1 the cables are usually balanced by the cross-splicing 
process and the loading coils are usually of the type which has the connecting leads brought 
out through a stub  cable.

M ethod No. 2. 1 • 4 mm. 
C onductors.

0 -9  m m . 
C onductors.

N om inal M u tua l C apacity , Side, mf. per km . 0-0355 0-0355
P h an to m , mf. per km . 0-0570 0-0540

N om inal L oading  Coil Spacing, m etres 2,000 2,000
L oading  Coil Induc tance , M edium  H eavy, Side, m h. 190 200

,, ,, ,, ,, ,, P h an to m , m h . 70 70
,, ,, ,, E x tra  L igh t, Side, m h. — 50
,, ,, . ,, ,, ,, P h an to m , m h. --- 20

W ith  the above M ethod No. 2 the cables are usually balanced by added condensers and 
the loading coils are usually  of the type which includes a connecting cham ber a t the top of 
the  pot.

The problem  of designing a cross-frontier repeater section involves the use of one or 
o ther of these two m ethods, or a com bination of the two, the cases- which arise being as 
follows :—

(a) B oth  countries have adopted  M ethod No. 1 as their national m ethod. In  such 
cases M ethod No. 1 would natu ra lly  be employed.

(b) B oth countries have adopted M ethod No. 2 as their national method.. In 
such cases M ethod No. 2 would na tu ra lly  be employed.

(c) One country  has adopted  M ethod No. 1 and the other country  has adopted 
M ethod No. 2. In  these cases the cross-frontier section can be either to Method No. 1 
or to  M ethod No. 2, or a  com bination of the two Methods.
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W ith regard to cases (a) and (b) above, the m ost satisfactory  plan  from  both  technical 
and economic points of view, is for one m anufacturer to supply the whole repeater section. 
This p lan  should always be followed where the portion of the repeater section in one country  
is less th an  one-quarter of the to ta l repeater section length and is strongly recom m ended in 
all cases. An agreem ent should, if necessary, be concluded beforehand, in order th a t  the 
contracts concluded in each country  shall be in harm ony.

In  those countries where national m anufacture of telephone-p lan t is considered to  be 
of p rim ary  im portance, this plan has the disadvantage th a t one country  had  to  m ake the 
concession th a t its  portion shall not be of national m anufacture. Upon exam ination, however, 
this disadvantage appears to be a slight one only, since there are, or probably will be, several 
cables linking up the two countries, which would m ake it possible to bring about an approxim ate 
balance of p lan t supplied by the two countries.

The advantages of this plan are
(1) B etter transm ission qualities of the com pleted cable in v irtue of the  greater 

uniform ity of the parts.
(2) G reater economy in the m anufacture.
(3) T h at the contractor would give to  the  two A dm inistrations guarantees for the 

overall characteristics of the whole repeater section.

In  the  event of the two countries no t following the above recom m endations, and  each 
country  constructing the cable to the frontier, then  it will be m ost advisable to have the closest 
co-operation between the two contractors, particu larly  in the m atte r of loading-coil spacing. 
The ac tua l juncture between the two p a rts  of the  repeater section should occur a t a loading 
point. W hen this procedure is followed, each contractor will, of course, only guarantee the 
p a r t  which he has provided, and the allowable variations in  electrical characteristics can cause 
an irregularity  a t the point of juncture. The am ount of th is irregularity-w ill depend largely, 
on chance due to differences in machines, etc., on the ex ten t of the co-operation between 
the m anufacturers and on the position of the  juncture in respect to the ends of the repeater 
section.

W ith  regard to case (c), the adoption of either M ethod No. 1 throughout the  repeater 
section, or M ethod No. 2 throughout the repeater section, is recom m ended if the whole repeater 
section is constructed entirely  by one contractor. The disadvantage here, however, is n o t only 
th a t of concessions to national m anufacture b u t also involves the  problem  of m ain tain ing  
a half-repeater section of a system  different from  th a t adopted  generally th roughout the 
country. In  cases where this disadvantage is considered to be serious, the m odifications 
outlined below to  M ethods No. 1 and No. 2 respectively are suggested.

The two new m ethods, which rep lace . M ethods No. 1 and No. 2 respectively, present 
some difficult problem s if employed generally. Such difficulties are not present when lim iting 
their use to sections where a frontier is to  be crossed and  one country  has generally adopted 
M ethod No. 1 and the other country M ethod No. 2. The joining up of the two sections should 
take  place either a t the end of a loading section or in the m iddle splice of a  loading section.

In  the proposed new m ethods the case of the 0-9  mm. conductors is disregarded, because 
such circuits are used principally for 4-wire purposes. F or 0*9 mm. 4-wire circuits there  is 
no need for as rigid a balance as for 1-3 mm. 2-wire circuits; also the effect of an irregularity  
a t the point of junction is less on account of the higher a ttenua tion  ; therefore 0-9  mm. circuits 
m ay follow Method No. 1 and Method No. 2 respectively, w ithout change, providing th a t  
the  larger gauge conductors conform to  M ethods No. ia  and No. 2A respectively.

i a . M ethod to  be adopted for the half repeater section in the  country  which has. adopted  
M ethod No'. 1. 'It -is assumed th a t the norm al m ethod of balancing will be em ployed—for 
instance, cross-splicing— and th a t the norm al type of loading coils will be used, for instance, 
w ith  .the connecting leads brought out th rough s tub  cables. The essential features for th is 
half of .the repeater section, are given in the table below giving corresponding inform ation 
to  th a t given earlier for Method No. 1.



H alf R epeater Section  A djacent to M ethod i .

M ethod No. i a . 1-4 m m . C onductors.

N om inal M u tua l C apacity , Side, m f. per km . . . 0-0385
,, ,, ,, P h an to m , mf. per km . . . 0 • 0625

N om inal L oad ing  .Spacing, m etres 1,830
L oading  Coil In d u c tan ce  :■—

A lternative 1.
M edium  H eavy , Side, m h. . . ... . . 177

,, ,, P h an to m , m h. 63 or 107
A lternative 2.

M edium  H eavy , Side, m h. 190
.,, ,, P h an to m , m h. 70

2A. M ethod to be adopted for the half repeater section in the country  which has adopted 
M ethod No. 2. I t  is assum ed th a t  the  norm al m ethod of balancing will be em ployed—for 
instance, by  added condensers— and th a t  the norm al type of loading coils will be used—for 
instance, the type which includes a connecting cham ber a t the top of the pot. The essential 
features of this half of the repeater section are given in the table below giving corresponding 
inform ation to  th a t  given earlier for M ethod No. 2.

Half Repeater Section Adjacent to Method 2.

M ethod N o. 2a . 1 -4  m m . C onductors.

N om inal M u tua l C apacity , Side, mf. per km . . . 0-0355
,, ,, ,, P h an to m , mf. per km . 0-0570

N om inal L oad ing  Coil Spacing, m etres 2,000
L oading  Coil In d u c tan ce  :—

A lternative  1.
M edium  H eavy , Side, m h. . . . . . 177 . ,

,, P h an to m , m h. 63 or 107
A lternative  2. • 1

M edium  H eavy , Side, m h. . . . . ' - 190
P h an to m , m h, 70 -. •

From  the foregoing tab le it will be seen th a t M ethod No. ia  differs from M ethod No. 1 
in  the  size of th e  conductor to  be used for the larger gauge, bu t is otherwise standard , whereas 
M ethod No. 2A differs from M ethod No. 2 in the m utual capacity  of the  0 -9  mm. conductors.

I t  will be fu rther no ted  th a t  in b o th  the above tables alternative values of loading coil 
inductance are given, b u t the  same value m ust be used throughout the  repeater section, 
although, as already stated , the  type of loading coil case can be th a t  norm ally employed.

B y these m eans the nom inal im pedance and cut-off point of the two half-repeater sections 
will be practically  identical and  the  only irregularity  which will occur a t the point of juncture 
will' be th a t due to  allowable m anufacturing variations w ithin the  lim its specified. I t  is .not 
commercially possible to tigh ten  these limits. ' ■ . -

A repeater section constructed  in accordance w ith  the foregoing M ethods i a  and 2A 
respectively for the  two halves of the repeater section would have the electrical characteristics 
indicated  below which are applicable to either M ethod i a  or M ethod 2A :

Cut-off P o in t.

Side. P han tom .

R adians. Periods 
p er sec. R ad ians. Periods 

p er sec.

W ith  177 m h. Side and  63 m h. P h a n to m 18,000 2,900 23,600 3,800
W ith  177 m h. Side an d  107 m h. P h a n to m 18,000 2,900 18,000 2,900
W ith  190 m h. Side and  70 m h. P h a n to m 17,300 2,750 22,500 3,600



Im pedance.

Im pedance  in  O hm s.

Side. P h an to m .

W ith  177 m h. Side and  63 m h. P h a n to m  . . i , 59o 74°
W ith  177 m h. Side an d  107 m h. P h a n to m  . . 1,590 97°
W ith  190 m h. Side and  70 m h. P h a n to m  . . 1,630 . 780

M axim um  V aiue fo r A verage A tten u a tio n , 
j8 per K m .

A tten u a tio n . Side. P h an to m .

( 800 pps. 1,900 pps. 800 pps. 1,900 pps.

W ith  177 m h. Side and  63 m h. P h an to m —  
1-4 m m . C onductors . .  . . 0-0109 0-0148 o - 0113 0-0134
0*9 m m .' • 0-0217 ‘ 0•0250 0-0229 0-0248

W ith  177 m h. Side and  107 m h. P h an to m —
1-4 m m . C onductors . .  . .  . . 0-0107 0-0145 0•0090 0-0124
0 -9  m m . ,, 0-0215 0-0248 .. 0-0178 0-0210

W ith  190 m h. Side an d  70 m h. P h an to m —
1 • 4 m m . C onductors 0•0108 0-0148 0 - 0112 0-0134

W ith, each half of the repeater section constructed  in accordance w ith Methods i a  and 2A 
respectively, each contractor will, of course, only be responsible for his section of the cable. 
The degree of possible irregularity  a t the point of junctu re  will be no greater th an  in the case 
where the' whole repeater section is to  M ethod 1 or to  M ethod 2 and  each coun try  constructs 
the p a rt w ithin its own territory.

Each of the  plans discussed above has certain  advantages for the m anufacturer, for the 
installer and for the Adm inistrations. The advantages for the m anufacturers are th a t existing 
m achine equipm ent can be used and m ethods and  processes which are fam iliar to them . The 
advantage for th e ! installation organisation is th a t  the  custom ary m ethods of installa tion 
can be used. Finally, the advantage accruing to the A dm inistration is th a t the cross frontier 
repeater section is so designed th a t  it forms as satisfactory  a link as circum stances will perm it 
between the  two countries.

If one contractor undertakes the construction of the whole repeater section, th e n . the 
satisfactory working of all circuits is guaranteed, w hilst if the  responsibility for the whole 
repeater section is divided between two countries, then  the risk of there being any  inferior 
circuits is reduced to a minimum, and m aintenance practices are in no wise complicated.
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A P PE N D IX  C .c .i N o. i .

NOTES ON THE TRANSMISSION TESTING, BY MEANS OF SPEECH, OF TELE­
PHONE TRANSMITTERS AND RECEIVERS, AS CARRIED OUT IN THE BRITISH 
POST OFFICE ENGINEERING DEPARTMENT ; WITH SPECIAL REFERENCE TO 

SELECTION AND MAINTENANCE OF STANDARDS.

A description of the m ethods adopted  for the m aintenance of the efficiency of supplies 
of telephone instrum ents is given in Technical Instruction  V III, P a rt i .  The following 
inform ation describes the m ethods in use in the Engineering Research Section.

General.
The u ltim ate  testing  of telephone instrum ents m ust be done by m eans of speech and  

listening, and  the m ethods here described, covering these tests, are the result of m any years’ 
experience. In  all, except m inor testing, a t least three observers, A, B, G, will always be 
employed. These speak to one another as follows : A— B, B—C, C—A, A— G, C—B, B—A. 
This series of six balances constitu tes a “ Set of six ” and is the unit. A ny num ber of these 
sets by  the same or o ther observers m ay be used as required.

I t  is found th a t a definite routine of test, in which the test is succeeded by  an interval, 
is necessary, if testing  is to  be carried on satisfactorily all day. The set of six occupies usually 
from 20 to  30 m inutes, and a 30-m inute in terval then  follows. During any  one balance, 
say A— B, A ’s d u ty  consists solely in the  speaking, B ’s in the listening, while C m akes the 
necessary cable ad ju s tm en ts 'an d  enters up results.

Circuit used.
Unless the  necessity of the tes t requires otherwise, all testing  is carried ou t on the 

“ S tandard  Circuit ” shown diagram m atically in Fig. 1 and Fig. 2. An artificial cable is 
usually em ployed having constants substan tially  equal to those of “ S tandard  Cable,” viz. :— 
R  =  88 ohms, C =  0*054 mfd., L =  o-o o i  henry, G =  1 m icrohm  per loop mile. A m inim um  
length of 30 miles (b — 3*18 or 27*6 TU) is used, a short additional variable length being 
capable of being throw n a t will into either “ Test ” or “ S tandard  ” side.

N O T E :-W IN D IN G S \ - Z  &. 5 -G  OF COIL REPEATING 2 5  C. [
EACH COMPLETELY o c c u p y  o n e  h a l f  o f  t h e  ! F IG .2 . TESTING CIRCUIT FOR LOCAL BATTERY TRANSMISSION.
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Switching Arrangements.
Special care is necessary w ith these. Particulars given in Technical Instruction  V III, 

Vol. i ,  are similar to those employed in the  Research Section, w ith  a few m odifications :—
(1) The s tandard  instrum ent or p a r t is connected to the  “ Make ” side of the 

switching relays, and the test instrum ent is therefore the  one norm ally in circuit.
(2) Signalling from the listener is done by  m eans of three press bu ttons m arked 

“ B ette r,” “ Balance,” and “ W orse ” respectively, the operation of any  one releasing 
the last signal given and lighting a lam p before the recording observer, the lam p being 
m arked to correspond w ith the b u tto n  pressed. A separate speaking circuit between 
the two ends enables conversation to be carried on if required.

(3) A reversing key is fitted  by  m eans of which “ T est ” and  “ S tandard  ” can be 
interchanged w ithout the knowledge of the listener, the lam ps being autom atically  
reversed a t the same time. The use of th is key is- im portan t and m aterially  reduces 
the possibility of a biassed result. I t  is of value even when there is sufficient tone 
difference for the observer to detect th a t  the reversal has been made, as it interferes 
w ith any tendency on the p a rt of the  observer to  be biassed b y  the  signals he has 
previously given.

All switching of apparatus or cable is carried out by  m eans of telephone relays fitted 
w ith special platinum  contacts under fairly heavy pressure. These relays are pro tected  from 
dust in sealed boxes, the contact springs being brought out to term inals outside.

Details of Testing.
Transmission tests are m ade for Volume Efficiency, Resistance, A rticulation, Frying, 

Packing and Side Tone, as required.

(1) Volume Efficiency.
The sounds used for volume efficiency m easurem ents are the num bers 1, 2, 3, 4, 5, 

repeated successively, first on the tes t instrum ent and then on the standard . These sounds 
are convenient to use and have been found satisfactory and  sufficiently representative in 
practice. The volume of sound used is slightly greater th an  th a t-o f norm al telephone speech 
to  correspond w ith conditions during a conversation over a long line.

The m ethod of balancing is as follows :—
The 30 miles (b =  3-18 or 27-6 TU) of s tandard  cable, as previously stated , can be placed 

in either circuit. In  addition, the short variable length can be added in series w ith  the 
30 miles (b =  3-18 or 27-6 TU) on either Test or S tandard  circuit. The circuit is connected 
so th a t, for example, in one position of the switches there are 30 miles (b =  3-18 or 27-6 TU) 
in the standard  circuit and in the o ther position 30 plus 3 (b =  3-5 or 30-5 TU, total) in the 
test. A fter about three counts a lternately  on each circuit the observer m ay, for example, 
signal “ W orse.” The 3 miles (b =  0-32 or 2-8 TU) m ight then  be transferred  to the  standard  
circuit and a signal “ B etter ” obtained. The variable cable is then  reduced and  the  process 
continued, though not, of course, in any definite routine, un til the  observer gives “ Balance ” 
over a certain range. The two extrem es of this range (which m ay be from one to four or five 
miles of standard  cable, depending upon conditions), one being “ B ette r ” and  one “ W orse ” 
will be checked, and the true  “ Balance ” is considered to  be the  m ean between these extrem es. 
The object is to work inwards from the extrem es, these la tte r being determ ined w ith definiteness 
by  m eans of the double check.

I t  is sometimes necessary to discard the first few counts or possibly the first complete 
balance A to B, if the instrum ents take some little  tim e to settle to a stable condition. Freak 
balances also sometimes occur and m ust be checked.

. The num ber of “ Sets of six ” taken  varies, depending upon the accuracy required, b u t 
in calibrating standards it is never less th an  two, using two different standards,
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W henever possible those portions of the circuit which can be so trea ted  are used both  
on T est and  S tandard  circuits, to avoid errors due to differences between these p arts  and to 
avoid the necessity of using calibrated  apparatus where it is not essential. T ransm itters, 
except when required  for speaking upon, are always replaced by  50 ohm resistances to  stabilise 
the  conditions. The reception efficiency of an  instrum ent, for example, is affected by  the 
value of its  associated transm itte r. E xtraneous noise is also thus reduced.

Calibrated p arts  are only used where essential—for example, in testing  receivers a non­
calibrated  b u t s tandard  type tran sm itte r will be used a t the Sending end.

(2) Resistance. (Transm itters.)
This is obtained by m easuring the  difference of po tential across the  transm itte r, and the 

curren t through it, during the counting of the 1, 2, 3, 4, 5. The test is usually m ade im m ediately 
a fte r the volum e test. On account of the varia tion  in resistance w ith  different volumes of 
speech, the  resistance tests are m ade w ith a volum e as near the norm al as possib le; it  should 
no t fall below norm al. D ead-B eat W eston Instrum ents Model No. 1 are used. The lim iting 
condition for C.B. transm itte rs  is a m axim um  of 80 ohms when 0-025 am peres is flowing 
and  the diaphragm  is tilted  250 from the vertical. For this test an additional resistance 
m ust be added to  the  local line. In  addition, m easurem ents are usually m ade on a 300 ohm 
local w ith  the diaphragm  both  vertical and  tilted  to 250.

(3) Articulation.
As a result of considerable experim ent the following m ethod has now been adopted  -
A large num ber (still being added to) of lists of monosyllabic syllables has been prepared. 

E ach list contains 25 syllables containing sounds which occur in the correct proportion found 
in ord inary  English. W here necessary, sounds which have been found to have an  equal 
difficulty in transm ission replace one another. The lists are all practically equal in difficulty 
and  in occurrence of sound, b u t for the greatest accuracy two or more pairs will be used. 
E ach syllable is composed as follows :—Consonant—vowel—consonant. All speech can be 
split up into syllables of this type if an im aginary unsounded consonant be added to the 
vocabulary. ■

The sounds were based on those occurring in representative newspaper articles.
The tes t consists in one observer slowly reading out a list to another, who writes down 

w hat he hears. Comparison of the percentage of sounds correctly received over .Standard 
and  T est circuits gives a m easure of the articulation. So far it has not been possible to  m ake 
the  tes t o ther th an  a com parative one. A good standard  w ith the observers m aking these 
tests  passes about 60 per cent.

(4) Frying, Packing and Side Tone.
No specific tests  are applied for these, b u t comparison is m ade w ith  a standard . B ad 

packing is in d ica ted 'd u rin g  the  volum e te s t by  th e  w andering of the  balance, b u t speaking 
in a quieter tone will bring out the fau lt more noticeably. The tests are carried out on zero 
local line and  the  position of the  tran sm itte r m ay be varied between vertical and  250 w ith 
the  vertical.

The Selection and Maintenance of Standards.

Selection. (Transm itters.)
The only transm itte rs  so far used as standards have been the W estern Electric Com pany’s

C.B. T ransm itters M ark 4001. The standards now in use were originally derived from  average 
supplies of transm itte rs, and all new standards are calibrated  from these. W hen new standards 
are required, a b a tch  of transm itte rs is taken  and  tested  for frying, packing and side tone. 
These tests  are m ade on a zero local line. A fter this test, a transm itter, standard ised  for 
volume, is never used on a  local line of less th an  300 ohms. In  m aking transm ission tests  
on standard  tran sm itte rs  these should always have the diaphragm  in a vertical position.



The S tandard  transm itters are tapped  on the case w ith  a pencil by  each observer before speaking. 
A transm ission test is then  m ade in the  usual m anner on a 300 ohm local line. If the  tran s­
m itte r is not worse th an  3 S.M. (b =  0-32 or 2-8 TU) below Standard , and  passes the  resistance 
test, it  is m ade up into perm anent form, i.e., a proper lead is fitted  and  the back fixed on w ith 
cheese-headed perforated screws, and a sealing cord passed through them  and sealed. This 
tran sm itte r is then  tested  periodically for volume and resistance about every m onth  for about 
9 m o n th s ; should no variability  or o ther fault have developed in th a t  time, it is finally calibrated 
against two standards, and becomes a S tandard  transm itter.

T he Research Section m aintains 60 S tandard  transm itte rs separated  into three groups, 
A, B, and  C, of 20 each. In  addition, 25 American S tandard  transm itte rs  (W.E. Co. No. 229) 
are held and checked annually against the others.

E ach group of 20 is divided up in to  6 prim ary, 6 secondary and  8 working S tandards. 
The prim aries are used m ainly for calibration of the  secondaries; the secondaries, for calibration 
of standards for o ther D epartm ents of the Post Office and outside A dm inistrations, and 
working standards. The working standards are used for all norm al.w ork requiring a S tandard  
T ransm itter, as, for example, in checking the. efficiency of samples from  C ontractors’ supplies.

Periodical Recalibrations.
Group A, the oldest group, is recalibrated  every three m onths. The actual calibration 

is somewhat involved, advantage being taken  of the  fact th a t  each tran sm itte r is tested  against 
a num ber of others to m ake small ad justm ents of the  value of individual transm itters. Each 
secondary standard  is tested  against each prim ary, assum ing the  p rim ary  efficiencies. The 
m ean efficiency of the 6 secondaries is thus obtained 6 tim es against the  6 different primaries. 
Any small differences found between these m ean values and  the  m ean of these m eans will, 
be due, ap art from errors in testing, to  the fact th a t  the efficiency figure taken  for the  prim ary  
concerned is incorrect. The prim ary  efficiencies are therefore modified to  bring the  m eans 
to  equality.

The efficiencies of the individual secondaries are then  modified in accordance w ith  the 
modified prim ary  figures.

E ach working standard  is then  tested  against two secondary standards.
A table is then prepared showing th e  m ean change in the efficiency of the standards since 

their last calibration. This to ta l m ean change of the  20 transm itte rs  should be practically  
zero, and if it  is not so, a common figure is added to  each to  bring th e  m ean to  zero. The 
final m ean change of each section, prim ary, secondary and  w orker should be small, of the 
order of 0-3  S.M. (b =  0-03 or 0 -3  TU) or less. This has been found usually  to be th e  case. 
A ny discrepancies can usually be traced  to  individual variations of one instrum ent, and  due 
allowance m ade for it. Periodical exam inations of the records of the  standards are m ade 
to  ensure th a t no cum ulative error occurs in one direction. o . . . .

Groups B and C are of equal age. B is trea ted  precisely as A, whereas C is no t used, 
a t  all for ordinary  testing  b u t is k ep t as a control u n it to  determ ine w hether any  ageing occurs 
betw een used and unused standards. Group C is calibrated  every six m onths.

Group D, the 25 American standards, are no t split up into sections, b u t are used as a 
block for a check against the A group.

Once annually the groups are tested  one against another as follows :—
A versus B.
A „ C.
B „ C.

. . . . A „ D.

This tes t is used solely as a check of th e  relative efficiencies of th e  groups. The efficiencies' 
of, the transm itte rs are ignored and  the test carried out sim ply as follows : A T v. B r, A 2 v. B2, 
A3 v. B3, and so on.
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Selection of Receivers.
The m ethods of selection are the  same as those for transm itters.
The ordinary  cap is replaced w ith  one -having no groove. A fter the  prelim inary tes t 

the  inside of th e  cup, coils, &c., are washed over w ith  th in  shellac varnish  and carefully dried. 
This fixes any loose particles of filings or dust. The receiver cord is fitted  and the cap sealed.

No specific articulation  tes t is made, b u t during the selection tests the articulation is 
observed and  no receiver inferior to standard  is accepted.

Maintenance.
So far, on account of the lesser liability  to variation of receivers, i t  has not been found 

necessary to keep more th an  20 standards, divided into three groups, as in the case of tra n s ­
m itters. These are re-tested  every six m onths.

Storage of Standards.

All s tandards are kept, when no t in use, in a closed room in which th e  tem perature is no t 
allowed to fall below 6o° F.
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A P PE N D IX  C .c .i N o. 2ct.

BRITISH POST OFFICE METHOD OF MEASURING THE TRANSMISSION EFFICIENCY 
OF A SUBSCRIBER’S INSTALLATION FROM THE CENTRAL OFFICE. 

General.

The testing set described was designed to  m easure the over-all sending efficiency from 
a subscriber’s office. A condition laid down was th a t the test should be m ade from  the 
exchange. The set was the outcome of a desire to obtain, in a simple m anner, inform ation 
as to  the efficiency of telephone apparatus in commercial use. To obtain  all the necessary 
inform ation about the transm ission of the instrum ent, it is obviously necessary to  m easure 
bo th  sending and receiving efficiency, bu t as for the la tte r it will be essential, either to  visit 
the subscriber’s office, or to secure his co-operation, prelim inary efforts were concentrated 
upon the sending efficiency. Experience shows th a t the tran sm itte r is liable to  far more 
variation and deterioration 'than the receiver, so th a t  the sending test is the more im portan t 
of the two. Details are given in A ppendix C .c.i No. 2 of a proposed transm ission set, which 
is actually  in course of design, to  measure the receiver efficiency.

Transmission Testing Set for Measuring Sending Efficiency of Subscriber’s Installation.

This set is based upon the m easurem ent a t the local exchange of the voltage induced 
there by the subscriber speaking on a norm al telephone call. I t  will be noted the test includes 
both  the telephone apparatus and the  subscriber himself. This is of g reat im portance as 
fau lty  speaking on the p art of the subscriber is likely to be far more harm ful th an  fau lts due 
to apparatus. The two can be separated  in any individual case, when required, by instructing  
the subscriber to speak correctly, or by sending an officer to do so.

.^ T h e  subscriber’s line is tapped  by  means of a high im pedance transform er and the voltage 
amplified by m eans of a valve and passed thence to a special valve rectifier. This consists 

^  of a norm al type grid leak rectifier except th a t  the leak is caused, to be p u t in to  circuit by  the 
incoming speech currents from  the subscriber and  is norm ally not in circuit. This is effected 
by a s tandard  type B relay of high resistance which is operated by the amplified and rectified 
speech currents in a second circuit connected w ith the first as shown in the diagram  attached . 
This subsidiary circuit is ad justed  so th a t  the relay operates w ith the fa in test speech which 
the set is arranged to test. The rectifier in th is second circuit operates by anode rectification. 
A high resistance m icroam m eter is inserted in the p late circuit of the  first rectifying valve, the 
norm al p late current being biassed out as shown.

The operation of the circuit is as follows :—

Incom ing speech currents cause the B relay to operate, hence p u ttin g  the grid leak into 
circuit; the speech current voltage, amplified in valve A, is rectified in B, and causes a 
proportionate deflection on the m icroam m eter. Should the speech cease, the  grid leak is 
im m ediately open circuited on the relay, leaving the grid of valve B negatively charged. 
W ith a high valve and condenser insulation th is voltage is only very  slowly dissipated, and 
hence the m icroam m eter reading rem ains a t w hat it was im m ediately prior to  the opening 
of the grid leak circuit. Should the speech become fainter, the grid leak rem ains in circuit 
bu t the rectifier grid voltage reduces proportionately  and hence also the  m icroam m eter 
reading.
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By suitable setting  of the condenser and grid leak resistances it is possible to ad just the 
conditions so th a t  w ith steady  incoming speech the m icroam m eter gives a steady reading 
in a few seconds. I t  will be seen, therefore, th a t  provided the incoming speech is constant 
for this time, w hat is indicated  on the instrum ent is the average m axim um  incoming voltage.

The m icroam m eter is calibrated  directly  in standard  miles. The average voltage impressed 
upon the line, using an instrum ent w ith zero allowance, zero local line resistance and w ith 
average speakers talk ing in a s tandard  m anner, was m easured and gives the zero of the scale. 
The rest is obtained by adding the appropriate lengths of s tandard  cable.

An explanatory  diagram  of connections is shown in Fig. I.

TRANSMISSION TESTING SET,
FO R MEASURING T H E  OUTPUT FROM SUBSCRIBER'S TELEPHO N E.

F i g . i .

Fig. 2 shows the ex ternal appearance of the set and Fig. 3 its  in ternal arrangem ent. 

Results. *
Tests have been m ade on w orking lines on two exchanges. I t  was found th a t, after m aking 

all due allowances for all appara tus and lines in circuit, the sending efficiency in the one exchange 
is b = o - 6 6  or 5-7. TU  below its nom inal value, and in  the case of the o ther b = 0 - 5 9  or 
5-1 TU worse. These two exchanges were C entral B atte ry  exchanges, and C entral B atte ry  
transm itte rs  are accepted b = 0 - 3 7  or 3-2 TU  below standard , so th a t  these figures m ay 
reasonably be reduced to  b — 0-29 or 2-5 TU and b =  0-22 or 1-9 TU, respectively. Several 
examples of very poor transm ission were m et with.
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A P P E N D IX  C .c .i N o . 2j8.

BRITISH POST OFFICE METHOD FOR MEASURING THE EFFICIENCY OF
A SUBSCRIBER’S STATION FROM THE CENTRAL OFFICE BY MEANS

OF ALTERNATING CURRENT.

r. General Method of Test.
The procedure is briefly as follows
A small portable valve oscillator set operates a special receiver to form an acoustic

generator. This apparatus is taken  to  the  subscriber’s office and applied in tu rn  to the tran s­
m itte r  and  receiver, and finally to  a standardised receiver which is tem porarily  substitu ted  
for the  subscriber’s receiver. The voltages generated are transm itted  to the exchange, and, 
afte r am plification and  rectification, produce deflections upon a direct curren t needle instru ­
m ent. These deflections are reduced to  equality  by m eans of a potentiom eter, calibrated 
in 6, TU  or S.M., and from these readings the efficiency of the set, b o th  for sending and 
receiving, is obtained in term s of the  efficiency of the standardised receiver.

2 . Apparatus Details.
The oscillator is of norm al type, except th a t the tun ing  inductance is built on 

iron stam pings in order to obtain  such a value of inductance th a t an air condenser w ith a 
m axim um  capacity  of o • 001 mfd. will be sufficient for tuning. The condenser is continuously 
driven by clockwork a t  about 120 r.p .m ., w ith the result th a t  the oscillator o u tp u t varies 
in frequency from 600 to 1,500 cycles per second. ' Over this range the  voltage o u tpu t does 
no t vary  10 per cent. This range of frequencies covers the fundam ental resonances of norm al 
p a tte rn  receivers and  transm itters. This appears to be an essential condition.

The actual sound is produced by  a receiver operated from the oscillator. In  the receiver 
the  space behind the diaphragm  is nearly  filled, so as to raise the na tu ra l frequency above 
th a t  of the oscillator. To th is receiver is a ttached  an arrangem ent for coupling it  to either 
th e  receiver or tran sm itte r under test, the  coupling device being so designed as to  p u t an 
acoustic load on the apparatus under te s t of the same order as would be obtained in norm al 
use.

The m easuring set used a t  the  exchange contains two am plifying valves and one anode 
rectifier, all transform er-coupled. Two potentiom eters (arranged to give o to  20 S.M. in 
five S.M. steps and o to  5 S.M. in \  S.M. steps), control the input. The m easuring instrum ent 
is arranged as a fixed deflection instrum ent, i.e., the input is altered by m eans of the poten tio­
m eters un til a given deflection is obtained  on the instrum ent. The position of the 
potentiom eters is then taken  as the  reading. A switch is provided to arrange for the difference 
between the o u tp u t from transm itte rs  and  receivers.

The p art of the apparatus, which is taken  to the subscriber’s premises, is a little  com plicated 
and  heavy. I t  is therefore proposed to  simplify the design and investigate its suitability. 
The new apparatus will comprise a direct acoustic source ra th er th an  a rhythm ic oscillator. 
F u rth e r details of th is research w ith  the  results obtained will be comm unicated.

3. Results.
A tes t of 45 receivers by  m eans of th is apparatus has given the  following results :—
The m axim um  varia tion  in efficiency betw een this and  a speech test was 3*5 TU  (0-46)

and  the  m ean variation, neglecting signs, 1 TU  (0-116).
Tests of 73 C.B. transm itte rs  gave the  following results :—
The m axim um  varia tion  in efficiency betw een this and a speech tes t was 6-2 TU  (0-716)

and  the  m ean variation, neglecting signs, 1-8 T.U. (0-216).
. S ixty-three per cent, of the  tran sm itte rs  tested  were w ithin I -2 T .U . (0-146) of their 

tru e  value, 85 per cent, w ithin 2-5 T.U. (0-36) of their true value.
These results include, of course, the  n a tu ra l variations which are to be expected in such 

ap p a ra tu s  and  are qu ite  accurate enough for the commercial testing under consideration.
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Fig. i  'shows the circuit of the oscillator and  Fig. 2 the voltm eter circuit.

RHYTHMIC OSCILLATOR.
APPARATUS TAKEN TO SUBSCRIBER’S OFFICE.

D RIV EN  V A RIA BL E O U T P U T  1 -3 8  V. A T 6 0 0  ~ / S E C .  TO  1*5 V. A T  1 4 7 5  ~ / S E C .
A IR  C O N D E N S E R . ON B E L L  R E C E IV E R  ( 2 0 0 0  OHM S).

S P E E D  O F  C O N D E N S E R  2 0 0  R.P.M .

F i g . i .
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THREE-VALVE MEASURING SET FOR A.C. TESTS ON SUBSCRIBER’S APPARATUS.

APPARATUS IN  TEST ROOM.

100 V. 6V.
+  -  -

20 15 IO 5 O O 5 lO 15 2 0  
O v V W V W W W W W V V o

Q  I N P U T  O

F ig '. 2.
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The frequency of a vacuum  tube oscillator which operates a special receiver is varied 
rhythm ically  between 600 and 1,500 p.p.s. a t 150 revolutions per m inute.

The acoustic ou tp u t of this receiver is applied by means of a special coupling un it either 
to the tran sm itte r or receiver which is being tested.

The resulting ou tpu t voltage is m easured a t the central office by means of a  special 
vacuum  tube voltm eter and the efficiency if the transm itte r or receiver is determ ined by 
com parison w ith a standard  receiver.
ALTERNATING CURRENT TEST OF TH E  TRANSMITTING AND RECEIVING EFFICIEN CY  OF A

SUBSCRIBER’S SET.

F i g . 3 .

General views of the apparatus are shown in Fig. 4 and Fig. 5.

F ig . 4.
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A PPE N D IX  C .c .i No. 3.

METHOD OF TESTING SUBSCRIBERS’ INSTRUMENTS FROM THE CENTRAL OFFICE.
(International Standard Electric Corporation.)

The International S tandard  E lectric Corporation is now developing a m ethod of testing 
subscribers’ instrum ents from the Central Office. All the testing equipm ent is located a t 
the Central Office, except a reference instrum ent, which is taken  to the subscriber’s premises 
and there replaces his instrum ent during p a rt of the test.

The m ethod consists fundam entally  in the correlation between the direct current 
resistance of the carbon transm itte r and its a lternating  current ou tpu t. There is no
simplex transm ission involved and all the m easuring as m entioned above is done a t the
C entral Office.

Briefly, the m ethod of testing depends upon the m easurem ent a t the Central Office of 
the direct current resistance of the subscribers’ transm itters. A band  of frequencies is sent 
from the  Central Office over the subscriber’s loop through a transform er in series w ith  a
condenser to a s tandard  receiver a t the subscriber station.

In  the transm itte r test, sound from this standard  receiver is used to  ag ita te  the transm itte r. 
The standard  receiver is coupled to the tran sm itte r under tes t by  m eans of a coupling un it 
so constructed th a t it will screw into a tran sm itte r in place of the mouth-piece. B y m eans 
of a spring device the receiver is held in place a t the o ther end of the coupler. The resistance 
of the transm itte r is m easured directly on a m eter a t the  Central Office. This m eter m ay be 
calibrated in ohms regardless of the length of loop. Knowing the correlation between tran s­
m itte r efficiency and the direct curren t resistance of the transm itte r, when ag itated  by a 
given sound from the standard  receiver, the efficiency , of the tran sm itte r can be found.

For testing  the efficiency of the subscriber’s receiver, it  is planned to ag itate  the tran sm itte r 
first with, a s tandard  receiver and then  w ith the  subscriber’s receiver under test. The tran s­
m itte r is ag ita ted  to a certain num ber of ohms by the standard  receiver w ith  a certain  loop 
voltage applied a t the Central Office. The standard  receiver is then  replaced b y  the subscriber’s 
receiver and  the loop voltage varied un til the tran sm itte r again indicates the same resistance. 
The ratio  of loop voltages should give a m easure of the efficiency of the subscriber’s receiver 
because a low efficiency receiver would require larger curren t to produce the same agitation.
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A P PE N D IX  C.c. i  No; 4.

METHOD USED BY THE GERMAN ADMINISTRATION FOR TESTING A COMPLETE 
SUBSCRIBER’S INSTALLATION FROM THE LOCAL TELEPHONE EXCHANGE.

The tests described below are for the sole purpose of ascertaining w hether or no the 
subscriber’s station  as a whole is in good condition.

As shown in Fig. 1, the test set, comprising the tran sm itte r M. and the receiver T., is 
connected to  the  subscriber’s station  A through (1) an artificial line B, which is adjustable 
in four steps : b =  2 ; 2 -5 ; 3 ; 3*5 (17-3, 21*7, 26, 30 TU), and (2) a repeating coil Tr, the

F i g .. 1 .

secondary winding of which obtains its curren t supply from the central b a tte ry  of the exchange. 
The tests are carried out between one tester, operating the above described test set, and another 
tester who is stationed  a t  the subscriber’s set under test. All the subscribers’ instrum ents are 
tested, in tu rn , once a  year, unless there are reasons for special tests. The two testers carry 
ou t a speaking test, while the attenua tion  of the circuit is being gradually increased. Up 
to  a distance of 4 to  5 km . of subscriber’s loop, satisfactory  transm ission should be obtained 
w ith a m axim um  value b — 3 • 5 or 30 TU  in the artificial l in e ; for longer loops the correspond­
ing m axim um  value should be b = 3 - 0  or 26 TU. If these values are not obtained, special 
tests are m ade in order to locate the fault.

A lthough this m ethod depends a good deal on personal factors, it has given very satisfactory 
results. Since the  tests  are carried out by men who are capable of judging the grade of 
transm ission and since the a tten u a tio n  artificially introduced is of considerable m agnitude, it 
is hard ly  possible th a t a defect in the line or the apparatus will escape notice.

This m ethod has the great advantage th a t it does no t require special apparatus nor lengthy 
p rep ara tio n .

F or o ther purposes, for example, tests on various types of transm itte rs and receivers, 
more exact testing  m ethods are, of course, to  be recommeinded.



A P PE N D IX  C.c.3 No. i .

THE SWITCHING OF 4-WIRE CIRCUITS, AT TERMINAL EXCHANGES TO SIMILAR 
CIRCUITS OR TO CIRCUITS OF A DIFFERENT TYPE.

(International Standard Electric Corporation.)

I. Introduction.

1. General Considerations.

The general considerations involved and a num ber of specific problem s are covered in 
articles which have already been published. This includes inform ation on transm ission levels, 
echo currents, transients, equipm ent practice, transm ission regulation, etc., and we would 
refer to the following articles published in “ E lectrical Com m unication ” :

“ Telephone R ep ea te rs /’ by B ancroft G herardi (Vol. 1, No. 1, Page 6, August 1922).
“ Telephone Transmission over Long Cable C ircuits,” by  A. B. Clark (Vol. 1, No. 3, 

Page 26, F ebruary  1923).
“ Telephone Transmission over Long D istances,” by  H . S. Osborne (Vol. 2, No. 2, 

Page 81, October 1923).

and to articles published in^ the  ‘‘ Bell System  Technical J o u rn a l” in addition to  those 
m entioned above, as follows :

■ ‘‘ P h iladelph ia-P ittsburg  Section of New Y ork-Chicago Cable,” by J . J . Pilliod (Vol. 1, 
No. 1, Page 60, Ju ly  1922).

‘‘ Telephone E quipm ent for Long Cable Circuits,” by C. S. D em arest (Vol. 2, No. 3, 
Page 112, Ju ly  1923).
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The loading; size of conductor, im pedance; etc;, employed, on the 4-wire system  described 
' hereafter are in accordance w ith the recom m endations of the C.C.I.* In  Fig. 1 is given a 
com plete 4-wire circuit in  schem atic form  showing the  hybrid  coil term ination, the 2-wire
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line and its balancing network. This draw ing also shows the transm ission level diagram  
for the circuit and gives the repeater spacing line and apparatus losses, repeater gains and 
overall equivalent.

The brief description of the apparatus contained in such a system  which follows below, 
as far as the repeater or associated apparatus is concerned, is applicable to any sta tion  w hether 
it be an in term ediate or term inating station. This is an im portan t point since it will be seen 
th a t by engineering a system  on this basis, m anufacture, installa tion  instructions and m ain­
tenance are considerably simplified.

2. Repeater Unit.
The 4-wire repeater un it has the two one-way amplifiers m ounted on the sam e panel, 

care being taken  to  segregate the wiring of the one amplifier from  th a t of the other. The 
circuit of the un it is shown in schem atic form  on Fig. 2, and a photograph of a 4-wire repeater 
installa tion is shown in Fig. 9.

W EST  
INPUT ' TO 

E A S T

4-w i r e  r e p e a t e r  c i r c u i t ., s c h e m a t ic  d i a g r a m . 

- F ig . 2.

The gain of the un it is controlled by  tappings on the in p u t and inter-stage transform ers 
and a fine control is obtained by resistances in the o u tp u t circuit. By these m eans any  value 
of 1,000 cycle gain m ay be obtained in steps of b = 0 -0 3 5  or 0-3  T U  from  a m inim um  value 
of & =  0 • 6 or 5 • 2 TU to a m axim um  value of & =  4 • 4 or 38 • 2 TU.

The un it is prim arily  designed as a .repeater for ex tra-light loaded circuits and  when 
used for th is purpose the re ta rdation  coil and  condenser shown in the centre of the  inpu t 
transform er are short-circuited. The slope of the  gain frequency characteristic in th is condition 
is such th a t it  takes care of the distortion as well as the a tten u a tio n  of the previous repeater 
section by m eans of the gain setting  and th is independently  of the length of the section. W hen 
the un it is used on m edium -heavy loaded circuits the re ta rd a tio n  coil and condenser previously 
m entioned are brought into circuit and  are connected so th a t  the un it gives th e  correct 
equalisation for the preceding repeater section.

In  some very long' circuits the degree of equalisation which is obtained by these m eans 
is not sufficient a t frequencies in  the order of 200 cycles and it is necessary to  add low-frequency
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equalisers. These are located w ith  the  in p u t line repeating coils in  the equipm ent and  are 
shown on Fig. 3. '

S4f0X 33X 0ad  HDH041HX 3NI1 3 1 8 VO OX SM&lD3X0Md HOnOMHX 3N H  3 -I9 VO OX

The p late-circuit re ta rd a tio n  coils, shown in Fig. 2, are in the form  of relays which give 
an a larm  when either filam ent or p late  batteries fail. The regular m aintenance of the filam ent



curren t and voltage, the plate curren t and voltage and the grid voltage is carried out by  m eans 
of keys from  the station  m eter panel. This panel is universal in type and m ethod of operation 
for bo th  2-wire and 4-wire repeaters.

Fig. 3 shows the m ethod of cabling a phan tom  group of 4-wire circuits in  a th rough 
station. The inpu t circuits are kep t separate from  the ou tpu t circuits throughout the station  
and  the repeating coils for the two types of circuits are located on separate bays. In  applying 
this diagram  for term inal offices it  is only necessary to  substitu te  the term inating  sets and 
voice frequency ringers for the inpu t and o u tpu t groups of repeating  coils serving one 
direction.

3. Testing and Control Apparatus.
(a) Telephone and Trunk Panel.-—In  addition to the current supply m eters m entioned 

above, a telephone and trunk  panel is provided for the use of the repeater a tten d an t. This 
panel is universal for both 2-wire and  4-wire repeaters and, in the case of 2-wire cord circuit 
repeaters, equivalent control keys are available a t the operator’s position. The panel gives 
the  a tten d an t facilities for m onitoring on any  un it in either direction as desired or in  bo th  
directions sim ultaneously and for ta lk ing and ringing on the lines. The circuit w hich is 
shown in detail in Fig. 4 also provides m eans for com m unication w ith  the Toll Test Board 
and the Toll Board, as well as m eans for receiving calls from these points.

REPEATER ATTENDANT’S TELEPHONE AND TRUNK CIRCUIT.

F i g . 4 .
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CIRCUIT OF REPEATER GAIN MEASURING SET.

■Fig . 5.

SCHEMATIC 4-W IR E  TERM INATION W ITH  K EY  DIAGRAM OF SW ITCHING CONNECTIONS
500 — AND 20 ~  RINGING. 
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4-W IR E AND 2-W IRE. 
F ig  7.
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One of these panels is shown (in Fig. 9) m ounted in the centre of the right-hand bay on 
the repeater installation.

F i g . 9 . — R ep ea te r M ounting  R ack .

(b) Gain Measuring Set.—The gain of the unit is m easured periodically by means of a 
gain m easuring set, the circuit of which is shown on Fig. 5. The repeater, having been 
patched to the gain set jacks, the gain a t 1,000 cycles per second is m easured as follows. The 
switching key S  is operated and the two m easuring dials are moved un til the same deflection 
of rectified current is read on the m eter G for both positions of the key. The gain of the 
repeater is then read off from the two m easuring dials. The set is designed so th a t an accuracy 
of b =  0 • 5 or 0 * 22 TU  can be obtained.



In  the repeater photograph, previously m entioned, the 1,000-cycle oscillator and the 
m easuring panel are shown in the centre and left-hand bays respectively. The amplifier- 
detector un it is no t shown, th is being located in the next bay. This same gain m easuring 
set is used for m aintain ing both 2-wire and 4-wire repeaters.

(c) Toll Test Board.— At all stations, both  interm ediate and term inating, toll test 
boards are required for the  m aintenance of the lines and  to perm it patching of circuits when 
necessary. The photograph (Fig. 10) shows a typical two-position board.

F ig . 10.— Toll T est B oard .

A new m ethod of m ounting for toll test-board  apparatus is being developed, in which 
the vertical equipm ent shown in the photograph is m ounted on standard  19-in. (483 mm.) 
bays and a 19-in. (483 mm.) un it keyshelf is employed to  take care of the keyshelf equipm ent. 
This arrangem ent is being developed to m eet the wishes of A dm inistrations who prefer such 
a m ethod of m ounting.

(d) Transmission Testing Apparatus.—Transmission testing apparatus is usually 
m ounted on a separate desk, b u t recently-developed apparatus can either be placed on 19-in. 
racks or can be m ounted in desk form if desired. This apparatus, which is m entioned in a 
m em orandum , en titled  “ Considerations regarding Provisional Lim its of Im pedance,” is 
designed so th a t it can be used for m aking transm ission loss m easurem ents and energy level 
m easurem ents and includes a variable frequency oscillator for m aking line-im pedance 
m easurem ents, etc.
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■(e) Voice Frequency Signalling.—The" voice frequency signalling system  used on 2-wire 
and 4-wire circuits is 500/20 cycles per second, in accordance w ith the recom m endations of 
the C.CT. ' The circuit of the ringing apparatus is shown on Fig. 6, connected to the te r­
m inating  set a t the end of a 4-wire circuit.

The following is a brief description of the m anner in 'which this circuit operates. An 
incom ing ring from  the one-way channel of the 4-wire circuit passes over the back contacts of 
relays K  and A  to the 500-cycle voice frequency relay V.  This relay has its m agnetic and 
m echanical system s so' combined th a t it offers a h igh im pedance and small loss to  the line even 
a t the  frequency of response.

The 500/20 cycle ringing system  impresses on the line 500 cycles for 1/40 second, followed 
by a pause of 1/40 second, and th is relay  is designed to follow the received impulses, responding 
to the alternating  curren t and coming to rest during the pauses. In  spite of these severe 
requirem ents the relay is of stable construction w ithout being cumbersome.

The operation of relay V  causes the polarised tuned  relay B  to operate and send 20 cycles 
to  the 20-cycle tuned  relay C. This, in tu rn , operates a tra in  of relays D, E, F  and G. 
R elay E  causes relay G to operate, thus breaking the talk ing circuit; while relay F  breaks 
off relay  H  from  the'2-w ire p o rtion ’of the circuit and a t the same tim e pu ts  the local supply 
of 20-cycle curren t to the toll-board. The Whole of this receiving circuit is so designed th a t  
it is im m une from  false operation due to speech currents, line noise, switch-'hook clicks,' etc. 
In  the opposite direction 20-cycle' current coming from  ,the toll-board causes the tuned relay H  
to  operate, which, in .tu rn , operates relays A,  K  and G\ Relay G again breaks the ta lk ing  
circuit, while r e la y 'd ’ takes the receiving relay V  off the circuit and sends 500/20 current 
th rough  the front contacts of relay K  to  the outgoing 4-wire channel.

A testing  panel is provided to test the operation of the receiving circuit both  from the 
500/20 cycle and the 20-cycle directions, and also to test the tim e delay of the receiving circuits 
as a whole. ■ '

(f) 4-Wire Terminating Set.—The 4-wire term inating  set consists of two repeating 
coils and  four condensers and acts as a filter as well as the equivalent of a hybrid  coil for joining 
the 2-wire circuit to the 4-wire circuits.

II. Terminal Station Switching.
1. General.

The problem  which has to  be m et when considering the switching of circuits which m ay 
have to be done a t a  term inating  station  is shown on a key diagram  given on Fig. 7.

The toll-board m ust be equipped so th a t it can handle any or all of the types .of con­
nection shown thereon in such a m anner th a t, given a m ethod of operating to be employed, 
the handling is carried out in the sim plest and m ost reliable w ay from the operating s tan d ­
point, and the least num ber of types of jacks and cords are used b}7 the operators concerned. 
The following types of connection are required, a t .term inating points, though, as m entioned, 
they  m ay n o t all be required  a t any one point sim ultaneously.

(1) 4-wire toll circuits to local subscribers th rough outgoing junctions.
. (2) 4-wire toll circuits to 2-wire toll circuits w ith  a 2-wire cord circuit repeater.- •

(3) 4-wire toll circuits to 2-wire toll circuits direct. . . .
(4) 4-wire toll circuits to 4-wire toll circuits w ith a 2-wire cord circuit repeater.
(5) 4-wire toll circuits to 4-wire toll circuits direct.
(6) 2-wire toll circuits to 2-wire toll circuits w ith  a  2-wire.cord circuit repeater.

■ (7) 2-wire toll circuits to 2-wire toll circuits direct.
(8) 2-wire toll circuits to local subscribers through outgoing’junctions.

I t  will be seen from  Fig. 7 th a t all these types of connections can be carried out b y  m eans 
of three types of cords and  two types of jacks, as follows :—

(a) Connections (1), (3), (7) and  (8) are done by m eans , of a plain single cord from 
single jacks.
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' (b) Connections (2), (4) and (6) are done by  m eans of a double cord equipped w ith
a 2-wire cord circuit repeater from double jacks.

(c) Connection (5) is done by  m eans of a plain double cord from  double jacks.
I t  should be noted th a t, although single and double jacks are m entioned above, they  

are actually  the same type of individual jack, b u t two of them  are used, when it is necessary, 
to  reach the  network side of a 4-wire term inating  set or the netw ork of a 2-wire line requiring 
a  cord circuit repeater.

In  describing in detail the m anner in  which the various connections are m ade, Fig. -8 
has been prepared showing in schematic form the various types of circuits and the  cords 
m entioned above. The individual term inating  circuits will be described first, followed by a 
brief description of the cords, and then  the  operating m ethods involved will be given in detail.

2. Terminating Circuits.
(a) Outgoing Junction.—This consists solely of lines running from the toll operato r’s 

position to various local exchanges.
(b) 4-Wire Terminating Circuits.— A 4-wire term ination consists only of the two repeating 

coils and four condensers, which together form  th£ combined hybrid  coil and filter, together 
w ith  the two relays which are used in connection w ith the  500/20 cycle ringing system , as 
previously described under 3 (e).

A t stations where only connections (1) and (3) are required, a compromise netw ork N  is 
perm anently  connected to the term inating  set and the  2-wire branch  is m ultiplied to the 
Toll B oard a t the Inw ard and O utw ard positions. A visual busy circuit is provided between 
the  Inw ard and O utw ard positions so th a t the  O utw ard operator knows when the line is engaged 
a t  the Inw ard position. This simple circuit is not shown separately, b u t can be very  easily 
followed from the schematic of the circuit given, which is used for o ther types of connection.

A t stations where connections (2), (4) or (5) are required the  circuit shown on Fig. 8 is 
used. The 2-wire line is brought out th rough the pad  P v  which is norm ally short-circuited 
to  the  toll-board, where it is m ultipled to the Inw ard, O utw ard and  R epeater or Switching 
position. The network leads are norm ally connected to the compromise netw ork N,  b u t when 
required they  appear a t the R epeater position, being taken  through a pad  P 2. This pad 
is p u t in circuit when necessary, as will be described la te r when dealing w ith  the  operation 
of the circuit as a whole. The usual line calling equipm ent is shown and  also the  m ethod 
by  which a  busy signal is given from position to position as m ay be desired.

(c) 2-Wire Terminating Circuit.—The m ethod of term inating  2-wire lines which require 
cord-circuit repeaters is also shown on Fig. 8. The 500/20 cycle ringer is shown connected 
to the line having a cut-off relay C between its 500/20 cycle and 20-cycle branches. T he ringer 
circuit is identical w ith that, previously described, except th a t  relay C takes the place of relays 
G and K  and performs the same functions. W hen relay C operates it  places a resistance R  
across the line, so th a t if a 2-wire repeater is located a t a short electrical distance away, excessive 
echo-currents are not present during the ringing period. .

The 2-wire line is m ultiplied to the  Inward,, O utw ard and R epeater positions in th e  same 
m anner as the 4-wire line circuit a rid .the  2-wire netw ork appears on jacks a t  the  R epeater 
position. The same m ethod of calling and  giving busy signals is used for the  2-wire circuit 
as for the  4-wire circuit. . . . . . .  .

3. Connecting Cord Circuits. • •
(a) Single Cord.—This cord is provided w ith keys for Ringing, Talking and  M onitoring 

and  w ith a high impedance supervisory relay S so th a t the operator can be called from  either 
direction when the cord .is up. The sleeve circuit of the cord is provided w ith  b a tte ry  fed 
through a suitable resistance. • • '

(b) Double Cord.—The line connection of th is cord is equipped in the  sam e m anner as 
the  single cord -just described, and  the  netw ork connection consists of tip , ring and  sleeve 
wires led straight through w ithout any apparatus. ‘ • •
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(c) Cord Circuit Repeater Cord.-'—The cord circuit repeater cord  consists of two sim ilar 
portions each ending in a double plug. The line and netw ork connections from each hybrid  
coil are brought out to  one double plug which is used to plug into the double jacks m entioned 
previously as being located a t the  repeater position.

The line sleeve circuit of each double plug carries a b a tte ry  through a suitable resistance 
for operating the busy .signal to the o ther position,, while the network sleeve furnishes b a tte ry  
to the switching relays for the pads and, is connected in the opposite direction through a tra in  
.of relays to the operato r’s gain control key. W here autom atic gain regulation is used, th is is 
done through the netw ork sleeve connection by m eans of the relay or resistance, showrr in 
the  4-wire and 2-wire term inating  circuits, b u t in this case the relay tra in  does not go through 
the gain control key GC before reaching the repeater gain control apparatus.

The operation of key GC causes b a tte ry  to  be p u t on .the netw ork sleeve, a t the same 
tim e lighting the repeater filaments. The repeater a tten d an t is provided w ith talk ing  and 
ringing keys on each line connection as shown, while the m onitoring circuit during conversation 
is taken  from  the fourth  winding of the hybrid  coils as in norm al repeater practice.

4. Operating Methods.
(a) General.—-It will be realised th a t operating m ethods will differ in detail from case 

to case, depending on the  size of the station  involved and the preferred m ethod of operating 
of each individual A dm inistration. In  describing the operating m ethods given below, i t .i s  
assum ed th a t  order wires exist betw een the inw ard and repeater positions for use when 
necessary and  th a t the norm al routing of traffic is done by  the usual docket system. In  the 
succeeding paragraphs the  different types of switching, as given in (1) will be dealt w ith 
individually  in the same order as they  appear in th a t paragraph.

(b) 4-Wire to Outgoing Junction.-—This connection is handled from -the inward position 
by m eans of the  single cord described under 3 (a). The answering cord is inserted in the 
inw ard jack  of the 4-wire line and the sleeve b a tte ry  causes relay H  to operate, thus breaking 
off the  20-cycle response relay  J  from  the line and releasing the locking relay L  and p u ttin g  
out the  line calling lam p. The operating of relay H  pu ts  an earth  on the busy lam ps a t the 
repeater position and a t the  outw ard position, to show these operators th a t the line is 
engaged. The calling cord is inserted in the jack of the outgoing junction and the call com pleted 
in the  norm al m anner.

For clearing purposes, a supervisory relay  S is located across tip  and ring of the single 
cord, and this relay can be operated by  ringing current coming from either back or front 
cord to  light a lam p, indicating th a t  the connection is to be broken down.

(c) 4-Wire to 2-Wire with Cord Circuit Repeater.—This connection is handled from  the 
repeater position by m eans of the double cord-circuit repeater cord described under 3 (c). 
Assuming th a t the allocation of traffic is done by means of dockets and the line being, free, the 
operator inserts the back cord into the line and netw ork jacks of the 4-wire circuit. B a tte ry  on 
th e  line plug sleeve causes relays 0  and M  to  operate, giving a busy signala t the outwarcl position 
and breaking the response relay J from  the  line, at. the same tim e removing the compromise 
netw ork N  from  the  4-wire term inating  set and  bringing the  netw ork leads through to the 
.netw ork jack. The operator then  rings on the  line from  the ringing key shown, and the 
20-cycle curren t from  her key operates the  voice frequency ringer in  the m anner previously 
described. The same operations take place upon the 2-wire side, by m eans of the front cord, 
although in  th is case the  netw ork is already connected directly  to the netw ork ja c k s . '

W hen bo th  term inal stations are on the line, the operator either moves her gain key if 
the un it is m anually  operated  or pu ts the autom atic gain selection apparatus in w orking 
order. In  either case b a tte ry  is supplied to  the netw ork sleeve of. the cords. In  the  case 
of autom atic  gain selection, th is operates b a tte ry  relays which set the gain of the un it for the 
p articu lar com bination of circuits set up and operates relays A  and E  in the 4-wire term inating  
circuit th rough  relay R.  W hen autom atic  gain selection is no t used, relays A and B  only are 
operated. These relays bring in to  circuit artificial line; pads P x and P 2, which are inserted

x43



in order to  ensure th a t the  gain given by the cord circuit repeater is the actual gain added to 
the connection.

This is necessary from  the m ethod of connection used. As will be seen from  the diagram  
the double cord connects the 2-wire line term inals of the 4-wire hybrid  coil to the  line 
term inals of the repeater hybrid  coils and the netw ork term inals of the 4-wire hybrid  coil 
to the netw ork term inals of the repeater hybrid  coil. This results in a  perfect balance and 
the elim ination of the losses, due to the split energy, in bo th  hybrid  coils and a consequent 
gain of approxim ately b = 0 - 7  or 6-0 TU  over and  above the gain p u t in by the repeater. 
Pads P 1 and P 2, having an equivalent loss, are therefore inserted so th a t the energy levels upon 
the com pleted circuit are no t interfered w ith.

The perfect balance m entioned above elim inates the possibility of echo currents being 
produced by the 2-wire repeater.

The cord circuit repeater operator can m onitor on the connection through the fourth  
winding of the hybrid  coils and receives clearing signals from  either direction by means of 
the supervisory relay S  connected across tip  and ring of the  line plugs of her cords.

(d) 4-Wire' to 2-Wire Toll Circuits Direct.— This connection is carried out in exactly  
the same m anner as th a t  described under 4 (b).

(e) 4-Wire to 4-Wire with a Cord Circuit Repeater.—This operation is carried ou t in 
the same m anner as th a t  described under 4 (c), except th a t  the  front double plug is inserted 
in the line and netw ork jack of a second 4-wire line ra th e r th an  of a 2-line wire and the 
operating in this case is the same as described for the operations of the back cord in 4 (c).

(f) 4-Wire to 4-Wire Direct.— This connection is m ade between the two 4-wire double 
jacks by means of the double cord shown in Fig. 8. As will be seen, this cord is only equipped 
w ith b a tte ry  on the line sleeve so th a t only relays M  and 0  operate when the double cord is 
inserted in the jacks. The result is, th a t  the two 4-wire term inating  circuits are connected 
together line-to-line and netw ork-to-netw ork while busy signals are given a t the outw ard 
positions.

If the two 4-wire circuits, being connected together, are of suitable loading, etc., so th a t 
they  can be used as a 4-wire circuit over the entire distance of the sw itched connection to 
give an equivalent over th a t  distance w ithin the lim its for long circuits, it will be seen th a t  
by m eans of the switching cord described, an overall circuit can be obtained which m eets the 
required overall equivalent. As an example, let us consider a circuit from  London to Rome 
w ith a switching point in Paris. The circuit, as a whole, would be engineered so th a t it is 
capable of giving an equivalent of, say, b = 1 * 3  or 11*3 TU  between London and Rome. 
This means, of course, th a t  the sections L ondon-P aris and P aris-R om e could be worked a t 
a lower equivalent th an  b = 1 * 3  or 11-3 TU, since each portion of the circuit is designed for 
a greater distance th an  th a t  for which it is being used. Let the  equivalent between London 
and  Paris from  toll-board to toll-board equal b = 0 - 9 9  or 8-6 TU and from  Paris to  Rome 
toll-board to toll-board b = i - o o  or. 8-7  TU, then if the circuits were sw itched together 
from the 2-wire line jacks only, the overall equivalent would be the  sum  of these two, 
nam ely : b =  1-99 or 17*3 TU, b u t the m ethod of connection indicated  above allows a gain 
of b — 0 • 69 or 6 TU  to be obtained due to the elim ination of the term inating  set losses so th a t 
the overall equivalent will be b = 1 - 3  or 11*3 TU.

The tip  and ring of the line cord are equipped w ith  ringing, ta lk ing  and m onitoring 
keys and a supervisory relay 5  which allows clearing signals to be received from  either 
direction.

(g) 2-Wire to 2-Wire with Cord Circuit Repeater. —This connection is m ade in the same 
m anner as th a t  described under 4 (c), except th a t  two 2-wire circuits w ith  netw orks are employed 
instead of one 4-wire and one 2-wire:

(h) 2-Wire to 2-Wire Direct.— This connection is m ade w ith  the single cord in the same 
m anner as described in 4 (b).

(i) 2-Wire to Local Subscriber.—This connection is carried ou t in exactly  the . same 
m anner as th a t  described under 4 (b).
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A PPE N D IX  C.c.3 No. 2.

THROUGH TRAFFIC FOR LONG DISTANCE CIRCUITS EFFECTED AT THE 
THROUGH SWITCHING POSITIONS.

(Cord Circuit Repeaters.)
F or th rough traffic on long distance circuits it is necessary to have special repeater 

arrangem ents which, unlike tandem  repeaters, are connected on the  junction circuits. The 
cords on toll positions m ay be considered as being junctions, and it is for th is reason th a t  these 
devices are called ' ‘ Cord Circuit R epeaters.”

The cord circuit repeaters can be arranged in various ways :—
(1) The repeaters can be^placed actually  in the toll position cords.
(2) ’ They can be co-ordinated a t will a t the different toll positions w ith  th e  help 

of selective ap p a ra tu s .' . . .
(3) Special through-sw itching positions can be used which are designed solely 

for use w ith  cord circuit repeaters and  which are connected to  the  toll positions by 
service lines, etc.

In  each case it is necessary to take into account the fact th a t  to establish th rough 
com m unications it  is necessary to connect together the different types of toll circuit, for example, 
a  2-wire system  to a 2-wire system , a 2-wire system  to a 4-wire system, and  a 4-wire system  
to  a 4-wire system . .

The arrangem ent described has been adop ted  by the German Telephone A dm inistration 
and  has been constructed  by  Messrs. Siemens & Halske, Siem ensstadt, Berlin. I t  consists 
of an application of the  m ethod m entioned above under (3).

Those p arts  of the  cord circuit repeaters which are m anually operated, th a t  is to  say, 
the  m ultip le j acks, the cords, the  plugs, and  the  keys, the gain control rheostats, and  the 
ringing arrangem ents are located on the  special positions, whose dimensions correspond to 
those of the  toll positions. These switchboards, called " Through Switching Positions,” can 
house as m any as 10 double-cords according to  the  im portance of the traffic to be handled. 
All th e  cords are m ounted in such a m anner th a t  it is possible to utilise the same double cords 
for each type of connection which it is required to  m ake,— a 2-wire system  to a 2-wire system, 
a 4-wire system  to a 2-wire system , and a 4-wire system  to a 4-wire system. The repeaters 
w ith  th e ir accessories are not located in the  switchboards, b u t are m ounted on special racks.

Before giving a detailed description of th e  operations, we will allude to the m anner in 
which cord circuit repeaters of the  type described above are employed.

Toll lines which are liable to be sw itched on the through-switching positions are 
te rm inated  a t the  norm al toll positions of the  toll office. The operator replies to the request 
of the  subscriber and  puts him  in com m unication w ith the local subscriber required, or she 
establishes on the  through switching positions the direct connection between two d istan t 
offices.

U nder service conditions the establishm ent of a direct com m unication through th e  cord 
circuit repeaters is effected ‘according to th e  regulations applying to in ternational traffic 
in so far as the  sequence of operations to  be observed is concerned.' The preparation and  the 
m onitoring of th e  through com m unication should be effected by the toll operator, controlling 
the  m ost im portan t toll line. In  borrowing the service lines of the through switching position, 
th is operator asks for the  m ultiple jack  connection of her required toll line. A com m unication 
being established, the  operator, controlling th e  through switching position, m onitors for an 
in s tan t to  assure herself th a t the line is no t singing. .She can control the  degree of amplifi­
cation by  m eans of the gain-control rheostat provided w ith each double cord. "The supervision 
of the  conversation so far as the  com m encem ent and the end are concerned, as well as 
the m aintenance of intelligibility, is in the hands of the toll supervising operator and  not 
of the  operator controlling the cord circuit repeaters. In  the event of defective articulation
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being noticed in the course of a conversation, the supervising operator should, by  m eans of 
th e  service line, request the operator a t  . the through switching position to  regulate the 
transm ission gain.

I t  is necessary to add to  these rem arks th a t  the num ber of toll m ultiple jacks on the 
through positions depends on the num ber of lines which are provided for repeatering b y  the 
cord circuit repeaters. I t  is only these lines which pass through the th rough switching position. 
The connections between the through switching positions .and the toll positions are effected 
on the toll switchboards by  m ultiple Tines, each’one of which passes across a pair of jacks; 
each m ultiple line being connected w ith  a double cord a t the th rough switching position. 
The only object o f‘these lines is to  con n ect'th e  toll operator w ith the  toll line originating a t 
the through switching position in such a m anner th a t she can’ supervise a conversation.

. . Descriptipn of the Operations.

Referring to  the schematic (Fig. i), through traffic is dealt w ith  in the following m anner : —
The call coming from any toll circuit (4-wire or 2-wire) arrives a t the toll position. The 

operator, A x replies to the call of th e  operator a t the corresponding position. Let us suppose 
th a t  she has been asked for the establishm ent of a through com m unication on a toll line, 
term inating a t  the  toll position of an operator A 2. O perator A x com m unicates w ith  
O perator A 2 using the service line to ask her if the required toll line is free. If it  is, 
O perator A x com municates by  m eans of the  service line w ith an operator V  a t th e-th rough  
switching • position to request her to establish the  required com m unication. O perator A t 
inserts the plugs of her double toll cord in the  m onitoring jacks associated w ith  the  through 
sw itching'double cord used by  O perator V.  The cord- is allocated to her b y  O perator V  by  
m eans of the service line. As sta ted  above, all the toll line available for th rough traffic should 
be connected to the  multiple. For each double cord a t-the  through positions, two m onitoring 
m ultiple jacks are provided in the toll positions. Toll operator A x can m onitor by  m eans of 
these jacks the through com m unication w ith  the  help of her double toll cord.

For through traffic it is of little  im portance w hether the lines to be connected through 
the  cord circuit repeaters are of the  4-wire or the 2-wire type. On the  through switching 
double cord the necessary switching apparatus for each case are always autom atically  
connected. To th is end, the  change-over relays U V  of the 4-wire circuits have a higher 
resistance th an  the change-over relays V Z  of the- 2-wire circuits. Relays B x and  B 2 on the  
through switching double- cord depend for their operation on th is difference of resistance 
such th a t they  operate when they  are connected to 2-wire circuits and  do no t operate when 
they  are connected to 4-wire circuits. • I t  is therefore n o t necessary to m ake any distinction 
between the m ultiple jack of a 2-wire circuit and  th a t of a 4-wire circuit. Thus the  double 
cord m ay be employed equally well for the  establishm ent of calls betw een 4-w ire-circuits or 
between 2-wire circuits, as for the connection of these two -types of circuit together. - .

I. Connection between two 4-Wire Circuits.
Let us suppose th a t a call has come through the toll position as usual, th a t  operator A x 

has replied to a request by  m eans of "her ordinary  double cord inserted  in the  toll jack  K fa  
and  th a t  she is in touch w ith operator V  of the through 'sw itching position to  request her to  
interconnect two given circuits. L et us suppose fu rther th a t  th ey  are 4-wire circuits.' ■ 
Operator V  inserts plugs I and I I  in the  through jacks Kfvd.  This operation results in relays 
U V  operating on the lines and relays Z x- Z 2 on th e 'd o u b le  cords (relays B x and  B 2 receive 
insufficient cu rren t-an d  do no t operate). Relays U V  connect th rough their change-over 
contacts I—III , the 4-wire circuits to be sw itched w ith the 4 contact th rough jacks Kfvd.  
The toll position receives through the operating contact uvu a signal indicating th a t  the toll 
line in question is available for the through connection. Lam p S x lights a t the th rough position 
through the- contacts Z f u—Z 2IU— sTI. Relays K x and K 2 operate through b f  an d  bf.  
By m eans of their contacts kf~m  and  k2l~UI they  disconnect the  artificial lines of 5 =  1-3 
or 11-3 TU  which are located on the  two sides; of the cord. Com m unication is. thus
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estab lished; considered from direction I  it proceeds across contacts ex ~m  tow ards the  double 
4-wire and  2-wire term inating  apparatus, and  from  there through contacts ef~m  tow ards 
direction I I .  A t the through sw itching position lam p V L  lights through :
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indicating to the operator th a t  a connection between two 4-wire circuits exists and th a t  it 
is no t necessary to  ad just the am plification by m eans of the  rheosta t. E ach  tim e, to  assure 
herself th a t the com m unication is satisfactory, she throws, for a m om ent, the m onitoring 
key M T  to  test w ith the help of her telephone set if the line is quiet. A fter having been 
inform ed by operator V  which of the through double cords has been used to  establish her 
com m unication, toll operator A x inserts the plugs of the toll double cord in the supervisory 
jacks K va x and K va 2 associated w ith the agreed double cord. In  this m anner she connects 
herself across the m onitoring repeating coils U U X and U U 2 on the double term inating  apparatus, 
so th a t she can break in a t any m om ent on the conversation. < R elay S now being operated, 
lam p S L  a t the through position is extinguished for the duration  of the conversation.

Signalling.
If supervising operator, A x desires to call in direction I ,  she sends ac ross the contacts 

rux and rux11 an alternating  current of 25 cycles to  relay A 1, while throw ing the calling key I .  
The relay A x operates and causes the operation in tu rn  of relay W x across contact av  Relay 
W x sends calling current in direction I  across contacts wx and  zeq11 . The other direction is 
blocked for the alternating  current of 25 cycles by a 1 mf. condenser. To prevent singing on 
the line, the three talk ing  circuits are short-circuited during the ringing by the double operating 
contact wx n behind the ringing curren t blocking condenser. W hen contact wx n is opened 
the circuit passing through relays K x and K 2 is in terrup ted . The arm atures of these relays 
fall back and, w ith the help of their contacts /q 1-111 and k2 ~m , place in circuit again the 
artificial line, having an attenuation  b = 1 * 3  or 11-3 TU, to a tten u a te  the ringing current. 
This measure is necessary because the ringing current term inal receiving apparatus is always 
only a short distance away.

The arrangem ent is sim ilar when the  call goes in direction I I .  I t  arrives from  the  toll 
position a t relay A 2 v ia jack K va 2. Relay A 2 causes the operation of relay W 2 which ends 
the ringing current in direction I I  as has been described for direction I .

Clearing Signal.
Let us suppose th a t the signalling current for the clearing signal comes from  direction I.  

The signalling current actuates relay R x which operates relays W 2 and R U X through a contact 
rx. Relay W 2 sends signalling curren t in direction I I ,  a t the same tim e connecting in circuit 
an artificial line, having an attenuation  b = 1 * 3  or 11 -3 TU. R elay R U X pu ts b to  earth  
and puts voltage on the wire a of the supervisory line through its contacts rux and n q m . 
In  th is m anner a clearing relay on the toll double cord of operator A x is operated, and the 
clearing lam p lights. A signalling current coming from direction I I  operates in the same 
m anner. I t  sends the signal in direction I  and lights clearing lam p I I  on the toll double 
■cord of operator A x.

To cut the com m unication, operator A x w ithdraw s the  plugs from  jacks ■K va x and K va 2. 
The arm ature of relay 5  on the through double cord falls back and the associated clearing 
lam p SLv  lights a t the position of operator V,  contacts and  z2m being again closed. After 
this, operator V  a t the through position can disconnect. A fter the w ithdraw al of the plugs, 
relays Z x and Z 2, and consequently K x and K 2, fall back and lam ps V L  and S L  are extinguished. 
All the apparatus is re tu rned  to the norm al position. On the toll linfes from  the m om ent of 
clearing the arm atures of relays U V  have fallen back and reversed the toll lines a t the toll 
positions w ith the help of change-over contacts.

II. Connection between two 2-Wire Circuits.
At the request of operator A x, operator V  inserts her .plugs in jack  Kfu.oi  the lines, to be 

connected.. On the line side, change-over relays U Z  operate and connect the long-distance 
lines corresponding w ith  toll jacks Fka  back to. the through connecting jacks Kfv.  Sim ul­
taneously each relay U Z  sends a signal to  the toll position th rough  a contact M Z n . ^  On the  
through double cord relays Z x and Z 2 and relays B x and i?2 operate. . R elays E x, E 2, E z and
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E x are operated  through contacts Z f  — Z 2n  — b2m ; relay K 1 a ttra c ts  its arm ature by means 
of bx , as does relay K 2 via b2l. Contacts exx~lu and e2 ~ul connect the talk ing circuits of the 
double term inal apparatus to  the repeater. The filam ent current for the repeater itself passes 
through the  contact ef .  The operator a t the through switching position is inform ed of this 
by the lighting of lam p ZL.  . The two artificial lines of b — 1-3 or 11-3 TU are disconnected 
from  the lines through the  contacts of relays K x and K 2. A connection is now established 
through an in term ediate two-wire repeater.

By depressing for a m om ent m onitoring key M T ,  operator V  assures herself th a t  the 
conversation is satisfactory. The supervisory lines passing through jacks Kvax and K va2 
are connected to the two o u tpu t transform ers of the 2-wire repeater across the contacts 
ez> ezIl> ezU1 and e f 11, and are thus connected as in the  case of ordinary in term ediate repeaters.

Signalling.
Supervising operator A x can ring in both  directions. All the operations take place as 

indicated under I ,  w ith the exception of the fact th a t the ringing current is not a ttenuated , 
since relays K x and K 2 rem ain operated during the  ringing period.

Clearing Signal.
As has been said under / ,  the signal coming from  one direction is transm itted  in the other 

direction and a clearing signal is given to operator A x a t the toll position by means of relays 
R U X or R U 2 over the supervisory lines. As soon as operator A x has w ithdraw n the m onitoring 
plugs, and  lam p S L  is lit a t the  through switching position (the arm ature of relay S having 
fallen back), operator V  can cu t the through com m unication by w ithdraw ing her plugs. The 
double cord falls idle .and the  long-distance lines are re turned  to the  toll positions by change­
over relays UZ. -

III. Connection between 4-Wire Circuits and 2-Wire Circuits.
O perator V  a t the  through switching position inserts plug I  in jack Kfvd  of a 4-wire 

circuit, and  plug I I  in jack  K fv  of a 2-wire circuit. As a result of this relay U V  is operated 
on the 4-wire circuit and relay U Z  on the 2-wire circuit. The two lines are thus prepared 
for th rough switching. Toll operators A x and A 2 and operator V 2 receive their supervisory 
signals as in I .  In  the  double through switching cord, relay Z x operates when plug I  of the  
4-wire circuit is inserted, and relays Z 2 and B 2 when plug I I  of the 2-wire circuit is inserted. 
Relays E x> E 2, E z and  E x operate th rough contacts b f u — Z 2 — Z f  and connect th e .ta lk in g  
circuits (as well as the  supervisory circuits) to  the repeater whose valves are lit as in I I .  
Through the  closing of contacts bf ,  relay K 2 is operated and the artificial line of b =  1 • 3 
or 11-3 TU , connected betw een the  repeater and the 2-wire circuit is removed. On the 4-wire 
side, on the contrary , the artificial line rem ains perm anently  in circuit since rela3? K x does 
no t operate. The lighting of lam p Z L  indicates to  operator V  th a t  the repeater valves are 
lit. By throw ing for a m om ent the  m onitoring key she assures herself th a t  the com m unication 
is satisfactory.

Calling and Clearing Signal.
Calling, clearing signal and  clearance are effected as is indicated under I.
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A P PE N D IX  C.c.4 No.

SIEMENS & HALSKE ECHO SUPPRESSORS FOR 4-WIRE CIRCUITS.

I. Principle of the Echo Suppressor.
Echo suppressors are m anufactured by Siemens & Halske to  suppress echo phenom ena in 

telephone circuits. These suppressors operate as pure electronic relays in the  same m anner 
as amplifiers. In  contrast w ith o ther system s which use m echanical relays, they have the 
advantage of very low, installa tion and m aintenance cost and great reliability.

The general principle of the echo suppressor is shown in Fig. 1. Echo suppressors I and I I  
suppress the gain of the repeater operating on the unused conversation channel. Considering 
a conversation coming from  A x and passing to i 2, a portion of the telephone curren t enters 
the echo suppressors I, after passing V lt where it is amplified and detected. The corresponding 
direct-current voltage makes the grid of the amplifier V 3 very negative. The effect of this 
change of po ten tial is shown in Fig. 3. The curve shows the gain of a norm al 4-wire repeater

F i g . i .

as a function of the additional voltage on the grid. As the negative grid voltage becomes 
more negative, the gain diminishes and a t about — 10 volts, finally becomes a  rap id ly  
increasing loss. The reduction of the gain shows itself im m ediately in the w eakening of the 
echo currents—in other words, the reduction is equal to  the weakening of the echo currents. 
Beyond about — 10 volts the echo is p ractically  com pletely suppressed.

Fig. 2 shows a schem atic of the echo suppressor.

SCHEMATIC DIAGRAM OR ECHO S U P P R E S S O R .

- - w w w w v w v
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I t  contains an amplifier tube and  a detector tube. The inpu t circuit comprises, resist­
ances R  and the inpu t tran sfo rm er; it  is designed so th a t the loss on the telephone circuit 
caused by the in troduction  of the  echo suppressor shall be less th an  b = 0 -0 5  (0-43 .TU). 
The amplifier is tuned  so th a t  the m axim um  gain occurs a t about 800 cycles., In  th is way 
the possibility of disturbance by  s tray  currents is greatly  reduced.

The, detector tube p late circuit is closed by the delay arrangem ent R v  R 2, Clt C2, from  
which is taken  the d irect-current voltage for changing the grid potential. On the one hand, 
the delay arrangem ent provides th a t the action of the suppressor is rap id  in producing a 
jam m ing impulse on the return ' c irc u it; on the other hand, it m aintains the voltage un til the 
last echo currents have got back to the repeater, which is controlled by the suppressor. 
Fig. 4 shows the operation of this circuit. The lower curve represents the talking current 
leaving the amplifier V lr a  portion of which arrives in the form  of an echo a t repeater V 3 after 
a certain  tim e t0. The upper curve shows the direct-current voltage p  as a function of time, 
a t the-echo  suppressor ou tpu t. If p  exceeds a certain value (the jam m ing voltage) the 
repeater V 3 is then  practically  blocked. This m ust take place in a tim e ta which is little  less 
th an  the tim e of the echo p a th  t0 ; the “ tim e of operation ” ta m ust therefore be :—

' 4  <  4 - ,

If th e  effect of talk ing  curren t stops, then  the condensers in the delay circuit discharge
and the. d irect-current voltage furnished by the suppressor diminishes. R epeater V 3 remains 
jam m ed up to the tim e when the voltage becomes less th an  the jam m ing voltage. This tim e 
is called the  " delay ” tim e of the  suppressor tn ; naturally , it  m ust be greater th an  the  tim e 
of the echo p a th  :—

4  >  by
In  order th a t  the  conditions re lating to  and tn shall be m et in the practical case, it is

necessary to  m ake the condenser C2 in the ou tpu t circuit of the suppressor conform to the
given.conditions. In  particu lar, the  value of the transm ission level a t the suppressor inpu t 
is very im portan t, as well as the distance of the echo suppressor from  the  receiving station. 
The following tab le  gives the  capacity of the  o u tp u t condenser necessary for m edium  loaded 
cables :—

R ep ea te r . 
S ta tion .

T im e of 
echo p a th  

(m illi-seconds).

T ransm ission  Level.

— 1•0 or 
• — 8 • 7 TU .

■ — 0 ■ 5 or . 
- 4 -3 TU .

O

•

+  0 -5  or 
+  4 ’3 TU.

+  r -o  or 
+  .8-7 T .U .

1 . 2 5 o - 10 0-05 0-05 ■ 0-05 0-05
2 50 0 • 20 o- 05 0-05 0-0-5 0-05
3 75 0 ' 35 o - 10 0-05 0-05 0-05
4 100 0-20 o - 10 0 • 10 0 • 10

For the installa tion of echo suppressors in repeater stations on line 4 above, away from 
• the receiving station  tn m ust be greater th an  100 milli-seconds. As observations have shown, 
th is value is the upper lim it which m ust not be exceeded in telephone communications, if we 
consider the possibility of a rap id  interchange of questions ancl answers.

II . Construction.
A. The Echo Suppressor.

The different portions of the echo suppressor are m ounted on an iron plate, 20.0 mm. 
wide .by 250 mm. high. The amplifier tube, the detector tube (B.O. type) and the  ballast 
lam p (type E.W . 20) are m ounted on the front of the panel under a  perforated sheet-iron 
cover, which can be opened upw ards. B elow .this dust cover a second dust cover covers a 

"condenser support which takes the  amplifier p late circuit condenser and the o u tp u t condensers. 
On the rear of the m ounting p late are m ounted the inpu t t r a n s f o r m e r ,  the inter-stage tran s­



former, the  plate circuit choke coil, and the series and shun t resistances in the o u tp u t circuit. 
Connection w ith the inpu t and o u tpu t circuits and the batteries is m ade by m eans of term inal 
tags. The apparatus m ounted on the rear of the m ounting p late are pro tected  from  dust and 
dam age by a rem ovable dust cover.

B. Echo Suppressor Rack.
Tw enty echo suppressors are m ounted on one rack as well as the testing and m aintenance 

apparatus. This rack is similar in ex ternal construction to  the norm al repeater rack. The 
different apparatus un its are m ounted on th e  rack  as follows ::—

(a) 10 echo suppressors (ES) occupy the upper and lower rows.
(b) The rem aining space in the centre contains the m easuring instrum ents— th a t is to  s a y :

1. Am m eter w ith a  suppressed zero, for m easuring the filam ent curren t of the 
amplifier and detector tubes. Scale o -8 to  1*3 amps.

2. An am m eter A 2 for m easuring the direct plate current of the  amplifier. Scale 
o to  15 milliamps.

3. A voltm eter V 1 for m easuring the p late curren t of the detector. This in s tru ­
m ent is calibrated  as a voltm eter and m easures the change of grid voltage on the grid 
of the 4-wire amplifier which is jam m ed. Scale o to  90 volts.

4. A voltm eter V 2 w ith scales 0 to  25 volts and o to  250 volts for the supply 
voltages.

5. A switch (V.U ) for the voltm eter. By m eans of this switch and the v o lt­
m eter V 2, all the voltages which are needed can be m easured on the echo suppressor 
rack, nam ely : the direct-current grid, voltages (GBr and  GB2) of the suppressor 
amplifiers (4 to  6 volts), the filam ent voltage H B  of the amplifier and detector tubes 
(12 volts) and the plate voltage A B  of the amplifier tubes (220 volts).

6. Shunt resistances for the m easuring instrum ents. These are m ounted on the
back of the m easuring instrum ent panel. All the instrum ents have a horizontal scale.

7. A jack (AK).  This is m ultipled to  the appropriate amplifier racks. By 
m eans of a norm al repeater station  m icrotelephone set, an  additional control of the 
echo suppressors is furnished.

(c) On the  left and right of the m easuring instrum ent panel there are 10 filam ent supply 
keys H.S. for the amplifier and detector tubes, 10 p la te  supply keys A.S. for the  amplifiers 
and  10 p late  supply keys G.S. for the detectors. These 60 keys are 3-position keys g iv in g : 
cut-off, operation and m easurem ent for the  circuit current. The key is non-locking in  the 
m easuring position and re turns autom atically  to  the  operate position.

(d) Above the m easuring instrum ent panel is a fuse m ounting tak ing  20 fuses Sj for the 
filament c ircu its ; these are norm al 3 amp. fuses m ounted  on stea tite  w ith  an alarm  contact.

(e) Above the  fuse panel are 20 norm al W .I. lam ps (resistance lamps) in series w ith  the 
amplifier p late circuits.

( / )  To left and right of the fuses and resistance lam ps are the  m ain fuses and corresponding 
alarm  lam ps as follows : a 35-amp. fuse (S2) in  the filam ent circuit, a 2-amp. fuse (S3) and  a 
• 5-amp. fuse (S4) in the p late  circuits, and  a 3-amp. fuse (S5) in the alarm  circuit.

(g) Below the m easuring instrum ent panel are m ounted  several strips of no-current 
relays S for the filam ent circuits, a p late  voltage pilot relay (G.A.A.), a filam ent voltage pilot 
relay (S.A.H.), a relay  (G.A.H.) to  control the  35-amp. fuse (S2), and  alarm  relays (S.A.,
H .K .R ., and  K .R.). The relay assembly is pro tected  by  an ordinary  dust cover. The alarm  
circuits are sim ilar to those used on the  b a tte ry  supply of a repeater station.

(h) A m m eter shunt resistance of 0 • 2 ohm are m ounted  under a  pro tecting  cover.
(i) The working voltages are lead to  the  rack from term inals located in the  upper p a r t 

of the  echo suppressor rack. Telephone circuits and  grid voltage circuits are connected to 
the  echo suppressors by  connecting blocks w hich a.re m ounted  in the usual m anner a t  the

‘ top  of the  rack. They are covered by  a special p late  carrying the  m ain p ilot lam p in the  centre. 
The p ilo t lam p is  lighted by  an alarm  , relay  when any failure takes place. . . . .
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A P PE N D IX  C.c.4 No. 2.

ECHO SUPPRESSORS FOR LONG TELEPHONE CIRCUITS.*

B y A. B. Cl a r k , f  M em ber A .I .E .E ., an d  R . C. M a t h e s , }  A ssociate A .I .E .E .

S yn o p sis .— A device has been developed b y  th e  B ell S ystem  for suppressing  “ echo ” effects w hich 
m ay  be encoun tered  u nder ce rta in  cond itions in  te lephone circu its  w hich  are  elec trica lly  v e ry  long. T his 
device has been given; th e  n am e “ echo supp resso r ” and  consists of re lays in  com bination  w ith  vacuum  
tubes, w hich are opera ted  by  th e  voice cu rren ts  so as to  b lock th e  echoes w ith o u t d is tu rb in g  th e  m ain  
transm ission .

T his p ap e r gives a  brief descrip tion  of th is  device, to g e th e r w ith  a  d iscussion of its  possib ilities and  
lim ita tions. A nu m b er of echo suppressors hav e  been  op era ted  on com m ercial te lephone c ircu its  for a  
considerab le  period so! th a t  th e ir  p ra c tic a b ility  h as  been  d em o n stra ted .

TA BLE OF CONTENTS.

In troduction. Some General Considerations.
Review of N ature of Echo Effects in Four- Echo Suppressors Applied to O ther Types

W ire Circuit. of Telephone Circuits.
Action of Echo Suppressor on Four-W ire Possibilities and  L im itations of Echo Sup-

Circuit. pressors.
Description of Four-W ire Echo Suppressor. Conclusion.

Introduction.

In  designing telephone circuits which are electrically very long, an im portan t problem  
is presented by the necessity of avoiding serious “ echo effects. Echo effects are caused by 
reflections of voice waves which take place whenever electrical irregularities are encountered 
in telephone circuits. The effects produced are very sim ilar to echoes of sound waves. Some 
of the reflected waves re tu rn  to the receiver of the ta lk er’s telephone so th a t  if the effects are 
severe, he m ay hear an echo of his own words. O ther reflected waves en ter the  receiver of 
th e  listener’s telephone and, if severe, cause the listener to hear an echo following the directly 
received transmission.

Reflections of voice waves occur in all p ractical telephone circuits. I t  is only in telephone 
circuits of such length as to require a num ber of repeaters, however, th a t  echo effects become 
serious. The fact th a t the circuits are electrically very long m akes the tim e lag of the  echoes 
^appreciable. A t the same time, the  telephone repeaters overcome the high a tten u a tio n  of 
these long circuits, and, consequently, m ake the  echoes louder. The seriousness of the  effect 
is :a 'function  both  of the tim e lag and  the volume of the echoes relative to the direct tran s­
mission.

A brief discussion of these echo effects was given in a paper§ presented before th is In s titu te
about two years ago, and in a la ter paper|| some examples of their relative effects in practical
telephone circuits were given. In  these papers the im portance of keeping electrical irregularities 
w ithin proper lim its was pointed ou t as was also the advantage gained by  using circuits having 
a high velocity of propagation so th a t the lag of the echoes is reduced.

As a supplem ent to these m ethods, a device to which has been given the  nam e “ echo 
suppressor ” was developed by  the  Bell System , along lines suggested by John  Mills. In  all

* P resen ted  a t  th e  Spring C onvention of th e  A .I.E .E ., S t. Louis, Mo., A pril 1:3-17, 1925. P ub lished  
in  th e  Journa l o f the A .I..E .E ., June , 1925.

f A m erican Telephone and  T elegraph  Co., N ew  Y ork  City.
I Bell Telephone L aboratories, Inc., N ew  Y ork  C ity.
§ “ Telephone T ransm ission over L ong Cable C ircu its ,” by  A B. Clark, Transactions A .I .E .E . ,  

Vol. X L II , page 86.
|| “ Telephone T ransm ission over L ong  D istan ces,” b y  H . S. O sborne, Transactions A .I .E .E .,  

Vol. X L II , page 984.
If U.S.. P a te n t No. 1,434,790, Jo h n  Mills, “ T w o-W ay T ransm ission  w ith  R ep ea te rs .” Issued 

N ov. 7, 1922.
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practical telephone circuits involving m ore th an  a single repeater there are points where the 
transm ission in the two directions passes through two separate paths. A t these points the direct 
transm ission passes th rough one p a th  while only reflected currents or echoes pass through the 
other. The echo suppressor is located a t one of these points. In  this device, the  voice currents, 
w ith  the- help of vacuum  tubes, are caused to actuate  relays which cut off the echoes in the 
re tu rn  p a th  w ithout d isturbing the o ther p a th  through which passes the  m ain transmission.

This paper, after briefly reviewing the  natu re  of echo effects in four-wire circuits, explains,
in a general way, how an echo suppressor functions on such a circuit. The four-wire echo
suppressor is then  described together w ith  some variations in its design for use under special
conditions and  w ith  o ther circuits. This is followed by  a discussion of the possibilities and 
lim itations of echo suppressors, bo th  on four-wire and other types of telephone circuits.

Review of Nature of Echo Effects in Four-Wire Circuit.
Fig. i  illustrates th e  w ay echo curren ts m ay be set up and circulate in a four-wire circuit. 

In  this figure, a shows a four-wire circuit in diagrammatic, form. The squares a t the extrem e
right and left are in tended to  represent the 
telephone sets used by  two subscribers a t the 
term inals W  and E.  The squares m arked N  
represent electrical netw orks which sim ulate or 
balance, more or less perfectly, the impedances 
of the two telephone lines term inating  in the 
instrum ents a t  W  and E.  In  the four-wire 
circuit, the squares w ith  arrows represent one­
w ay repeaters. A t each term inal the two 
separate one-way circuits com prising the four- 
wire circuit are joined together by  m eans of 
the familiar balanced transform ers. W hen W  
talks, the transm ission passes directly to E  
over the upper pair of wires in the four-wire 
circuit while, when E  talks, the direct tran s­
mission passes over the lower pair of wires.

Below the diagram  of the four-wire circuit is given another diagram  b showing the p a th  
of the  direct transm ission as well as the p a ths of the echoes which are set up  when W  talks 
to E.  The heavy line in the  diagram  represents the p a th  of the direct transm ission through 
the  upper pair of wires in the four-wire circuit. In  a practical four-wire circuit i t  m ight 
require, say, 0-05 second for the voice currents to  make this journey. This would be the case 
if the  four-wire circuit were 1,000 miles (1,600 km.) long in cable w ith extra-light loading 
— coils of 0-044 henry  spaced 6,000 feet ( i-8  km.) apart. Cable circuits loaded in this way 
have a velocity of propagation of abou t 20,000 miles (32,000 km.) per second.

, W hen the voice currents reach the. d istan t end of the four-wire circuit, the larger p a rt 
goes to  the listener a t E.  If the balance between the line and netw ork a t the d istan t term inal 
is no t perfect, however, a portion  of the currents will trave l back over the lower pair of wires 
tow ard W  as an echo. This echo will, in the case assumed, reach the receiver of the telephone 
a t s ta tion  W  o - i  second afte r the original voice wave is im pressed on the line a t th a t  station. 
The p a th  of this echo is labelled “ 1st Talker E cho .” I t  is evident th a t if this echo is loud 
enough it m ay seriously d istract the  talker.

If the balance between the  line and the netw ork a t S tation  W  is also not perfect, p a r t 
of th is first echo will trave l back over the upper pair *of wires to  S tation E,  the p a th  of this 
echo being labelled “ 1st L istener E cho .” The listener a t E  will hear th is echo, if strong enough 
to  be audible, o - i  second afte r he hears the direct transm ission. E vidently , if this echo is 
sufficiently loud as com pared to  the d irect transm ission, it will cause difficulty in understanding.

W hen the  “  1st L istener Echo ” arrives a t the end of the four-wire circuit, there is still 
ano ther reflection of p a r t of the curren t which occurs producing the “ 2nd Talker Echo.”
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This process is repeated, producing Successive echoes which are received a t both term inals 
W  and E  as indicated, the successive echoes getting w eaker and weaker.

Action of Echo Suppressor on Four-Wire Circuit,
. An echo suppressor will now be applied to the four-wire circuit and consideration given 

to its action and to. its effect on the echoes. Fig. 2 shows a  four-wire circuit which it will be 
assumed is exactly like .the one shown, in 
Fig. 1, w ith the exception th a t an echo sup­
pressor has been applied to  it. , As before, the 
diagram  a. shows the four-wire circuit, while, 
below this, another diagram  b shows the paths 
of the direct transm ission and  of the echo.

In  Fig 2 A  the echo suppressor is shown 
in very simple diagram m atic form. I t  will be 
described la ter in detail. F or the present it  is 
sufficient to explain th a t  the  echo suppressor 
consists of two sim ilar high impedance vacuum  
tube am plifier-detectors bridged across the two 
sides of the four-wire circuit, each amplifier- 
detector having associated w ith it a relay 
which operates whenever a lternating  voltage 
of sufficient strength  is im pressed across the 
in p u t. The operation of either relay places a short circuit across the side of the four-wire 
circuit opposite to the one to  which the inpu t of its particu lar am plifier-detector is connected. 
This short circuit blocks the  transm ission flowing in one side of the four-wire circuit and, a t 
the same time, renders the other am plifier-detector inoperative.

Normally, the contacts of the tw o relays are open, so th a t  talk ing  m ay be done in. either 
direction over the circuit. W hen W  begins to  talk , the condition illustra ted  in the figure 
is produced. W ’s voice currents, when they  reach the middle of the circuit, cause the relay 
associated with am plifier-detector W -E  to  operate, thus placing a  short circuit across the 
lower pair of wires in the four-wire circuit. The direct transm ission from  W  to  E  is n o t 
affected a t all, passing on to  S tation  E  where it is heard  by the  listener. The echo, which 
sta rts  back from  S tation E,  travels tow ard S tation W  as far. as the point where the echo 
suppressor is connected to  the circuit. I t  is stopped there, however, by the short circuit 
which the echo suppressor has applied.

In  the same way, when E  talks, his voice currents ac tu a te  the am plifier-detector m arked 
E - W  and apply a short circuit to  the upper pair of wires, thus preventing the passage of the  
echo current around the circuit.

The circuit shown in Fig. 2A is one of the more convenient for satisfying the fundam ental 
operating conditions of an echo suppressor. These m ay be s ta ted  as follows : W hen no one 
is talking, free paths should exist for transm ission in either direction and each suppressing 
relay  should be ready to  act a t the passage of speech over the side of the  circuit w ith which 
it is associated. W hen speech passes in one direction over the  circuit the resulting operation 
of the corresponding half of the suppressor should not only in te rru p t the continuity  of the  
opposite side of the circuit, bu t a t the same tim e prevent the  o ther half of the suppressor 
from  functioning. The la tte r  condition is desirable as otherwise the  re tu rn ing  echo m ight 
have enough energy a t tim es to operate the  opposite p a r t of the suppressor circuit and so 
in te rru p t the direct transm ission. Outside of this restric tion  the selection of the points from  
which the echo suppressor inpu t currents are derived and the  points a t which the relay control 
functions are applied is governed only by  such considerations as economy of apparatus and 
convenience. In  general, it is the more economical arrangem ent to  have a single relay, which 
in terrup ts  the p a th  through w hich the echoes re turn , also rem ove the speech inpu t from  the  
suppressor by such a relative association of p arts  as shown in Fig. 2 A .
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I t  w ill be noticed th a t, as a finite tim e is needed for the switching operation, there is a 
possibility, if the two subscribers begin talk ing sim ultaneously, of bo th  halves of the  suppressor 
being operated together and  rem aining operated, w ith bo th  sides of the  circuit cut off, for a 
tim e equal to the  release tim e of the  relays. However, for the tim es of operation and release, 
w hich are found desirable from o ther considerations, it has been found th a t no apparen t 
difficulty has been caused by  th is effect.

Because of th e  fact th a t  an appreciable tim e is required for the voice currents to travel, 
i t  will be seen th a t  exceeding fast operation of the relays is not necessary. In  the example 
given, if it is assum ed th a t  the  echo suppressor is connected to the circuit a t its m idpoint, the 
echo requires o • 05 second to  reach the  point where the short circuit is applied, after the voice 
curren ts reach the  inpu t of the amplifier detector. The echoes will be cu t off by  the relays, 
therefor, even if the la tte r  require as long as 0 -05 second for operation. If  the  echo suppressor 
is nearer to the end of the  four-wire circuit th is operating tim e would need to be somewhat 
shorter. In  practical four-wire circuits i t  is seldom th a t an  operating tim e shorter th an  about 
o • 02 second is required. I t  is an easy m a tte r to secure th is speed of operation w ith standard  
telephone relays.

The diagram  also shows th a t, in order to com pletely cu t off the echo, the echo suppressor 
relay m ust not open, afte r ta lk  ceases, un til the complete tra in  of echoes has reached the point 
where the  short circuit is applied. In  the example given, the  length of tim e required to reach 
th e  po int where th is relay  applied the short circuit after the voice currents pass the inpu t of 
th e  amplifier detector is 0 • 05 second. I t  is seldom th a t th is lag is greater th an  o • 1 second in 
practical four-wire circuits.

I t  is seen from the above two paragraphs th a t it is desirable for a four-wire echo suppressor 
to possess a m oderately short operating tim e and a longer releasing time. How this is accom­
plished will be described 'in  w hat follows.

Description of Four-Wire Echo Suppressor.

In  Fig. 3 is shown a circuit diagram  of one half of the  echo suppressor, which is shown 
com plete b u t in less detail in Fig. 2A. I t  consists of two vacuum  tubes operating in tandem ,
the  first functioning as an amplifier and  the second as a combined amplifier and  detector.

As was shown in Fig. 2A the voltage im ­
pressed on th is amplifier detector com bination
is derived from speech currents passing over one 
side of the circuit while the relay controlled by 
this com bination short circuits the o ther half of 
the circuit.

The voltage inpu t to  the amplifier tube is 
supplied through a transform er which is broadly 
tuned  by  series condensers' to produce a circuit 
efficient a t the m ore im portan t voice frequencies 

,.but inefficient a t o ther frequencies, particularly  below 500 cycles per second. The circuit 
;th u s functions to  m inim ize the effect of noise currents on the operation of the  relays. Likewise, 
in the interstage transform er coupling, emphasis has been placed on securing the m axim um  
voltage step up to the  detector grid in th is same frequency region. To avoid any  harm ful 
reaction upon the  transm ission characteristics of the m ain circuit which m ight result from 
bridging on an inpu t circuit whose im pedance varies so greatly  over the  speech frequency 
range, th is circuit is arranged to have a high impedance. The inpu t transform er is also provided 
w ith  a series of tap s on one of the  windings, thus affording a simple m eans of varying the 
sensitiv ity  of the  device,

The detector tube is operated w ith  a sufficiently large negative grid poten tial to  reduce 
its  space curren t to zero, or nearly so, when no inpu t is applied to  th e  circuit. Accordingly, 
relay A  which is connected in the  p la te  circuit is norm ally in a released condition. W hen 
speech currents are applied to the circuit the voltage on th e  grid of th is tube fluctuates. Those
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variations which m ake the grid more negative produce no effect bu t those which m ake it 
more positive allow pulses of current to pass through relay  A  tending to  operate it. A 
condenser is bridged from p late to filam ent of this tube, the purpose of which is to average 
these rectified half waves of applied speech so as to insure sm ooth and positive operation 
of the relay.

W hen speech is applied to the circuit the resulting operation of relay A  does two things. 
I t  causes the  operation of relay C by  connecting a ground to one of its windings, and  it likewise 
operates relay  B.  The operation of relay C short circuits the opposite line. The tim e required 
for the operation of relay C, in response to a sustained a lternating  E.M .F. suddenly applied

F i g . 5 . — F ro n t View of E cho  Suppressor P anel.

F ig . 4 — In s ta lla tio n  a t  H arrisburg , P a .

to the input of the am plifier-detector, is about 0-02 second. As was pointed ou t above, 
operation in this length of tim e takes care of conditions in the large m ajority  of cases encoun­
tered on four-wire circuits.

The function of relay B  is to provide a delay in the release of relay C after speech has 
ceased to  be applied to the suppressor circuit input and  relay A  has released. I ts  operation 
in response to th a t of A , it  will be noticed, connects ground to  a second w inding on relay C, 
which will then  in tu rn  rem ain operated as long as th e  relay B  m aintains this auxiliary curren t 
after the relay A  has released. Relay B  is m ade slow releasing by an auxiliary w inding closed 
through a low resistance, and its tim e of release can be ad justed  over a considerable range 
to m eet different operating conditions by  changing the  value of this resistance. Differing 
ad justm ents are rarely called for in practice and  these relays are norm ally set for a releasing 
tim e of o -1 second.

A num ber of echo suppressors have been installed a t H arrisburg, Pa., where they  are 
now in service on a group of four-wire circuits. Fig. 4 is an illustration of th is installa tion  
of four-wire echo suppressors. Fig. 5 shows a close-up view of an individual panel from the 
front. B oth  halves of the suppressor working on a single circuit are m ounted together on 
one panel. The m ethod of m ounting and  the  type of equipm ent in the echo suppressors 
are in general quite like the standard  for the  four-wire circuits w ith  which th ey  operate. 
A lthough in Fig. 3 the b a tte ry  supply circuits are shown individual to th is set, in the  actual
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in sta lla tio n  common batteries are used. The four filaments of the thbes. on .one panel are  
operated  in series from the 24-volt b a tte ry . '

The operation and m aintenance of these devices involve little  th a t  is different from s tan d ard  
-repeater equipm ent. There is one test" however, which is em ployed in checking the  tim es 
of functioning which perhaps deserves special mention. This tes t involves observing the  “time 
-needed for the  suppressor to go through any  num ber of com plete cycles of operation release. 
To m ake th is test, th e  short-circuiting contacts of -relay C a n d  the inpu t of the. suppressor 

•circuit are connected together and  to an oscillator as shown in  Fig. 6. As soon as the oscillator
is connected to the  input, the  relay tra in  
begins operating and, the shorting contacts of 
relay C in tu rn /c u t  off the  applied voltage. 
This short circuit is .maintained across the 
input for a tim e by  the  •slowness of release of
relay  B  as previously explained: 'W hen it
finally releases and in tu rn  releases relay C, the 
suppressor again operates and  the process is 
repeated over and over. A t each repetition 
of the  cycle the auxiliary contacts • of relay C 
apply a ground to the  tes t term inal which is 
connected to a counting device. W ith the aid 
of a stop-w atch the  num ber of cycles- in any 
given tim e is readily determ ined and .thus the 
tim e of a single cycle of operation. This 

tim e is the  sum  of the tim e needed for relays A  and C to  m ake and the tim e needed for 
relays A,  B  an d  C to  release. - By observing the  uniform ity and sm oothness of operation 

..with which th is cycle is carried out the tester can check the  adjustm ent, of all the  relays. 
If relays A  and  C are properly ad justed  so th a t  their operation is positive and  uniform, the 
operating tim e will vary  b u t slightly  from  the  proper value of about 0- 02 second. The test,
therefore, gives a good m easure of the longer release tim e which would norm ally be about
o - i  second. , • . . .

Some General Considerations.

As was pointed out above, when an echo suppressor is applied to  a telephone circuit, 
the telephone circuit rem ains operative in b o th  directions when it is in the norm al condition,
i.e., when no one is talking. I t  is only when talk ing is done over the circuit th a t the p a th  
for tran sm ittin g  in the reverse direction, which is then useless so far as talk ing  is concerned 
bu t which is harm ful because it furnishes a p a th  for the echoes, is blocked. The advantages 

- gained by this arrangem ent are : (1) there is no possibility of cu tting  off the first p a rt of
words owing to  the fact th a t  th e  transm ission p a th  actually  carrying the speech is unaffected
b y .th e  switching operations; a n d  (2) if the relays should fail to  operate because the.voice 

' curren ts happen to be very weak, -the. listener a t the d istan t end would still hear the speaker 
•although bo th  lie and the ta lker m ight also hear some echoes. W eak speech does not, in 
general, give rise to such serious echoes as does strong speech. Therefore, when the voice 
curren ts happen to be so weak th a t th ey  fail to  operate the suppressor, the echoes produced 
m ay .not be serious. . *

• Now; in order to  obtain  these advantages it is necessary to  face the possibility of ‘ ‘ singing,” 
since when no one Is ta lk ing  the p a ths for transm ission in bo th  directions rem ain in their 
norm al operative condition. I t  is evident th a t  if the repeater gains - are raised high 
enough, singing will begin exactly  as it would If the circu it contained no echo suppressor. 
If singing s ta rts  in a  circuit contain ing an echo suppressor, the circulating currents will build 
up  until they  become strong enough to cause operation of the relay associated w ith one half 
or the other of the echo suppressor so th a t one of the transm ission p a th s will be blocked.

Oscillator 
1000 Cycles

One-half of 
Echo Suppressor

Relay C

~  Test

Impulse
Counter

T

J L

F i g . 6 .— C ircuit for T esting  T im e of O pera tion  
and  R elease.
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Delay Network

F i g . 7 .— F our-W ire  C ircuit w ith  V oice-O perated  
D evice arranged  to  Suppress E choes and  

Singing.

This will tem porarily  stop the singing. I t  will -commence again, however, as soon as the  
relay falls back to  its norm al condition. Thus, .a cha tte ring  condition is produced which, 
in general, would, not be tolerated. • -

‘ In  order to  overcome the lim itations which m ay be set o n 'a  circuit by  the possibility o f 
singing, it is necessary to go back to  the old idea of a voice-controlled system  in which the  
transm ission is blocked when no one is talking. I t  is no t necessary, however, to  block bo th  
of -the transm ission paths since if one p a th  only is blocked, singing evidently  cannot occur.

Fig. 7 shows one of the possible arrangem ents of a voice-operated system  in which singing 
is prevented. I t  will be seen th a t  this arrangem ent includes an echo suppressor to  which an 
additional relay D has been added, which 
keeps the upper transm ission p a th  blocked 
when the circuit is norm al, i.e., when no one 
is talking. Singing is, therefore, not possible 
when the circuit is norm al.

Now, when talking is done .at S tation  W  the 
voice curren t waves, on arrival a t the m iddle of 
the circuit, cause operation of the two relays 
associated w ith the  am plifier-detector W -E . An 
appreciable length of tim e is required, of course, 
to operate relay D. To avoid the possibility 
of cu ttin g  off the in itial p arts  of words during the  tim e before relay D operates, it  is desirable 
to  delay the m ain transm ission. W hat has been called a “ delay netw ork ” has, therefore, 
been included as shown in the figure. This delay netw ork m ay, of course, assume various 
forms, one of which m ight be an artificial loaded line or low pass filter. By including such a 
delay netw ork, the  voice currents can be re ta rded  long enough to give the contacts of relay  D 
tim e to clear the p a th  before the voice currents reach the point in the circuit where the  tra n s ­
mission has been blocked.

In  addition to clearing a p a th  for the  m ain transm ission in the direction from  W  to  E , 
the transm ission p a th  from  E to W  is blocked by  the  operation of the other relay associated 
w ith am plifier-detector W -E . The circuit, therefore, has no chance to sing when in the 
condition for talk ing from  W  to E.

W hen talking is done at S tation  E , the relay associated w ith am plifier-detector E -W  
is operated. This prevents the echo re tu rn ing  from  S ta tion  W  from  operating  the relays 
associated w ith am plifier-detector W -E . For talk ing  in this direction, therefore, the upper 
transm ission p a th  rem ains blocked. There is, therefore, no chance for singing, as was also 
the case for the other conditions.

By adding the delay network, one of the  disadvantages of voice-controlled relay  system s 
which keep transm ission norm ally blocked is overcome in  large part. This is the  clipping 
.off of the first parts of words, the possibility of which was m entioned above.

’ There remains, however, an im portan t disadvantage in the fact th a t  it is necessary th a t 
the voice currents never fail to operate relay  D.  If they  did fail to operate this relay, the  listener 
at-.S ta tion  E  would hear nothing. I t  is necessary, therefore, th a t , the am plifier-detector- 
relay system  W - E  be sensitive enough so th a t the voice currents which traverse the  upper 
p a th  in the four-wire circuit will never fail to cause operation of its relays.

On the other hand, noise currents which traverse th e  upper p a th  in th e  four-wire circuit 
'm ust never cause operation of the relays associated w ith  the amplifier d etec to r W - E .  Such 
.false operation would, of course, prevent transm ission over the lower pair of wires from  
..Station E  to  W  and would, therefore, render the four-wire circuit inoperative.

To overcome the singing limitation.,, it  is thus seen th a t  it. has been necessary to  produce 
a device, which requires greater sensitivity  and is, therefore, m ere seriously affected b y  noise 

-currents .than is .a simple echo suppressor. This is in addition  to the fu rther com plications 
involved.
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Now, in applying simple echo suppressors to long telephone circuits, it  .is in general no t 
th e 'possib ility  of singing, b u t ra ther; the  necessity of avoiding false operation of the . relays 
by noise currents th a t constitu tes the m ost serious lim itation. This is discussed in more 
detail in w hat follows. For the present, it  is sufficient to note th a t in the  case of m ost long­
distance telephone circuits the m ethod of avoiding singing, which has been described, appears 
to offer possibilities of lim ited application only., . . .

Echo Suppressors applied to other Types of Telephone Circuits.

I t  will, of course, be understood that' in practice a norm al commercial telephone circuit 
is always two-wire a t the two ends where connection is. m ade to the subscribers' instrum ents. 
The rest of the circuit m ay be entirely  four-wire or it m ay be all two-wire, or a com bination 

.of both. The application of echo suppressors to circuits which are not. all four-wire will now 
be considered.

One im portan t practical case is th a t  where a four-wire circuit is sandwiched in between 
two two-wire circuits*. Such a. case is illustra ted  in Figs.. 8 and 9. Fig. 8 shows conditions 
w ithou t an echo suppressor while Fig. 9 shows conditions, w ith an echo- suppressor. In  bo th  
figures, a diagram  of the circuit itself is shown in the upper p a r t b, while in the lower p a r t b 
are shown the paths of the direct transm ission and echoes. These transm ission paths illustrate 
the condition when talk ing is being done from  Station W  to S tation E.  In  both  figures, for 
sim plicity, the first echoes affecting the  ta lker and listener only are shown, echoes of these 
echoes being ordinarily of little im portance.

Talker
Echoes

ListenerEchoes

(b)

F i g . 8 , — E choes in  C om bination  Tw o-W ire and  Four-W ire C ircuit.

I t  will be observed in Fig. 8b, w h ich . represents the condition of affairs when no echo 
suppressor is used, th a t  the listener, hears echoes coming from as m any as six different paths. 
The talker hears echoes from  three paths. Now compare this w ith  Fig. 9b which represents 
the condition of affairs when an echo suppressor is employed. I t  will be observed th a t  all 
of the  echoes which re tu rn  th rough  the  four-wire circuit have been suppressed. Echoes from  
only two pa ths now reach the listener, while echoes from only one p a th  now reach the talker. 
F urtherm ore, the echoes affecting bo th  ta lker and listener, which rem ain when the echo 
suppressor is employed, are those whose paths are co m p ara tiv e^  short. The. echoes whose 
p a th s  are the longest have been cut off by the action of the echo suppressor. These echoes 
'which trave l over the long pa ths have the greatest lags a n d -a re  usually  m ost serious. 
C onsequently, cu tting  these echoes off m akes a m aterial im provem ent possible ev en . though 
the  echoes whose paths are short rem ain.
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In  order th a t an echo suppressor m ay operate satisfactorily  on a circuit, such as the  one 
shown in Fig. 9a, it is necessary th a t th e  tim e required for operation of the relays be short 
enough so th a t, if there are any  serious echoes re turn ing  over short paths, the relays will 
operate before these reach the suppressor. A fter operation, the suppressor relays m ust rem ain 
operated  until the echoes whose pa ths are the longest have been suppressed.

In  the case of telephone circuits worked entirely  on a two-wire basis, echoes m ay also 
constitu te  an im portan t lim itation when the circuits are electrically long. On such circuits 
it is also generally true th a t the m ost serious echoes are those whose p a ths are the longest, 
nam ely, those which travel back and forth  between points a t or near the ends of the  circuit. 
The application of an echo suppressor to one of the repeaters in  a two-wire circuit, therefore, 
offers possible advantages.

If it  is im agined th a t the four-wire circuit shown in Fig. 9a is shortened so th a t the whole 
four-Wire circuit is located a t one point, the two-wire condition would be represented. The 
tim e lags which were introduced, by  the lines comprising the  four-wire circuit are now absent. 
I t  is possible, however, to introduce delay netw orks into the  two sides of the  two-wire, repeater

(b)
F i g . 9 . — E cho S uppressor C u tting  off Echoes in  C om bination  T w o-W ire and  F our-W ire  C ircuit.

(a) C om bination  tw o-w ire an d  four-w ire c ircu it w ith  echo suppressors.
(b) P a th s  of d irec t transm ission  and  echoes.

to which the echo suppressor has been applied, so as to m ake it effectively a four-wire circuit, 
although the two ends are not geographically separated. This would evidently  allow the 
four-wire echo suppressor which has already been described to be applied w ithou t m odification.

B y using som ewhat higher speed relays and switching systems, however, i t  has been found 
possible in tests which have been made, to obtain  satisfactory  operation on an all two-wire 
w ithout introducing devices to produce tim e lags. This is possible because the im portan t 
echoes in a two-wire circuit generally lag enough to allow tim e for relays to operate. Only a 
few of the echoes re tu rn  to- the suppressor w ith  very sm all tim e lags. Some of these can be 
allowed to pass w ithout causing appreciable im pairm ent provided they  are no t strong enough 
to cause false operation of the  relays which block the m ain transm ission path .

Possibilities and Limitations of Echo Suppressors.

" The curves in Fig. 10 show how', when no echo suppressors are employed, the  echo effects 
lim it the ex ten t to which the overall loss of a circuit m ay  be lowered b y  the  application of 
repeaters.* The curves in this figure apply to four-wire circuits of various lengths (w ithout

T he ord inates on th is  figure are  in  te rm s of th e  new  “ transm ission  u n i t ” ab b rev ia ted  “ T U / '  
w hich is defined in  a  p ap e r en titled  “'T h e  T ransm ission  U nit, e tc . ,” by  W . H . 'M artin ,. Jo u rn a l o f  the 
A  .I .E .E ., June , 1 9 2 4 .  Also in  th e  artic le  en titled  “ T he - T r a n s m is s io n  U n it,” by  R . V, L, H a rtley , i n  

Electrical Communication, Ju ly , 1 9 2 4 .
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■ echo suppressors) used to handle term inal business' i.e., connections to subscribers not involving 
the  use of o ther toll lines in  tandem  w ith  the four-wire circuit. I t  is assum ed th a t  simple

compromise networks giving only a  rough 
degree of sim ulation of th e  impedances of 
the  term inal 'c ircu its are used. . ..The. curves, 
which are based on experim ental data, indicate 
roughly how the o v e ra ll. volume efficiency 
m ust be lim ited to  keep ec h o . effects small 
enough so th a t they  . are not . considered 
disturbing when ordinary telephone conversa­
tions are carried on.

Consider, for example, w hat are the 
lim itations for a 'c ircu it 1,500 miles (2,400 km.) 
long, w ith ex tra  light loading. One' of the 
curves which is m arked “ Talker ” shows th a t  
in order to  keep' the. echoes which affect the 
ta lker sufficiently low, requires th a t the overall 
loss in the circuit be m ade ‘ no lower than  
about 14 TU*. The other curve m arked 
“ Listener ” shows th a t keeping the echoes 
which affect the listener w ithin proper lim its 
is a less severe lim itation,' requiring only th a t  
the  net loss be m ade no less than  about 7 TU. 
Singing of a - circuit such as this would not' 

ordinarily begin un til the loss was reduced to  zero or even, perhaps, m ade less th an 'z e ro , 
'i.e., an overall gain.

If an echo suppressor were applied to a circuit such as the above, a m axim um  im provem ent 
of the  order of 14 TU  m ight be looked for. As a m atte r of fact, results as good as this have 
been obtained in tests.

In  order to ob tain  a result as good as this requires, of course, th a t  the echo suppressor be 
given a sensitive enough ad justm ent so as to cu t off substantially  all of the  echoes, even when 
the  voice currents are weak. W hen given such a sensitive adjustm ent, there will, of course, 
be a tendency for noise curren ts to produce false operation. In  certain  cas.es, avoiding such 
false operation m ay require th a t  the  sensitiv ity  of the echo suppressor be reduced to  the point 
where weak voice curren ts fail to operate the relays. In  such cases, results as good as the 
above will no t be obtainable.-

In  practice, little  or no trouble from  false operation due to noise w ithin the  cable, facilities 
comprising a four-wire circuit is experienced. W hen the connections to  the  term inals of the 
four-wire circuit are short, therefore, so th a t, on these term inal connections, the  noise currents 
are com paratively weak and  the  voice currents large, it  is possible to realise in practice the  
full theoretical possibilities from an echo suppressor. In  o ther words, it is possible to work 
a four-wire circuit under these conditions a t a very low loss, or even an overall gain. -

W hen the lines connecting the  subscribers w ith the  term inals of the-four-w ire circuit 
are long, so th a t  the voice curren ts m ay  be w eaker and, perhaps, the noise currents m ay also 
be stronger, results as good as th is m ay  not be obtainable. However, even in this case, a 
m ateria l im provem ent can usually  be effected by the echo suppressor.

* D ue to  transm ission  v a ria tio n s  of th e  d ifferen t p a rts  com prising long te lephone circuits such  as
these, th e  overall loss varies to  a ce rta in  e x te n t w ith  tim e. In  p ractice , ad ju s tm en ts  of c ircuits in  th e  
B ell System  P la n t a re  m ade o ften  enough  to  keep th e  v a ria tions w ith in  ab o u t ±  2 or 3 TU . T he w orking 
n e t loss m ust, of course, be m ade  h igh  enough  so th a t  echo difficulties w ill n o t be encoun tered  w hen th e  
v aria tio n s com bine in  such a  wa\f as to  give th e  overall, or n e t loss, its  m in im um  value.- F o r exam ple, 
in  th e  case of th e  1,500-m ile (2,400 km .) c ircu it above, if i t  is assum ed th a t  th e  c ircu it is lim ited  by  echoes 
to  a  14 T U  m in im um  n e t loss an d  th a t  i t  is m ain ta in ed  w ith in  lim its of v a ria tio n  of ±  3 TU, th e  w orking 
n e t loss w ould be 17 ±  3 T U .

S TA TUTE M ILES O F  M EDIUM  HEAVY LOADED FO U R -W IR E  
* S ID E  C IRCU IT '
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F i g . 1 0 .— E cho L im ita tio n s on Loss of a 
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For the condition in which a four-wire circuit is switched to a variety  of different circuits 
a t the term inals, it was shown in Fig. 10 th a t the  requirem ent th a t  echoes should no t d isturb  
the ta lker is more severe, so far as lim iting the m inim um  loss is concerned, th an  the  requirem ent 
th a t  echoes should not affect the listener’s transm ission. I t  will, of course, be obvious th a t  
talkers connected to either term inal of the  four-wire circuit through connections involving 
small transm ission losses will hear louder echoes th an  will talkers connected through circuits 
having larger losses. In  o ther words, the m inim um  net loss of a four-wire circuit used in this 
w ay is lim ited by the requirem ent th a t  the  talkers connected through low losses should not 
receive too m uch echo. Now, of course, the  relays in the  echo suppressor will respond m ost 
readily to these talkers. Satisfactory operation of the relays for these talkers will, therefore, be 
secured even though the echo suppressors be given such an ad justm ent th a t  the relays will no t 
respond to the  voice currents from talkers connected to the circuit through a higher loss. 
C utting off the talker echoes in the case of the connections involving low losses, therefore, 
m akes it  possible to  m aterially  lower the loss introduced by  the four-wire circuit even 
though other echoes are no t cut off.

In  the  curves of Fig. 10 it is seen th a t for a 1,500 mile (2,400 km.) ex tra  light loaded 
circuit the possible im provem ent which m ay be secured by  cu tting  off the ta lker echoes from 
low loss connections m ay be as'm uch as 7 TU  even though echoes from other connections are 
not cu t off.

In  general, for com binations of four-wire and  two-wire circuits and  for circuits which 
are all two wire as well, ta lker echoes are also m ore serious th an  listener echoes provided 
th a t  the  impedance irregularities a t in term ediate points in the  circuit are small, as is usually 
the case w ith  high grade circuits. Consequently, echo suppressors m ake it  possible to  effect 
im provem ent in m any cases even- if the line noise which is present requires reduction of the 
sensitivity  of the  echo suppressors to the point where weak voice currents fail to  operate the 
relays. If the line noise requirem ent does no t en ter as a  lim itation, a greater im provem ent' 
is, of course, possible as is also the case w ith  all four-wire circuits.

Conclusion.
The echo suppressor which has been described offers a ttrac tiv e  possibilities in supple­

m enting other m ethods for obtaining satisfactory  transm ission over long two-w ay telephone 
circuits.

The application of an echo suppressor to  a telephone circuit requires no changes in the  
circuit itself, the echo suppressor being m erely a ttached  to  the  circuit a t some convenient 
point.

. F or any particu lar type of circuit, the  advantages to  be gained by  using echo suppressors 
increase w ith  length. F or a given circuit length  the advantages to be gained a r e . g reater 
w ith low speed than  w ith higher speed circuits.

Echo suppressors offer the greatest possibility of usefulness on cable circuits owing to the  
inherent low speed and quietness of such circuits. Generally speaking, the application of 
echo suppressors to cable circuits offers possibilities of effecting savings by  allowing the  use 
of heavier weight, lower speed loadings in place of lighter weight, higher speed loadings, as 
well as the im position of less severe requirem ents as to  im pedance uniform ity of the  circuits.

<
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A PPE N D IX  C .c.4, No. 3.

ECHO SUPPRESSOR.

(British Post Office System.)

A long telephone line having high amplification' and being therefore electrically a short 
line, is liable to  be d isturbed  by echo effects arising from reflections. The action of an echo 
suppressor is to reduce the efficiency of the re tu rn  p a th  while conversation is proceeding, so 

' th a t  the circulation of echo currents is prevented.
The suppressor (see Fig. 1) consists essentially of an amplifier-rectifier, ac tuated  by a 

repeater in the “ go ” line. The anode circuit of the rectifier contains a resistance shunted

A —Two-Stage R epeater.
A '— Amplifier-Rectifier, of which the Rectifier produces a voltage across resistance R,

which joins the first stage of B.
B — R epeater on opposite channel.'
C — Condenser Tjr n . .,
t-, tt- 1 r> • i  > Hang-over-Circuit.R  — High-Resistance J  0

NEW TYPE ECHO-SUPPRESSOR.
R EPE A TE R  STATION ON 4-W IR E  CIRCUIT.

F i g . i .

by a condenser, in com bination w ith a filter device to  prevent circulation of A.C. in the 
resistance.



This resistance is in series w ith the first stage grid of the repeater in the “ re tu rn  ” line 
so th a t the unidirectional voltage produced across the resistance greatly  reduces the 
amplification of the “ re tu rn  ” repeater. In  this way the attenuation  of the re tu rn  line is 
m ade extremely high so th a t the reflected (echo) currents are practically stopped.

Similarly, the repeater in the “ re tu rn  ” line is provided w ith a suppressor, precisely 
similar to the one in the “ g o ” line, which paralyses this line during conversation on the 
“ re tu rn  ” fine.

The time necessary for the restoration of norm al conditions after the cessation of speech 
can be adjusted by  varying the resistance and condenser values according to  the propagation 
tim e of the circuit.
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A P PE N D IX  C.d., No. 2.

REPORT OF THE GERMAN ADMINISTRATION WITH REFERENCE TO LONG DISTANCE 
COMMUNICATIONS ON EXTRA LIGHT LOADED TOLL CABLES.

Precautions to be taken when Transient Phenomena become troublesome.

Summary.  .

P r o b l e m  : To s e t  u p  v e r y  long c i r c u i t .

R e s u l t s  : B y  m ak ing  use of all e x tra  lig h t loaded circu its in  th e  B e rlin -S te tt in  Toll Cable a  4-wire 
c ircu it 1,800 km . long (or one-w ay c ircu it 3,600 km . long) has been se t up, using 25 rep ea te rs  an d  tr a n s ­
m ittin g , w ith o u t d is to rtion , a  b an d  of frequencies betw een  300 and  3,500 p .p .s. Speech te s ts  m ade on th e  
tw o k in d s of c ircu it have  show n th a t  th e  tran sm ission  w as good (tone n a tu ra l, good rep roduc tion  of con­
sonan ts , vowels clear).

In  order to m ake tests on a long ex tra  light loaded circuit, all the 0-9  mm. ex tra  light 
loaded pairs (L  = 0 - 0 5  H., s = 2  km ., Ckm — 0-0335 wo — 34>000 or. 5,400 p.p.s.) of 
the  B erlin -S tettin  Toll Cable were connected together to form a 4-wire circuit as indicated 
on Fig. 1. Pairs 43 to 54 and 71 to 82 were connected together in the order indicated, to 
avoid, as far as possible, crosstalk between adjacent pairs caused by the large differences in 
the levels of the speech currents, and in order to approxim ate the conditions of an actual 
circuit. The length thus obtained for each direction is 1,808 -86 km. and the to ta l a ttenuation  
of the cable for one direction is b = 5 8 - 2  or 505 TU for w =  10,000 (1,590 p.p.s.).

Siemens and Halske repeaters of the 4 SI type were installed in the three repeater stations 
a t Berlin, Angermunde and S te t t in ; they  were supplied w ith current from  the plate-and- 

" filam ent supplies of these sta tions; special grid voltage batteries were provided for each 
repeater.

The repeaters were provided w ith anti-distortion devices, connected in  parallel w ith the 
ou tp u t transform er and constructed in such a way as to be correct when the cable term inates 
w ith a  half loading section. In  order to  take account of the large im aginary com ponent of 
the im pedance of the cable circuits a t low frequencies, two i-m f. condensers in series w ith the 
ou tp u t transform er were added to  the existing anti-distortion dev ice; in this way amplification 
curve-A  of Fig. 2, which coincides in a very satisfactory m anner w ith the attenuation  curve
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of the cable, was obtained. The discrepancy between the two curves should be as small as 
possible on account of the large num ber of repeaters, particularly  if this discrepancy is system atic 
(that is to say, if it is always in the same direction). A io-step  regulating resistance, connected 
in parallel w ith the inpu t transform er, enables the gain of each repeater to be adjusted so th a t 
it compensates for the attenuation  of the corresponding repeater section. One step varies 
the gain s by b =  0-05 or 0-43 T U ; it is possible to vary  s from b =  2*1 or 18*2 TU  to 
b = 2 - 6  or 22-5 TU. The lengths of the sections are alternately  80-4 and 70*2 k m .; all 
the repeaters are arranged to give the same “ average ” amplification, chosen in such a way 
th a t the attenuation  of a loop B erlin-S tettin-B erlin  is exactly compensated.

Fig- 3 gives the transm ission level diagram. Difficulties were encountered when an 
a ttem p t was m ade to carry  out the first tests on the entire c ircu it; the overall equivalent for

B E R L IN  ANGERM UNDE S T E T T IN  ANGERM UNDE B E R U N
TU  = O T U =  +  l - 4 7  T U = + 0 - 0 8  T U =  -t- |- 3 0  T U = 0

b  = O b  =  + 0 - 17  b = + 0 - 0 l  b  =  + 0 - I S  b = 3

T R A N SM IS SIO N  L E V E L  DIAGRAM  
B E R L IN -ST E T T IN  LOOP T E S T S

( ONE SIX TH  o f  t h e  C O M P L E T E  S E T  U P  IS SHOWN).

F i g . 3 .

the low frequencies (635 p.p.s.) was found to  be a large gain due to  system atic discrepancies 
between the gains and attenuations for these frequencies (see above and curve B  of Fig. 2), 
b u t after the i-m .f. condensers were connected to the ou tpu t transform er, an overall equivalent 
represented by Fig. 4, resulted. In  this way, distortionless transm ission of the frequencies 
between 300 and 3,500 p.p.s. was ob tained; the upper lim it is determ ined arb itrarily  by the 
na tu ra l frequency (3,800 p.p.s.) of the low pass filters introduced in the 4-wire term inating sets.

The advance m ade in the precision of the anti-distortion device in each repeater has 
rendered the use of an auxiliary anti-d istortion device for the whole circuit superfluous for 
the m oment. I t  is always desirable to dispense w ith this kind of device in order to obtain 
simplified engineering practices, and in order to avoid the effects of crosstalk.

The overall transm ission equivalent, shown on Fig. 4  of b =  1 or 8 - 7  TU to b =  i *i  or 
9 • 5 TU, represents the overall a ttenuation  obtained in p rac tice ; th a t is to say, the attenuation  
which exists between the two term inals to which the two subscribers would be connected. 
These two term inals are connected to the 4-wire term inating sets by artificial lines of 
b = 1 * 2  or 10*4 TU. These artificial lines m ust be balanced as accurately as possible a t the 
term inals of the 4-wire circuits in order th a t the echo m ay be reduced as far as possible. 
Echo-suppressors of well-known construction (S. & H ., R r I)  were connected to the middle of 
the  circuit in order to elim inate echo effects entirely.

In  this m anner, a very good transm ission of speech was obtained. The intelligibility 
of the words was m uch b e tte r th an  on a  m edium  heavy circuit of the same length (see Fig. 5). 
The 2-wire circuit was then converted to one-way circuit of 3,600 km. w ith 50 repeaters, and 
an attenuation  of b — 116*5 or 1011 TU  (1,590 p .p .s .) ; the speech transm itted  by this circuit 
rem ained intelligible.
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Finally a 4-wire m edium  heavy circuit 800 km. long (Berlin-Wesel) was connected to 
the above circu it; the intelligibility of this circuit 4,400 km. long was still commercial. 
In  these transm ission tests it  was found th a t, in the first place, transien t phenom ena, which 
increased w ith the length of the circuit, diminished the intelligibility. In  order th a t  these 
phenom ena should no t exceed a certain  m agnitude, determ ined by system atic speech tests, 
th e  highest frequency to be tran sm itted  should be lim ited for a circuit of any  given length. 
This m ay be achieved, for example, by  inserting filters a t the term inals of the  4-wire circuits.

The num erical relation betw een the  length of circuit, th e  duration  of transien t 
phenom ena, and  the  “ a rtif ic ia l” cut-off frequency, is given by th e  figures 6 and  7 for an 
o • 9 mm. ex tra  light loaded c irc u it; the  well-known form ula :—

T = t \ — L = - i \ .
L V  i  — «2 J

has been used as a basis for these curves; T  =  the duration  of transien t phenom ena,
/ —— w w

t (time of direct transm ission) — I v L C , n =  — a n d — =  cut-off frequency of the Tine.

On Figs. 6 and  7 the duration  of transien t phenom ena has been p lo tted  as a function of 
th e  frequency for different lengths of lines. From  it Figs. 8 and 9 have been deduced, which are 
m ore applicable to the  present discussion; in these figures the highest frequency transm itted  
has been shown as a function of the  length of the  line, the  duration of transien t phenom ena 
being taken as a param eter. F rom  Fig. 8 it  is clear th a t  if a duration  of transien t 
phenom ena of 25 milli-seconds is permissible, a lim it of 3,820 p.p.s. for a circuit 2,000 km. 
long and of 3,185 p.p.s. for a circuit 3,600 km. long should be adopted.

These figures are given because th ey  are applicable to the circuits described above; it 
has been calculated th a t  the  duration  of transien t phenom ena did no t exceed 25 milli­
seconds th roughout our tests, and  th a t th is order of m agnitude is fairly consistent w ith 
commercial transm ission.
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DURATION OF TRANSIENTS OF THE HIGHEST FREQUENCY 
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A PPE N D IX  C.e., No. i .

THE SIEMENS IMPULSE METER.

A.— Application and Design of the Set.

The impulse m eter serves for testing the m axim um  voltages in transm ission systems. 
The wiring diagram  is shown b y  Fig. i .  P a r t of the telephone currents flowing through the 
line L  is branched a t  the  points A  and B  and, across an  inpu t transform er VU,  supplied to 
the grid of an amplifier valve R,  The section grid-filament of the  amplifier valve acts 
here as valve which is in series w ith the alternating  curren t source and  a condenser C th a t  
m ay be bridged by  key U2. The incoming alternating  currents are rectified in the  grid- 
circuit; they  apply a negative continuous voltage to the  condenser and  consequently to

W IRING DIAGRAM OF THE IMPULSE METER. 
F i g . i .
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the grid. The order of m agnitude of th is voltage depends on the am plitude and  the  
duration of the alternating  voltage under test. In  order to increase the rectifying action, 
use is m ade in the p late circuit of a choke' D and  the  resistances W4 and  W 5, furtherm ore 
of a calibrated galvanom eter G having a shun t resistance W 3, which can be ad justed  by  U3 
to the zero point of the power scale. The iron resistance W 2 controls the heating curren t 
intensity. Key U1 realises the in terrup tion  of the filam ent and  p late circuit.

B. Operation.

Fig. 2 shows the deflection a0 of the am m eter G in dependency of an alternating voltage 
applied to the  input term inals i. I t  will be seen th a t the  p late  current of the valve decreases 
as the alternating  voltage or negative charge of the grid decreases. The instrum ent G is 
calibrated in such a w ay th a t it indicates the power tran sm itted  over the line in mV in case 
of a line resistance of 800 ohms. •

If a suddenly arising alternating  voltage of a certain  duration  t is effective a t  the  inpu t 
of the impulse m eter, the condenser C is charged to a negative continuous voltage, whose 
m agnitude is given by  the  effective line constan t of the rectifier circuit.

Fig. 3 illustrates the deflection a corresponding to the tim e t in percentages of the 
perm anent deflection a0 corresponding to the  same voltage am plitude. As will be seen, an

DEFLECTION a0 OF TH E AMMETER G IN  DEFLECTION a CORRESPONDING TO THE
DEPENDENCY OF AN ALTERNATING TIME t IN  PERCENTAGES OF TH E PERM ANENT

VOLTAGE A PPLIED  TO THE IN PU T TERMINALS. DEFLECTION r>0 CORRESPONDING TO TH E
SAME VOLTAGE AMPLITUDE.

F i g . 2 .  F i g . 3 .

alternating  voltage of 30 ms. applied to th e  inpu t results in a charge of the grid  which 
corresponds to 90 per cent, of the perm anent charge. Since the instrum ent, on account 
of its inertia, does no t im m ediately respond to the  grid charge, th is charge should be always 
m aintained un til the instrum ent indicates its correct value. This is achieved by  m eans of 
the  special arrangem ent of the rectifier circuit (see Fig. 1), in which the grid can only lose 
its  negative charge across the insulation resistances. The tim e of after-effect thus obtained 
am ounts to a few seconds; special'm easures in order to increase the insulation are thereby  
no t required. The instrum ent thus approxim ately  indicates the  m axim um  values of the 
voltage in tegrated  during a tim e of 10 to 30 ms., for any  process of th e  alternating  voltage 
a t  the points A  and B  in term s of time.

Fig. 4 shows the  process of the  voltage V  a t the  inpu t term inals 1 in term s of time. 
If this process is in tegrated  during intervals of 20 ms., we obtain  the curve p lo tted  in Fig. 5.

CC 100 ■ 200  3 oo  m s

DIAGRAM OF VOLTAGE PROCESS AT TH E DIAGRAM OF VOLTAGE PROCESS IN TEG RATED
i n p u t .  T e r m i n a l s  i .  : ‘ d u r i n g  i n t e r v a l s  o f  zq ms,

F i g . 4 .  F i g . 5 .
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The deflections of the  instrum ent correspond to th e  m axim um  voltages designated by  V ' v  
V '2 and  V '3 as is shown by  Fig. 6.

DIAGRAM OF MAXIMUM VOLTAGES. 
F ig . 6 .

I C.— Preparations for the Measurement.

1. A pply plate voltage of 220 volts and filam ent voltage of 12 volts to the  correspondingly 
designated term inals.

2. Set switching key U1 to  “ E in  ” (on).
3. L et the valve R  bu rn  5 m inutes before beginning the m easurem ent.
4. Short-circuit term inals 1 and  ad just the  needle of the  galvanom eter to zero by  

varying U3 or

4a. apply  an

cycles per sec. to the term inals 1 and  ad just the  needle of G to the red  line ( =  io —3 W) 
by  vary ing  U3.

4b. Short-circuit term inals 1; if the  valve is serviceable, the  needle deflection should
be w ith in  the  auxiliary scale surrounding the  zero point. In  the contrary  case the valve
m ust be exchanged.

D.— Measurement.
1. Connect term inals 1 to the transm ission system under test having an im pedance 

of Z  =  800 ohms. . -
2. The galvanom eter G then  indicates the corresponding m axim um  m ean value of 

the tran sm itted  power, in term s of an in tegration  in terval of about 10 to 20 ms.
3. K ey U2 is utilised to accelerate th e  discharge process so as to enable us to ascertain 

by  checking if the needle deflection corresponds to the actually  existing voltage. The 
deflection of G should only be read  if key U2 is no t depressed.

io ~ 3 Walternating  voltage of -----—— =  0-895 V  whose frequency i s /  — 8oo°
800 Q
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CIRCUIT DIAGRAM FOR MEASUREMENT OF SPEECH VOLUME*
F i g . i .
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A PPE N D IX  C.e., No. 2.

A P P A R A T U S  F O R  T H E  M E A S U R E M E N T  O F  S P E E C H  V O L U M E .

(B r i t is h  P o s t  O ffice S y s tem .)

This apparatus is in tended for the use of observers m aking transm ission tests to  ensure 
th a t the volume of speech used is of the required standard . This is a m atte r of considerable 
im portance when com paring instrum ents of different types, and particularly  a commercial 
instrum ent against a reference standard . I t  will also be required to com pare the volumes of 
speech used in testing by different A dm inistrations.

The instrum ent consists essentially of a special moving coil tran sm itte r w ith a flat 
output-frequency characteristic. This is spoken into from a fixed distance and the resulting 
voltage amplified, rectified and then  read upon a needle instrum ent. The instrum ent is 
calibrated by recording the voltage outpu ts of a large num ber of speakers, neglecting any 
of a freak order and averaging the rest.

The transm itte r used is an electro-m agnetic apparatus w ith a moving coil suspended 
by means of three wires. No diaphragm  is used, bu t the sound waves are collected by a 
small alum inium  piston. The m agnetic system  is stou t and com pact.

To reduce the H.T. b a tte ry  four electrode valves are used. These are som ewhat sensitive 
to filament current so th a t m eans are provided for m easuring the various voltages.

A fairly dead beat needle instrum ent is used and it is found th a t readings can be obtained 
during speaking sufficiently sta tionary  for use.

The sensitivity of the set is such th a t norm al speech into the tran sm itte r w ith the m outh 
close to the spacing guard, th a t is, about O’7 m icro-volt per sq. cm. acoustic force, gives a 
deflection of 40 divisions.

Fig. 1 shows the circuit.
Fig. 2— a general view of the apparatus.

F ig . 2.
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A P PE N D IX  C.f., No. I .

VOICE-FREQUENCY CARRIER TELEGRAPH SYSTEM* FOR CABLES.

B y B. P . H a m il t o n , f A ssociate A .I .E .E .;  H . N y q u i s t , !  M em ber A .I .E .E .;  M. B. L o n g , J  A ssociate
A .I .E .E .;  a n d 'W . A. P h e l p s , J A ssociate A .I .E .E .

Synopsis ,— C arrier te leg rap h  system s using frequencies above th e  voice range have  been  in  use for 
a  n u m b er of years on open-w ire lines. These system s, how ever, are  n o t su itab le  for long to ll cable o p e ra ­
tio n  because cable circu its g rea tly  a tte n u a te  cu rren ts  of h igh  frequencies. T he system  described  in  th is  
p ap e r uses frequencies in  th e  voice range and  is specially  a d a p te d  for opera tio n  on long four-w ire cable 
circuits, te n  or m ore te leg raph  c ircu its being o b ta in ab le  from  one four-w ire c ircuit. T he sam e carrie r 
frequencies are used in  b o th  d irec tions and  are spaced  170 cycles a p a rt . T he carrier cu rren ts  are  supplied  
a t  each  te rm in a l s ta tio n  by  m eans of a single m u ltifreq u en cy  genera to r.

A telegraph system  has recently  been developed which utilises the range of frequencies 
ordinarily confined to telephonic com m unication. I t  represents a special application of the 
carrier m ethod of m ultiplexing telephone and telegraph circuits, which has already been 
described. §

The new system  has been designed particu larly  for application to four-wire telephone 
circuits. Installations have been m ade a t New Y ork and  P ittsburgh , by m eans of which 
ten  telegraph circuits are derived from  one four-wire telephone circuit extending between 
these cities. A dditional installations are p lanned  and under w ay in which it is expected th a t  
a greater num ber of telegraph circuits will be obtained  from  each four-wire telephone circuit.

Experience in commercial service extending over a considerable period has fully dem on­
stra ted  the  effectiveness of this system.

* P resen ted  a t  th e  M idw inter C onvention  of th e  A .I .E .E ., N ew  Y ork, N .Y ., F e b ru a ry  9-12 , 1925. 
P ublished  in  th e  Journa l o f the A .I .E .E .,  M arch, 1925.

f A m erican T elephone & T elegraph  Co., N ew  Y ork , N .Y .
I Bell T elephone L aboratories, Inc., N ew  Y ork, N .Y .
§ “ C arrier-C urren t T elephony and  T e leg raphy ,” E . H . C olp itts an d  O. B. B lackw ell, Transactions  

A .I .E .E .,  1921, page 205.



General Features.

In  a general way, the  voice-frequency system  resembles the high-frequency carrier system  
for open-wire lines, which has been described in the paper referred to  above. The m ost im ­
p o rtan t differences are th a t the voice-frequency system  uses (i) a four-wire cable circuit 
instead of a two-wire open-wire circuit, (2) the same frequencies for transm ission in both  
directions, (3) frequencies of the voice range ra th e r th an  the higher frequencies used in open-wire 
carrier telegraph systems, (4) a m ultifrequency generator instead of vacuum  tube oscillators 
to  supply the carrier currents and (5) fixed band  pass filters, instead of adjustable tuned  circuits 
for segregating the several telegraph circuits.

Fig. 2 shows in a simplified m anner the essentials of the telegraph system  under discussion. 
Reference to Fig. 1, which shows a four-wire telephone circuit,* will m ake clear how the line 
portion of the telegraph system  is derived from such a  telephone circuit. As indicated  in 
Fig. 1, the four-wire cable circuit uses two pairs of wires, one pair for transm ission in each
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direction. W hen a voice-frequency telegraph system  is applied to a telephone circuit the 
four-wire, term inating  sets, which norm ally term inate the circuit when, used for telephone 
purposes, are rem oved and voice-frequency carrier telegraph equipm ent is substitu ted .

Signal Traced Through System.—A general layout of the system  is shown in Fig. 3, and 
in describing the operation, reference is-m ade to  th is Figure. The p a th  of a signal from  the 
sending operator to  the receiving operator, on one of the ten  two-way circuits will be considered.

* “ T elephone T ransm ission  over L ong Cable C ircu its ,”  A. B. Clark, Transactions A .I.E.E'.,- 
Vol. X L II , 1923, page 86.
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To produce a spacing signal the sender opens his key (shown a t the left of the Figure) which 
causes the sending relay to  operate so as to short-circuit the source of alternating  current.

F i g . 3 .

To produce a m arking signal the key is closed, which causes the sending relay to operate and 
to remove the short circuit. This perm its the alternating  curren t from the generator to flow 
freely into the filter. This sending filter is so constructed as to perm it relatively free passage 
of current of frequency near the particular carrier frequency for which it is designed. For 
other frequencies the filter practically  shuts off the current.

After passing through the filter, the curren t mingles w ith currents from  other channels 
and all are tran sm itted  over the line as a resu ltan t composite current. After flowing through 
the line in this m ixed-up condition, the currents encounter the receiving filters which resemble 
the sending filters in th a t each transm its a relatively narrow  range of frequencies in the neigh­
bourhood of the carrier frequency for which it is designed, and in th a t it acts substantially  
as an open circuit to o ther frequencies. By means of these receiving filters the currents are 
separated and each flows freely into its own channel. A fter passing through the receiving 
filter the curren t enters the detector, whose 
function is to  convert the alternating  current 
signals into d irect-current signals which are 
capable of ac tua ting  the receiving relay. The 
receiving relay in tu rn  transm its direct-current 
signals to the receiving operato r’s sounder or 
local relay.

This sequence of events is illustrated  in 
the series of oscillograms of Fig. 4, which 
shows the different forms of a group of 
telegraph signals in the 425-cycle channel 
from the tim e when, as cl.-c. impulses, they 
flow through the sending relay windings, to 
the tim e when again, as d.-c. impulses, they 
flow through the receiving relay and sounder 
circuit. I t  shows (a) their form in the sending relay and telegraph key circuit, (b) their 
translation  into alternating  current prior to passing into the sending filter, (c) their mingling 
w ith other sim ilar impulses of different carrier frequencies after passing through the sending

1 8 4
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filter and on to  the line as a single resulting wave flowing through the four-wire circuit,
(d) their form after separation from  the o ther channels b y 'th e  receiving filter, and (<?) their 
final form in the receiving sounder circuit. The points where the oscillograms were taken  are 
shown in Fig. 2 a t a, b, c, d, and e, the  cases being correspondingly denoted on the oscillograms.

Carrier Frequencies.—The carrier frequencies are so chosen as to be odd m ultiples of a 
basic frequency of 85 cycles per second. The lowest frequency used is the fifth m ultiple 
of 85 cycles, th a t is, 425 cycles per second. S tarting  w ith this frequency, the carriers are 
spaced a t 170-cycle intervals from their nearest neighbours, so th a t in the ten-channel system  
the  upperm ost frequency is 1955 cycles per second. E ach channel has assigned to it a range 
of frequencies 85 cycles above and below its own frequency. For example, the channel using a 
carrier frequency of 1105 cycles has assigned to it  the range between 1020 and 1190 cycles. 
Choosing the carrier frequencies in this m anner and placing each carrier m idway in the band 
of frequencies assigned to it has the effect of giving m axim um  discrim ination against interfering 
frequencies generated in the various vacuum  tube repeaters. As is well known, when a num ber 
of frequencies are transm itted  sim ultaneously through a vacuum  tube, currents which cause 
interference are generated due to sm all departures from linearity  on the p a rt of the  tube 
characteristic. Some of the m ost im portan t of these currents have frequencies equal to the 
sum  and difference of the frequencies of the transm itting  currents taken in pairs. Since the 
carrier frequencies are all odd m ultiples of the common frequency, 85 cycles, it  follows th a t 
the sum  and difference of the frequencies are even m ultiples of 85 cycles and therefore are 
located m idw ay between the carrier frequencies. This perm its obtaining the m axim um  
discrim ination against these interfering frequencies by means of the filters, of which the 
characteristics are set fo rth  below.

The num ber of carrier telegraph circuits which can be derived from a single four-wire 
cable circuit depends on the type of loading and, to a less extent, on the length of the circuit. 
I t  has been m entioned above th a t a t the  present tim e ten  two-way carrier telegraph circuits 
are operated  sim ultaneously over a four-wire circuit between New York and  P ittsburgh , 
a distance of abou t 400 miles (644 km.). This is not, however, the m axim um  possible num ber 
of telegraph circuits which can be derived from the type of circuit used w ith this installation. 
Four-w ire circuits which are loaded w ith  coils of small inductance transm it a wider range of 
frequencies and  are already in use for telephone purposes. If such circuits were used instead 
of the  type em ployed w ith  the  present installation, a t least fifteen two-way carrier telegraph 
circuits could be obtained.

Description of Apparatus.
Carrier Current Generator.— V acuum -tube oscillators are the source of the carrier current 

in carrier system s previously developed. In  th is system, however, all the carrier currents 
for the  ten  channels are obtained from a com pact m ultifrequency generator driven by  a m otor 
bu ilt in to  the  same housing w ith  th e  generator.

The generator is an inductor-alternator, designed to generate currents of ten  different 
frequencies in ten  different m agnetic circuits electrically independent of each other. The 
m achine has two field coils common to  all the  stators. The exciting current for these two 
windings is supplied by  a storage ba tte ry . • On the  pole arc of each s ta to r opposite each of the 
narrow  disk-like rotors, m ounted in a row on the  shaft, are cu t a  num ber of slots, the num ber 
per un it length depending on the frequency to  be generated. The sta to r windings for each 
circuit are placed in these slots. The ro to r belonging w ith  each s ta to r has a corresponding 
group of slots cu t in it, b u t no windings are placed in these ro tor slots. The result is equivalent 
to  ten  separate alternators, except th a t  the field excitation is common to all. The flux in any 
s ta to r too th  is greatest/w hen a ro tor too th  is opposite it and least when a ro tor slot is opposite 
it. This varia tion  in flux in the s ta to r tee th  as the  ro tor moves induces the voltage in the 
windings on these teeth . All the windings of a given sta to r are connected in series, so the to ta l 
voltage generated in each sta to r is the sum of the  separate voltages in the several windings.

A com paratively small generator is able to supply carrier currents to several ten-channel 
system s because, b y  using term inal repeaters or amplifiers (Fig. 3), the am ount of energy
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req u ired  to  op era te  each te leg rap h  channel is v e ry  sm all, a n d  no channel p roduces any  
no ticeab le  in terference  in  an o th e r d raw ing  cu rre n t from  th e  sam e s ta to r  w inding. T he 
te rm in a l vo ltage of each s ta to r  is 0 -7  v o lt a n d  a  c u rre n t of 40 m .a. m ay  be d raw n  from  it 
w ith o u t producing  a change in  te rm in a l v o ltage  sufficient to  cause in te rfe rence  in  an y  te leg rap h  
c ircu it draw ing  cu rren t from  th e  sam e se t of w indings.

T he • d riv ing  m o to r is a  sm all sh u n t-w o u n d  m ach ine  w hich  receives its  energy  from  a 
24-volt sto rage b a tte ry . T he speed of th e  m o to r is m a in ta in e d  accu ra te ly  a t  1,700 revs, 
p e r m in. b y  m eans of a  cen trifu g a l ty p e  of governor w hich  co n tro ls  th e  am o u n t of cu rren t 
flowing th ro u g h  th e  sh u n t field w inding. As th e  s ta b ility  of th e  ca rrie r frequencies depends 
on th e  constan cy  of th e  m o to r speed, i t  is necessary  th a t  th e  governor co n tro l th e  speed  w ith in  
•narrow  lim its.

As a m eans of checking th e  speed  of th e  g en era to r an  e lec trical frequency  in d ica to r is 
p rovided . T his device is connected  to  a n d  in d ica tes th e  freq u en cy  of one of th e  gen era to r 
c ircu its. As th e  frequency  of an  a lte rn a to r  is d irec tly  p ro p o rtio n a l to  th e  speed i t  gives an  
in d ica tio n  of th e  correctness of th e  speed an d  also of all frequencies p ro d u ced  b y  th e  generator.

Filters.—Fig. 5 show s th e  transm issio n  ch a rac teris tic s  of th e  tra n sm ittin g  a n d  receiving 
filters. These filters are designed to  tra n sm it as w ide a  range in  th e  ne ighbourhood  of T he 
ca rrie r frequencies as is necessary  to  secure th e  
desired  q u a lity  of transm ission  a n d  a t  th e  * 20
sam e tim e  exclude in te rfe rin g  cu rren ts , w h e th e r §
th e y  be caused  b y  foreign in terference , d irec t I 10
transm ission  from  o th e r channels, o r d is to rtio n  “ 0
in  th e  rep ea te r  tubes. T he p rin c ip a l in te rfe rin g  
c u rre n ts  due to  th e  la t te r  a re  lo ca ted  85 cycles ^
on  e ith er side of th e  ca rrie r frequencies. T he g 20
receiv ing  filters hav e  been  designed to  reduce  1 10
these in te rfe ring  cu rren ts  to  a b o u t 10 p e r 5
cent, of th e ir  orig inal value. °° iw 400 m soo 1000 1200 1400 i«x> isoo 2000

T  -i t , .  . • - i - i  FREOUENCY: CYCLES PER SECOND
In  add itio n  to  screening o u t an v  undesired  ^  ' . , . x.

.  . - F i g . 5.— C haracteris tics of F ilte rs,
frequencies p roduced  in  th e  g en era to r w indings,
th e  sending filters hav e  th e  follow ing m ore im p o rta n t functions. E ach  sending  filte r p resen ts  
a  h igh  an d  com p ara tiv e ly  non -d issipative  im pedance  to  th e  cu rre n ts  issu ing  from  th e  o th e r 
sending, filters an d  also “ ro u n d s off ” th e  im pulses of th e  m o d u la ted  ca rrie r w ave passing  
th ro u g h  it. T he  m odu la tio n  of th e  ca rrie r c u rre n t b y  th e  sen d er’s k ey  p roduces w h a t is called  
a  “ square  ” w ave, th a t  is, a  w ave con ta in in g  n o t on ly  th e  ca rrie r p lus an d  m inus th e  frequency  
a t  w hich  th e  key  is o p e ra ted  b u t  also th e  ca rrie r p lus an d  m in u s a  la rge  n u m b er of m u ltip les 
of th e  frequency. Som e of th e  com ponen t frequencies of th is  t ra n s m itte d  w av e -n o t on ly  are 
found  unnecessary  in  rep roducing  th e  tra n sm itte d  signal a t  th e  receiv ing  end  b u t  also lie 
w ith in  th e  range of a d jacen t channels a n d ,p ro d u c e  in te rfe rence  in  th em  unless screened  ou t 
b y  th e  sending filter in- th e  channel in  question . , .

T he  effect of th e  sending  a n d  receiv ing  filters in  “ ro u n d in g  off ” th e  m o d u la ted  carrier 
w a v e / th a t  is, in  screening o u t th e  ob jec tionab le  co m p o n en ts  of th e  signal w ave, is show n 
b y  th e  oscillogram s of Fig. 4. T he com bined  effect of th e  tw o filters on th e  shape  of th e  
m o d u la ted  carrie r m ay  be seen b y  com paring  oscillogram s (b) a n d  (d) of th is  figure, w hich 
show  respective ly  th e  ap p earan ce  of th e  m o d u la ted  w ave before  i t  en te rs  th e  sending, filter 
an d  a fte r  passing th ro u g h  th e  sending  filter, over th e  line an d  th ro u g h  th e  receiv ing  filter. 
A n o th e r in te res tin g  p o in t in  connection  w ith  these  oscillogram s is th e  tim e  lag  due to  th e  c ircu it 
w hich  is show n b y  th e  re la tiv e  differences in  position  of th e  tw o w aves re fe rred  to  above. 
Owing to  th e  lim ita tio n s im posed  b y  th e  o rd in a ry  oscillograph all of th e  traces  show n in  F ig. 4 
were n o t tak en  sim ultaneously . T h is accoun ts for m ino r inconsistencies w hich  a re  revealed  
by  a  carefu l inspection.

Detector.— The d e tec to r  receives a lte rn a tin g  c u rre n t signals from  th e  line a fte r  th e  
signals belonging to  th a t  p a r tic u la r  ch an n el hav e  been  se lec ted  b y  th e  receiv ing  filter.
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I t  consists of two vacuum  tubes in tandem , the  first tube (Fig. 3) amplifying the received 
signals, and  the second converting them  into d irect-current pulses which operate the receiving 
relay. The receiving relay then  repeats these telegraph signals into the receiving direct- 
current circuit which contains the receiving sounder.

To im prove the operation of the  receiving relay a device called an accelerating circuit 
or “ kick ” circuit, such as is used in open-wire carrier-telegraph systems, is interposed between 
the detector tube and  the receiving relay. - This circuit is obtained by  introducing a transform er 
whose high-voltage side is connected in series w ith  the detector tube and a w inding of the 
receiving relay and  whose low-voltage side is connected to another winding of the  relay. 
W hen the  curren t in the high-voltage side is constant, there is no current in the  low-voltage 
side, b u t if the form er curren t suddenly changes, as a t  the beginning or end of a m arking signal, 
there is a sudden rush of curren t in the  low-voltage circuit which has the effect of causing the 
relay to  operate p rom ptly  and  positively.

Relays.—As shown in Fig. 3, the sending and receiving relays are of the polar type. 
These relays are identical and interchangeable w ith  those used in the  m etallic and open- 
wire carrier-telegraph systems. They are described in the  paper on telegraph relays which 
has been prepared for presen tation  a t this meeting.

Power and Testing Equipm ent.— In  the developm ent of the voice-frequency carrier 
telegraph system, the  cen tral thought was the  desirability of designing a system which would 
fit into the  existing.cable telephone and  telegraph plant. I t  has been possible to use the  standard  
voltages obtainable from the storage batteries an  such p lan ts w ithout exception.

In  line w ith  the  policy of simplifying th is new system  as far as possible, the am ount of 
auxiliary testing  apparatus was reduced to a m inimum. This policy has been assisted by 
the stab ility  of the cable circuits and  the  use of a m ulti-frequency generator as a source of 
carrier currents. Only two pieces of special testing  apparatus are used a t each station, 
nam ely, th e  frequency indicator, and a therm ocouple voltm eter for checking the alternating  
voltage in each generator circuit.

Line and Repeaters.
As has been pointed out elsewhere in this paper, the voice-frequency carrier telegraph 

system  was designed prim  aril}7 for use on small-gauge, four-wire cable circuits. These circuits 
are loaded and provided w ith  vacuum  tube repeaters a t  50 to  100-mile (80-5 to 161 km.) 
intervals, depending on the  w eight of loading used. - The repeaters used in long toll circuits 
are sim ilar to those described a t an earlier date.* The characteristics of the long cable circuits 
used in voice-frequency carrier telegraph transm ission have also been described in a more 
recent paper, j

Equipment Features and Arrangements for giving Service.
The appara tus which is associated w ith  each of the ten  two-way circuits in this system  

has been segregated according to function, and  each group of apparatus perform ing the same 
function, such as the  detector, has been m ounted  on a separate steel panel. E ach one of these 
panels forms a u n it in itself. This type of construction allows the  substitu tion  of new apparatus 
perform ing some particu la r function in the system  w ithout an  expensive redesign. Thus, 
it  is possible to install fu tu re im provem ents in the several circuits of the  system  in an economical 
m anner.

These un it panels are m ounted on pairs of vertical I-beam s and the com bination is term ed 
a  “ b ay .” The bays are of different heights, depending on the requirem ents of the office 
in which they  are installed. Fig. 6 shows a line-up of so-called low-type bays (about five 
feet high) in the P ittsb u rg h  office. E ach bay  in this line-up contains sufficient equipm ent

* "T e le p h o n e  R e p e a te rs ,” b y  B ancro ft G herard i and  F ra n k  B. Jew e tt. Transactions A .I .E .E , ,  
1919, page 1287.

f  C lark, loc. cit.



to  p rov ide  for th e  transm ission  an d  recep tio n  of signals a t  th e  P ittsb u rg h  te rm in a l of one of 
th e  te n  tw o-w ay  te leg rap h  c ircu its. F ig . 7 shows a  line-up  of sim ilar eq u ip m en t in  th e  New 
Y o rk  office, th is  lay o u t differing from  th e  one in  P ittsb u rg h  in  th a t  i t  uses h igh  in s tead  of 
low -bavs. E ach  b a y  in  th is  line-up  co n ta in s  sufficient te rm ina l eq u ip m en t for tw o  of th e  ten  
tw o-w ay  te leg rap h  c ircu its.

F i g . 6. F i g . 7 .

In  ad d itio n  to  th e  bays described  above 
th e re  a re  th ree  b a y s  ca rry in g  a u x ilia ry  
e q u ip m en t. T his au x ilia ry  eq u ip m en t 
consists p rim arily  of con tro l an d  te s tin g  
a p p a ra tu s  for b a tte rie s  an d  ca rrie r supply . 
Tw o of these  bays, nam ely , th e  g en e ra ­
to r  an d  carrie r su pp ly  bays, are  show n 
in F ig . 8. T his figure show s tw o of th e  
m u lti-freq u en cy  g en era to rs  (one a  spare  
m achine) described  above, an d  th e  ca rrie r 
te s tin g  equ ipm en t. T he  con tro l eq u ip m en t 
assoc ia ted  w ith  these  m achines is m o u n ted  
on th e  panels above th e  g en e ra to r a n d  th e  
freq u en cy  in d ica to r is m o u n ted  on th e  pan e l 
to  th e  r ig h t of th is  co n tro l a p p a ra tu s .

F ig . 8.
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Switching and Monitoring Arrangements.
The m onitoring arrangem ents, which enable the a tten d an t to  check the quality  of signals 

passing over a circuit or to  trace trouble quickly and easily, are similar to  those now in use in 
the open-wire carrier and m etallic telegraph systems. These arrangem ents are described 
in the paper on the m etallic telegraph system  which has been prepared for presentation  a t 
this m eeting and, therefore, will not be given in detail here. In  a general way it m ay be said 
th a t switches and m eters are provided to  connect the telegraph batteries to  local apparatus, 
to provide either one-way or two-way service and to facilitate repeating to other telegraph 
system s.

Capabilities of System.
Field tests over the New Y ork -P ittsbu rgh  system  have shown th a t each telegraph circuit 

derived therefrom  is of high grade, allowing signal speeds of 35 to 40 cycles per second. T hat 
is, w ith  m achine sending, it is possible to transm it 140 to 160 words per m inute (five letters 
and  a space per word) each way over each telegraph circuit. Considerably higher speeds 
m ay, of course, be obtained by widening the frequency .range assigned to each telegraph 
circuit.

The New Y o rk -P ittsb u rg h  system  m ay be used in connection w ith a m ultiplex prin ting  
telegraph system  and three p rin ter messages m ay then  be sent sim ultaneously in either 
direction on each carrier circuit. Assuming 50 words per m inute as the working speed for 
each of the three prin ters a to ta l of 1,500 words per m inute could be transm itted  sim ultaneously 
in either direction over the ten  circuits.

A simple num erical exam ple will indicate w hat is technically possible by the application 
of this type of telegraph system  to toll cables. A toll cable 2f- inches (6-7 cm.) in diam eter 
contains about 300 pairs of No. .19 B. & S. gauge (0-91 mm.) conductors. Utilising the phan tom  
circuits this gives a to ta l of 225 four-wire circuits. Counting 30 messages in each direction 
per four-wire circuit it  is evident th a t  it is technically possible to transm it 6,750 messages in 
each direction sim ultaneously.

The “ break ” feature of this system  is satisfactory. I t  functions in a m anner sim ilar 
to  th a t  used w ith  the  m etallic telegraph system . I t  takes about 0 • 1 second to transm it a 
“ break ” signal over a 1,000-mile (1,610 km.) circuit.

Fields of Application.
I t  will be evident th a t  while the foregoing description assumes th a t this system  is applied 

to  four-wire circuits, it  could be readily applied to two-wire circuits by transm itting  half of 
the carrier frequencies in one direction and  the o ther half in the opposite direction. F u rth e r­
more, if the im pedance characteristic of the line could be reproduced w ith sufficient accuracy 
in netw orks to balance the line a t the repeaters, the same frequencies could be transm itted  
in  bo th  directions and  as m any of them  could be so transm itted  as the natu ra l “ cut-off ” of 
the line would perm it.

W hile the voice-frequency carrier telegraph system  has been designed prim arily  for, use 
on an ordinary  telephone circuit, the system  m ay be applied to carrier telephone or radio 
telephone channels w ithou t involving radical changes in either the telegraph system  or the 
telephone circuit to  which it is applied.

189



A P PE N D IX  C.f., No. 2.

METALLIC POLAR-DUPLEX TELEGRAPH SYSTEM FOR LONG SMALL-GAUGE
CABLES.*

B y  J o h n  H . B e l l ,-[ A ssociate A .I .E .E .;  R . B . S h a n c k ,J  A ssociate A .I .E .E ., and
D. E . B r a n s o n , |  A ssociate A .I .E .E .

S yn o p sis .— In  connection  w ith  ca rry in g  o u t th e  to ll-cable p rog ram  of th e  Bell System , a  m etallic- 
c ircu it po lar-dup lex  te leg rap h  system  w as developed. T he m e ta llic -re tu rn  ty p e  of c ircu it lends itself 
read ily  to  th e  cable conditions, its  freedom  from  in terfe rence  allow ing th e  use of low p o ten tia ls  an d  cu rren ts  
so th a t  th e  te leg raph  m ay  be superposed  on te lephone circuits, T he new  sys tem  rep resen ts  an  unusual 
refinem en t in d.-c. te leg rap h  circuits, th e  op era tin g  c u rren t being  of th e  sam e o rder of m ag n itu d e  as th a t  
of th e  te lephone circu its on w hich th e  te leg rap h  is superposed.

T he m etallic  system  is su itab le  fo r p rov id ing  c ircu its up  to  1,000 m iles or m ore in leng th , th e  g rade of 
service being b e tte r  th a n  th a t  usually  ob ta in ed  from  g ro u n d -re tu rn  c ircu its  on open-w ire lines for such 
d istances. A bou t 55,000 miles of th is  ty p e  of te leg rap h  c ircu it are in  service a t  p resen t.

T here has been developed recen tly  b y  th e  B ell S ystem  a  low -cu rren t m eta llic  te leg rap h  
system , of th e  po la r-dup lex  ty p e , w hich  is su itab le  for su p erposition  on te lephone circu its 
in  long sm all-gauge cables. In  ce rta in  sections w here long-d istance  to ll traffic is heavy , it 
becom es desirable, from  th e  -stan d p o in ts  -of econom y an d  c o n tin u ity  of service, to  em ploy 
such cables to  replace ex isting  open-w ire lines an d  to  p rov ide  for fu tu re  g row th . T he new  
te leg rap h  sy stem  is being  app lied  on a considerab le scale in  connection  w ith  th e  to ll cable 
system , th e  general fea tu res  an d  te lephone a rran g em en ts  of w hich  h av e  been  described  in 
p rev ious p ap e rs .§ T he p resen t p ap e r o u tlines th e  general fea tu res  of th e  m eta llic  te leg rap h  
sy stem  an d  th e  m eth o d  of superposing  te leg rap h  circu its of th is  ty p e  u p o n  “ tw o-w ire ” and  
“ four-w ire ” te lephone circu its  in  sm all gauge cables.

T he m eta llic -re tu rn  or tw o-w ire ty p e  of te leg rap h  c ircu it w as chosen in  preference to  th e  
g ro u n d -re tu rn  ty p e  because i t  ap p eared  to  offer a  m ore s tra ig h tfo rw a rd  so lu tion  of th e  techn ica l 
p rob lem  an d  to  be m ore econom ical, sufficient cable co n d u c to rs  be ing  availab le  as a  re su lt 
of th e  te lephone requ irem en ts. On a long te lephone c ircu it in  a  sm all-gauge cable i t  is 
necessary  to  em ploy a n u m b er of rep ea te rs  w ith  co m p ara tiv e ly  large am plification  an d  also to  
in se rt load ing  coils in th e  line a t  s jio rt in te rv a ls . As a resu lt, th e  in te rfe rence  from  su p e r­
posed te leg rap h  w ould 'be excessive unless th e  te leg rap h  v o ltages an d  cu rren ts  w ere k ep t 
fa r below  th e  values o rd in arily  em ployed  for g ro u n d -re tu rn  te leg rap h . To allow th e  use of 
sm all cu rren ts  an d  p o ten tia ls  w ith  g ro u n d -re tu rn  te leg rap h  w ould  req u ire  th e  developm ent 
of a rran g em en ts  for n eu tra lis in g  difference in  e a r th  p o te n tia l an d  in d u c tiv e  in te rfe rence  from  
te leg rap h  circu its in  th e  sam e cable as w ell as from  pow er c ircu its. I t  w ill be  ev id en t th a t  a 
m eta llic  te leg raph  c ircu it possesses ce rta in  transm ission  ad v an tag es  over a  g ro u n d -re tu rn  
te leg rap h  c ircu it in  th e  sam e w ay  th a t  a  m eta llic  te lephone c ircu it possesses ad v an tag es  over a 
g ro u n d -re tu rn  te lephone circu it.

T h is developm ent re su lted  in  a  te leg rap h  system, w hich in  som e w ays is u n iq u e  in its  
refinem ent. T he te leg rap h  line cu rren ts  are  of th e  sam e o rd er of m ag n itu d e  as tho se  of th e  
te lephone c ircu its  w hich use th e  sam e wires. A lthough  cable  is fu n d am en ta lly  m u ch  less 
favourab le  to  te leg rap h  transm ission  th a n  open wire, one m ile of sm all-gauge cable h av ing

* P ublished  in  th e  Jo u rn a l o f  the A .I .E .E . ,  A pril, 1925.
f Bell T elephone L abora to ries , Inc.
f A m erican Telephone an d  T elegraph  Co. P resen ted  a t  th e  M idw in ter C onvention  of th e  A .I .E .E ., 

New Y ork, N .Y ;, F eb ru a ry  9-12 , 1925.
§ “ P h ilad e lp h ia -P ittsb u rg h  Section of th e  N ew  Y ork-C hicago  C able,” J . J . P illiod, Journa l 

A .I .E .E .,  Aug., 1922, p. 446. “ T elephone T ransm ission  over L ong Cable C ircu its ,” A. B. C lark, Journa l 
A .I .E .E . ,  Jan . 1923, p. 1. “ T elephone E q u ip m en t fo r L ong Cable C ircu its ,” C. S. D em arest, Journa l 
A .I .E .E .,  N ov. 1923, p. 1159.
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as m uch effect as m any miles of open wire, the present system  ’ affords satisfactory operation 
on each pair of the cable for. distances up to 1,000 miles (1,600 km.) or more.

Two im proved forms of m ounting are em ployed; in one of these a repeater is bu ilt as a 
single self-contained u n it and in the  o ther a repeater consists of several units m ounted on 
upright I-beams. The relays are quiet in operation and sounders are norm ally m ade inoper- 

' a tive mechanically, as they  are seldom used. ‘ A ltogether a m etallic repeater office bears little 
resemblance to  the older type of office' w ith  apparatus m ounted on tables and hundreds of 
founders in operation.

Principles of Operation.

In  describing the  general principles upon which the present telegraph- system  operates, 
it will be convenient to evolve it from the fam iliar ground-return  polar-duplex system, the 
essential features of which are illustra ted  in Fig. i .  I t  will be seen th a t a t each end of the 
line circuit there are provided a tran sm itte r and  a receiving relay. The operation of the 
tran sm itte r sends curren t into th e  line and the  "artificial line, one polarity  being used for' 
“ m arking ” and  the  o ther for “ spacing.” If the  artificial line has the same im pedance as 
th e  real line, there will be no effect upon the  receiving relay, since The la tte r is connected 
differentially. Currents received from  the tran sm itte r a t the d istan t station  will, however, 
cause the receiving relay to operate. The arrangem ent, therefore, m akes it possible to send 
telegraph signals in either direction, or in bo th  d irections sim ultaneously.

Polar Relay (Receiving)

I" .

F ig . i .— D ifferen tial D up lex  on G rounded  C ircuit. F i g . 2 . — D ifferen tia l D up lex  on M etallic Circuit*

In  Fig. 2 the  ground-return  is replaced by  a second line wire so th a t the circuit is now 
a m etallic circuit.

Fig. 3 differs from Fig. 2 only in th a t  each receiving relay has its windings divided into 
four p arts  instead of two, m aking the  circuit sym m etrical.

F i g . 3.— Sym m etrica l D ifferen tial D up lex  on 
M etallic C ircuit.

F i g , 4 . — M etallic D uplex  C ircuit- 
S ingle C om m utation .

For actual operation involving the working of a  num ber of circuits in a given office from 
th e  same set of batteries, i t  is desirable to m ake a connection to ground a t each station  a t the 
point G as shown in Fig. 4. These connections stabilise the system  and  facilitate the clearing 
of accidental grounds. A lthough th is results in unbalancing the currents in the circuit, there 
is substan tially  no effective change in th e ‘m etallic or two-wire operating currents if the line 
and  apparatus are well balanced, and  this arrangem ent has the  essential characteristics of 
an actual m etallic telegraph circuit. I t  m ay be helpful, however, to consider th a t the upper 
wire is em ployed for the  transm ission of signals and the  lower wire is used to carry  only 
neutralising curren t to offset the  effect of currents in the upper wire which are due to earth- 
po ten tial differences an d  voltages to ground caused by  induction’ from power or telegraph
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circuits. Since each pair in the cable is closely balanced, encloses a small loop, and  is frequently
transposed by tw isting, it  will be apparent th a t  the  curren ts due to interference are practically
equal in the  two wires, flowing in the same geographical direction and  therefore do no t affect
the  balanced relays. •'*_

Fig. 5 shows another arrangem ent of a m etallic telegraph circuit in which the tran sm itte r
comprises two tongues, reversing the connections to a single b a tte ry , instead of switching
between two different batteries as in  the  case
of Fig. 4. The ground connection a t the mid- _ 4-wMng
point of the b a tte ry  a t each station  is for the  P°'arRelay ,Receivm,!)
purpose of stabilising the system  and facilitating
the clearing of trouble.

Circuits of th e 'ty p e  shown in Fig. 5 were
first developed and p u t into extensive use in
preference to  the type shown in Fig. 4, largely
for the reason th a t it was not a t first practicable ^

, . . (v. . , , , e , F i g . 5.— M etallic D up lex  C ircuit— D ouble
to obtain sufficiently close balance of relay C om m utation
windings. W ith im proved relays, telegraph
repeaters have been designed to  operate on the basis of Fig. 4, effecting certain  economies. 
These two arrangem ents, which are known respectively, as “ double com m utation ” and 
“ single com m utation,” m ay be operated  one against th e  o ther in a telegraph repeater section.

The local circuits of the repeaters are arranged so th a t they  m ay be conveniently set up 
either for sim ultaneous operation in  bo th  directions (known as full-duplex) or for operation 
in only one direction a t a tim e (called half-duplex), the  la tte r  giving the same com m unication 
facilities as a simple open-and-close Morse telegraph circuit.

General Features.
As in the case of o ther telegraph system s it  is necessary to subdivide a long circuit into 

sections by m eans of repeaters to  avoid the use of excessive poten tials and  to lim it the distortion 
of signals. For repetition  between two metallic cable circuits a simple arrangem ent called 
a “ through repeater ” is employed. The equipm ent used a t the end of a m etallic telegraph 
circuit is known as a  " term inal repeater.”

The m etallic polar-duplex system  operates w ith a po ten tial of 34 volts, requiring one 
34-volt b a tte ry  for double com m utation and  two such batteries for single-com m utation. 
W here bo th  are used in the  same office, one of the  single-com m utation batteries m ay be used 
for double-com m utation, th is being equivalent to  the  regular arrangem ent w ith a ground 
potential of 17 volts in addition. The batteries are ordinarily  “ floated.” T ungar rectifiers 
are generally used, w ithout causing any noise in the telephone circuits.

. The telegraph curren t in the cable circuit, w ith  the  batteries a t the two ends aiding, is 
from about 3 to 15 m illiamperes depending on the resistance of the  line circuits. W ith  the 
batteries opposing, the current is, of course, practically  zero.

The small-gauge cables' are m ade up of No. 16 and  No. 19 B. & S. gauge (1-29 and 
0-91 mm. respectively) copper conductors, and the m etallic telegraph system  m ay be operated  
over conductors of either gauge, or over the derived phantom  circuits when the  la tte r  are no t in 
use for telephone service. The m axim um  distance between two consecutive repeaters is 
about 120 miles (195 km.) on 19-ga.uge, composited pairs, or 160 miles (260 km.) on 16-gauge. 
For non-composited circuits the corresponding distances are abou t 140 miles (225 km.) and 
190 miles (305 km.) respectively. The average telegraph repeater section is about 100 miles 
(160 km.) in length as a result of the  telephone requirem ents in connection w ith  locating 
repeater stations. In' some cases the telegraph is operated  over nori-loaded circuits, such 
conductors being available before loading coils have been applied to  all wires of the  cable. 
The telegraph transm ission is practically  the same on non-loaded and  loaded circuits.

Curves of resistance and reactance versus frequency are shown in Fig. 8, for a representative 
m etallic line section and the corresponding artificial line. I t  will be noted  th a t  there are 
large variations in these im pedance com ponents in the frequency range from  zero to  about
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30 cycles per second, and they  tend  to become constant as the frequency is further increased. 
A t the lower frequencies the effect of the d istan t term inal apparatus is, of course, large. 
Curves for non-loaded lines are sim ilar except th a t  a t the higher frequencies the resistance 
is lower and the reactance higher.

A feature w hich has an im portan t effect on the  quality  of the received telegraph signals 
is the  “ v ibrating  circuit ” which was devised originally by Gulstad. This circuit comprises 
two auxiliary windings on the receiving relay, a condenser and two resistances as illustra ted  
in Fig. 9. A curren t th rough the resistance branch of the v ibrating  circuit mpves the relay 
arm ature  to  the opposite contact when the effective operating current, in reversing, approaches 
zero value. W hile the  arm ature is passing between contacts', the condenser in the  other 
branch partia lly  discharges through both  windings in series, the discharge curren t 
accelerating the arm ature. As soon as the arm ature touches the o ther contact, a transien t 
cu rren t com pleting the  discharge of the condenser and  charging it  in the opposite direction 
holds the a rm atu re  firm ly against this contact un til the operating current has had  tim e to 
become large enough to  assume control. The v ibrating circuit, therefore, increases the
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sensitivity , reduces the tim e of arm atu re  travel, lessens cha tte r of the arm ature • contacts 
and  m akes the operation of the relay more positive. Furtherm ore, the  constan ts of the 
v ib rating  circuit are so proportioned as to minimise distortion of signals, the relay  being 
caused to operate near the steepest p a rt of the received current wave.

The receiving and transm itting  relays used in m etallic telegraph repeaters are the 
209-F A  and 215-A relays, respectively, which are being described in a separate paper. The 
form er is a highly sensitive polarised relay, furnished w ith v ibrating  windings, whereas the 
la tte r  is of the same general construction b u t less sensitive and has no v ibrating  windings. 
The 215-A relay is also used in the arrangem ents provided for facilitating "  breaking." 
In  cases where a term inal repeater is operated between a ground-return  circuit and a 
m etallic circuit; relays of th is type function as receiving relays for the ground re tu rn  section.

The through-type repeater is a direct-point repeater ; the arm atures of sensitive polar 
relays, operated  by the  line curren t from  one direction, repeat -the signal (differentially 
th rough  the  windings of the opposite receiving relays) into the other line in the  opposite
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direc tion . A sim plified d iag ram  of th is  re p ea te r  is show n in  F ig . 10. T his re p e a te r  is a  
fu ll-dup lex  rep ea te r b u t is used  oh half-d u p lex  circu its w ith o u t change. As show n, tw o

Zh Zh 
-<jWi

NOTES 
AandB are. windings 

and armatures of four 
209-FA relays 
respectively.

J  F ig . io .— T hrough  R ep ea te r;

polarised  sounders are  p rov id ed  for read in g  signals, an d  a  te leg rap h  k ey  con tro ls  th e  
o p era tio n  of local n e u tra l re lays, d esig n a ted  m o n ito ring  re lays, m ak in g  i t  possible to  send 
in to  e ith e r line in dependen tly , o r in  b o th  d irec tions a t  once.

T he te rm in a l-ty p e  re p ea te r  is also a d irec t-p o in t re p e a te r  an d  is used  to  re p e a t signals 
be tw een  a  m etallic  cable section  an d  e ith e r  a  g ro u n d -re tu rn  c ircu it or a  local c ircu it. 
P o larised  sounders an d  o th e r m o n ito rin g  fea tu re s  -sim ilar to  those  in  th e  th ro u g h -ty p e  se ts  
a re  p rov ided . T he local c ircu it a rran g em en ts  are  described  in  d e ta il in  th e  n e x t section .

Local Circuits.
To avoid  supp ly ing  b a tte ry  a t  o u tly in g  p o in ts  an d  to  fac ilita te  se ttin g  u p  an d  chang ing  

c ircu its  w hich have  a  n u m b er of s ta tio n s  in  th e  sam e lo ca lity  o r h av e  b ranches, a  tw o-w ire 
c ircu it or “  loop ” is ex ten d ed  from  th e  repeater- office to  each, o p e ra to r’s s ta tio n . F o r' th e  
m ark in g  or closed cond ition , th e  cu rren t is ap p ro x im ate ly  60 m illiam peres an d  for spacing  
i t  is zero.

F o r fu ll-duplex  service th e  a rran g em en t is sim ple, invo lv ing  .th e  use of a receiv ing  loop 
an d  a send ing  loop as show n in  F ig . 11. In  th e  receiving loop th e  b a tte rie s  are  a id in g  w hen 
th e  line re lay  tongue is on m ark ing , an d  
opppsing  w hen it  is on spacing. S ignals m ay , 
therefo re , be received b y  th e  o p e ra to r  by  
m eans of an  o rd in a ry  M orse (neutral) re lay  or 
m ain-line sounder. T he send ing  loop is opened  
an d  closed by  th e  o p e ra to r’s k ey  in  send ing  
o u t signals. T he sending  re lay s are  of th e  
p o la r  ty p e  an d  m ay be considered to  h av e  a 
b iasing  c ircu it w hich includes th e  b a tte ry  co n ­
n ec ted  to  th e  apex  p o in t, th e  low er w indings 
a n d  th e  artific ia l line. W hen  th e  k e y  is closed 
th e  effect of th e  b iasing  c u rren t is overpow ered  
b y  th e  loop cu rren t, as. th e  la t te r  is tw ice as 
g rea t. W hen  th e  key  is opened th e  b iasing  c u rre n t m oves th e  re lay  a rm a tu re s  from  
m ark in g  to -spacing .

Sending
Metallic

F ig .  11.^ T e r m in a l  R ep ea te r— F ull-D up lex  
L ocal Circuits.,
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O pera to r^  Office

F i g .  I 2 . :—T erm inal R ep ea te r- 
• H alf-D up lex  L ocal C ircuits.

F o r ha lf-dup lex  service, a  single loop is used  for b o th  sending  an d  receiving as 
d ep ic ted  in  F ig . 12. Signals a re  sen t o u t in  precisely  th e  sam e m an n er as in  fu ll-dup lex

an d  do n o t affect th e  m etallic  line re lay  on 
acco u n t of th e  b a lan ced  dup lex  connection . 
T he sending  re lays, a lth o u g h  connected  in  th e  
loop, are unaffec ted  b y  received  signals as th ey  
are  d ifferen tia l as reg a rd s  cu rren t from  th e  
receiv ing  re lay  tongue. T his is in- fac t a  dup lex  
connection , an d  it  allow s th e  w ork ing  of th e  
g rounded  side of .the  te rm in a l re p e a te r  d irec tly  
in to  a  long c ircu it h av in g  a s ta n d a rd  ground- 
re tu rn  p o la r-dup lex  re p e a te r  a t th e  d is ta n t
s ta tio n . A su itab le  artific ia l line is p rov ided
for th is  purpose.

To fac ilita te  in te r ru p tio n  of th e  sending  o p era to r b y  th e  receiv ing  o p era to r a  “ b reak  
re lay  ” is also p rov ided , o p e ra tin g  sim u ltan eo u sly  w ith  th e  send ing  relays. To u n d e rs ta n d  
its  func tion , assum e th e  k ey  in  th e  loop to  be o p e n e d ; as soon as a m ark in g  signal is received 
from  th e  line, th e  send ing  re lay  a rm a tu re s  w ill be m oved to  spacing  due to  th e  cu rren t in  
th e  b iasing  w indings an d  th e  absence of c u rre n t in  th e  loop. T he b reak  re lay  a t  th e  sam e 
tim e  connects m ark in g  b a t te ry  to  th e  spacing  co n tac t of th e  receiv ing  re lay  so th a t  no 
m a tte r  w h a t signal im pulses a re  su b seq u en tly  received from  th e  line th e  sending  re lays will 
be unaffec ted . If  th e  b reak  re lay  w ere n o t used, incom ing  signals w ould  opera te  th e  sending
re lay s an d  be rep e a te d  b ack  in to  th e  line, reversed . . This w ould resu lt, in  a  slow;, and
u n c e rta in  break .

In  u sing  tw o te rm in a l rep ea te rs  to  connect an  o p e ra to r’s office a t  an  in te rm ed ia te  p o in t 
to  a  m eta llic  c ircu it, th e  loop or loops are connec ted  in  ta n d e m  betw een  th e  tw o repea te rs . 
In  fu ll-dup lex  th e  send ing  leg of one re p e a te r  is connected  to  th e  receiv ing  leg of th e  o ther, 
an d  vice versa , w ith  a  loop in  series w ith  each  connection . In  half-dup lex  th e  tw o  local 
c ircu its  are  c o n n ec ted -to g e th e r w ith  th e  loop in  series, an d  a t  one rep ea te r, b a tte rie s  on th e  
receiv ing  re lay  c o n tac ts  are  reversed  an d  th e  connections to  th e  loop an d  b iasing  w indings 
of th e  send ing  an d  b re a k  re lays are  in te rch an g ed . •

Receiving re la y  c o n t a c t sTo loop or 
ground-return 

circuit

120“
Break-reiay contacts 

R eceiving relay

n o t e s
1. Monitoring relay for sending on metallic circuit, 

controlled by a telegraph key.
2. Monitoring relay for sending on ground-return  

circuit,controlled by a telegraph key.
3. Composite-balancing se t  removed by key for loop 

or non-compositea operation .

F ig . 13.— T erm inal R epeater.
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L ocal c ircu it a rran g em en ts  of th e  ty p e  ju s t  described  m ak e  th e  m etallic  rep e a te rs  
su itab le  for use in  com b in a tio n  w ith  th e  ca rr ie r-cu rren t an d  g ro u n d -re tu rn  p o la r-d u p lex  
rep ea te rs  used  in  th e  p la n t. T his flex ib ility  h as  been  secured  b y  design ing  th e  loop c ircu its  
to  o pera te  w ith  60 m illiam peres cu rren t for m ark in g  an d  zero for spacing. Briefly, th e  
flex ib ility  necessary  to  p e rm it of se ttin g  u p  long c ircu its  w ith  b ranches is in  no wise sacrificed 
by  th e  use of th e  several system s.

The essen tia l fea tu res  of th e  c ircu it of th e  te rm in a l-rep ea te rs  are show n sch em atica lly  
in  Fig. 13.

Superposition on Telephone Circuits by Compositing.
In  superposing  th e  m etallic  te leg rap h  on te lephone circu its, th e  w ell-know n “ com positing  ” 

m eth o d  is used. T h is is b ased  on frequency  d isc rim ina tion , th e  te leg rap h  occupying  th e  
range below  th a t  of th e  telephone. F o r  sa tis fac to ry  resu lts , th e  te leg rap h  an d  th e  te lephone  
a rrangem en ts , inc lud ing  signalling, a s ' well as th e  com posite  sets, m u s t be designed in  
con junction  w ith  th e  line c ircu its  so as to  avo id  serious in te rfe rence  betw een  te leg rap h  an d  
telephone. F u rth e rm o re , th e  com positing  m eans em ployed  shou ld  h av e  b u t  little  d e tr im e n ta l 
effect on th e  transm ission  of th e  th ree  form s of com m unica tion  o p e ra tin g  sep ara te ly , a n d  
m u st n o t u p se t th e  sym m etrica l c ircu it a rran g em en t upo n  w hich  freedom  from  e x te rn a l 
in terference  depends.

In te rfe ren ce  from  te leg rap h  a n d  te lephone m an ifests  itse lf in  tw o w ays. T he  first of 
these  is te leg rap h  “ th u m p  ” w hich  is th e  nam e g iven to  a  low p itch ed  noise in  th e  te lephone  
due  to  a sm all p a r t  of th e  te leg rap h  cu rre n t passing  th ro u g h  th e  te lephone  b ran ch  of th e  
com posite set a n d  en te rin g  th e  te lephone a p p a ra tu s . T he  th u m p , in  a d d itio n  to  being  
audible, m ay  affect th e  te lephone signalling  eq u ip m en t to  th e  e x te n t of causing  false rings. 
In  ad d itio n  to  th e  th u m p  a t  th e  tra n sm ittin g  end  of th e  circu it, th u m p  is p ro d u ced  a t  th e  
receiving end  b y  th e  v ib ra tin g  c ircu it th ro u g h  tran sfo rm er ac tio n  of th e  re lay  w indings. 
In  p rov id ing  p ro tec tio n  from  th u m p , b o th  p h a n to m  a n d  side c ircu its  h av e  to  be considered. 
T he  second k in d  of in terference  is th e  f lu tte r  effect* due to  th e  fa c t th a t  ra p id  changes in  
th e  te leg raph  cu rren ts  m o m en ta rily  increase th e  effective resistance  of th e  load ing  coils, 
th e re b y  v a ry in g  th e  a tte n u a tio n  of th e  c ircu it a t  te lephone frequencies.

T he te leg rap h  b ran ch  of th e  com posite se t (see F ig. 14) consists of series in d u c tan ce  
an d  sh u n t cap ac ity  an d  there fo re  offers to  line cu rre n ts  of te lephon ic  frequencies h igh  
im pedance an d  a tte n u a tio n . I t  h as  little  effect ^

Telephone Branch

-sV5

upo n  th e  low frequencies req u ired  for sa tis ­
fac to ry  te leg rap h  transm ission , an d  a t  th e  
sam e tim e sufficiently  a tte n u a te s  th e  h igher 
frequency  com ponen ts of th e  te leg rap h  w aves 
to  avo id  excessive th u m p . In  o rd er th a t  th e  
te leg raph  b ra n c h  m ay  be effective in  reducing  
th u m p  vo ltages in  th e  p h an to m  circu it, th e  
tw o w indings of th e  re ta rd a tio n  coil are  m ade 
w ith  a  negligible m u tu a l ind u c tan ce , a n d  th e  
b ridged  cap ac ity  consists of tw o b a lan ced  con ­
densers w ith  th e  m id p o in t g rounded . I t  has 
been  found  necessary  to  m ake th is  re ta rd a tio n  
coil of very  stab le  in d u c tan ce  b y  using  a 
co m p ara tiv e ly  large am o u n t of iron, since a 
coil w ith  less s tab le  ch a rac teris tic s  w ould  cause excessive th u m p , due to  th e  g en e ra tio n  of 
harm onics.

T he te lephone b ran ch  consists of series condensers a n d  a  low  in d u c tan ce  re p e a tin g  
coil o r tran sfo rm er an d  has h igh  im pedance  a n d  a tte n u a tio n  fo r line cu rre n ts  of te leg rap h  
frequencies, b u t  h as  little  effect u p o n  te lephone transm ission . I t  su pp lem en ts th e  te leg rap h  
b ran ch  in  reducing  th u m p  an d  also serves to  lim it m u tu a l in te rfe ren ce  b etw een  te lephone

* See p ap e r b y  M artin  an d  Fondiller, J o u rn a l A . I .E .E „ F e b ru a ry  1921, page 149.
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signalling and telegraph. The repeating  coil is also used for deriving the phantom  circuit 
in  the usual m anner.

The composite set is sufficient to  lim it receivm g-end-thum p to a harm less am ount, b u t 
greater protection is necessary against sending-end-thum p. In  order th a t  the additional 
equipm ent for th is purpose m ay have the m inim um  effect on telegraph transm ission, i t  is 
placed in the tran sm itte r branch  where i t  affects outgoing signals only. I t  consists of series 
inductances and  bridged capacities to suppress the high-frequency com ponents of the 
telegraph impulses as in the  com posite s e t ; the  m utual inductance of- the  coils is m ade small 
so th a t they  m ay be effective in reducing thum p in the phantom  circuit. In  single- 
com m utation repeaters, another coil is necessary in  the transm itte r branch to  prevent 
excessive phantom  circuit thum p. This coil is connected w ith its  windings parallel-aiding 
as regards the phantom  circuit and  therefore is series-opposed or non-inductive for the 
m etallic telegraph operating currents. An exam ination of the  circuits will show th a t in 
double-com m utation, operation of the  telegraph impresses voltage on the  phantom  circuit 
only if the two transm itting  tongues fail to  operate in exact synchronism ; in single­
com m utation, voltage is im pressed on the phantom  circuit by  the norm al operation of the 
transm itte r, since the  telegraph current, being unbalanced, has a large longitudinal 
com ponent.

To preserve the duplex balance when using a composited line, a composite balancing 
set, consisting of a series coil and  a bridged condenser, is provided for insertion in the artificial 
line branch as shown in Figs. 10 and  13.

• To pro tect the receiving relay from interference from the  135-cycle curren t used for 
telephone signalling, a resonant shun t is bridged across the telegraph set on the  line side of 
the  receiving relay and  a balancing shunt is bridged across the set on the artificial-line side. 
A single coil is m ade to serve for b o th  of these shunts, one winding being placed in the line 
side and the o ther in the  artificial-line side.

Twenty-cycle ringing current, which is used for signalling in the local term inal equipm ent 
of the telephone circuit, and operation of the telephone receiver switch-hook, give rise , to 
transien t currents which tend  to  harm  telegraph transm ission. To minimise this effect, a . 
condenser is connected between windings of the repeating  coif.

Since m etallic telegraph repeaters are spaced about 100 miles (160 km.) ap art and 
telephone repeaters on m any circuits about 50 miles (80 km.), m eans m ust be provided for 
passing the telegraph currents around the interm ediate telephone repeaters. This is done 
by  inserting  an “ in term ediate ” composite set on each side of the telephone repeater and 
connecting the telegraph branches together through a “ by-pass ” set. This arrangem ent 
is shown in Fig. 15. The in term ediate composite set is very sim ilar to  the term inal composite

set. The by-pass set consists of a re ta rdation  
coil of high inductance and little  m utual 
inductance between windings, w ith or w ithout 
a resonant shunt. The purpose of this by-pass 
set is to keep the am plification characteristic 
of the telephone repeater from  being affected 
by currents feeding back through the telegraph 
branches of the composite sets from  the output 
into the inpu t of the telephone repeater. For 
four-wire telephone circuits, on which repeaters 
work w ith com paratively high amplification, it 

is necessary to bridge a shunt, resonant a t about 135 cycles per second, a t one end of the
b3^-pass to prevent excessive feedback a t 135 cycles per second and neighbouring frequencies.
I t  is grounded in the m iddle and  tw o coils are provided, connected so th a t  one will be 
effective for the side circuit and the  o ther for the phantom  circuit. For two-wire telephone 
circuits the resonant shun t is unnecessary.

Composite Set

F i g .  15 .— In te rm e d ia te  C om positing A rrangem ents.



Equipment Arrangements.

The term inal-type repeater is assembled as a complete unit a t the time of m anufacture 
and therefore the installa tion work consists only in arranging the repeaters in rows and con­
necting the line conductors, loops and batteries to the term inal strips. A typical installation 
is shown in Fig. 16. A term inal and a through repeater are shown in Fig. 17 and Fig. 18 
respectively.

A term inal repeater stands 62 in. (1 • 57 m.) 
high and occupies a space 14 in. (36 cm.) 
wide and 12 in. (30 cm.) deep and weighs 
about 220 lbs. (100 kg.). The keyshelf is 
about 40 in. (1 m.) above the floor. On the 
top of the repeater is m ounted the operato r’s 
“ calling-in ” lamp.

The floor-mounted type of through 
repeater has the same equipm ent assembly 
for bo th  the east and west sides and these are 
practically the same as the portion of the 
term inal repeater which operates on the cable 
section. The equipm ent in the right-hand 
section of the through panel is for repeating 
signals from  the east line to the west line, and 
the left vice versa. This repeater weighs 
about 230 lbs. (105 kg.) and occupies the 
same space as a term inal repeater.

The rack-m ounted through repeater was 
developed after experience w ith the floor-type 
had shown how little  m onitoring a tten tion  
was required. For th a t reason the repeater was 
simplified by the elim ination of the line m eters and m onitoring apparatus. A unit term ed a 
“ m onitoring unit ” is provided for a group of about seven repeaters, and it can be connected 
into any one repeater by m eans of cords and plugs. A rack-type repeater consists of three 
u n its—the relay and transm itte r-b ranch  unit, the balancing composite unit, and the artificial- 
line unit. Each of these units consists of a steel panel w ith  necessary apparatus, arranged 
for m ounting on two uprigh t s tandard  I-beams, thus forming a “ bay .” Generally there are 
four repeaters, or three repeaters and a m onitoring panel, per bay. Fig. 19 shows an arrange­
m ent of repeaters on racks having a height of about 90 in. (2-3 m.). This type of repeater 
is supplied for single-com m utation operation only, whereas both forms of “ floor-mounted ” 
repeaters are supplied for double-com m utation operation. Considerable economy in first cost 
and m aintenance is secured by the use of this rack-m ounted equipm ent.

F i g . i 6 .-—Installation of Metallic Telegraph 
Repeaters—Terminal Type.

O p e ra tio n  a n d  M a in te n a n c e .

The metallic telegraph repeaters require com paratively little a tten tion  on the part of 
repeater a ttendan ts. U nder norm al operating conditions one man takes charge of about 24 
term inal repeaters or 40 through repeaters. The duties of the repeater a tten d an ts  consist 
m ostly in m aintaining satisfactory impedance balance of the artificial lines against the real 
lines. This balance is, of course, more exacting for full-duplex operation than  for half-duplex. 
The capacity  balance varies only a slight am ount. V ariations in resistance balance are caused 
by tem perature changes, the average daily variation being about 6 per cent. The differential 
milammet.er is used as an indicator in determ ining the resistance and capacity values required 
to obtain a balance.
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The equipm ent m aintenance work required for these repeaters is exceedingly small. 
For a typ ical installa tion of 200 repeaters the ad justm ent of relays and general m aintenance 
will necessitate no t more th an  four or five m an-hours per day.

The m aintenance schedule for adjusting the relays is somewhat variable, depending 
upon the type of circuit in-which they are operating. In  general, a 209-F A  rela3? in a term inal 
repeater will give un in terrup ted  service for two to three m onths and in a through repeater 
for four to six m onths. The 215-A  relays are ad justed  about every three weeks when used as 
" break ” relays and  every six m onths operating as pole-changing relays.

W ith  proper m aintenance the transm ission of the_ metallic telegraph system  is such as 
to furnish high-grade half-duplex m anual service for distances up to  2,000 miles (3,200 km.) 
or more. For the longer distances the signal propagation time is increased to an am ount 
which m akes the tim e required to  “ break ” appreciable, b u t not objectionable. For half- 
duplex p rin ter operation the m etallic circuits are satisfactory for speeds up to about 19 dots 
per second, which corresponds to  about 300 characters per m inute for the sta rt-sto p  type 
of prin ter.

For full-duplex service, the metallic system  affords very good transm ission w ith m anual 
operation for distances up to  1,000 miles or more. W ith  careful m aintenance of duplex 
balances, such a circuit is satisfactory for full-duplex p rin ter operation a t speeds up  to  about 
16 dots per second, corresponding to  about 260 characters per m inute for start-stop  prin ters 
and 385 for m ultiplex printers.

I t  is of in terest to  note th a t m etallic circuits in cable are m uch more dependable and 
less subject to  in terrup tion  th an  open-wire circuits. Such d a ta  as are available indicate 
th a t the annual lost tim e on a long metallic cable circuit is only about one-tenth as great 
as th a t on a ground-return  polar-duplex circuit of the same length over open wire.

Commercial Use.

A t the present tim e there are in operation in the Bell System  about 55,000 miles 
(89,000 km.) of m etallic telegraph circuits of th is type, of which 30,000 miles (48,000 km.) 
are worked on a com posited basis-. A pproxim ately 20 per cent, of the to ta l mileage is operated  
full-duplex. There are now installed in the p lan t about 430 through repeaters and 1,050 
term inal repeaters.
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A P P E N D IX  C.f., No. 3.

SYSTEM OF EARTH RETURN TELEGRAPHY, DERIVED FROM PHANTOM CIRCUITS, 
USED BY THE GERMAN ADMINISTRATION.

The phantom  circuits of the German Telephone Toll Cable System  are appropriated  lor 
earth  re tu rn  telegraphy used for the preparation  of telephone com m unications. A schematic 
showing the circuit arrangem ents is attached. A coil of high inductance, associated w ith 
a 6 m.f. earthed  condenser, serves to round off the telegraph currents in order to avoid in ter­
ference w ith the telephone service. The power requirem ents of the telegraph circuits are 
supplied by  the central b a tte ry  (24 volts) a t  the telephone exchange. The ohmic resistance 
of the inductance coil m ust be fairly high in order to protect the  first loading coil in the cable 
in the event of an earth  fault occurring im m ediately beyond it.

The 24 volts obtained from the central b a tte ry  is sufficient to assure good telegraph 
operation w ithout the use of telegraph repeaters, over phantom  circuits using 1-4  mm. con­
ductors 300 km. long, and over phantom  circuits using 0-9  mm. conductors 150 km. long.

A t interm ediate telephone repeater points in the 300 km. and  150 km. cable sections 
(1-4 mm. and 0 • 9 mm. conductors respectively), the  m id points of the E ast and  W est phantom  
transform ers are directly connected together. If i t  is desired to  telegraph over greater distances, 
telegraph repeaters are used every 300 km. or 150 km., according to the diam eter of the  con­
ductors, and  they are arranged and shown in the schematic (Fig. 1).

TELEGRAPH R EPEA TER S ARE LOCATED 
EVERY 300 K m . IN  0-9 m m . CIRCUITS.
EVERY  600 K m . IN  1-4 m m . CIRCUITS.

b. c.

MONITORING T ELEG R A PH  
A PPA R A T U S.

SYSTEM OF EA RTH -R ETU R N  TELEG R A PH Y  D ER IV ED  FROM PHANTOM T E L E PH O N E
CABLE CIRCUITS.

F i g . 1.
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A PPE N D IX  C.f., No. 4.

SYSTEM OF TELEGRAPHY, DERIVED FROM TELEGRAPH CIRCUITS, USED BY THE
GERMAN ADMINISTRATION.

(Siemens and Halske System.)
In  order th a t  telephone cables m ay be operated under the m ost advantageous and 

economical conditions, the Siemens and H alske Company have produced a system  which 
perm its the  use of telephone circuits for sim ultaneous telephony and telegraphy. A ctually, 
the  m ethod is an old one—it is sufficient to m ention the Van Rysselberghe System —b u t the 
arrangem ents which have been employed no longer m eet present day requirem ents as regards 
speed of telegraph transm ission and  the protection of installations against disturbances.

The Siemens and  H alske System  can be used for high speed telegraphy and  is so designed 
th a t there is no reason to fear th a t  telephone traffic will have any adverse effect upon th e  
transm ission of telegram s, and vice versa.

For the transm ission of telephone currents a frequency band is used in which the lower 
lim it is of the  order of 300 periods, and the frequencies below 300 periods are available for 
telegraph purposes.

Norm ally, a high speed telegraph system  handles 600 letters per m inute. This speed 
corresponds to 3,000 curren t impulses per m inute—th a t is, 50 impulses or 25 periods per second. 
To obtain  good telegraph transm ission a t 25 periods it is sufficient to allot a frequency band  
of zero to  about 60 periods. I t  will be seen, therefore, th a t  although the  speed of telegraph 
transm ission depends upon the w idth  of the frequency band  to be tran sm itted  over the  
telephone circuit, the  m axim um  possible speed is no t obtained in actual practice.

To establish telegraph com m unication betw een two offices, physical circuits in the  same 
quad  are generally used— one for transm ission in one direction and the o ther for transm ission 
in  the  reverse direction. I t  is also possible w ithout serious difficulty to ob tain  satisfactory  
duplex service over a single circuit, b u t this is m ore costly th an  two comm unications operating 
on a simplex, or one way, basis. For this reason duplex service will not be used so long as 
a sufficient num ber of cable circuits suitable for sim ultaneous telephony and  telegraphy are 
available.

I. Schematic of the Siemens and Halske Circuit.
Fig. 1 is a schem atic of the Siemens and Halske system  of telegraphy superim posed upon 

telephone circuits. Compared w ith the  Van Rysselberghe system, it has im portan t refinements. 
In  the  la tte r  system  (Fig. 2) separation of the telegraph and  telephone currents is effected in

S

VAN R Y SSELB ER G H E SYSTEM. 
F i g . 2 .
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24  VOLTS +

SYSTEM OF COMBINED TELEPH O N Y  AND TELEG R A PH Y  USING FIL T E R S.

F i g . i .

202



a very  simple m anner. T he m ethod consists in connecting, a t the  extrem ity  of a line, the 
telephone apparatus betw een the  condensers C and the telegraph apparatus between the 
inductance coils S. The new system  differs from the Van Rysselberghe particu larly  in th a t  
electric filters are employed to  lim it m ore accurately th e  frequency bands. Thus, in front of 
the telephone is a high-pass filter w ith  a cu t off a t 160 periods and in front of the telegraph 
is a low-pass filter w ith a cu t off a t 60 periods. Furtherm ore, double curren t telegraph working 
is used and  it is arranged th a t the two poles of the b a tte ry  can be connected to the  two con­
ductors of the telephone circuit (Fig. 1). '

F or transm ission over the same distances, double current Operation requires a lower 
voltage th an  single curren t operation, and, in consequence, there is less danger of the telegraph 
currents causing interference in the  telephone circuits. In  using bo th  poles for transm ission 
there is the advantage th a t  a common b a tte ry  can serve several telegraph circuits. .W ith  
single curren t working th is would undoubtedly  cause interference. For instance, if the key 
T 1 (Fig. 3) is depressed, an im pulse will circulate between the — pole and -j- pole of the 
b a tte ry  by  the  p a th  indicated  by  the do tted  line. In  using both  poles (Fig. 4) the conductors 
1 a and  lb  receive an equal charge b u t of opposite sign, and the effect upon neighbouring con­
ductors will, therefore, be neutralised. The telegraph currents cannot reach the telephone 
because of the  high selectivity of the filters used. If the two contacts of the  transm itting  
relay do not close a t the same instan t, however, interference currents can reach the  telephone 
receiver. As shown in Fig. 5, if the arm ature  of the relay (a) touches the contacts connected 
to  the  — pole of the b a tte ry  when the con tac t is not closed a t (b), and the  relay arm atures 
associated w ith lines 3 and 4 are resting on their lower contacts, it will be seen th a t a current 
impulse will circulate between the  two poles of the b a tte ry  and will traverse the telephone E  
as shown by the do tted  line. To avoid this, the condensers C (Fig. 5) are each replaced by 
two condensers in series 2C (Fig. 6). W ith their m id points connected by  conductors e and d, 
any interference impulses will thus follow the p a th  indicated by  the do tted  line and  w ithout 
passing through the telephone receiver. If, during operation, the contacts of the tran sm itte r 
relay are opened, the curren t will be in te rru p ted  and the energy resulting from the  m agnetic 

• field collapsing in the  coils of the  low-pass filter will cause interference in the telephone. This 
is avoided by  shunting the transm itting  relay contacts w ith small condensers and  resistances 
in series, as shown in Fig. 1. The condensers absorb the energy released in the inductance 
coils. D uring its travel the  arm ature of the  receiving relay induces curren ts in  its  operating 
windings which are perceptible in the telephone receiver connected across the  same telephone 
lines. This objectionable effect is avoided by  the insertion of a single section low-pass filter 
(Fig. 1) in front of the receiving relay.

The high-pass filter in the p a th  of the telephone currents as well as im pedance of the 
low-pass filters located a t the  entrance of the  cable circuits are the cause of an increase in the • 
a ttenua tion  of the telephone 'circuit. This increase affects particu larly  the low frequencies 
and  corresponds to about 6 =  0-5 at  300 periods. I t  becomes less pronounced as the  higher 
frequencies are approached and a t 1000 periods it is practically negligible. I t  is not possible 
to use signalling currents of 25 periods over the  combined telephone and telegraph circuits, 
and  m odulated  voice frequency signalling curren t is, therefore, used, as on 4 wire circuits 
(500 periods).

II . M ounting of the Equipm ent.

The supplem entary appara tus required for telegraphy over telephone circuits is m ounted 
upon a rack (Figure 7 a) which can accom m odate the. panels required for five two-way com­
m unications ; th a t is, for five incom ing and five outgoing lines.
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TELEGRAPH IN TER FEREN CE. DOUBLE COMMUTATION.
. W ITH  SINGLE COMMUTATION.

TELEPH O N E IN TER FER EN C E CAUSED BY IRREG U LA R OPERATION OF 
TELEG RA PH  TRANSMITTING RELAYS.

F ig , 6„

SUPPRESSION OF TH E IN TER FE R E N C E  R EPR ESEN TED  IN  FIG . 5.
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U nits which m ust be accessible are grouped upon an -iron panel (Figure 7B); they  are : 
transm itting  relays, receiving relays, apparatus for-measuring incoming and outgoing currents, 
and jacks for interchange of apparatus or replacem ent by stand-by  apparatus. The panels 
in question occupy the central portion o f  the  rack. Above and below are panels carrying 
the  different parts  of the low-pass and high-pass filters..

RACK FOR 2 X  5 OUTGOING CHANNELS 
‘ AND 2 X  5 INCOMING CHANNELS.

F i g . 7 A .

In  general, the racks are installed in the telephone repeater stations, b u t if required for 
technical or exploitation reasons the  central panels carrying the relays can be located in the 
cen tral telegraph office.

2 0 5



A PPE N D IX  C.f., No. 5.

SYSTEM OF VOICE FREQUENCY CARRIER TELEGRAPHY USED BY THE GERMAN
ADMINISTRATION.

(Siemens and Halske System.)

The Siemens and Halske Com pany have developed two voice-frequency carrier telegraph 
system s for loaded cables : a system  using 6 frequencies and a system  using 12 frequencies, 
or channels.

For the transm ission of the carrier currents over long distance cables, the norm al small- 
gauge m edium -heavy loaded conductors (4-wire circuits), equipped w ith  4-wire telephone 
repeaters, are used. The transm ission band  of this type of line is between 300 and 2,000 
periods. This band w idth includes 6 carrier frequencies for the sextuple system  and 12 for 
the 12 channel system. The supervision required by the  12 channel system  is n a tu ra lly  
greater th an  in the case of the 6 channel system . A t present m oreover there exists only a 
lim ited num ber of places which require to be connected by a high speed telegraph system  
using 12 channels. For this reason, th is system  has no t yet been adopted  for European 
telegraph traffic, b u t in order to  take care of fu ture heavy traffic requirem ents, the  12 channel 
system  is arranged so th a t it is easy to change from  6 to 12 channels by m aking slight 
modifications to the equipm ent.

E ach pair of a 4-wire circuit is generally used for transm ission in one direction only. 
There is-no fundam ental difference between the 6 channel and 12 channel system s.

CIRCUIT SCHEMATIC.
I. Transmitter.

Figure 1 is a schematic of the 6 channel system . The carrier currents of 400, 638, 877, 
1,110, 1,350, 1,590 periods are produced by vacuum  tube oscillators. The filam ents of three 
vacuum  tubes are in series. Frequency ad justm ent is m ade by modifying the  inductance of 
the coil in the oscillating circuit and is effected by vary ing  the position, of its iron core.

There is an earthed electrostatic screen between the winding in the oscillator circuit 
and the winding in the transm itte r circuit in order to  avoid capacity  unbalance in the  la tte r. 
This ensures th a t the current in the grid resistances of the transm itting  amplifier is zero 
during current interruptions.

The circuits of the different transm itte rs  comprise a fixed high resistance, and  a control 
resistance to regulate the am plitude of the alternating  current from  the m arking contact 
and arm ature of the transm itting  relay. The tran sm ittin g  relays, operated  by the telegraph 
apparatus, connect the alternating  voltage to the line in accordance w ith  the signals tran s­
m itted  by the telegraph operating equipm ent. The control resistances are potentiom eters 
and they  are joined in series across the grid circuit of the  transm itting  amplifier.

The transm itting  tubes operate w ith  zero grid current, as the grid voltages are negative, 
and consequently the A.C. voltage of one tran sm itte r does not cause any voltage drop in the 
control resistances of adjacent tran sm itte rs ; th a t is, the transm itte rs do no t interfere w ith  
one another.

The series arrangem ent of the control resistances also ensures th a t the  voltage am plitude 
of one frequency a t the ou tpu t of the amplifier does not change when the  operating circuits 
of other frequencies are closed.

As the resistances of the operating circuits (Fig. 1) are high in com parison w ith  the  
im pedance of the operating windings, the vacuum  tube oscillator provides practically  - no 
power during the transm ission of signals, and the frequency of the tran sm itte rs  rem ains 
constant. T ransient phenom ena in the transm itting  tubes, due to load variations, is th u s 
avoided and the speed of transm ission is no t restricted.
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TRANSM ITTER FILTERS. 
F i g . 2 .

SEX TU PLE VOICE-FREQUENCY TRANSM ITTER. 
F i g . i .
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F i g . 4 .

SEX TU PLE VOICE-FREQUENCY RECEIV ER. 
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The voltages across the different resistances are superposed upon one another and  cause 
proportional current variations in the p late circuit of the am plifying tube, which are transm itted  
to line by the ou tpu t transform er.

To avoid crosstalk between adjacent circuits, the voltages of individual frequencies are 
chosen to provide o-2 volts a t the sending end of the line, and when all frequencies are 
transm itted  sim ultaneously, the voltage is about i  volt.

The transm itte r of the 12 channel system  is m ounted in a sim ilar m anner. The 
12 frequencies are located w ithin the frequency band  300 and  1,700 periods and they  are 
separated from each other by equal intervals. As in the case of the 6 channel transm itte r, 
there is one common amplifier for all the currents transm itted . I t  m ay be s ta ted  th a t in 
the case of the 12 channel system  the voltage dividers in the transm itting  circuits are connected 
by filters to the oscillator side of the transm itting  circuit (Figure 2). The purpose of the 
filters is to round-off the signals. The beginning and end of the signals is formed by the 
superposition of all frequencies and in order th a t  no interference m ay be caused w ith  the 
signals of adjacent channels, these filters are used. As the am plitude of interfering frequencies 
diminishes rapidly w ith distance from  the carrier frequency, these filters are no t required by 
the 6 channel system  as its frequencies are more widely spaced;

II. Receiver.
The incoming superposed alternating  currents are tran sm itted  to the receiver (see Fig. 3, 

sextuple receiver) by an amplifier which com pensates for the a ttenua tion  'in troduced by the 
line. Thus the currents of the different frequencies have the same value a t the o u tpu t of 

t the amplifier as a t the sending end of the line. The curren ts then  pass to  6 filters, in  parallel, 
the m id-points of their frequency bands corresponding to  the carrier frequencies. The filters 
separate the different frequencies.

Behind each filter is a detector which transform s the alternating  curren t signals into 
positive and negative d irect curren t signals. Between each detector and filter is an inpu t 
transform er w ith its secondary connected to  the grid circuit of the detector tube. The grid 
bias is such th a t when the channel is idle the p late current is zero. : .

In  the p late circuit is a transform er, suitable for the  frequency of the current impulses, 
w ith its  secondary connected to a polar relay ad justed  for neutra lity . A condenser is shunted  
across the prim ary  of the  transform er.

W hen a tra in  of alternating  currents reaches the grid of the  detector tube, a pulsating 
direct current flows in the plate circu it; the alternating  com ponent of this curren t flows 
through the condenser and  the direct curren t com ponent through the  transform er. W hen 
a direct current flows through the p rim ary  winding an impulse is produced b y  induction in 
the secondary, and the arm ature of the  polar relay is m oved to its  m arking contact. W hen 
the current in the  prim ary  ceases, an inductive im pulse in the  opposite direction traverses 
the secondary winding and moves the relay arm ature to its spacing contact.

The receiving telegraph apparatus (double curren t apparatus) is in series in the receiving 
relay circuit. The transform er, between the detector tube  and  the  receiving relay, enables 
a polar relay to be used w ith  its  arm ature ad justed  neutral.

The corresponding receiver for the  12 channel sjfstem is arranged in a sim ilar m anner. 
The to ta l line curren t is amplified by  a single amplifier. The filters used differ from those 
of the  6 channel system  and  are shown in Fig. 4. The two un its  of each filter are loosely 
coupled, a steeper attenuation  curve th u s being obtained a t the  ends of the  filter transm ission 
bands.

Mounting.
The apparatus of the 6 and  12 channel system s is arranged on racks, all the un its o f 

6 frequencies being grouped on one rack. For 6 channel telegraphy, one tran sm itte r rack a n d  
one receiver rack is required. F or 12 channel telegraphy twice as m any  are required. I t  has 
been endeavoured to arrange all the apparatus un its concerned w ith  the  sam e current, one 
upon the  other and to m ount them  so th a t  they  are easily interchangeable
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T ransm itter Rack.

I t  has been arranged th a t all un its connected w ith the same frequency are located on 
the  same interchangeable m ounting p la te ; thus if any troubles are experienced on one 
frequency i t  is easily possible to change all the apparatus involved. On these m ounting 
p lates are fixed the transm itting  relays, the oscillator tubes w ith  protection covers, the 
equipm ent for frequency and voltage adjustm ents, and a switch which enables a vacuum  tube 
filam ent to be replaced by an equivalent resistance when any channel is throw n out of service. 
This is essential, for as already stated , th ree  vacuum  tubes are connected in series.

The transm itting  relays can be operated  either a t the p an e l,. by  m eans of a control key, 
or from  th e 'te leg raph  office. The operating current of the transm itting  relays traverses the 
m eter located on the m eter panel a t the top  of the rack. This enables the  a tten d an t to observe 
the  operation of the telegraph transm itte r.

■ On the vacuum  tube panel is also a jack  for connecting a telephone in circuit to. m ake 
frequency m easurem ents, or a vacuum  tube voltm eter to m easure amplitudes.

Below the 6 panels described are sim ilar panels carrying keys which enable telephone 
com m unication to be obtained w ith  the  telegraph office, as well as w ith th e  d istan t station 
transm itting  voice-frequencies.

F o r th e  ad justm ent of the  equipm ent before service is commenced, the various stations 
in the circuit com m unicate w ith  each o ther by  telephone. For the telephone com m unication, 
the  phantom  derived from the two pairs allo tted  to the voice-frequency telegraph service 
is used. To call the  d istan t station, or the interm ediate stations, a cu rren t of musical 
frequency is transm itted  over the quad.

" T he vacuum  tube of the  tran sm ittin g  amplifier is m ounted a t the centre of the lowest 
row. Alongside is a spare tube which is autom atically  connected in circuit when the o ther 
tube fails. On the panel is a variable resistance for adjusting the filam ent current as well 
as a sw itch controlling the  amplifier an d  p late supply. In  the same position are m ounted 
jacks for checking the  voltages which th e  6 transm itting  tubes supply to the  amplifier grid, 
and  th e  currents tran sm itted  over th e  line.

On the panels to the righ t and  left of th is centre panel are fuses for the various circuits, 
keys for the filament and p late  supply of the  oscillator tubes, a resistance in the filament 
circuit comprising 3 transm itting  tubes connected in series, and  a two-way key for m eters 
associated w ith  the 3 tubes in series. The key on the right enables the service voltages to 
be observed on a vo ltm eter m ounted on th e  top panel. The key on the  left enables a m eter 
on th e  right of the voltm eter to be connected in the filam ent circuit of the  oscillator and 
amplifier tubes. In  principle th is is a voltm eter, as it measures the voltage across the term inals 
of th e  fixed resistance in the filam ent circuits. • I t  is calibrated  in amperes. On the top 
panel are also m ounted signalling un its for the visual indication of faults. Their ground glass 
windows carry  the inscriptions : F ilam ent Voltage, P la te Voltage, A uxiliary Grid Voltage, 
Telegraph Voltage, and  R egulating G rid Voltage.

In  the event of a supply failure the corresponding inscription is illum inated by a lamp 
behind the glass window. A t the same tim e an acoustic signal (bell) is operated  to a ttra c t 
th e  a tten tio n  of the  a tten d an t. In  the  sm all fram es m ounted on the top  panel are the 
necessary indication labels.

On the  back of the  rack panels are coils and  condensers for smoothing the  supply from 
the p la te  voltage generator.

Receiver Rack.

In  the  middle of the  rack are 6 panels m ounted side by  side, each carrying the 
following un its : A receiving relay for th e  particu lar frequency, a regulating resistance for 
the  filam ent supply, a m eter indicating th e  detector o u tp u t resulting from a  signal received 
from th e  sending station, two lam ps pro tecting  the m arking and  spacing contacts of the 
receiving relay, the detector tube under a pro tecting  cover, a switch to in te rru p t the operating
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curren t of the receiving telegraph relay when it is required to  ad just the la tte r, and  a jack 
for connecting a telephone, or a vacuum  tube  voltm eter, for m onitoring the A.C. currents 
a t the  o u tpu t side of the filter.

Below these panels are 6 o ther panels carrying the filters for the 6 carrier frequencies.
In  the m iddle of the  bo ttom  rows of panels is the  receiving amplifier tube, together w ith 

a spare tube and  associated autom atic change-over device, a variable resistance for regulating 
the filam ent current of the receiving amplifier tube, 6 keys—3 for filam ent and  3 for plate 
supply— a jack for m easuring the amplified a lternating  currents and a jack for m easuring 
the currents before amplification.

The space to the right and left is occupied, as in the case of the transm itting  rack, by  
fuses, keys, and switches for m easuring apparatus.

The upper panel carries galvanom eters for observing the positive and negative curren ts 
tran sm itted  to the  telegraph office, m eters for reading the  supply voltages and filam ent currents, 
and lam p indicator units.

The input and o u tp u t transform ers of the  receiving amplifier and  the  transform er of 
the detectors, are located behind the  rack as well as the  coils and condensers used to sm ooth 
the direct current supply when obtained from  m achines. .

Speed of Transmission.

The speed of transm ission is lim ited by the band  w idth  of the receiving filters. The 
band w idth  is a simple function of the dura tion  of. the transien t period of the a lternating  
curren t telegraph signal. .Suppose th a t  the  duration  of transien t phenom ena is equal to  
t seconds, then  the narrow est transm ission band  permissible is given by the equation :—

A / =  (o-8 to o-88),5
To provide a margin of safety the equation  used in practice is :—

a /  =  i .%;

The filters in the system  described have a transm ission band  of 80 periods; the transien t 
period will b e '0-015 second.

‘A satisfactory service is obtainable so long as the duration  of transien t phenom ena is 
less th an  the duration of a dot. Therefore, it  is possible to transm it 67 dots per second, say 
4,000 dots per m inu te ; th a t is, 800 five-unit signals. A ctually th is speed is no t obtained 
w ith the Siemens high speed telegraph system , which norm ally only operates a t 600 five-unit 
letters per m inute.

Experience has shown th a t transien t phenom ena in long-distance cables has no t affected 
the reliability  of .the service over lines exceeding even 1,000 km . The transien t period of a 
signal is defined as the difference of the propagation  tim e of the  highest frequency and the 
lowest frequency used in the transm ission of a signal. The band of frequencies tran sm itted  
is 80 periods, as s ta ted  above. The difference in propagation tim es is greatest in the  case 
of the band  corresponding to  the highest carrier frequency. This band  is located between 
1,600 and about 1,680 periods. The propagation tim es of these frequencies, over a 0-9  mm. 
conductor 1,000 km. long, are 0-074 and 0-0763 second ; the difference being 0-0023 second. 
For the norm al speed of operation of the Siemens and H alske high speed telegraph system  
(600 five-unit letters per m inute) a transien t period of 0-02 seconds is satisfactory.

As the receiving filters introduce a transien t period o.f 0-015 second, th a t  in troduced 
by the line m ust not exceed 0-005. The transien t period will only reach th is value over cables 
having a length of :—

0-005 . 1,000
-—- 2,200 km. approx.

; 0-0023
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i .—GENERAL.

E xtracts from  the  R egulations for . I n ter n a tio n a l  S ervice. 

(Revision of Paris, 1925.)

Chapter XXIV.—Article 71. 
Section T.

General Arrangements.

The provisions of the  R egulations which are not con trary  to the stipulations of this 
chap ter and  which relate to the same objects as the la tte r  are applicable to the telephonic 
service.

Section A.
International System.

§ 3.— (1) The A dm inistrations concerned determ ine by  common accord the services to
be opened and  the  routes to be em ployed for each of these services.

(2) E ach A dm inistration publishes the nam es of the d istricts and  of -the public call 
offices of the countries w ith  which telephonic com m unication can be established.

§ 4. E xcep t in the  case of a con trary  decision taken  by common accord by  the Adm inis­
tra tions concerned, the in ternational m eans of com m unication are reserved exclusively for 
the  in ternational telephone services for which they  have been established. . .

§ 5 .— (1) W hen the  in ternal m eans of com m unication have to . serve for in ternational
calls, the la tte r  have p rio rity  over in ternal calls of the same category (see Section 0 ).

(2) For calls using m eans of com m unication connecting d istricts near the frontier, the 
lim itrophic A dm inistrations m ay abrogate this priority.

§ 6.— (1) The A dm inistrations concerned inform  one another of the composition of the
m eans of com m unication on their respective territories and  of all im portan t changes of such 
composition.

Section B.
Duration of Service.

§ 1. E ach A dm inistration fixes the  days and  hours of the working of its offices.
§ 2. Offices which are no t perm anently  open are bound to prolong the service beyond the 

regulation hours by  six m inutes in favour of calls actually  proceeding and of calls already 
prepared.

§ 3. Offices in d irect connection assure themselves, as often as is necessary, and a t least 
once a da}/, of the  agreem ent of time. There should not exist a difference of m ore th an  a 
m inute betw een the  tim e of the office clocks and  the  legal tim e of the  countries.

Section C.
List of Subscribers and Call Offices.

§ 1.— (1) E ach A dm inistration publishes official d istrict lists of subscribers and. call
offices.

(2) The days and  hours of opening and closing of exchanges and  public call offices are 
ind icated  in these lists. ,. .



§ 2. Im p o rtan t exchanges and  the principal public call offices receive official lists of 
subscribers of the foreign system s w ith  which they  are in com m unication.

§ 3. For this purpose each A dm inistration supplies gra tu itously  to  th e  A dm inistrations 
of the countries w ith which telephonic com m unication is open a sufficient num ber of copies 
of its official lists.

§ 4. The A dm inistrations take the  m easures necessary in order th a t  the public m ay be 
able to purchase foreign official lists.

RECOMMENDATIONS OE THE INTERNATIONAL CONSULTATIVE
COMMITTEE.

Duration of Service.
The In ternational Consultative Com mittee

Unanim ously advises :—•
T h at the arrangem ents of Section B, § 2, of the R egulations for In terna tional Service 

(Revision of Paris, 1925) be extended, no t only to calls already prepared, b u t also to calls 
of which the d istan t exchange has already been advised, since these calls generally take place 
during the hours of light traffic.

Decentralisation of International Traffic.
The In ternational Consultative Com mittee

* Considering :—
T hat the in ternational netw ork should not be a  netw ork connecting capitals exclusively, 

since such a network incurs delay in transm ission of calls, a prolongation of the routes followed
and a congestion of the in ternal network.

Unanim ously advises :—
T h at for decentralisation of the netw ork, large in ternational tran s it centres be set up, 

sim ilar to  zone or regional centres in in ternal service, these centres being connected either
directly o r indirectly by circuits having the same characteristics as the in ternational circuits.

W herever possible, existing centres shall be chosen as the  large in ternational tran sit 
centres.

In  order to  facilitate the application of § 6, Section A, of the R egulations for In ternational 
Service (Revision of Paris, 1925), the In ternational C onsultative Com m ittee will undertake
the publication of the lists of in ternational circuits.

Obsolete Lists of Subscribers.
The In ternational Consultative Com mittee

Considering :—
T h at i t  is absolutely desirable to  avoid delays and errors in  in terna tional service resulting 

from  the use of obsolete lists of subscribers.

Unanim ously advises :—
T hat the A dm inistrations be requested to destroy the lists of the subscribers for their 

exchanges which have become obsolete and  replace them  by  new ones.

Maximum Waiting Time for Ordinary International Calls.
The In ternational C onsultative Com mittee

Considering :—
T hat, although it  is desirable to p u t into service a sufficient num ber of circuits to allow 

for "  no delay ” calls on in ternational service, i t  is not always possible to do th is  for economic
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reaso n s; b u t th a t, in all cases, it  is preferable to  reduce the waiting tim e for each in ternational 
telephone connection to a minim um , com patible w ith  the cost of establishing each of the 
circuits used in this/connection.

U nanim ously advises :—■
T h a t endeavours should be m ade to fulfil th e  following conditions ;—

ist. For in ternational circuits of less,, th an  500 km, the num ber of circuits should
be such th a t during the busy hour the w aiting tim e shall not hab itually
exceed one half-hour in norrnal times.

2nd. For in ternational circuits of betw een 500 and 1,000 km. this delay shall not 
M bitually  exceed one hour.

3rd; For in ternational circuits of oyer t ,o o o  k m . this delay shall not hab itually
exceed one and a half hours. > •
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2.—VARIOUS CLASSES OF CALLS AND FACILITIES TO BE OFFERED
TO THE PUBLIC.

E xtracts from  the R eg ulations  for I n ter n a tio n a l  S ervice. 

(Revision of Paris, 1925.)

Chapter XXIV.—Article 71.

Section D. 

o r d in a r y  p r iv a t e  c a l l s .

B y ordinary private calls are m ean t paid  calls which enjoy no priority .

Section E.
Urgent Private Calls.

§ 1. U rgent p rivate calls having p rio rity  over ordinary p rivate  calls m ay be adm itted  
by special arrangem ent concluded betw een the  A dm inistrations concerned.

§ 2. U rgent calls are announced by  the caller and  afterw ards from exchange to exchange
by the word “ U rgent."

§ 3. The charge for an urgent call is fixed a t three tim es the charge applying to an
ordinary  private call m ade during the  same period of charge.

Section F.
‘ ‘ Lightning Calls. ’ ’

§ 1. “ Lightning " calls having p rio rity  over all o ther p rivate  calls m ay be adm itted  by 
special arrangem ent concluded between the A dm inistrations concerned.

§ 2. “ Lightning " calls are announced by  the caller, and  afterw ards from exchange to 
exchange, by  the word “ Eclair."

§ 3. The charge for a “ lightning " call is fixed a t 10 tim es a t least the charge applying 
to an ordinary private call m ade during the same charge period.

Section G.
Government Calls.

§ 1.— (1) Governm ent calls are those which are dem anded as such by  :—
(a) Chiefs of S tate, M inisters, Commanders-in-Chief of the Forces of Land, Sea and

Air, D iplom atic Agents (Ambassadors, Ministers P len ipotentiary , Charges 
d ’affaires) and full-tim e Consular A gents;

(b). Consular Agents o ther th an  those m entioned above, b u t only w ith the  authorities
specified in section (a).

(2) These calls include urgent G overnm ent calls and ordinary  G overnm ent calls.
(3) In  services where urgent p rivate  calls are no t adm itted  there m ay exist urgent 

G overnm ent calls.
(4) The calls dem anded as S ta te  calls by  the General Secretary of the  League of N ations 

are assim ilated to those m entioned in section (a).
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§ 2.— (i) G overnm ent calls are announced by  the caller and  afterw ards from station  to
station  by  the words “ E ta t  urgent ” or “ E ta t ,” as the case m ay be.

(2) U rgent G overnm ent calls enjoy p rio rity  over all o ther calls.
(3) O rdinary G overnm ent calls enjoy priority  only over ordinary  p rivate  calls and 

non-urgent service calls.
(4) In  direct services where p rivate  urgent calls are not adm itted  G overnm ent calls 

enjoy p rio rity  over all o ther calls.
(5) The duration  of G overnm ent calls is no t limited. Nevertheless, transit A dm inistra­

tions have the righ t to lim it to six m inutes the duration of S ta te  calls when these calls are 
established by  the in term ediary  of one of their offices.

§ 3. The dem ander of a Governm ent call is obliged, if he is asked, to declare his nam e 
and  rank  and, in the case provided for in § 1, section b, the nam e and sta tus of the called 

' party .
§ 4. U rgent Governm ent calls and  ordinary S ta te  calls are subject to the  charges 

applicable respectively to urgent p rivate calls and  ordinary p rivate  calls exchanged during 
the  same charge period.

Section H.

Calls by Subscriptions.

§ 1.— (1) B y special arrangem ents concluded between the A dm inistrations concerned,
calls by  subscription, a t fixed hours, m ay be authorised if no inconvenience results therefrom  
to the  service in general.

(2) These calls should exclusively concern the personal business of the correspondents 
or th a t  of their establishm ents.

(3) Sufficient in tervals are reserved betw een the  subscription calls to allow the exchange 
of o ther calls.

(4) Subscription calls are subject to the  following charges :—
(a) D uring the  periods of light traffic, half the un it charge, as a m inim um ;
(b) D uring o ther periods, three tim es the un it charge, as a maximum.

§ 2.— (1) Subscription calls are those which take place daily between the same stations
and a t the same hour agreed in advance, and  are booked for a whole m onth  a t least.

(2) The subscription is prolonged from m onth to m onth unless it has been cancelled in 
w riting by  either p a r ty  a t least eight days before the  expiration of the current period of the 
subscription.

§3. As a general rule, the  m axim um  duration  of a subscription call is six m inutes. 
Nevertheless, calls of a longer duration  m ay be consented to afte r agreem ent between the 
A dm inistrations concerned.

§ 4. The subscription m ay be contracted  for from any  date, b u t the m onthly period only 
commences from the  1st of each m onth. The am ount of the subscription relating to the first 
m onthly  period is increased, if need be, by  the p a rt of the  am ount of th a t subscription 
corresponding to the  period com prised between the date of its coming into force and th a t  of 
the com m encem ent of the m onth ly  period.

§ 5. The am ount of subscription is calculated on a m ean duration of 30 days. I t  is 
payable in advance.

§ 6.— (1) The subscription call is officially established between the two stations a t the
hour fixed, unless another conversation is in progress or a dem and for an urgent Governm ent 
call is on hand.

(2) I t  is officially disconnected a t the expiration of the tim e allowed for each call-period 
{seance) if the correspondents have not already given the signal th a t  the conversation is 
finished. Nevertheless, th e  correspondents m ay continue th e i r . conversation if there is no
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other dem and on hand the  additional call is subject to  the general rules of ordinary p rivate  
calls.

§ 7.— (1) No com pensation is given and no refund is m ade if by  the act of the corre­
spondents the call has not taken  place or had  its prescribed duration. The charge relating  
to such, a call is carried into the  in ternational accounts.

(2) A subscription call which by  the act of the  telephone service has not been able to 
be effected or has not lasted  for the prescribed duration  is, if possible, before the end of the 
period  subject to  a like ra te  of charge, replaced or com pensated for by  a call of a duration  
equivalent to the unused period. If the call cannot be replaced or if the com pensation of 
tim e has not been given, the corresponding charge is not carried into the in ternational accounts. 
The A dm inistration of origin m akes a refund on the dem and of the subscriber.

(3) The refund is fixed in the first case a t one-th irtie th  of the m onthly  am ount of the
subscrip tion ; in the  second case a t the  p a rt of the  th ir tie th  of the am ount of the subscription 
corresponding to the  tim e lost.

§ 8.— (1) A pplications for subscription calls should, as a general rule, be m ade in w riting
to the outgoing office. The applications are satisfied according to the order in which they  
are made.

(2) The hours and durations of conversations, afte r having been fixed by  agreem ent 
between the offices interested, are confirmed in writing.

(3) The subscription calls form  the  subject of agreem ents which are concluded between
the-office-responsible for collecting, the charge and  the applicant.

Section I.
Service Calls.,

§ 1.— (1) Calls referring exclusively to the in terna tional telephonic or telegraphic services
m ay be exchanged, free of charge, between the officials of the A dm inistrations authorised 
to  th a t end.

(2) In  claiming the exercise of th is facility, these officials are bound to declare their nam e 
and rank.

(3) Service calls are lim ited to calls where the  em ploym ent of the telephone rou te is 
justified. They take place during the hours of light traffic. However, in im portan t and 
urgent cases they  are. exchanged as soon as it is necessary^ they  are then  considered as , 
“ urgent service calls.” .

§ 2. Service calls are announced by  the dem ander and  afterw ards from  office to office, 
as the case m ay be, by  the  words “ service urgent ” or by  the  w ord “ service.”

§ 3. In  the case of necessity, the telegraphic rou te is em ployed for com m unications 
relative to  the execution of the  telephonic service.

Section M.
Demands for Calls.

§ 1. In  dem anding a call, the  called subscriber’s s ta tion  is designated by  the nam e ol tne 
town (;reseau) of destination  and, if possible, by  his distinguishing num ber or le tter, preceded, 
where appropriate, by  the nam e of his central exchange. Public call offices asked for should 
be designated by  the nam e of their exchange and  their num ber, or by  their denom ination.

§ 2. The valid ity  of dem ands for calls booked for any day and  not set up expires a t the 
m om ent of the closing of the service for the daj^ in those offices where service is not continuous.

§3. The n um ber-o f dem ands for calls : em anating fro m -th e  same correspondent and 
destined for the same town, {reseau) m ay be lim ited -by common agreem ent between the 
A dm inistrations interested. 1-



Section N.

Avis d’Appel and Telephonic Preavis.

•§ i . — (i) A dem and for a call m ay be accom panied by  an avis d ’appel or by  a preavis.
(2) The object of an avis d ’appel is to sum m on .a correspondent to a public call office 

to m ake a call.
(3) The object of a preavis is to advise a subscriber’s station  th a t the dem ander of a call 

wishes to exchange a conversation either w ith  a person designated or w ith  a specified extension 
station.

(4) The avis d ’appel and the  preavis m ay be adm itted  by a special arrangem ent 
concluded betw een th e  A dm inistrations concerned.

§ 2. Avis d ’appel and preavis are subject to a charge fixed a t'o n e -th ird  ($) of the  un it 
charge, w ith  a .minimum of fifty centim es (0 fr.. 50). This charge is divided between the 
A dm inistrations in terested  in the same proportion as the charges for calls.

§ 3.— (1) Avis d ’appel and preavis contain only the following indications
1st. The nam e of the caller and, as the case m ay be, his num ber or o ther indication 

(son indicatif d'appel) ; .
2nd. The nam e and  full address of the recipient (destinaire) (in the  case . of an 

avis d ’appel) or sufficient indication of the person or of the extension station  
dem anded (case of a p reav is);

3rd. In  the case of the  arrangem ents specified under Section L, § 8, the  tim e after 
which the dem and shall be cancelled.

(2) These indications alone are tran sm itted  from the office of origin to  the office of 
destination.

(3) Avis d ’appel and  preavis are tran sm itted  as quickly as possible from office to office.
(4) They are announced respectively by  the words “ avis d ’a p p e l” and  by  the word 

“ preavis.” ■
(5) The delivery' a t an abode of avis d ’appel takes place under the conditions fixed by 

the  A dm inistration of destination. I t  falls to the  caller to consider previously, taking 
account o f  these conditions, w hether the  avis d ’appel can be delivered to the recipient.

(6) Preavis are com m unicated by  telephone to the. subscriber for whom they  are 
destined.

(7) If for any reason delivery of an avis d ’appel cannot take place, the office of origin 
is informed. The caller is, in his tu rn , advised by  the office of origin. A sim ilar procedure 
is followed, in the case of a preavis, if the  d istan t office is inform ed th a t the person .designated 
is absent or th a t the com m unication cannot be established w ith  the extension line indicated. 
In  these two cases the  charge for an avis d ’appel or a preavis is not refunded. The dem and 
for the  call is cancelled officially.

§ 4. The calls which follow an avis d ’appel and  preavis are subject to all the rules of 
in terna tional telephonic com m unication.

RECOMMENDATIONS OF THE INTERNATIONAL CONSULTATIVE COMMITTEE.
Calls by Subscriptions.

The In ternational C onsultative Com mittee 
U nanim ously advises :—

T h a t the  A dm inistrations should adm it in their arrangem ents th a t  the extension of a 
subscription call be considered as a new call and charged to the subscriber’s account.

The In ternational C onsultative Com mittee
Considering :—

T h a t Article 17 of the  St. Petersburg  Convention gives to the A dm inistrations the right 
to  adopt, by  common agreem ent, in their p rivate  regulations, arrangem ents different from 
those of th e  R egulations for In ternational Service,



And th a t subscription calls during hours of heavy traffic generally take  p lace on working 
days only,

U nanim ously advises :—
T h a t i t  is desirable th a t in the arrangem ents concluded between A dm inistrations the 

stipulations of Section H, § 2 of the R egulations of Paris, shall be com pleted in the  following 
m anner :—

The caller in a subscription call to be effected during the hours of heavy traffic has the 
right to exclude. Sundays and F east Days. In  th is case the am ount of subscription shall be 
calculated on a basis of 25 working days per m onth, and  such reim bursem ents as are covered 
by  § 7, sub-paragraph 3 be fixed a t a tw enty-fifth  p a r t of the  am ount of subscription, or th a t  
fraction of a tw enty-fifth  p art of the  subscription corresponding to the  lost time.

The In ternational Consultative Com mittee 

U nanim ously advises
T h a t the in terested  exchanges be authorised w ithout the in tervention  of the  A dm inistration 

to  agree to subscription calls of a duration  exceeding six m inutes during the  hours of light 
traffic.

Requests for Information.
The In ternational Consultative Com mittee

Considering :—
T h at there is a necessity for satisfying, as far as possible, requests from  the public for 

inform ation and th a t a charge is applicable to those requests which require service calls betw een 
exchanges.

U nanim ously advises :—
T h at certain  requests for inform ation relating to in ternational service shall be adm itted , 

thus giving the subscribers the right to ascertain, w ithou t passing a call, if such and  such a 
person in the area of another exchange is a telephone subscriber when the inform ation 
operator of their own exchange is unable to  tell them ; of asking the nam e of the person in 
another exchange corresponding to a definite telephone n u m b er; of ascertain ing the  nam e of 
a person who has asked for his own n u m b er;

T h a t these requests for inform ation shall be subject to a  charge not exceeding one-third 
of the un it for an  ordinary call between the  places concerned.
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3. METHODS OF OPERATION.

E x t r a c t s  fr o m  t h e  R e g u la t io n s  f o r  I n t e r n a t i o n a l  S e r v ic e .  

(Revision of Paris, 192$.)

Chapter XXIV.—Article 71. 
Section O.

Establishment and Disconnection of Calls.

§ 1. Calls subject to  a charge are passed in the  following order
(a) U rgent G overnm ent calls.
(b) “ L ightning ” calls.
(c) U rgent p rivate  calls.
(d) O rdinary Governm ent calls.
(e) O rdinary  p rivate  calls.

§ 2.— (1) D em ands for calls (with avis d ’appel or preavis, if such there be), and  notices 
of cancellation no t em anating from the  term inal office of the in ternational m eans of com­
m unication are tran sm itted  as rap id ly  as possible to  the term inal office— originating end—  
of the  in ternational m eans of com m unication. This la tte r  office classes them  w ith those origi­
na ting  from the  d istric t it  serves, tak ing  in to  account the category to which they  belong and 
th e  hour of reception.

(2) The term inal office— originating end— of the  in ternational m eans of com m unication 
transm its im m ediately to the corresponding foreign office avis d ’appe], preavis and notices 
of cancellation.

(3) The term inal offices m ake arrangem ents between them selves, so th a t the calls m ay 
be exchanged in their proper order.

(4) D em ands for calls, including the  nam es of the  offices of origin and  of destination and 
the  designation of th e  correspondent dem anded, avis d ’appel, preavis and  notices of can­
cellation, should be collated by  the  exchanges.

§ 3. Calls of the  same category are established in alternation. Nevertheless, term inal 
offices connected w ith  one ano ther by several in ternational m eans of com m unication m ay, by  
com m on agreem ent, allocate certain  routes for the establishm ent of tran sit calls or for the 
flow of traffic in a single direction.

§ 4.— (1) One call a t least should be prepared before the  finish of the  call actually  in . 
transmission..

(2) P reparation  consists in effecting the operations necessary in order th a t  the  two 
correspondents (caller and  called) m ay com m unicate w ith  each other w ithout any loss of 
time.

(3) W hen the technical conditions perm it, local calls are officially in terrup ted  in favour 
of in terna tional calls.

(4) Calls already prepared should not be delayed in favour of calls of superior rank.
(5) The flow of traffic on the in terna tional m eans of com m unication should be assured 

in the  corresponding offices in such a m anner th a t it m ay not be retarded, especially by  reason 
of w ork which the  telephonists have to  perform.

(6) The designation, between telephonists, of each call is m ade b y  m eans of an order 
num ber assigned to  th a t  call.

§ 5. Telephone com m unications are established by  the  agreed route. In  case o f . in ter­
rup tion  or congestion (encombrement) they  m ay, according to arrangem ents m ade for T hat 
purpose, be established by  another route, a t the charges prescribed by  these arrangem ents.



§6. Calling signals on the in ternational routes should be answered im m ediately. . If 
the called office does not give an answer after a suitable period of w aiting, it is asked on another 

. telephonic line, or, if th a t  does no t exist, by  telegraph, to  .resume rSfervice on the route in 
question.

§ 7.— (1) Terminal offices verify th a t  the  hearing betw een the  correspondents is satis­
fa c to ry ; they* take note of the tim e of com m encem ent and  finish of a call and, further, 'where 
appropriate, the period during which the hearing was unsatisfactory.

(2) The signal of the conclusion of a call should be given b y  th e  correspondents. Each 
of the d istan t offices im m ediately notifies its term inal office thereof. The term inal office first 
advised severs the connection.

§ 8. Offices have the right officially to cut.off a private call as soon as its duration  reaches 
six m inutes and another dem and is in preparation. The correspondents are advised.

§ 9.— (1) The term inal offices of the in ternational 'm eans of com m unication take note of
the d a ta  necessary for drawing up the in ternational accounts; and  of incidents of the  service.

(2) The term inal offices determ ine, by  common accord, the  duration of every call the 
duration of which exceeds three m inutes. T hey agree upon the duration  to  be carried into 
the  accounts when conversation has been difficult.

(3) In  cases of divergence betw een the term inal offices the  opinion of the  originating 
term inal office prevails.

(4) The term inal offices fix daily, by  telephone, during th e  hours of light traffic the 
num ber of m inutes for which the charge should be entered in the  in terna tional accounts.

(5) To determ ine this num ber, account is taken  of the coefficients corresponding to  each 
category of com m unication (“ lightning,” urgent, avis d ’appel, preavis, etc.). The m inutes 
are, for each period to which a like tariff applies, grouped b y  the  zones of destination.

§ 10. F or the preparation, setting  up and  severing of calls th e  French language is used 
between A dm inistrations of different language, unless special arrangem ents are m ade between 
them  for the use of o ther languages.

RECOMMENDATIONS OF THE INTERNATIONAL CONSULTATIVE COMMITTEE.

Establishment of Calls during Heavy Traffic.
The In ternational Consultative Com mittee 

Considering :—
T h at it is necessary to explain Section O, § 2, sub-paragraph 3, of the  Regulations of 

Paris as regards the exchange of calls betw een term inal exchanges.
Unanim ously advises

T h a t where traffic is sufficiently heavy, dem ands for calls shall be so tran sm itted  between 
term inal exchanges th a t  each term inal exchange shall have a t  least two requests for calls 
ready in each direction over and  above the conversation in progress. •

Method of Establishing Calls with Preavis or Avis d’appel.
The In ternational Consultative Com mittee 

Considering :—
T h at the In ternational Regulation (Revision of Paris, 1925) does not contain  sufficient 

detailed inform ation concerning the  establishm ent of calls w ith  preavis or avis d ’appel.
Unanimously advises :—

T h at the A dm inistrations shall, in th is respect, conform to the  following .rules :—
“ Calls w ith preavis or avis d(appel shall only b e  established in their order when the  

controlling exchange (terminal exchange—originating end— in case of d irect calls, tran s it 
exchange in  the case of tran sit calls) has been advised th a t the  called p a r ty  is ready  to  receive 
the call.’’ :
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F or the establishm ent of a call with preavis the procedure shall be as follows
(a) The exchange of destination shall find out on receipt of the preavis from the subscriber 

concerned if the person or extension instrum ent called is ready to receive the  call.
(b) If the reply is in the  affirmative, shall im m ediately advise the  controlling exchange. 

The la tte r  shall establish the call as soon as its tu rn  arrives,
(c) If the exchange of destination is inform ed th a t the  person or extension set required 

cannot and does no t wish to receive the  call, the controlling exchange and  the originating 
exchange shall be advised. The la tte r  exchange shall inform the caller, th e  request for 
the call thereby being cancelled (Section. N, § 3, sub-paragraph 7).

(d) If the exchange of destination is inform ed th a t the called p a rty  cannot receive the 
call un til later, the subscriber shall be asked to advise, as soon as possible, the hour a t which 
the call m ay be established. The exchange of destination shall m ake known th is inform ation 
to  the  controlling exchange as soon as possible. * If a t the tim e a t which the  called p a rty  is 
ready  to receive the call th e  tu rn  for setting  up this call has not yet arrived, the call shall 
re ta in  its  norm al sequence.

If its tu rn  has already passed the request shall take its place in the norm al sequence of 
its category, following calls already in preparation  a t th a t  m oment.

If  afte r two or three hours the  exchange of destination has not received any  advice from 
the subscriber, it m ay repeat the  dem and in the  case of calls destined, for example, to hotels 
or boarding houses.

The exchange of origin should avoid, as m uch as' possible, requests for inform ation from 
the  controlling exchange and  the probable tim e of the establishm ent of the call. If the caller 
finds the  delay too long, he m ay cancel his call. W hen a preavis cannot be tran sm itted  to 
the called' subscriber through no reply from th a t station on the first call, the sta tion  should 
be again called a t least once, and, in the case of no reply half an hour afte r the first endeavour, 
the call shall be cancelled. The caller shall be advised and  the charge for the  preavis shall 
be collected. ■

(e) W hen the tu rn  for setting  up a call w ith  preavis has arrived, the exchange of destination 
shall indicate to the  subscriber’s s ta tion  the  person or extension instrum ent called, bo th  a t 
the  tim e of the first advice and  the  tim e of the  actual call.

If the  subscriber cannot accept the  call when he receives one or the o ther of these advices, 
because the  called person or extension cannot be reached, a three-m inute fee for the  category 
of the  requested call shall be charged.

F or setting  up a call with avis d’appel, the procedure shall be as follows :—
(a) As soon as the  called p a rty  presents himself a t the public call office or m akes known 

th a t  he is ready to  receive the  call a t a subscriber’s station which he indicates, the  exchange 
of destination shall im m ediately advise th e  controlling exchange. The la tte r  shall set up 
the  call as soon as its tu rn  arrives.

(b) If the exchange of destination is inform ed th a t the called p a rty  cannot, or does. not. 
wish to, receive the call, the  controlling exchange and  the exchange of origin shall be advised. 
The la tte r  shall inform  the caller. The request for call shall be im m ediately cancelled 
(Section N, § 3, sub-paragraph 7). . . -

(c) If the exchange of destination is inform ed th a t the called p a r ty  cannot receive the 
call u n til later, note shall be m ade of this fact, b u t no advice shall be given to the  controlling 
exchange un til the particu lar person is ready  to receive a call.

(d) If a t the tim e when th e  called p a r ty  is ready to receive a call the tu rn  for setting 
up the call has not yet arrived, the  request shall retain  its norm al sequence. If the tu rn  
has already  passed, the request shall take its  tu rn  according to  category, following calls in 
prepara tion  a t th a t  m om ent. If the  caller cancels a call w ith preavis or avis d ’appel, after 
the  transm ission of the indications provided for in Section N, § 3, has already been com­
menced, the  charge for th e  preavis or avis d ’appel shall no t be returned. The exchange of 
destination  shall be inform ed of the  cancellation and, in tu rn , shall advise the called station  
and  the  called p a rty  himself if he is already a t the public call office. Furtherm ore, in the case



of an avis d ’appel if the  caller requests th a t  the  called p a r ty  be advised a t his house of the 
cancellation, a fu rther tax , corresponding to an  avis d ’appel, shall be charged.

If before the establishm ent of a call, or, when necessary, before the first call, the  called 
p a r ty  m akes known th a t he cannot aw ait the  call, the calling p a rty  shall be advised. In  the 
case of a preavis he shall be requested to m ake known w hether he shall cancel or m ain tain  
his request for a call. In  the case of an  avis d ’appel, the dem and for a call is thereby 
cancelled. -

The special charge pertaining to preavis and  avis d ’appel shall only be re tu rned  in the 
following two cases :—

(a) W hen through defective service the  transm ission of the preavis or avis d ’appel 
has not been effected.

(b) W hen after the receipt of a preavis or avis d ’appel the call cannot tak e  place 
through faults happening on the line or in the installation.

Operation of International Circuits.

The In ternational Consultative Com m ittee—

Considering :—
T hat, on the one hand, the regulation of the telephone accounts betw een S ta tes necessi­

ta tes  control from both  ends of the circuit on the duration of calls and th a t, on the  o ther hand, 
th e  operation by  order wires of heavy traffic routes and num erous circuits m akes it p ractically  
impossible to properly control all these durations a t the incoming end of the circuits.

Unanim ously advises :—
T hat, on account of the num ber of circuits and  the  present conditions of the in ternational 

regulations, order wire operation shall be excluded from  international service.

Instruction of the Personnel of Telephone Exchanges.

The In ternational Consultative Com m ittee—

Considering :—
T hat the professional instruction of the  operating and  supervisory staff is of prim ary  

im portance in order to ensure good efficiency of the  in ternational circuits :
T hat in this respect it is very useful to tra in  the  supervisors and  operators in the  language 

of the  connecting countries and to perm it them  to become acquainted w ith  the custom s of the 
subscribers, organisation of service, and  operating m ethods a t the o ther end of the  circuit.

U nanim ously advises :—
T h at exchange of supervisors and operators shall take place frequently  betw een th e  central 

exchanges of the different countries w henever th is is justified by  .circum stances and  the  
in tensity  of the traffic.

T he In ternational Consultative Com m ittee—

Considering :—
T hat, no m a tte r how perfect the operators m ay be, the  circuits have a greater efficiency 

when they  are always served by the same operators.

Unanim ously advises :—
T h at it is desirable, if in ternal service will perm it, for the in terna tional circuits to  be 

always served by the same operators.
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Preparation of Calls.
The In ternational C onsultative Com mittee—

C onsidering:—
T hat i t  is especially desirable, during the hours of heavy traffic, to reduce as far as possible 

the tim e during which a telephone circuit is occupied w ith service connections :
And th a t  good results have been obtained by different A dm inistrations in their in ternal 

service by the  p reparation  of calls by telegraph.

U nanim ously advises :—  •
T h at p reparation  by  telegraph shall be used whenever it  is technically possible.

Telegraphic Preparation of Telephone Calls.
The In ternational C onsultative Com mittee—

C onsidering:—
T h at it  is indispensable to  set up common rules according to which telegraphic preparation 

of in ternational telephone calls will be effected in order to  obtain in each case the best service 
possible.

Unanim ously advises :—
T h at the A dm inistrations shall conform, in this connection, to. the following suggested 

regulations :—  .

SUGGESTED INTERNATIONAL REGULATIONS FOR THE TELEGRAPHIC 
PREPARATION OF TELEPHONE CALLS. •

Definition and Object.
Telegraphic p reparation  of telephone calls consists in utilising a telegraphic connection 

formed by  tak ing  in to  use a  physical or phantom  telephone circuit in order to  pass, by 
telegraph, all service calls relating  to  conversations which will take  place over the circuits 
connecting two exchanges.

Telegraphic preparation, consequently, tends to increase the  efficiency of the circuits 
by  freeing them  of all service calls. I t  goes w ithout saying th a t this is particularly  im portan t 
in the operation of circuits carrying heavy traffic. In  no case m ust the use of the line for 
telegraphic calling affect the operation of the circuits. If, a t a given m om ent, the telegraph 
signals cause any  disturbance on the telephone circuit telegraphic preparation m ust be pro­
visionally suspended.

Selection of Operating Staff.
The operators appointed to  serve in ternational circuits on which the m ethod of tele­

graphic p reparation  is used, m ust not only be experienced telephonists, tra ined  in the 
different operations for setting  up  calls, b u t also good telegraphists.

Telegraph Apparatus to be used.
The telegraphic p reparation  of telephone calls m ust be carried ou t by  means of apparatus 

w ith audible reception. Two exchanges m ay, however, by  common agreem ent, decide to  use 
tap e  machines.

Conventional Abbreviations.
In  order to  accelerate telegraphic transm ission of th e  various service calls, and to  avoid 

the difficulties due to the  fact th a t  two operators speaking different languages are on the 
circuit, a code of in terna tional abbreviations for the more common expressions used in  
telephony, independent of the telegraphic abbreviations and signals provided for in the  Regu­
lations of In ternational Circuits a t  the Convention of S t. Petersburg, shall be used.
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This code of abbreviations, which is reproduced below, can be supplem ented, by agree­
m ent between exchanges concerned, by  a series of abbreviations em ployed between these
exchanges for the designation of im portan t towns or exchanges

O rdinary P rivate  Call ... ... ... ... ... ... P
Urgent P rivate  Call ... ... ... ... ... ... ... ... D
Service Call ... ... ... ... ... ... ... ... ... A
U rgent Service Call ... ... ... ... ... ... ... ... AD
O rdinary S ta te  Call ... ... ... ... ...   ... S
U rgent S ta te  Call ... ... ... ... ... ... ... ... SD
Lightning Call ... ... ... ... ... ... ... ... ... E R
Call by Subscription ... ... ... : . . . . .  A . . . . . . . .  AB
Agreement of D uration ... ... ... ... ... ... ... C
Cancelled ... ... ... ... ... ... ... ... ... AL
Avis d ’appel ... ... ... ... ... ... ... ... ... M
Subscriber has replied ... ... ... ... ... ... ... . ... A R
To set up ... ... ... ... ... ... ... ... ... AP
To transform  ... ... ... ... ... ... ••• ••• ... T R F
“ B o u rse” ... ... ... ... ... ... ... ... ... B
Central Telephone Exchange ... ... ... ... ... ... ... BU

-Public Telephone S ta tion  ... ... ... ... ... ... ... B P
Circuit ... ... ... ... ... ... ... ... ... ... CT
C hecking ... ... ... ... ... ;.. ... ... ... . ... TC

... In te rru p ted  Call ... ... ... ... ... ... ... ... IT
Difficult ... ................. ... ... ...     D IF

. Ineffective (cancellation for inaudibility) ... ... ... ... ... IF
T o 'p u t  on one side ... ... ... ... ... ... ... ... ZL
No re p ly .....................  ...   ... ... ... ... ... N
Busy ... ... ... ... ... ... ... ... ... ... O
E x tra  fee ... ... ... ... ... ... .............................. N P
Preavis ... ... ... ... ... ... ... ... ... ... V
N othing for m e ... ... ... ... ... ... ... ... ... ? ■
N othing ... ... ' ................................  .........................................................R
To ring ... ... ...      S R ,
Come in on Circuit No. X  ... ... ... ... ... ... ... RZx

Numbering of Demands for Calls.
Dem ands for calls passed betw een two exchanges m ust be given a serial num ber, 

which is determ ined by the term inal exchange, a t the originating end, when the dem and is 
passed to the incoming term inal exchange. The even num bers are reserved for calls in one 
direction, the odd num bers for calls in the o ther direction. The num bering commences each 
m orning when the daily service begins.

Subsequently, the calls are denoted by both  operators by their serial num bers only.
If circuits connecting two towns are d istributed  over m any toll positions, each position 

shall have its special num bering scheme.

Transmission of Demands for Calls.
Demands for calls are transm itted  whilst conversations are in progress, when the presence^ 

on the lines of the operators is no longer necessary.
The connecting exchanges transm it a lternatively  their dem ands in such a m anner th a t 

besides the conversations in progress each exchange has a t least two requests for calls w aiting 
in each direction per circuit.

If one of the two exchanges has no dem and waiting, signal “ R  ” is sent o u t; the o ther 
exchange can then  proceed afresh to send its dem ands. If the  signal “ R  ” has no t been 
sent out, the exchange m ust be recalled by  the signal of in terrogation (?).
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The use p f abbreviations is com pulsory in the transm ission of dem ands or in the exchange 
of service. calls betw een the- connecting exchanges.

W hen the exchange which has ju st called has received from the other exchange the signal 
“ K  ” (*—  • — ) it commences to  transm it the  series of dem ands by the starting  signal in all 
transm ission —  • —  • —

Transmission of a dem and is ended b y jth e  signal —  • • • —
Transmission of a  series is ended by the  signal • • • —  •
P unctuation  m arks are no t transm itted..
A bbreviations are no t used for the transm ission of figures except for checking.

Information to be included in the Transmission of a Demand.

The transm ission of all dem ands shall include the following inform ation
1. If the call makes use of a direct circuit only :

(a) Serial num ber.
(b) Class of call, in the case of a call o ther th an  an ordinary private call.
(c) The telephone num ber of the Called subscriber preceded by the designation

of his cen tral exchange.;
The nam es of the originating and term inating  exchanges are om itted.

2. If the call m akes use of several circuits :
(a) Serial num ber.
(b) Class of call, if o ther th an  an ordinary private call.
(c) Name of term inating  exchange if this is no t the exchange which is being

called.
(d) Telephone num ber of the called subscriber preceded, if necessary, by  the

designation of his central exchange.
(e) Name of the originating exchange if  this is no t the  calling exchange.

In  the case of a connection requested “ en Bourse ” the designation of the term inating  
exchange shall be com pleted accordingly.

Exam ples of the transm ission of dem ands :—
Private  call No. 12 from  Brussels for subscriber M arcadet 4628 Paris :

—  • _  • _  12 M arcadet 4628 —■ • • •  —
U rgent p rivate  call No. 14 from  Lyons for subscriber C entral 9417 Berlin :

14 D Central 9417 Lyons — • • • ■ —
U rgent Service call No. 16 Lyons for subscriber 14794 a t A ntwerp switched a t 

B russels:
16 AD A ntw erp 14794 Lyons • • • —••«=—

The transm ission of avis d ’appel and  preavis shall include the particulars relating to the 
establishm ent of a call to which the  avis d ’appel or preavis gives rise (name or telephone 
num ber of the caller, nam e and  full address of the  person w anted— in the  case of an avis 
d ’appel— telephone num ber and  sufficient designation of the  person or the  extension called— 
in the  case of a preavis).

Checking of Demands.
The checking of a single dem and or series of dem ands for calls should follow im m ediately 

the  transm ission and  be term inated  by  the  signal • • • —  • (understood). I t  m ust include 
the  class of call, except for ordinary  p rivate  call, the term inating  exchange, if necessary, the  
num ber of the called subscriber and the serial num ber of the demand.

The checking of av is 'd ’appel or of a preavis which follows its transm ission should include 
the  nam e or the  telephone num ber of the  calling and  called subscriber and the  address.

If the  checking is correct the  calling exchange shall reply w ith the  signal • • • —  • 
(understood); correction should be m ade if necessary.
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Cancellation or Modification of Demands for Calls.
To cancel a dem and for a call the  originating exchange shall transm it to the  term inating  

exchange the designation “ AL,” followed by  the serial num ber given to the call. The 
term inating  exchange shall reply in the  same way.

The modification of the class of a dem and for a call shall be notified by the designation 
“ T R F ,” followed by  the new class of the  call and its serial num ber. The term inating  exchange 
shall reply by  repeating the dem and transm itted .
Examples :—•

Modification of a dem and for an ordinary  .private call num bered 124 to an urgent call :
T R F  D 124 :

Modification of a dem and for an urgent call num bered 138 to an ordinary call :
T R F  P  138.

Agreement of the Duration of Calls Passed.
This agreem ent shall be m ade by  telephone.

Different Instances of Operation of Circuits with Telegraphic Preparation.
For the  operation of in ternational circuits w ith telegraphic preparation it- is desirable 

only to allot to a telephonist-telegraphist a  single line when the conversations tran sm itted  
b y  the line are passed alternatively  in b o th  directions, or two circuits a t the most, when it 
is a ' question of circuits worked exclusively in the  same direction either for outgoing or 
incoming calls.

In  bo th  cases the telephonist-telegraphist will use telegraphic preparation  to its fullest 
ex ten t— th a t is to say, she will use the  telegraph for the transm ission and  reception of the 
dem ands for calls, for avis d ’appel or preavis,-for service calls during progress of call (busy, 
no "reply, cancelling calls, modifying calls) and-requests to come in on the  circuit.

If, as an exception, an operator a ttend ing  to two circuits used in alternative directions 
has charge of the telegraphic preparation  the inform ation relating to the transm ission or 
reception of preavis and avis d ’appel m ay be m ade telephonicallv.

Operating Rules for International Transit Traffic.
T h e  In ternational Consultative Com mittee—

Considering :—  ■
The difficulties which are encountered when using an interm ediate exchange for tran sit 

calls: ’

Unanim ously advises :—
1. T h a t it  is desirable to have direct circuits across tran sit countries in all cases where

traffic justifies th is :
2. T hat, failing these perm anent direct circuits, it is advantageous, if circum stances are

favourable, to allocate circuits a t  definite tim es so as to allow direct connections tem porarily , 
according to the needs of the traffic.

Considering, on the o ther hand  :—
T hat when it will not be possible to set up  perm anent direct circuits or tem porary  con­

nections, it  is desirable to standardise, as far as possible, the m ethods of operation in tran sit 
exchanges. . .

U nanim ously advises :—
T hat it is desirable th a t the following rules for operation should be adopted for transit 

traffic in those cases where the connection passes through one tran sit exchange :—
(a) I t  is necessary for the tran sit exchange to control the call—th a t isdo .say, it will direct 

the preparation and the establishm ent of the  circuit.
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(b) D em ands for calls shall be tran sm itted  as quickly as possible to the tran sit exchange. 
However, it is desirable for th is exchange to have more th an  two dem ands for calls waiting 
in the  same direction. Service advices of preavis or avis d ’appel shall be transm itted  in 
p rio rity  independently  of dem ands for calls.

(c) A fter a transit conversation the  term inal exchanges m ay pass directly o ther calls 
even if the dem ands corresponding to these la tte r  have not been transm itted  to th e  transit 
exchange, providing th a t  there are no calls of a higher class w aiting a t the tran sit exchange, 
the  direct connection rem aining established between the two term inal exchanges, as long as 
the  tran sit exchange considers it advisable. •

(d) The tickets for dem ands for transit calls of the same order .in bo th  directions shall 
be arranged on the same operato r’s position (controlling position); they  shall take their tu rn  
am ongst th e-o th er dem ands which are w aiting a t this position, according to their class and 
th e  tim e received by  the tran sit exchange.

(e) The first tran sit call established in the  sam e series is necessarily the oldest call of the 
highest class th a t  is w aiting on the  controlling position, w hatever has been th e  direction of 
the  preceding call established betw een the two term inal exchanges and the tran sit exchange. 
O ther tran sit calls o f-th e  series will then  follow alternatively. The transit exchange will 
recommence alternation  on the two circuits after the connection has been broken dow n.

(/) Before the  com m encem ent of the last b u t one' call which has to be passed between 
th e  tran sit exchange and the two term inal exchanges, the two corresponding positions a t the 
tran s it exchange shall advise the  two o ther exchanges to prepare th e  tran sit connection. The 
term inal exchanges shall proceed th en  to  w arn the subscribers. If one of the subscribers does 
no t reply, th e  tran sit exchange should be advised of this before the  com m encem ent of the 
last call preceding the tran sit connection, in order to avoid tak ing  into use these two in ter­
national circuits unnecessarily, and, should the case arise, to perm it the preparation  of the 
following tran sit connection.

(g) Circuits of the in ternal netw ork and  subscribers’ lines should be available to the 
term inal exchanges' in order to establish, w ithout delay, transit calls when their tu rn  arrives.

(h) In  the case of disagreem ent betw een the term inal exchange on the caller’s side and 
th e  tran sit exchange concerning th e  duration  of the calls, the opinion of the tran sit exchange 
shall prevail.

Note .— In  the case where a connection passes through several tran s it exchanges 
connected either by  in terna tional circuits or by  in ternal circuits, assum ing th a t great 
difficulties are m et w ith  in the  establishm ent of the connection, and  since no Adm inis­
tra tio n  has any? experience on the’ subject, the In ternational C onsultative Com mittee 
does no t for the m om ent recom m end any  particu lar rules for th is class of operation.

Conditions which should be fulfilled concerning the Operation of Intercommunication Systems 
between International Circuits of 4-wire and 2-wire.

The In terna tional C onsultative Com m ittee—

U nanim ously advises :—
T hat, from  the point of view of operation, it  is advisable for the  operating personnel 

to  have always the same operations to perform  for connecting the two circuits, no m atte r 
w ha t be the  n a tu re  of these circuits.

2 4 1



4. RATES AND TARIFFS.

E x tr a c t s  fr o m  t h e  R e g u la t io n s  f o r  I n t e r n a t i o n a l  S e r v ic e .  

(Revision of Paris,, 1925.)

Chapter XXIV.—Article 71. 
Section K.

Tariffs— Collection of Charges.

§ 1.— (i) The un it charge for each service is th a t  applicable to an ord inary  p riva te  call
of a duration of three m inutes exchanged during the  period of heavy traffic,

(2) The am ount 6f the unit ch a rg e . is fix ed ' by  m e a n s : of agreem ents betw een the  
A dm inistrations concerned, on the  basis of th e  franc (see A rt. 24).

§ 2. The charges for calls are composed of term inal charges and, if appropriate, of tran s it 
charges,

§ 3.— (1) For the  fixing of term inal charges the  te rrito ry  of the A dm inistrations m ay  be
divided into zones.

(2) A uniform  charge is adopted  throughout the  same zone.
(3) E ach A dm inistration fixes the  num ber and  ex ten t of th e ; zones for its relations w ith 

each of the  o ther Adm inistrations.
§ 4. Each tran sit A dm inistration fixes its  tran sit charge. In  the  same conditions of 

tran s it an A dm inistration applies the  same tran sit charges.
§ 5. Each A dm inistration which furnishes' a direct tran sit m eans of com m unication has 

the  right to dem and from the term inal A dm inistrations a guarantee of a m inim um  revenue.
§ 6. The am ount of the unit charge m ay be reduced during the hours of light traffic. 

The A dm inistrations concerned fix by  common accord these hours and the  am ount of the 
reduced charge or charges.

§ 7. The charge is collected, as the case m ay be, from the subscriber by  whom th e  call 
has been dem anded or from the person who has dem anded the  call from a public call office.

§ 8. Each call is charged according to  th e  tariff applicable in the  A dm inistration of origin 
a t the m om ent when the call commences, evefi when it term inates a t a tim e when ano ther 
tariff is in force.

Section L.
Method of Application of Charges— Duration of Calls.

§ 1.— (1) All calls of a duration  equal to  or less th an  three m inutes are charged for as
for three m inutes.

(2) W hen the  duration  of a call exceeds three m inutes, a charge per m inute is m ade for 
the  period exceeding the first three m inutes.

(3) Nevertheless, in services betw een system s near the  frontier the  charges are levied 
b y  indivisible periods of three m inutes. The A dm inistrations concerned determ ine these 
services by common accord. The charge per m inute is one-third of the charge applicable for 
th ree  m inutes.

§ 2. The charge for calls between subscribers commences from the m om ent when com ­
m unication is established between the  calling station  and  the called station , a fte r th e  two 
stations have responded to the ring.

§ 3. W hen the call is dem anded by a public call office station  and destined for a sub­
scriber’s station, the charge commences from  the  m om ent when, the  subscriber’s sta tion  
having  responded to  the ring, the caller is p u t in to  com m unication w ith  the la tte r  station ,
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§ 4- K  the call is destined for a  public call office station, the charge commences from  the
m om ent when, the  two stations concerned having5answered the ring, the  caller in the  public 
s ta tion  or the calling subscriber’s sta tion  (as the case m ay be) is p u t into com m unication 
w ith  the person called.

§ 5. In  all cases where, after correct establishm ent of com m unication, there is a reply 
(from a subscriber’s station) to  the  ring, the  charge is due whoever m ay be the  person 
answering.

§ 6. A dem and for a call m ay be cancelled, w ithout collection of the charge applicable 
to  the call, up  to  the m om ent when the caller is rung by his exchange. The A dm inistration 
of origin m ay collect from  the caller a special charge to rem unerate it for the work of booking, 
cancelling, etc., the dem and for the call. The whole of this charge is re ta ined  by the 
A dm inistration of origin.

§ 7.— (1) W hen the calling or the called subscriber refuses the call, the charge for a
conversation of three m inutes’ dura tion  of the  category of call asked for is applied.

(2) In  the case of refusal by the called subscriber, the caller is advised thereof.
§ 8.— (1) A t the m om ent when he form ulates his demand, the  caller has the  righ t of

specifying th a t  the com m unication should no t be established after a certain  in terval which 
he indicates.

(2) A dm inistrations m ay agree between them selves th a t, in  case of non-reply by the 
caller or the called, there m ay be levied on the caller a special charge which shall en ter in to  
the in terna tional accounts.

(3) The A dm inistrations concerned fix by common accord the  am ount and the hours of 
application of th is charge.

§ 9.— (1) The length of tim e a subscriber is rung, as also th a t  necessary fo r ;calling to
a  public call office station  a correspondent in waiting, is lim ited to  one m inute from  7 h . tto 
21 h.,* and  to  three m inutes during the o ther hours (legal time of the country  of destination):

(2) This period of ringing having elapsed and  no reply being received from  the caller, 
the  called, or from  one of them , the  dem and for the call is officially cancelled.

§ 10. Modifications of the arrangem ents form ing the subject of § 4 and § 9 above m ay 
be m ade by common agreem ent betw een the A dm inistrations in terested  so far as relates to 
calls originating from  or destined for commercial bourses, financial or other.

§ 11. E xcept for s ta te  calls and  subscription calls, correspondents have not the  righ t to 
prolong a  call beyond six m inutes when a dem and is on hand  for a calk over the  m eans of 
com m unication used.

Section P.

Partial and Total Reimbursements.
§ 1. W hen, by  the act of the telephone service, a dem and for a  call is no t followed by the 

caller being placed in com m unication w ith  the sta tion  asked for, the charge is no t applied. 
If the am ount of the charge has been paid, i t  is reimbursed.

§ 2.— (1) W hen, after the  com m encem ent of a  call, the conditions of hearing are no t
satisfactory, the charge is no t levied.

(2) W hen, in  the course of a conversation, the correspondents experience difficulties by 
the act of the  telephone service, com pensation is; as far as possible, accorded im m ediately.

. (3) W hen it has been impossible to  give com pensation, the charge should riot be levied 
if the  dura tion  of satisfactory hearing has no t reached three m inutes; it  should be reduced 
to the charge corresponding to the  duration  of satisfactory hearing if this has been a t least 
three m inutes. > -

* F ro m  7 o ’clock in  th e  m orn ing  to  9 a t  n ig h t for th e  co u n tries 'w h ich  have  n o t ad o p ted  th e  24-hour
clock.
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(4) The dem ander of a call cannot dem and the application of the provisions (2) and  (3) 
above unless th e  central offices or, as the case m ay be, the public call offices concerned have 
been asked to  note the insufficiency of the hearing or the difficulties experienced during con­
versation. Note is taken  of these incidents.

(5) When, after connection is made, the offices observe th a t  the conditions of hearing 
will not be sufficient, connection is severed in order to  avoid any delay in the setting  up  of 
o ther c a lls . '

§ 3. All claims made after the severance of connection are dealt w ith  by the office of 
origin. The term inal offices correspond directly  w ith  one another in order to collect the 
inform ation which m ay be necessary for inquiry. The reim bursem ents are accorded by  the 
office of origin and a t their charge.

Section Q.

Accounting.

1. Telephone charges form, on the p a rt of each A dm inistration, the  subject of a special
account independent of the telegraphic account.

2. The settlem ent of telephonic accounts is effected according to  the arrangem ents
applicable to telegraphic accounts (see Chapter X X V II.).

Section R.

Records.

The dockets which have served for the establishm ent of in ternational telephone accounts 
are preserved for twelve m onths.

RECOMMENDATIONS OF THE INTERNATIONAL CONSULTATIVE COMMITTEE. 

No Reply from a Subscriber.
The In ternational Consultative Com mittee—

Considering :—
T h at the Regulations for In ternational Service (Revision of Paris, 1925) allow Adm inis­

trations full liberty  to  settle the cases of no reply from  calling or called subscribers (Section L  
§ 8 (2) and (3)).

Unanim ously advises (with two dissenters) :—■
T hat A dm inistrations shall agree in their particu lar arrangem ents to charge, in the case 

of no reply from  the calling subscriber, a tax  for a call of three m inutes’ duration, according 
to  the class of the required c a l l :

Unanim ously advises (with one dissenter)
That, in the  case of a no reply  from  the called subscriber, no charge shall be m ade :

U nanim ously advises (with two dissenters) :—•
T h a t when a subscriber, having replied when warned of a call, does n o t reply when the 

cen tral exchange recalls to  set up  the  connection, a  charge corresponding to  a three-m inute 
call of the class required shall be made.
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Tolerance and Arrangements for Registering the Duration of Calls.
The In terna tional C onsultative Committee—  •

C onsidering:—

T hat the m ethod of charging m inute by m inute after the first un it of conversation is 
m ore favourable to  the subscribers th an  the old m ethods of charging, by . which a certain 
tolerance was allowed in practice.

Unanim ously advises :—: •

T hat for the  exact application of the Regulations for- In ternational Service no tolerance 
shall be allowed in  determ ining the duration  of calls ;

T hat the A dm inistrations shall be advised to adopt m ethods of registering the duration 
of calls which are as hear the sam e degree of accuracy as possib le;

T hat the A dm inistrations of G reat B ritain  and Switzerland shall com m unicate to  the 
In ternational Consultative Com mittee the results of investigations which they  in tend  to  make 
shortly  on this subject.

' Calculation of International Telephone Charges.

The In ternational Consultative Committee—  -

Unanim ously ad v ise s :—  ’ ' ' :

1. T h at the charge for in terna tional telephone calls should consist, norm ally, of

[a) term inal charges accruing to  the A dm inistrations of origin and destination 
(Terminal- A dm in istra tions); ' A

(b) of tran s it charges accruing to  the interm ediate A dm inistrations, if such exist 
(Transit A dm in istrations);

2. T hat, in fixing term inal charges, each country  shall be divided in to  zones, the charges 
w ith in  the sam e zone being the sam e for the same country  and calculated in  accordance w ith 
the distance betw een the zone and  the frontier, th is distance being fixed for each zone by the 
A dm inistration concerned, the la tte r  being free to  determ ine the lim it of its  zones in  accord­
ance w ith its  own traffic or in  accordance w ith financial or o ther considerations, different 
zones being, if necessary, defined in the same country for the traffic w ith different countries;.

3. T hat in the distance used for the purpose of calculating charges the length of any 
subm arine section shall be m ultiplied by a coefficient to  be decided upon by  the A dm inistration 
concerned, regard  being paid  to  the annual charges (including in terest, depreciation and m ain­
tenance) ;

4. T hat, in the case of countries of a  hilly nature, or having a special geographical 
situation, in  which the  actual rou te  followed by the circuits is unavoidably very devious, 
i t  shall be adm itted  th a t the distance upon which the charges are calculated can be con­
siderably higher th an  the distance m easured as a  straigh t line betw een .the frontier and th a t 
po int of the zone in  question which is the greatest crowfly distance from  i t ;

5. T hat, when telephone calls between two A dm inistrations m ake use of the territo ry  
of one or more in term ediate A dm inistrations, the charges applied by  the tran sit countries 
shall be calculated in accordance w ith the average crowfly distance between the points where 
the in ternational circuits en ter or leave, this crowfly distance being liable to increase in 
accordance w ith  § 3, if subm arine cables have to  be used and increased in accordance 
w ith  § 4, if a m ountainous coun try  has to be traversed or a  country  possessing a particular 
configuration.

6. In  all cases th e  charges for in ternational telephone calls per un it of.distance ahall.be 
calculated in each coun try  011 the  basis of their net cost. ' ‘



The In ternational Consultative Committee— 
after having studied the net cost of in ternational telephone com m unications in each country ,

Unanim ously advises :—
1. T h a t under favourable conditions of operation the net Cost of the com m unication

can be considered provisionally as covered by the  following am ounts :—-

Operating charge :
Term inal exchange ... ... ... ... ... ... ... ... o fr. 80
T ransit exchange ... ... ... ... ...■ ... ... ... 1 fr.

A m ortisation, in terest on cap ita l and  m aintenance of the  telephone route :
0 fr. 60 per 100 km. crowfly distance or fraction thereof.

2. T h at it will be convenient to adopt, in a general way, frontier charges no t exceeding
0 fr. 60 for crowfly distance between netw orks less th an  25 km .-and 1 fr. for crowfly distance 
between 25 and  50 km.

Minimum Traffic to be Guaranteed to Transit Countries.

The In ternational Consultative Com mittee—

Considering :—
v T hat, on the one hand, term inal A dm inistrations should have am ple liberty  to request 

tran sit A dm inistrations to place circuits a t th e ir disposal and  th a t, on the o ther hand, 
tran s it A dm inistrations ought to be able to satisfy the requests for direct circuits w ithout 
being deterred b y  the fear th a t  the traffic carried  by  these circuits will not provide sufficient 
revenue to m eet the  construction and m aintenance costs of tran sit circuits.

Unanim ously advises :—
T h at it  be adm itted  th a t an  A dm inistration from which a circuit for tran s it traffic is 

requested shall have the right to  dem and, in re tu rn , the  guarantee of a m inim um  revenue.

C onsidering:— ' -
T h a t the  traffic which can be carried by  a particu lar circuit depends largely on the m anner 

in which it is m aintained, and th a t it appears desirable to in terest the tran sit country , by  
some more efficacious m eans th an  the establishm ent of an  agreed annual paym ent, in the  
m aintenance of an excellent quality  of service producing a satisfactory  revenue by  reason 
of the m aintenance in perfect condition of the portion of the circuit under the charge of th a t  
tran sit country, and  th a t th is objective can be a tta in ed  by  in teresting  the tran s it coun try  
in the to ta l traffic carried by  the circuit by  m eans of a proportional partic ipation  in the 
num ber of com m unications effected, w ith  a guaranteed  m inim um  revenue,

Unanim ously advises :—
T h at th is procedure shall be preferred to th e  establishm ent of any agreed paym ent, 

w ithout the  la tte r, however, being com pletely excluded :

Considering
T h at the experience acquired does not appear sufficient to justify  the fixing, even p ro­

visionally, of a standard  m inim um  value and th a t the point of view of transit countries on 
th is subject will depend, to  a great ex ten t, on present-day installa tion costs of th e  circuits 
requested, also on the possible use to  which th e  available wires will be pu t.

Unanim ously advises
T h at the  determ ination of this m inim um  by direct negotiations shall be left to  the 

A dm inistrations interested :
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Considering :—
T h at the  receipts obtained from  a telephone circuit depend, to a large ex ten t, on the 

day-to-day m aintenance of th a t  circuit.

Unanim ously advises :—
T hat, if a m inim um  revenue is guaranteed, it is also advisable to effect a reduction in this 

revenue in respect of in terrup tions to  the circuit in the tran sit country, a t  least when the 
tran sit coun try  does no t undertake to replace the defective circuit by  another c irc u it; this 
reduction shall take into account all the in terruptions of a whole day, a com plete day being 
regarded as the  in terval of tim e between 9 a.m. and 3 p.m. If the replacing rou te involves 
the in tervention of an exchange, the  charge due to the tran sit A dm inistration is no t modified :

C onsidering:—■
T h at the  legal tim e of the  in terested  countries m ay not coincide.

Unanim ously advises :—
T h at the precise hours of com m encem ent and  term ination  of the period of in terruption  

th a t m ust be taken  into account (9 a.m. to  3 p.m.), as well as all o ther details re lative to the 
reduction arising out of in terrup tions/shall be fixed by  direct agreem ent between the  interested 
countries :

The In ternational C onsultative Com m ittee—

Unanim ously advises :—
T h at the  guaranteed  m inim um  shall be only applicable to lines allocated by  the transif 

A dm inistrations for the  exclusive use of the  term inal countries, the partia l use of o ther lines 
being rem unerated  in the  usual m anner by  m eans of a tran sit charge for each call effectively 
passed over the circuit.

Relation between the Cost of Leasing a Circuit and the Value of the Cut-off Frequency
of this Circuit.

The In ternational Consultative Com mittee—

U nanim ously advises :—
T h at the  norm ally applicable tariffs for the  use of lines for radiophonic transm ission 

shall be so fixed th a t am ortisation  of the additional expense incurred in obtaining a high 
critical cut-off frequency and a m ore com plete reduction of the  echo effect, shall be as rapid ■ 
as possible (for example, th ree  to five years).. I t  is necessary, in fact, to am ortise this expense 
quickly because one m ust not lose sight of the  fact th a t  technical progress which develops 
so rapidly  brings forth  new and  b e tte r m eans than  those existing for the transm ission of 
radiophonic programmes.
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5. PROPOSED TYPICAL FORM OF AGREEMENT BETWEEN
ADMINISTRATIONS FOR INTERNATIONAL TELEPHONE SERVICE.

The In ternational Consultative Com m ittee—

Considering :—
T h at the rap id  developm ent of in ternational telephone service and  the m ore and  more 

frequent opening up of new international m eans of com m unication renders it  desirable to 
facilitate the form ulation of agreem ents between A dm inistrations.

Unanim ously advises :— .
T h at the Adm inistrations shall adopt, as soon as possible, a typical form in their agree­

m ents relating to in ternational telephone service and th a t  they  shall take the following tex t 
as a basis for the establishm ent of th is agreem ent.

PROPOSED TYPICAL FORM OF AGREEMENT BETWEEN ADMINISTRATIONS 
FOR INTERNATIONAL TELEPHONE SERVICE.

T e l e p h o n e  S e r v i c e  b e t w e e n  (t h e  f i r s t

TERMINAL COUNTRY ACCORDING TO ALPHABETICAL 
ORDER) AND (s e c o n d  TERMINAL c o u n t r y ).

AGREEMENT.

Article i.* —A telephone service is organised between (the first term inal country) and 
(the o ther term inal country) to be com pleted as follows when the service is organised by  the 

'in term edia te  tran sit A dm inistrations:
By m eans of routes of com m unication established in the territo ry  of..............................  (the

nam e of the tran sit country  or countries).
Article i or 2.— The arrangem ents provided in Chapter X X IV  (Telephone Service) of 

the In ternational Regulations (Revision of Paris, 1925), a ttached  to  the In terna tional Tele­
graph Convention of St. Petersburg, are applicable to the  telephone service betw een (the 
first country  according to alphabetical order) and  (the o ther term inal country) :

To be com pleted as follows when the service is organised by  the  in term ediate transit 
A dm inistrations :—-

• By the m eans of routes of com m unication established in the te rrito ry  o f. ......... .
(n am e-o f the tran sit country  or countries), according to  the following provisos and 
additions :—

Section A.— International System.

§ 5.— (2) Indicate according to the case : 
sub-paragraph suppressed; 

or

Priority  on interior calls of the same category is not given to  calls which m ake use of 
the routes connecting neighbouring frontier netw orks—-that is to say, which m ake use of 
the following circuits (list circuits).

* T his a rtic le  shall only  figure in  an  ag reem en t w h ich  re la te s  to  th e  e s tab lish m en t of te lephone
connections betw een  th e  tw o countries.
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§ 4. The requests re lating to  list of subscribers (telephone directories) which m ust be
sold to the public shall be addressed....................................... (indicate here the in terested  services
of the A dm inistrations of the two countries in question). This service shall send a request 
to the house charged w ith a sale of the requested docum ent, th a t  house shall forward a 
bill for the ‘purchase price and then, once the m oney has been received, send this docum ent 
to  the in terested  person either by le tte r or by parcel post.

Section E.— Urgent Private Calls.

§ 1. U rgent p rivate  calls are {or are not) adm itted.

Section F.— “ Lightning Calls.”

§ 1. “ L ightning ” calls are {or are not) adm itted.
A dd  in the first case :

§ 3. The tax  for a “ lightning ” call is fixed a t .......................... *

Section G.— State Calls.

§ 1.—(2) In  the case where urgent p rivate  calls are no t adm itted , s ta te  if ordinary S tate 
calls or urgent S ta te  calls exist. Specify according to the decision taken.

U rgent S ta te  calls are not adm itted  or urgent and ordinary S tate calls exist.
§ 2.— (5) In  the  case where calls are to  be established by m eans of one of more exchanges

of a tran sit A dm inistration. S ta te  w hether the A dm inistration or A dm inistrations will
m ake use of the right to  lim it the duration  of a S tate call to six m inutes. Specify according 
to  the decision taken  :

The duration, of S ta te  calls is no t lim ited. However, the A dm inistrations {or Adminis­
tration) (state the  tran s it A dm inistration or Adm inistrations) reserve the righ t to lim it the
duration  of S ta te  calls to six m inutes, when such calls are established through the in te r­
m ediary of their exchange or exchanges,

or
The duration of S ta te  calls is no t lim ited. T he 'A dm in istra tions (or A dm inistration) 

(state the tran sit A dm inistration or A dm inistrations) will not use their right to lim it the 
duration  of a S ta te  call to  six m inutes when these calls are established through the in te r­
m ediary of one of their exchanges.

Section H.—Calls by Subscriptions.

§ 1.— (1) Subscription calls are authorised • 
or

Subscription calls are not authorised 
(specify according to the  case)

During periods of light traffic 
or

From  such a tim e to  such a  tim e (legal tim e of the country  of origin) or during the 
following periods (indicate the exchanges, adding the legal times of the country  of origin) : 

or
D uring periods of light traffic as well as during the o ther periods.

® '* The m a jo rity  of th e  A d m in istra tio n s rep resen ted  on th e  In te rn a tio n a l C onsu lta tive  C om m ittee
advise^ in  th is  case th e  app lica tion  of te n  tim es th e  ta x  corresponding  to  an  o rd in a ry  p riv a te  call passed 
d u rin g  th e  sam e period.

Section  C.— List of Subscribers and Call Offices.



§ i .— (4) Subscription calls are subject to  the following rates
(a) D uring periods of light traffic : half of the un it ch a rg e ;
(b) D uring other periods : ............................................*

§3. D uring the hours of light traffic subscription calls of a duration  greater th an  six 
m inutes m ay be adm itted  by the interested exchanges, providing th a t the traffic norm ally 
passed over the circuits to be m ade use of perm its this.

Section K.—Tariffs— Collection of Charges.

§ 3. Zones.—For the determ ination of term inal charges the territo ry  of (first term inal 
country  in alphabetical order) is divided into N zones

or •
has only one zone. '

The territo ry  of (second country in alphabetical order) is divided into N zones 
or

has only one zone.

Lim it of zones :
(first country  in alphabetical order).

The first zone comprises :
'The departm ents (or provinces or geographical divisions) as follows : (list 

them  in alphabetical order) 
or

case m ay be ~) the networks to the west (north, south  or east) of a line to  the east (north, 
south or west) of the following towns (list in geographical order, starting  
from  a definite point on the  frontier).

Indicate as the

The second zone comprises :

(second term inal country in alphabetical order).

The first zone comprises :
The departm ents (or provinces or geographical divisions) as follows : (list them  in 

alphabetical order); the. netw orks to  the-w est (north, south  or east) of a  line 
to the east (north, south  or west) of the following towns (list in geographical 
order, s tarting  from a  definite po int on the frontier).

The second zone comprises :

Connections between Frontier Networks.

By connection between frontier netw orks is m eant those between :

Indicate as the ^ ne^wor^ s whose crowfly distance ap a rt is no t greater than  .........k ilo m etres ,
u ^ or case m ay be . „ . . ,

[ the following networks.

* T he m a jo rity  of th e  A dm in istra tions rep resen ted  on th e  In te rn a tio n a l C onsu lta tive  C om m ittee
advise th e  app lica tion  of th ree  tim es th e  u n it charge in  th is  case,
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A m oun t-o f  Unit Charge for Connections between the different Zones between (first terminal 
country) and [second terminal country).

The am ount of un it charge for each connection and the am ount payable to each country  
are indicated in the  following table :—

C onnection  betw een U n it
Charge.

P a r t  for 
C oun try  

A.

P a r t  for 
C ountry  

B.

P a r t  fo r 
T ra n s it 

C ountry .
R em arks.

N etw ork  w hose crow fly d is tance  a p a r t  is n o t
g rea te r t h a n ................ km .

C o u n try  A, C C o un try  B, 1st Zone 
’ 1 st zone, ,, 2nd ,, 

an d  ,, 3rd. ,,

.

C o u n try  A, f  C oun try  B, 1st Zone 
2nd zone, ,, 2nd ,, 

and  L ,, 3rd ,,

C o un try  A, ( C oun try  B, 1st Zone 
3rd Zone, 3 ,, 2nd ,, 

and  I  ,, 3rd ,,

§ 5. (E stablishm ent of a direct circuit through tran sit country.)
In  the  case of a direct circuit between (the first term inal country) and (another 

term inal country) through (transit country), the term inal A dm inistrations each guarantee 
a half of an annual m inim um  revenue of : 

f  x  francs 
■ { o r .
[^corresponding to x  un it charges.

§ 6. The hours of light traffic are the following..........................  (legal tim e of the originating
country). F or subscription calls the originating country, is th a t in which the subscription 
has been paid.

D uring th e  period of light traffic the  charge applicable to an ordinary private call is fixed 
a t three-fifths of the  un it charge.*

Section L.— Method of Application of Charges— Duration of Calls.

§ 1.— (3) B y connections betw een neighbouring frontier networks in which the charge
is m ade by  indivisible periods of three m inutes is m ean t connections betw een netw orks whose 
crowfly distance ap a rt does not exceed ................  kilometres.

§ 8.— (2) and  (3) Specify as follows : In  the case of a no reply from a caller, a charge for
a three-m inute call of the particu lar class required is made. In  the case of no reply from 
the called subscriber no charge is made.

W hen, after having replied to the  w arning call, the calling or called subscriber does not 
reply to  the actual call, th is no reply, is equivalent to a refusal. The charge for a three-m inute 
call of the p articu lar class required is, in th is case, made.*

* T his p a ra g ra p h  w as recom m ended  by  th e  m a jo rity  of th e A dm in istra tions rep resen ted  on the
In te rn a t io n a l C onsu lta tive  C om m ittee.



Section  N.— A vis d'appel and T elephonic Preavis.

§ i . — (4) Preavis and avis d ’appel calls are .(or are not) allowed. A dd where necessary.
In  setting  up  these calls the A dm inistrations concerned agree to  conform to the  advice of 
the In ternational Consultative Com mittee under heading “ M ethod of establishing Preavis 
and Avis d ’appel Calls,” recom m endations which complete the  In terna tional Regulations 
(Revision of Paris).

Section O.— Establishment and Disconnection of Calls.

A dditional arrangem ents (only in the case where calls are set up by  an exchange of a 
tran sit country).

W hen the connection necessitates the use of two in ternational circuits entering the same 
tran s it exchange,

it is this exchange which controls the preparing and establishing of the 
circuit

case m ay be ") or
(^(arrangement agreed upon m utually).

§ 2.— (3) If the traffic is large enough, the  dem and for calls m ust be tran sm itted  between
term inal exchanges in such a m anner th a t, besides the call in progress, each term inal exchange 
has a t least two dem ands for calls in each direction waiting.

§ 4.— (5) D uring the hours of heavy traffic the internation,al long-distance circuits should
be, as far as possible, a ttended  to  by  one operator per circuit. .

Article 2.*—The present Agreem ent will come in to  force a t  the date  which will be fixed 
by the contracting A dm inistrations as soon as it will have become definite according to the 
particu lar laws of the S tates interested.

* This artic le  will only figure in  th e  A greem en t w hen it  re la tes to  th e  es tab lish m en t of th e  telephonic
connections betw een  th e  tw o countries.

Indicate as the
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6. TRAFFIC STATISTICS.

RECOMMENDATIONS OF THE INTERNATIONAL CONSULTATIVE COMMITTEE.

The In ternational Consultative Com m ittee—

Considering :— '
T h at to facilitate the control of the traffic and  to provide the  necessary arrangem ents 

for im proving the service, it is desirable to collect statistics in a s tandard  form.:
T h at in order to arrange for a program m e of fu ture work it  will be of im portance to 

adop t common rules for traffic forecasts and to establish for the traffic between one country  
and  o th e r ,countries to  which it is connected or will be connected, statistics of a uniform 
type.

U nanim ously advises :—
1. T hat each A dm inistration shall collect separately once a year statistics concerning 

each group of im portan t in terna tional circuits and th a t, provisionally, th is inform ation be 
presented on Tables i a , i b , 2, 3 and  4, attached.

2. T hat each A dm inistration shall collect, a t the control desk in one day in every three 
m onths, details of the  tim e taken  for the different operations in setting  up an im portan t 
in ternational connection, showing in particu lar the coefficient of u tilisation of the circuit 
and  th a t the A dm inistrations in terested  shall com m unicate this inform ation am ongst them ­
selves, m aking use, for example, of Table 5 attached.

3. T hat in order to  estim ate the probable increase of traffic the ra te  of increase shall 
be taken  as th a t for the  five norm al preceding years. If the delay, the audibility, or the  rates 
have been changed during these five years, or m ay be so during the  fu ture period, th is m ust 
be taken  into account in estim ating the probable fu ture traffic and all useful inform ation 
on this subject m ust be furnished; if places under consideration are not yet in telephone com­
m unication, an estim ation can be m ade from the telephone and telegraph traffic report of 
sim ilar places or localities, a t the same tim e allowing a suitable proportion for fu ture traffic.

Recommendations regarding Traffic Statistics.

The In ternational Consultative Com mittee—
Unanim ously advises :—

T h at A dm inistrations shall advise their telephone exchanges serving international 
circuits to com m unicate directly  to  connecting exchanges in the o ther countries the data 
collected a t the  control desk, as called for in Table 5.

The In ternational Consultative Com m ittee—
Considering the  im portance of knowing w hat traffic fluctuations there are on the 

principal groups of in terna tional circuits in the course of the  same year.

Unanim ously advises :—
T h at the A dm inistrations shall send, every th ree m onths, to the Secretariat of the 

In ternational C onsultative Com mittee, the average daily call m inutes (separated, if possible, 
into outgoing, incoming and  transit) on the principal groups of in ternational circuits during 
the past three m onths and also the  average daily num ber of cancelled demands.
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T a b l e s  o f  T e l e p h o n e  T r a f f ic  S t a t is t ic s  o n  C i r c u i t (s) N o (s) ..............................

f*outgoing.
betw een .........  an d ............................................................used in alternate directions.

^ incoming.
( t )  ............  1 9 2 . . , . : ............

T a b l e  i a .

C i r c u i t (s) ,u n o c c u p ie d  o w in g  t o  L a c k  o f  Ca l l s . 

Unoccupied time shown in minutes for each hour indicated below.

D ates Hours.

7 . 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

T o ta l

A verage 
unoccupied  tim e

* S trike  o u t th e  w ords w hich  do n o t apply .
I In d ic a te  th e  d a tes  on w hich th e  s ta tis tic s  w ere tak en . I t  is recom m ended th a t  s ta tis tic s  be tak en , if possible, du ring  six  consecutive w orking days.



T a b l e  i b .

A v e r a g e  o c c u p ie d  T im e  p e r  H o u r .

M in u te s . 

60

H ours.

7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

M in u te s . 

60

5 0 5 0  .

40 40

30 3 0

20 20

10 10

----------- l

0 0

,

1 1



T a b l e  2 .

W a it in g  T i m e .

D a tes.

N um ber of O utgoing Calls.

N um ber of 
Ineffective 

Calls.

E stab lished
w ith o u t
delay .

W ith  delay

T o ta l
Calls.

n o t exceeding
E xceeding

90
m in.10

m in.
20

m in.
30

m in.
40

min.
50

m in.
60

m in.
90

m in* O thers.

•

T o ta l

P e r c e n t . . .

* C on trac t calls and  fixed tim e calls.
O rdinary  calls shall be show n in black and u rgen t calls in  red.



N u m b e r  o f  U n it s  o f  C o n v e r s a t io n .

T a b l e  3 . . \

D ates.
'

'  H ours.

7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
T o ta l.

,

'
,

T o ta l fo r each 
h ou r

A verage •

■
* ■

O rd inary  calls shall be show n in b lack  an d  u rg en t calls in  red .



N u m b e r  o f  R e q u e s t s  w a i t i n g  a t  t h e  C o m m e n c e m e n t  o f  e a c h  H o u r .* 9

T a b l e  4 .

'
D a tes

.
H ours.

7 8 9 10 11 12 13 14 15 16 17 18 iq 20 21 22 23

1

T o ta l fo r each  
h o u r , .

A verage . .

A m ong th e  req u ests  w aiting  m u s t he included  th e  subscrip tion  calls and  fixed tim e calls to  be com pleted  du ring  th e  follow ing hour. 
O rd in a ry  calls shall be show n in  b lack  an d  u rg e n t calls in  red .
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T a b l e  5 .

N a m e  o f  E x c h a n g e . D e s i g n a t i o n  o f  t h e  C i r c u i t . D e s i g n a t i o n s  o f  t h e  o t h e r  C i r c u i t s  
o f  t h e  T a b l e .

a. b. c.

H o u r of 
com ­

m ence­
m en t of 
observa­
tion  (fnd 

of con­
versation) .

Serial 
num bers 

of calls 
effected.

No. of 
called 
su b ­

scriber.

Tim e elapsed from  end of p reced ing  conversation  u n til

Calling.

B eginning E nd  of
R ep ly E n d  of of conver­ conversa­
from service sa tion tion  b e ­
E x ­ conversa­ betw een tw een

change. tion . su b ­ sub ­
scribers. scribers.

5 6 7 8

Lines
d iscon­
nected .

D u ra tio n  
of con ­

v ersa tio n  
(difference 
betw een  
8 an d  7).



T a b l e  5 .

from  th e  com m encem ent 
I of th e  o b serv a tio n

D u r a t i o n  o f  J  
D e l a y  ^ to  th e  te rm in a tio n  of th e  

o b serv a tio n

d.

r o i th e  Sectional S upervisor D a t e  a n d  H o u r .

N a m e s <; of th e  O pera to r observed

e. /•

R e c a p i t u l a t i o n .

Tim es given b y  th e  
difference betw een  colum ns.

5- 4 - 6 -5 . 7-6.

13

T o ta l
tim e

show n
in

cols.
10-14.

15

C h e c k .

D u ra tio n  
in d ica ted  

b y  th e  
calculo- 
g raph .

16

D ifference 
betw een 

cols. 10—16.

plus.

17

N um ber of 
u n its  ind ica ted

by
obser­

v a tion .

19

on th e  
tick e t.

O b s e r v a t i o n s .

In d ica te  briefly 
th e  causes of 
lo s t tim e, su b ­
tra c tin g  col. 6 
from  col. 7.

E xam ple : lack  of 
p r e p a r a t i o n  ; 
caller does n o t 
a p p e a r; w aiting  
for ex tension , 
etc.
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LIST OF QUESTIONS RELATING TO TRAFFIC AND OPERATING, SUBMITTED 
OR RE-SUBMITTED FOR INVESTIGATION.

1. General principles for determ ining the routes to be norm ally used for connections 
between two countries.

2. S tandard  m ethod of designating circuits in all countries.
3. S tandard  form of agreem ent to be m ade between exchanges responsible for the  

collection of accounts and fees for the establishm ent of subscription calls.
4. The m anner in which the d istribu tion  of avis d ’appel is arranged in each country  

(In ternational Regulation, Paris Revision, Section N, § 3).
5. In  in ternational service should fixed tim e calls be allowed, which the Paris Conference 

has only perm itted  as subscription calls ? If the answer is Yes, w hat should be the charges 
for these connections, and should these connections be deferred some m inutes when the 
u tilisation of the circuits make this necessary ?

6. How can requests for inform ation be allowed in practice on in terna tional service so 
as to  give subscribers the right of inquiring, w ithout having a call, if such and such a person 
in the area of another exchange is a telephone subscriber, when the inform ation operator 
a t his own exchange cannot give these p a rtic u la rs ; or of asking w hat subscriber corresponds 
to  a certain  num ber in another exchange; or find out the nam e of the person who has called 
his own num ber ? W hat should be the charge for th is inform ation ?

7. In  transm itting  successive dem ands for connections, should the num ber of a con­
nection be assigned by the operator on the calling or called side ?

8. S tandardisation of different procedures and operating practices in effective use in all 
countries by the operating services.

9. Results of tests regarding the m ethods of dim inishing lost time in in terna tional tele­
phone connections, due to  the delay by the subscriber in answering the call of the local 
exchange.

10. W hat modifications should be m ade in the arrangem ents as outlined in § 4 and § 9 
of Section L of the In ternational Regulations (Revision of Paris, 1925) concerning calls 
originated by, or incoming to, Stock Exchange, banks, etc. ?

11. Simplification of m ethods of checking the num ber of calls passed each day  between 
term inal exchanges (In ternational Regulations, Section O, § 9).

12. D eterm ination of the coefficient by  which the subm arine sections m ust be m ultiplied 
in calculating in ternational telephone charges, in order to express the equivalent length of 
underground cable.

13. Is it expedient, to aid the developm ent of in ternational telephony, to  m ake an 
exception in the obligation of guaranteeing a m inim um  traffic to  tran sit countries, w hen it 
is a question of the only transit circuit ?

14. Regulations governing the ren ta l of in ternational circuits for p rivate  service.
15. The possibility of simplifying in terna tional accounts by m aking general the m ethod 

.used for frontier connections.
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