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ENGINEERING AND OPERATING CONSIDERATIONS INVOLVED 

IN FURNISHING CIRCUITS 

TO THE WESTERN UNION TELEGRAPH COMPANY UNDER SPECIAL CONTRACT 

1. GENERAL 

1.01 Attached to this section is a copy of “Engi- 
neering Notes’ prepared to assist in the 

administration of the agreements between the 

Westerh Union Telegraph Company and the 
Telephone Companies, known as Contract No. 1 

and Contract No. 2. These notes include infor- 
mation regarding the provision and use of intra- 

exchange and interexchange circuits. 

1.02 The attached “Notes” have been revised 
to bring them up to date and to include 

additional information required by the adoption 
of Amendment 3 to Contracts No. 1 and 2 effec- 

tive January 1, 1962. Due to the extent of the 
modifications, arrows will not be used to indi- 

cate changes. 

1.03 Amendment 3 to Contracts 1 and 2 pri- 

marily provide for Western Union’s use 
of leased circuits for private line voice and alter- 

nate voice purposes including connections to Tele- 
phone Company instrumentalities and through 

such instrumentalities to the Telephone Com- 
pany exchange -and toll network or switched 

private line facilities. In addition, provision is 
made for leasing to Western Union 100-speed 

fully operative telegraph circuits. 

1.04 The information covered in these notes 

has been concurred in by the Western 
Union Telegraph Company and copies have been 
furnished to them for their use. 

2. TELEGRAPH AND DATA FACILITIES 

2.01 Circuit sections furnished to the Western 
Union Company under Contract No. 2, 

suitable for voice-frequency transmission, also 

referred to as type (a) (1) circuits, are used by 
Western Union for the operation of their voice- 

frequency carrier telegraph systems. In general, 

the specific telegraph level on the interexchange 
portion of such circuit sections should be —21 db, 
except when operated over N, O, or ON carrier 
channels. 

2.02 When operated over N, O, or ON carrier 
channels the same levels should be em- 

ployed as those recommended for the Bell Sys- 

tem 43A1 carrier telegraph system. The optimum 

levels to employ have been covered in Bell Sys- 
tem Practices. Reference should therefore be 

made to this standard information. 

2.03 Fig. 5B of the attached “Notes” shows a 

_ single half duplex loop extended to bat- 
tery or ground at the telegraph office over a sin- 

gle conductor. The battery or ground at the Tele- 

graph Company office will be furnished by the 

Telephone Company. The connections of the 
43A1 channel terminal at the Telephone Com- 
pany Central Office are shown on Drawing 

SD-70552. If plus battery is furnished at the 
outlying point, either Fig. 2 or Fig. 7 of Draw- 
ing SD-70552 may be employed. If ground is 
furnished at the outlying point, Fig. 2 of Draw- 

ing SD-70552 must be employed. 

2.04 Fully operative circuit sections are some- 

times terminated at the office of the Tele- 

graph Company, or at premises of its customer, 

in 130-type subscriber sets. There are three types 
of 130 sets which may be encountered: the 
130 B1, 130 B2, and 130 C1. The following tabu- 
lation gives reference information for intercon- 
necting from such sets to the Telegraph Com- 
pany’s plant: 
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SECTION 312-100-000 

TYPE OF TYPE OF 
SUB SET SERVICE 

130 Bl Half duplex 

dalf duplex 
Full duplex 
Full duplex 

130 B2 Half duplex 

or Half duplex 
130 C1 Full duplex 

Full duplex 

* Omit SL1 or B lead. 

** Omit SL1 or B lead and RL1 or B lead. 

With either single conductor or two conductor loops, the 

resistance external to the 130-type set must be in accordance 

TYPE OF 
LOOP DRAWING REFERENCE 

2-wire SD-70679-01 Fig. 2 
1-wire SD-70679-01 Fig. 2* 
2-wire SD-70679-01 Fig. 4 
1-wire SD-70679-01 Fig. 4** 

2-wire SD-70848-01 Fig. 1 
1-wire SD-70848-01 Fig. 1* 
2-wire SD-70848-01 Fig. 3 

1-wire SD-70848-01 Fig. 3** 

with the attached “Engineering Notes.” 

2.05 The loop potentiometers and loop current 
adjustments of 43A1 carrier telegraph 

terminals used in connection with Western Union 

service including those used with 130 B1 sets 

at Western Union offices where the loop circuit 

is connected on a single wire basis to a teletype- 

writer or to telegraph repeater equipment, 

should be made in accordance with instructions 
in the appropriate series of practices. Where 

TLT or other jacks are not provided in the loop 

circuits, milliammeters or other equipment used 

for testing should be connected into the circuit 

in the same electrical relation to the rest of 

the equipment as outlined in the appropriate 

sections of practices. 

2.06 The level of AM data or facsimile signals 

should be adjusted to —4 dbm at a zero 

transmission level point. Frequency modulated 

data or facsimile signals should be adjusted to 

—8 dbm at a zero level point. These levels apply 

only to voice-bandwidth channels. Where chan- 

nels of wider bandwidth are involved, the latest 

information should be obtained. 

3. FACILITIES FOR VOICE OPERATION 

3.01 Section 4 of the “Notes” discusses basic 

engineering ground rules for voice or 

alternate voice facilities leased under the con- 

tracts. It is not intended as a detailed practice 

on engineering design. 

Attached: Engineering Notes 

Contract Numbers 1 and 2 

3.02 The design of circuits used to furnish 

service to its customers will be the respon- 

sibility of the Telegraph Company. However, the 

Telephone Company should provide the neces- 

sary information, such as facility make-up and 

terminating equipment capabilities, to enable 

the Telegraph Company to satisfactorily carry 

out its design procedures. Close cooperation will 

be required between the designated representa- 

tives of the two Companies to implement this ex- 

change of information. 

3.03 When a Western Union private line voice 

circuit, leased or owned, can be intercon- 

nected with other services of the Telephone Com- 

pany at a Telephone Company instrumentality, 

the design used by Western Union should agree 

closely with that used by the Telephone Com- 

pany. 

4. INTERFERENCE AND PROTECTION 

4.01 Section 5 of the “Notes” is intended to 

discuss in a general way the engineering 

and operation aspects of interference and pro- 

tection. It is impossible to include in this sec- 

tion all of the details, rules and regulations that 

must be considered when services of this type 

are provided. It will be the responsibility of both 

the Western Union and the Telephone Company 

to engineer and maintain to the best of their 

ability a safe and interference-free communica- 

tion service. 

Between The Bell System Telephone Companies and The Western Union Telegraph Company 
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ENGINEERING NOTES 

CONTRACT NUMBERS 1 AND 2 

BETWEEN THE BELL SYSTEM TELEPHONE COMPANIES 

AND THE WESTERN UNION TELEGRAPH COMPANY 

SECTION | 

GENERAL 

1.01 The “Engineering Notes” are intended to 

provide a general understanding of the 

provisions of the special contracts between the 

Western Union Telegraph Company and the 

Telephone Companies. These contracts are known 

as Contract No. 1 and Contract No. 2. Contract 

No. 1 covers the leasing of certain telephone cir- 
cuits and associated equipment and duct and pole 

line attachment space within exchange areas. 

Contract No. 2 covers the leasing of circuits be- 

tween exchange areas. Both contracts were pre- 

viously amended and have now been amended 

for the third time each effective January 1, 1962.





ENGINEERING NOTES 

CONTRACT NUMBERS 1 AND 2 

BETWEEN THE BELL SYSTEM TELEPHONE COMPANIES 

AND THE WESTERN UNION TELEGRAPH COMPANY 

SECTION Il 

DISCUSSION OF CONTRACT PROVISIONS 

2.01 Contract No. 1 provides for the leasing 

to Western Union of outside plant facili- 

ties to be used in the furnishing of various com- 

munication services as covered in Paragraph 2.02. 

Circuits leased to the Telegraph Company for 

these purposes under Contract No. 1 ordinarily 

consists of pairs of wires of the general types 

normally employed in furnishing exchange tele- 

phone service. Such circuits may be used by the 

Telegraph Company for certain local intra- 

exchange nonvoice services. They are also re- 

quired as local terminal circuits to extend cir- 

cuit sections furnished under Contract No. 2 to 

the premises of the Telegraph Company and to 

the premises of a customer of the Telegraph 

Company. In addition circuits are leased for cer- 

tain private line purposes and covered in Para- 

graph 2.10, 

2.02 Circuits leased to the Telegraph Company 

in accordance with Contract No. 1 may be 

used for the provision of any of the following 

services for which such circuits are suitable: (i) 

message telegraph service, including messenger 

call service in connection therewith, (ii) fac- 

simile transmission, including voice coordination 

thereof, of messages, photographs, diagrams, 

drawings and printed material, (iii) the follow- 
ing exchange-type switched services: teleprinter, 

facsimile, distant writing, and data transmission, 

including voice coordination of such services, (iv) 

the following private line leased services: Morse, 

teleprinter, ticker, distant writing, facsimile, 

data transmission, and remote control and oper- 

ation of sensing devices, alarms, signals, dis- 

plays, controls, computers, or business machines 

such as tabulating, calculating and sorting ma- 

chines, (v) telemeter service, (vi) ticker service, 

(vii) the local termination of interexchange cir- 

cuits for any of the purposes specified in items (i) 

to (vi) above, of this paragraph, and of inter- 

exchange circuits for private line leased voice 

or alternate voice transmission, (viii) the local 

termination in a principal office of the Telegraph 

Company of interexchange circuits for the re- 

mote operation and control of clocks, and (ix) 

forwarding telegrams by telephone. 

2.03 Circuit sections leased to the Telegraph 
Company under Contract No. 2 include 

the following: 

(a) (1) Circuit sections suitable for voice- 

frequency transmission and (2) circuit 

sections of specified wider bandwidth, suitable 

for facsimile or data transmission in one direc- 

tion. 

(b) Circuit sections suitable for direct cur- 

rent telegraph transmission not requiring 

the exclusive use of a wire or wires and not 

precluding normal voice-frequency telephone 

use. 

(c) Fully operative telegraph circuit sections 

for Morse or teletypewriter transmission. 

(1) Circuits suitable for operation at a line 

signaling frequency not exceeding 28 

cycles per second, for 24-hour operation 

daily.



(2) Circuits suitable for operation at a line 

signaling frequency exceeding 28 cycles 

per second, but not exceeding 37 cycles per 

second, for 24-hour operation daily. 

(d) Circuit sections suitable for direct cur- 
rent telegraph transmission using ex- 

clusively a pair of wires in cable or an open 

wire. 

2.04 Circuits leased to the Telegraph Company 

in accordance with Contract No. 2 may 

be used only for the provision of any of the 

following services for which such circuits are 

suitable: (a) message telegraph service, (b) fac- 

simile transmissions, including voice coordina- 

tion thereof, of messages, photographs, dia- 

grams, drawings and printed material, (c) the 

following exchange-type switched services: tele- 
printer, facsimile, distant writing, and data 

transmission, including voice coordination of 
such services, (d) the following private line 

leased services: Morse, teleprinter, ticker dis- 

tant writing, facsimile, data transmission, re- 

mote control and operation of sensing devices, 

alarms, signals, displays, controls, computers, 

or business machines such as tabulating, calcu- 

lating and sorting machines, and voice transmis- 

sion, either exclusively or alternately with any 

such service, (e) telemeter service, (f) ticker 

service and (g) the remote control and opera- 

tion of clocks. 

2.05 Contract No. 2 states that the obligation 

of each party to lease circuits to the 

other (except under emergency conditions) is 

limited as outlined in the following paragraphs 

of Section 6 of that contract as amended: 

Paragraph (a) “No direct current telegraph 

circuits of the type specified in item (b) of 

Schedule A, except those under lease hereun- 

der on June 1, 1958, will be furnished after 

such date. All circuits of such type under 

lease hereunder on such date will be furnished, 

subject to the provisions hereof, for a period 

of five (5) years thereafter except that if be- 

fore the end of such five year period the lessee 

shall terminate the rental of any such circuit 

upon written notice to the lessor, or the lessor 

shall give written notice to the lessee that 

any such circuit is deemed necessary by the 

lessor for its own public communications busi- 

ness, such circuit will not be furnished after 
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the date of termination specified in such notice 

by the lessee or after three (3) months from 

the date of such notice by the lessor, as the case 

may be. Any such circuit so terminated upon 

notification by the lessor will be replaced by 
a circuit of the type specified in item (c) or 

item (d) of Schedule A and at the rental pro- 

vided for therein.” 

Paragraph (b) “With respect to all other types 

of circuits. 

(i) Over routes where the operating needs 

do not require all the lessor’s available 
circuits of the desired type on the route, 

circuits will be furnished on demand; 

(ii) Over routes where all the lessor’s avail- 

able circuits of the desired type are 

required by the operating needs, the lessor 

will undertake as expeditiously as practi- 

cable at its own expense to provide addi- 

tional circuits to meet the combined addi- 

tional requirements of itself and the lessee, 

except that where additional construction 

by the lessor would be required to meet the 

needs of the lessee, additional circuits need 

not be provided (otherwise than by special 

agreement), if in the judgment of the lessor 

the requirements of the lessee for plant 

construction are in excess of the probable 

requirements of the lessor’s own business 

over the route for a reasonable period in 

the future; 

(iii) Where at the request of the lessee, the 

lessor furnishes circuits with special 

characteristics, or undertakes other special 

measures, in order to make the circuits fur- 

nished by the lessor suitable for the purpose 

for which the lessee intends to use them 

under this agreement, the lessee shall reim- 

burse the lessor as provided in item (f) of 

Schedule A.” 

Paragraph (c) “The lessor shall not in any 

case be required to provide a circuit section 

to any point or into any territory not served 

by its existing lines, except that the Telephone 

Company will furnish over lines of itself and 

other Bell System Companies and the Tele- 
graph Company will furnish over lines of 

itself, its subsidiary and affiliated companies 

(subject to the limitations on furnishing: cir- 
cuits herein applying to all companies in-



volved) any circuit section required to reach 

points on the lines of such other companies, in 
accordance with arrangements existing among 
each group of companies from time to time.” 

Paragraph (d) “Circuits shall be furnished 

upon written request of the lessee given for 

such period in advance as shall be reasonable 

under the particular circumstance. Except as 

specified in Paragraph (a) of this section, 
nothing in this section shall require the lessee 
to relinquish any circuit after it has once been 

established.” 

Paragraph (e) “The lessor shall have the right 

at all times to substitute a circuit section cov- 

ered by a particular lettered paragraph of 

Schedule A for another circuit section leased 

under the same lettered paragraph.” Such sub- 
stitution, of course, should never be made with- 

out reasonable prior notice to the Telegraph 

Company. 

However, as covered in Schedule A, item 

(a) (1): 

“When the lessor substitutes one circuit sec- 

tion for another, the substitute circuit sec- 

tion shall not, except in times of emergency, 

be one suitable for a smaller maximum num- 

ber of channels than the lessor had pre- 

viously undertaken to provide on the section 
replaced, without the consent of the lessee.’ 

2.06 Contract No. 1 contemplates that the fa- 

cilities furnished thereunder be ‘of the 

general types normally employed in furnishing 

exchange telephone service, and the lessor shall 

not be obligated to furnish facilities with special 
characteristics.” The lessor may, however, when 

requested by the lessee, furnish facilities with 

special characteristics, or undertake other spe- 

cial measures, in order to make the facilities suit- 

able for the purpose for which the lessee desires 

to use them. In such cases charges as provided 

in Schedule A of Contract No. 1 shall apply. 
Charges for special construction to make a cir- 

cuit or circuits available are also covered in 

Schedule A. 

2.07 Contract No. 1 provides under Section 
2(a) that, “the Telephone Company will 

furnish, install and maintain circuits for the use 

of the Telegraph Company, in any exchange area 

served by the Telephone Company, provided that 

in the judgment of the Telephone Company such 

circuits are available over and above the operat- 

ing needs of the Telephone Company; where 

circuits are not so available, the Telephone Com- 

pany will undertake as expeditiously as prac- 

ticable, subject to construction charges as pro- 

vided in item 6 of Schedule A, to construct such 

circuits for the use of the Telegraph Company.” 

2.08 Schedule A of Contract 2 and Para- 

graph 2.03 of these notes, describe the 

types of facilities which may be leased under 

Contract 2. Schedule A also specifies charges 

applicable when the lessor furnishes a Contract 

No. 2 circuit section with special characteristics 

or undertakes other special measures in order 

to make the circuits suitable for the purpose for 

which the lessee desires to use them, 

2.09 While Contract No. 2 contains no separate 

provision for construction charges similar 
to that found in Contract No. 1, occasions may 

arise where they should be applied. This may 

be done under the Contract No. 2 stipulations 

regarding the obligation to lease circuits. Para- 

graph 2.05, b(ii) quotes the appropriate con- 

tract provision which states that where construc- 

tion would be required beyond the requirements 

of the Telephone Company for a reasonable pe- 

riod in the future, it need not be undertaken 

“otherwise than by special agreement.” As an 

example — if, in order to meet Telegraph Com- 

pany requirements for Contract No. 2 facilities, 

the installation of an additional carrier system 

or the construction of additional cable facilities 

is undertaken in advance of planned additions 
necessary to meet Telephone Company require- 

ments, construction charges will be applied as 

mutually agreed upon in advance. A separate 

agreement should be made to cover each case. 

2.10 In those cases where special construction 

appears necessary, representatives of the 

Telephone Company and the Telegraph Com- 

pany should discuss the proposed circuit usage 

and facility arrangement to the end that any 

special construction or facility rearrangement 
is undertaken in the most economical manner 

which will achieve the desired end result. 

2.11 When assigning leased circuits to Tele- 
phone Company facilities, consideration 

should be given to dispersion of these circuits 
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among various routes insofar as is practical and 

among various cable sheaths or channel groups 

on the same route when entirely different routes 

are not feasible. The same considerations shall 

be given to the dispersal of circuits leased to the 

Telegraph Company as is given to dispersal of 

Telephone Company circuits. 

2.12 Contract No. 2 circuits requested by West- 

ern Union, which are not readily avail- 

able, should be furnished as expeditiously as 

practicable. However, a reasonable period will 

be required to effect connection and, in some 

cases to provide equipment items required to 

furnish service. 

2.13 Contract No. 1 provides that circuits fur- 

nished for any of the telegraph purposes 

specified therein (see Paragraph 2.02) shall, by 

any combination of the Telephone Company’s 

facilities covered by Schedule A (Contract 1) 

extend only between the following points: 

(1) Two offices of the Telegraph Company. 

(2) An office of the Telephone Company and 

an office of the Telegraph Company. 

(3) An office of the Telegraph Company and 

a telegraphically operated agency office 

of the Telegraph Company, or the premises of 

one or more of the Telegraph Company’s cus- 

tomers. 

(4) Premises of two or more customers of 

the Telegraph Company, or two or more 

premises of one customer of the Telegraph 

Company, or two or more locations on the 

premises of a customer of the Telegraph Com- 

pany, provided that in each case the circuit 

shall be terminated in, or routed through, an 

office or offices of the Telegraph Company. 

(5) An interexchange circuit of the Telegraph 

Company from a point of connection on 

its pole line (or conduit or submarine cable) 

system or radio beam site and an office of the 

Telegraph Company or an interexchange cir- 

cuit of the Telegraph Company at another 

similar point of connection. 

(6) The terminal of an interexchange circuit 

of the Telephone Company and the prem- 

ises of one or more customers of the Telegraph 

Company in an exchange area where the Tele- 
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graph Company has no office, provided that the 

interexchange circuit is connected to an office 
of the Telegraph Company. 

(7) In special cases, by mutual agreement, be- 

tween an office of the Telegraph Company 

and an outdoor site, or between two outdoor 

sites, in the same or nearby exchange, at which 

terminal equipment of the Telegraph Company 

is located. 

2.14 Contract 1 circuits leased to the Telegraph 

Company when used for local termination 

of interexchange circuits for voice transmission 

service to one of its customers as provided in 

item (vii) of Paragraph (a) of this Section 3, or 

circuits of the Telegraph Company, when used 
for like purpose, may be terminated in a tele- 

phone instrumentality furnished by a telephone 

company under filed tariffs to the same customer, 

or in a telephone instrumentality of the United 

States Military Departments or of the National 

Aeronautics and Space Administration in cases 

where interconnection of telephone facilities of 

such Departments or Administration with facili- 

ties of a telephone company is authorized by such 

telephone company and subject to the conditions 

of such authorization. Where such telephone in- 

strumentality is suitable therefor, connection of 

such circuit may be made with telephones and 

private line voice transmission services connected 

to such telephone instrumentality, and through 

such telephone instrumentality with the tele- 

phone companies’ general exchange and toll net- 

works. Physical connection of local terminal cir- 

cuits with Telephone Company instrumentalities 

as authorized by this paragraph shall be made 

only by the Telephone Company, at charges speci- 

fied in the Telephone Company’s tariffs, and not- 

withstanding the foregoing provisions of this 

paragraph, no such connection shall] at any time 

be made or allowed in any jurisdiction except as 

duly authorized by tariffs in force and effect. 

2.15 

(a) Contract 1 circuits leased to the Telegraph 

Company for forwarding telegrams by 

telephone shall connect only: 

(1) A telephone order-receiving equipment 

or telephone set in the Telegraph Com- 

pany’s office and 

A PBX or a telephone set in another office 
of the Telegraph Company, or



A PBX or a telephone set on the premises 

of a customer of the Telegraph Company, 

or 

A PBX or telephone set on the premises of 

an authorized agent for the Telegraph 
Company, or 

A coin-box-equipped telephone set in a 

public location. 

(2) A telephone set on the premises of a 

railroad company which acts as agent 

for the Telegraph Company and a PBX ora 

telephone set on the premises of a customer 

of the Telegraph Company. 

(b) Except as otherwise provided in this Para- 

graph (b), any circuit furnished by the 

Telephone Company for the purposes specified 

in Paragraph (a) of this section shall be fur- 

nished in its entirety by the Telephone Com- 
pany and all equipment and equipment wiring 

connected to such circuit shall be furnished by 

the Telephone Company. Circuits of the Tele- 

graph Company used for forwarding telegrams 
by telephone, if not connected at either end to 

a private branch exchange or other terminal 

equipment at which circuits may be inter- 

connected, may be connected to telephone 

order-receiving equipment in which circuits of 

the Telephone Company terminate. Circuits so 

provided by the Telegraph Company shall be 

terminated by the Telegraph Company within 
buildings at points designated by the Tele- 

phone Company, and any additional wiring re- 

quired between such points of termination and 

the telephone equipment shall be furnished by 

the Telephone Company. 

(c) The Telegraph Company shall not super- 

impose any circuit upon, or subdivide, any 

circuit furnished to it for the purposes speci- 

fied in Paragraph (a) of this section. 

2.16 Circuits leased to the Telegraph Company 

under Contract 2 for the purposes speci- 

fied in Paragraph 2.04 or interexchange circuits 

of the Telegraph Company when connected to 

such circuits of the Telephone Company, may be 
connected for such purposes with circuits owned 

by: 

(1) Other Telephone Companies offering a 

general telephone service to the public 

within the continental United States. 

(2) The United States Government on military 

bases, and on reservations of the National 

Aeronautics and Space Administration. 

(3) Electric power, or oil, oil products, or 

natural gas pipe line companies, or rail- 

road companies where the circuits of such com- 

panies are provided primarily to communicate 

with points along the right-of-way owned or 
controlled by such company and extending be- 

tween or beyond exchange areas of the Tele- 

phone Company. 

(4) Telegraph Companies offering interna- 

tional telegraph service, under filed tariffs, 

where such circuits are used exclusively in 

international service and connection is made at 

terminals within the United States of such cir- 

cuits. 

(5) Telegraph or Telephone Companies, or 

government-operated telegraph or tele- 

phone systems, operating in countries border- 

ing the continental United States, where such 

circuits are used exclusively in furnishing serv- 

ice between such countries and the continental 

United States, and connection is made at ter- 

minals within the United States of such cir- 

cuits. But except as otherwise provided in Para- 
graph 2.17, any other connections of such 

circuits with circuits owned by any others or 

of the Telephone Company shall be made only 

with the written approval of the Telephone 

Company. 

2.17 Subject to the last sentence of this para- 

graph, Contract 2 circuits leased to the 

Telegraph Company hereunder, when used for 

voice transmission service to one of its customers 

(2.04), and interexchange circuits of the Tele- 
graph Company when used for like purpose, may 

be terminated at both ends, via local terminal 

circuits, in telephone instrumentalities furnished 

by a telephone company under filed tariffs to 

the same customer, or in telephone instrumental- 

ities of the United States Military Departments 

or of the National Aeronautics and Space Ad- 

ministration in cases where interconnection: of 

telephone facilities of such Departments or Ad- 

ministration with facilities of a telephone com- 

pany is authorized by such telephone company 

and subject to the conditions of such authoriza- 

tion. Where such telephone instrumentalities at 

both ends of such circuits are suitable, therefor,



connection of such circuits may be made with 
telephones and private line voice transmission 

services connected to such telephone instrumen- 

talities, and through such instrumentalities con- 

nection of such circuits may be made with the 
telephone companies’ general exchange and toll 

networks, it being understood, however, that 
transmission is not represented as adapted to 

connection at both ends of such circuits simulta- 

neously, Physical connection of local terminal 

circuits with Telephone Company instrumentali- 

ties as authorized by this paragraph shall be 

made only by the Telephone Company, at charges 

specified in the Telephone Company’s tariffs. The 

Telephone Company will file or cause to be filed 

tariffs authorizing connections with its services 
as provided by this paragraph, and notwithstand- 

ing the foregoing provisions of this paragraph, 

no such connection shall at any time be made or 
allowed in any jurisdiction except as duly au- 

thorized by tariffs in force and effect. 

2.18 The leasing of duct or pole line attach- 

ment space as provided for in Contract 

No. 1 is subject to the following provisions: 

In each lease of duct, separate arrange- 

ments shall be made by the parties regarding 

the period of the lease and the provisions 

for the relinquishment of the duct. 

In the common use of poles by the parties 

hereto, the lessor shall have the right to 
specify the locations of wires of the lessee 

and the spacings of pins and crossarms. Cir- 

cuits of the lessee occupying space on poles 

or in ducts of the lessor shall be so operated 

and maintained by the lessee as not to inter- 

fere with or impair the service of the lessor 

or the service of its associated, affiliated or 

connecting companies, cause damage of their 

plant, impair privacy of any communications 

over circuits of the lessor or such companies 

or create hazards to the employees of any of 

them or the public. The lessor shall have the 

right to terminate the use of any duct or 

space for pole line attachments provided 

hereunder in case such circuits shall not be 

so operated and maintained, and to inspect 

any such circuits in order to determine com- 

pliance herewith. 
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The expense to be borne by each party 
shal] be agreed upon before either party re- 

arranges or rebuilds its pole lines or ducts 
to provide space for the other. 

The lessee shall bear the cost of trans- 

ferring its own attachments or other facili- 

ties in cases of relocation or replacement of 

poles or conduits. 

Charges for the use of space on poles or in 

ducts shall date from the first day of the 

calendar month in which space is occupied 

or reserved. 

The lessee may remove any of its pole line 

attachments at any time and upon removal 

shall] then advise the lessor. Charges shall be 

computed to the end of the month in which 

advice of removal is received by the lessor. 

The lessor may require the lessee to remove 

its pole line attachments upon giving six (6) 

moriths’ written notice to the lessee. 

The lessor shall be responsible for com- 

pliance with all conditions and obligations 

relating to compensation for the use of duct 

or attachment space in favor of any third 

party and shall protect and save harmless 

the lessee from such claims in favor of such 

third party, unless the parties otherwise 

agree. 

Duct and space for pole line attachments 

furnished pursuant to this Section 8 shall be 

furnished under the conditions and at the 

charges specified in Schedule C. Further- 

more, the lessee shall pay the charge shown 

in Schedule C for any duct or attachment 

space reserved for its future use at its re- 

quest. 

2.19 The characteristics and methods of oper- 

ation of any equipment or circuits pro- 

vided by the lessee and associated with the cir- 

cuits furnished under Contracts 1 or 2 shall be 

such as not to interfere with or impair service 

over any circuits of the lessor or the service of 

its associated, affiliated or connecting companies, 

cause damage to their plant, impair privacy of 

any communications over circuits of the lessor



or such companies or create hazards to the em- 

ployees of any of them or the public. The lessee 

shall bear the cost of any additional protective 
apparatus reasonably required to be installed be- 

cause of the use of the circuits by the lessee. The 

lessor shall have the right to terminate the use 

of any circuits provided hereunder in case the 

characteristics or methods of operation of such 

equipment or circuits of the lessee shall not be 

satisfactory in any of the foregoing respects, and 

to inspect any such equipment in order to deter- 

mine compliance herewith. 

2.20 The transmission and signaling design 

characteristics applied by the Telegraph 

Company to leased or owned circuits, when con- 

nected to Telephone Company circuits or in- 

strumentalities shall be of as high a standard as 

that established by the Telephone Company for 

circuits used by it in providing comparable serv- 

ice. The lessee shall provide at its expense, any 

equipment necessary to render such circuits suit- 

able for operation with lessor’s circuits, instru- 

mentalities or services with which they are con- 

nected. 
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ENGINEERING NOTES 

CONTRACT NUMBERS 1 AND 2 

BETWEEN THE BELL SYSTEM TELEPHONE COMPANIES 

AND THE WESTERN UNION TELEGRAPH COMPANY 

SECTION Ill 

TELEGRAPH AND DATA FACILITIES 

Circuits for Data or Facsimile Transmission 

(Contract No. 1) 

3.01 As mentioned in Paragraph 2.01 of Sec- 

tion II, Contract No. 1 covers the lease of 

pairs of wires of the general types normally em- 

ployed in furnishing exchange telephone service. 

The Telephone Company is not obligated to fur- 

nish circuits having special characteristics. How- 

ever, within this limitation, where there is a 

choice to be made of the type of facility to be 

furnished, the selection of the layout should, if 

practicable, be such that data or facsimile trans- 

mission would be satisfactory over the layout. 

3.02 Contract No. 1 provides for furnishing re- 
peaters for facsimile operation or data 

transmission for frequencies from 100 to 5,000 

cycles or from 50 to 15,000 cycles per second if 

required. These repeaters would be furnished for 

one-way transmission. Where repeaters are pro- 

vided, the Telephone Company must also provide 

equalizers to correct the amplitude response of 

the circuit over its nominal bandwidth up to the 

input of the repeater. (Measurements required 

for adjusting equalizers may be made at the 
repeater output if this is advantageous.) For ex- 

ample, if a Contract No. 1 circuit is to be used 

with a Contract No. 2, Class 2 data circuit sec- 

tion, a 50- to 15,000-cycle repeater (line amplifier) 

might be required. The amplitude-frequency 

characteristics of the Contract No. 1 circuit must 

then be equalized up to the input of the repeater. 

Standard local program channel practices should 

be followed. The balance of the circuit must be 

capable of being similarly equalized by the Tele- 

graph Company. Correction of the amplitude- 

frequency characteristics of the circuits beyond 

the repeater would not be provided by the Tele- 

phone Company except at the input of a subse- 

quent (Telephone Company) repeater. It is con- 

templated that such repeaters would be located 

only in Telephone Company offices. Standard 

circuit layout and maintenance procedures nor- 
mally associated with each repeater type would 

apply. (See Fjg. 1C). 

3.03 Where Contract No. 1 circuits are used for 

facsimile service, the contract permits the 

Telegraph Company to derive simplex or com- 

posite leg from the cable pair. It will, therefore, 

be necessary to furnish some repeaters under 

Contract No. 1 to maintain continuity of the cir- 

cuit simplex or composite legs. Where this is 

required the Telephone Company will be so noti- 
fied by the Telegraph Company. Use of the 

simplex or composite leg is restricted to “syn- 

chronization, supervisory signaling and control 
associated with facsimile operation.” Standard 

simplex or composite bypass arrangements may 

be used. (See Fig. 1C). 

3.04 In many cases the Telegraph Company 

will wish to operate its “Desk-Fax” equip- 

ment over a Contract No. 1 circuit. This equip- 

ment employs two-way transmission and requires 

that the circuit net loss not exceed 18 db at 1000 

cycles and 25 db at 2500 cycles, that the loop 

resistance not exceed 3000 ohms and the simplex 

be continuous. If the available facilities do not 

meet these requirements and unusual equipment 

or facilities must be used, the Telephone Com- 

pany will so advise the Telegraph Company. 

U-1



3.05 The Telegraph Company should, in gen- 

eral, apply amplitude-modulated facsimile 

signals to Telephone Company facilities at a 

maximum level of 1 milliwatt (0 dbm). This 

level is a general guide, and specific cases should 

be treated in accordance with the requirements 

discussed in Part 5 of these Notes. The inter- 

ference curve in Fig. 3 of Section 5 is the 

“remote” chance (1 in 1000) curve and assumes 

that program circuits are included in the noise- 

exposed group. If there are no program circuits 

among those’ exposed, then the level of 1 milli- 

watt mentioned above is slightly conservative 

for local facilities at the Telegraph Company’s 

carrier frequencies of 2000 and 2400 cycles per 

second. On the other hand, if 8 or 15 kilocycle 

program circuits are subject to the noise in- 

fluence of a facsimile circuit, then the level of 

1 milliwatt (0 dbm) may have to be reduced. 

3.06 If facsimile or data signals are used which 

employ some kind of phase or frequency 

modulation, they should be applied to Telephone 

Company facilities at a maximum total power 

level of —8 dbm. 

3.07. Where voice or greater bandwidth circuits 

are involved, the two Companies will in- 

terconnect at a nominal impedance of 600 ohms, 

balanced. The circuit should be isolated from 

ground at all times except when the circuit sim- 

plex or composite leg is being used. 

3.08 Where circuits furnished under Contract 

No. 1 are intended for connection to fac- 

simile or data circuit sections of Class 1, 2 or 3 

(see Paragraph 3.10 for definitions) furnished 

under Contract No. 2 the Telegraph Company 

will so specify on the initial order. If the normal 

exchange facilities are not suitable for extension 

of the Contract No. 2 section and it appears that 

special construction or intermediate repeaters 

will be required, the Telephone Company will so 

advise the Telegraph Company. 

Circuit Sections Suitable for Data or Facsimile 

Transmission (In One Direction) (Contract No. 2) 

3.09 Circuit sections may be provided under 

Contract No. 2 which are nominally of 

voice-bandwidth; these may also be referred to 

as type (a) (1) circuit sections. In some cases 

these circuits will be suitable for data or fac- 

simile transmission and may be so used. 
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3.10 Circuit sections provided under Contract 

No. 2 may be of wider than voice-band- 

width. These are furnished as type (a) (2), and 

further identified as follows: 

APPROXIMATE RANGE 
CLASS OF FREQUENCIES 

100 to 5,000 cycles 

per second 

50 to 8,000 cycles 

per second 

50 to 15,000 cycles 

per second 

Class 1 circuit section 

Class 2 circuit section 

Class 8 circuit section 

3.11 The 5,8 or 15 ke circuits will be furnished 

for transmission in one direction only. 

These circuits should be furnished in the same 

way and to the same standards as program cir- 

cuits of the same nominal bandwidths. 

3.12. Where Contract No. 2 circuits are fur- 

nished of type (d), Paragraph 2.03, and 

are used by the Telegraph Company for fac- 

simile operation, continuity of the simplex or 

composite leg may be required around repeating 

coils as discussed in Paragraph 3.03 for Contract 

No. 1 circuits. 

Circuit Sections Suitable for Direct Current Telegraph 

(Contract No. 2) 

3.13. As mentioned in Paragraph 2.03 of Section 

II, Contract No. 2 provides for the fur- 

nishing of three different types of circuit sections 
suitable for direct current telegraph transmis- 

sion. These are called (1) “inoperative” [type 

(b)] (2) “fully operative” [type (c)] and (3) 

those having exclusive use of a pair of wires 

[type (d)]. 

3.14 Inoperative derived circuit sections for 

direct current telegraph transmission in 

addition to those under lease at the time of the 

effective date of Amendment 2 to Contract No. 2, 

will not be furnished. All such circuits under 

lease on that date, however, may remain in serv- 

ice under terms set forth in the amendment. 

Circuits of this class which have been furnished 

by the Telephone Company are of two general 

types. 

(a) For grounded operation. Simplexed side 

or phantom, or one leg of a composited 

side of phantom, or a combination of these.



Use. Such a section may be used for half 
duplex, full duplex, one way or as a neutral- 

izing wire for a similar parallel section. 

(b) For low current metallic operation a sec- 

tion consists of two composited legs of 

one pair in cable. 

Use. Such a section may be used for half 

duplex; full duplex, one way or as one path 

of a four-wire metallic circuit. 

Note: Neutralizing wire operation, two 

path polar or four-wire low current metallic 

require two paralleling sections. 

The successful use of a single path for 
full duplex operation will depend on the ability 

of the Telegraph Company to maintain as good 

a balance as required between the line and 

artificial line on the section involved. Any tele- 
graph repeater, equalizing, wave shaping, 

crossfire neutralizing or noise reducing de- 
vices required will be provided by the Tele- 
graph Company. Any matters pertaining to 

coordination of Telephone Company plant with 

that of power companies will be handled by 

the Telephone Company. All composite sets 

and simplex coils will be furnished by the 

Telephone Company. 

3.15 The Telegraph Company’s use of these 

facilities will be subject to the same broad 

physical limitations, i.e., length of repeater sec- 
tion, speed of operation and types of repeaters, 

which govern Bell System use. These types of 

facilities are normally used for transmission of 
teletypewriter pulses at line signaling speed of 

up to 28 cycles per second (sometimes stated as 

28.5 dot cycles) and it may be expected that the 

Telegraph Company will in most cases use com- 

parable speeds. 

3.16 <A fully operative circuit section as covered 
in item (c) of Schedule A of Contract 

No. 2 may be defined as one which, if a teletype- 

writer be connected to it at each of its two ter- 

minals, either directly or by means of the 

assigned local channel, will permit the transmis- 

sion of 7.42 unit teletypewriter code signals at 

the rate of 75 or 100 words per minute without 

requiring any other equipment or power supply. 

The lessor may employ any type of telegraph 

system, current supply or line facility which it 

may elect so long as this over-all result is ob- 
tained. However, consideration should be given 

to provision of an arrangement most compatible 

with the Telegraph Company’s equipment in 

order to avoid cumbersome and uneconomical 

interconnection arrangements. In this regard, 

type 128C subscriber sets are rather inflexible 

where the circuit is being extended beyond the 

end of the circuit section. When the use of a 128C 

set would cause difficulty, alternative mutually 

agreeable arrangements may be used which do 

not require additional expense by the Telephone 

Company. Circuit sections are furnished by the 

Telephone Company to the Telegraph Company 

exclusive of teletypewriters or similar transmit- 

ting or receiving devices. Individual sections pro- 

vided shall be suitable for the transmission of 

teletypewriter signals at a line signaling fre- 

quency up to 28 dot cycles per second. Operation 

may be one way, half duplex, or full duplex as 

required by the Telegraph Company. At the Tele- 

graph Company’s offices these sections may be 

connected to a teletypewriter, telegraph repeater, 

other equipment, or another circuit. 

3.17 In general, where fully operative tele- 

graph circuits are provided, the channel 

terminating equipment (telegraph repeaters, 

carrier telegraph terminal, etc.) should be lo- 

cated at the principal central office of the Tele- 
phone Company. In some special cases, however, 

where the location of the channel terminating 

equipment in the Telephone Company’s office 

would result in substantial cost penalties to the 

Telephone Company or impaired performance, 

it will be advantageous for such channel termi- 
nating equipment as 130B1 sets or 128-type sets 

to be located at the office of the Telegraph Com- 

pany or its patron or possibly in some other 

mutually satisfactory location. 

3.18 Fully operative circuit sections should be 

assigned to telegraph channels which pro- 

vide satisfactory teletypewriter service at speeds 

up to 28 dot cycles per second. These sections 

may be either direct current or carrier circuits 

or combinations of both. It is expected that the 

43Al carrier telegraph system will be widely 

used for furnishing fully operative facilities. It 

will generally be necessary to interconnect the 

loop side of the 43A1 terminal or repeater which 

terminates the fully operative circuit with the 

equipment in the Telegraph Company’s office. 
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Such interconnection may be on a one-wire or 

two-wire basis as desired, provided the equip- 
ment used and the transmission conditions per- 

mit. This interconnection, in cases where the 

Telegraph Company equipment is not designed 

to operate on a neutral basis or to supply the re- 

quired voltage or polarity, will require the use 

of additional direct current repeaters aside from 

those required for proper operation of the line 
facility. Where such repeaters are required they 

should be furnished by the Telegraph Company. 

Also where the connection of a fully operative 

circuit section of the type covered in item (c) 
of Schedule A of Contract No. 2 to another simi- 

lar section, or to a circuit provided by the Tele- 

graph Company, requires a regenerative repeater 
for satisfactory operation, this repeater shall 

be furnished by the Telegraph Company. If prac- 

ticable, the Telephone Company’s choice of ter- 

minating equipment should be compatible with 

that used by the Telegraph Company. 

3.19 Figs. 2A to 7D, inclusive, indicate typical 

arrangements to be followed for connec- 

tion of fully operative sections to, or at, the 

Telegraph Company’s office or patron’s office. As 
indicated on the figures, the normal operating 

loop current values will be between .060 and .065 

amps. The loops may be operated as pairs of 

wires or as single conductors terminating at one 
end in the Telephone Company’s office and at the 

other end in the Telegraph Company’s or 

patron’s office. The wiring and equipment of the 
Telephone Company will be separated from that 

of the Telegraph Company by a terminal strip 

or block known as a demarcation strip. The fig- 

ures show such a demarcation strip for those 

cases where teletypewriter subscriber sets are in- 

volved. The cable terminal should not serve as 

a demarcation strip. 

3.20 All of the arrangements shown on the fig- 
ures are not always available. The types 

of loop arrangements available will depend upon 

the method which the Telephone Company uses 

to provide the line facility. The most common 

types of loop circuits in the Telephone Com- 

pany’s plant are the balanced loop shown on 

Figs. 3A to 4C and the electronic loop shown on 

Figs. 5A to 5D. Of less frequent occurrence are 
the open and close type of loop shown on Figs. 2A 

to 2C. For outlying point operation where the 

service point is at some distance from a major 
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toll office, it may be desirable as previously dis- 

cussed to employ 128B2 or 1380B1 subscriber sets 

and in some cases 128C-type sets as indicated on 

Figs. 6A to 7B. One type of loop circuit may fit 

the Telegraph Company’s equipment better than 

another. Since the selection of the type of line 

facilities, subscriber sets, repeaters, etc., influ- 

ences the drop or loop side, those to be used 

should be selected, where practicable, so that the 
drop or loop will best meet the Telegraph Com- 

pany’s requirements. Discussions of the available 

options between the representatives of the Tele- 

phone Company and the Telegraph Company in 

the early stages of planning circuit additions 

and changes should be helpful. 

3.21. Balanced loops (Figs. 3A to 4C) are em- 

ployed where the Telephone Company’s 

circuit section employs 40-type carrier telegraph, 

low current metallic telegraph or direct current 

grounded telegraph where main line-type ter- 

minal telegraph repeaters are employed. The 

balanced loop employs + and — 130-volt poten- 
tials, and in general, must terminate in a poten- 

tial equal to and of the same polarity as the 

spacing potential sent to the loop by the tele- 

graph terminal. Electronic loops (Figs. 5A to 

5D) are employed where 43A1 carrier telegraph 

sections are used, or where No. 2 or 9B service 

boards are employed in the Telephone Company’s 

office. With electronic loops the signals are 

formed at the central office by the action of elec- 

tronic tubes, and the permissible variation of 

battery potentials and polarities is limited. In 

general, balanced and electronic loops are the 

rule in the larger toll offices. Electronic loops, 

however, may also be found in the smallest of- 

fices. Open and close loops (Figs. 2A to 2C) are 

rather rare. They may be encountered in small 

outlying offices, where single line telegraph re- 

peaters are used in connection with extending 

loops which are too long for operation without 

some type of repeater. 

3.22 The 128C-type set provides a two-loop half 

duplex type of termination only. It is in- 

tended for connection to a teletypewriter only 

(or equivalent neutral circuit) and not for con- 

nection to the loop circuit of another telegraph 

repeater or carrier terminal which operates on 

other than a neutral basis. It must be located 

within a few hundred feet of the teletypewriter.



3.23. The 128B2 set provides half duplex trans- 

mission only. It has an optional loop con- 

nection providing for either single-loop, two-loop 

neutral receiving or two-loop polar receiving. The 
single-loop option permits the extension of the 

loop to a maximum of about 12 miles of 19 gauge 

cable. The loop of the 128B2 set may be extended 

to a distant teletypewriter by means of a single 
conductor, where transmission conditions permit, 

provided it is terminated at the outlying end in a 
resistance connected to ground. The resistance 
should be adjustable to provide .060 to .065 am- 

pere loop current and should be shunted by a 

1 mf capacitor. In cases where it is necessary to 

employ a 128B2 set at one end of a circuit and a 

128C-type set at the other, the 128B2 set should 

be employed at the end which may require that 

the loop be extended to some distance beyond the 

subscriber set. 

3.24 The 130-type set may be arranged to ex- 

tend the loop circuit on either a half du- 

plex or full duplex two-loop basis, to a maximum 

of 800 ohms, including the teletypewriter, if only 

one polarity of 130-volt loop battery is employed. 

Each loop circuit may be a two-wire loop or, 

where transmission conditions permit, a single 

conductor. If extended on a single conductor 

basis, a source of +130 volts should be provided 

by the Telegraph Company at the distant end of 

the circuit. The Telegraph Company may supply 

110 to 120 volts potential in which case the 800 

ohms range will be reduced. An external re- 

sistance must also be provided to adjust the total 

external resistance including the teletypewriter 

and the conductors to 800 ohms for 130-volt bat- 

tery or 640 ohms for 120-volt battery at the dis- 

tant end of the loop. 

3.25 In some cases the provision of full duplex 

rather than half duplex facilities will re- 

quire additional expense by the Telephone Com- 

pany. In such cases, therefore, since both types 

of operation are furnished for the same charges, 

it is expected that the Telegraph Company will 

accept half duplex facilities unless its operation 

requires full duplex or unless the interconnection 

of facilities is greatly simplified thereby. In some 

cases, to simplify interconnection, the Telegraph 

Company may specify full duplex on one end 

and half duplex on the other even though oper- 

ation overall is half duplex. 

3.26 All fully operative circuits must be ex- 

tended to an office of the Telegraph Com- 

pany at one or both ends. This is true even though 

no equipment is required or provided at the Tele- 

graph Company’s office. See Paragraphs 2.06 and 

2.09 of Section IT. 

3.27 Fig. 8 shows the compatibility of various 

Telegraph Company and Telephone Com- 

pany dc telegraph arrangements. 

3.28 Circuit sections suitable for direct current 

telegraph using exclusively a pair of wires 

in cable or an open wire (a single wire of an open 

wire line) in general will be used in cases where 

the section lengths are short. These sections will 

be connected at the Telegraph Company’s office 

to telegraph repeaters, teletypewriters, Morse 

sets, other equipment or other circuit facilities. 

Where transmission conditions permit each con- 
ductor of a pair may be used at the option of 
Telegraph Company as a separate circuit. As 

described in Paragraph 2.02 of Section II, the 

Telegraph Company may use any circuit section 
furnished under Contract No. 2 for purposes 

other than printing telegraph service. It is pos- 

sible, therefore, that where the facilities are suit- 

able, the Telegraph Company may use such sec- 

tions for facsimile, data, ete. However, Contract 

No. 2 makes no provision for furnishing repeat- 

ers to connect to such section; it states that, “A 

two-point circuit section furnished pursuant to 

this item (d) shall be furnished on a nonoper- 

ative basis, i.e., without repeaters, battery, etc.” 

Circuit Sections Suitable for Voice-Frequency 

Transmission (Contract No. 2) 

3.29 Contract No. 2 specifies that circuit sec- 

tions suitable for voice-frequency trans- 
mission, also referred to as type (a) (1) circuits, 

“shall be suitable for a minimum of 12 telegraph 
carrier channels in each direction such as are 

provided by the Bell System type 40C1 carrier 

system.” The contract further specifies that ‘no 

additional charge will be made in cases where 
the lessor furnishes at its option circuit sections 

suitable for not more than 18 such type 40C1 car- 

rier telegraph channels.” In certain cases, such 

circuit sections will be suitable for data, fac- 

simile, or some service other than carrier tele- 

graph and may be so used. (See Paragraph 3.09.) 
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3.30 The Telegraph Company has the right to 

create additional communication channels 

within the voice-frequency range (200-3000 

cycles) from circuits it leases from the Tele- 

phone Company, by subdivision of the frequency 

band, time subdivision or in the case of wire pairs 

by using each wire as a separate circuit. The 

above statement is not intended to imply that 

the usable frequency range of voice-frequency 

circuits leased from the Telephone Company will 

necessarily have lower and upper limits of 200 

and 3000 cycles, respectively. 

3.31 Whenever it becomes necessary to reassign 

facilities of the type suitable for voice- 

frequency transmission, the following contract 

provision is important. “When the lessor (Tele- 

phone Company) substitutes one circuit section 

for another, the substitute circuit section shall 

not, except in times of emergency, be one suit- 

able for a smaller maximum number of channels 

than the lessor (Telephone Company) had pre- 

viously undertaken to provide on the section re- 

placed, without the consent of the lessee (Tele- 

graph Company).” Such substitution, of course, 

should not be made without reasonable prior 

notice to the Telegraph Company. 

3.32 Circuit sections intended for the applica- 

tion of voice-frequency carrier telegraph 

systems by the Telegraph Company should be 

assigned to circuit facilities of the type normally 

provided for the operation of the Bell System 

40C1 voice-frequency telegraph carrier system. 

Circuits having the same characteristics are usu- 

ally provided for the Bell System 43A1 system 

when used for the office-to-office operation of com- 

plete systems. Considerations involved in engi- 

neering the circuit layout for voice-frequency 

carrier telegraph systems are discussed in other 

literature and should be followed by the Tele- 
phone Companies, where applicable. There is a 

transmission advantage in avoiding the use of 

compandors. If local practice provides noncom- 

pandored channels for Telephone Company VF 

systems, then the sections furnished for the Tele- 

graph Company should be treated accordingly. 

When the removal of compandors is requested by 

the Telegraph Company charges as specified in 

Schedule A shall apply. 
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3.33 

(a) One system known as the type 70 system 

provides eight channels spaced 300 cycles 

apart utilizing a spectrum of 970 to 3,230 

cycles, 

The loop circuit of the type 70 system is 

of the electronic type utilizing 12-volt poten- 

tials and operating on a polar basis. These 

channels carry circuits operating up to 180 

bauds and cannot be interconnected with Bell 

System VFCT’s or repeaters. 

In some cases voice-frequency circuit sec- 

tions may carry both type 70 channels and the 

narrow-band types described in (b). 

(b) Narrow-band systems having channels 

spaced 150 cycles apart are known as types 

20, 30, 40, and 60. These channels are in wide- 

spread use and each provides two groups of 

eight or ten channels each. The over-all spec- 

trum required for two 10-channel groups is 

340 to 3,260 cycles. The chief difference be- 
tween the type 20 and the 30’s, 40’s, and 60’s 

is that the latter three employ a relay for the 

receiving branch which simplifies the require- 

ment for interconnecting repeaters. The loop 

circuit of the type 20 is of the electronic type 

similar to that of the 43A1 systems. Where 

it is desired to interconnect a type 20 channel 

and a 43A1 channel it is usually necessary to 

use an interconnecting de repeater as shown in 

Fig. 5E. 

Other FSK systems used by Telegraph 
Company for data provide for transmission at 

300, 600, 1200 and 2400 bauds. 

3.34 A channel group may consist of one or 

more channels of the types described in 

Paragraph 3.38. Various combinations of these 

channel types may be used in a given group. The 

output level per channel at the telegraph office 

into the loop to the telephone office should always 

.be —17 dbm. The level per channel at the Tele- 

phone Company secondary testboard into the 

loop to the telegraph office should always be 

—17 dbm. Therefore, the level of an individual 

telegraph channel received at the Telegraph 

Company office will always be below —17 dbm 

attenuated by the amount of the loss of the inter- 

office section. (See Fig. 1.)



3.35 The net loss frequency characteristic of 

the interexchange circuit sections fur- 
nished to the Telegraph Company should be com- 

parable to those provided for 40C systems. The 

net loss frequency requirements are as follows: 

ALLOWABLE DEVIATION 
FREQUENCY (cps) FROM REFERENCE LOSS (db) 

1000 Ref. 

A25 —4.5 to +4.5 

500 —4.0 to +4.0 

1000 —0.5 to +0.5 

1900 —3.4 to +3.4 

2500 —-4.5 to +45 

Attachments: 

Figs. 1 through 8 

3.36 Emergency facilities are sometimes fur- 
nished temporarily to the Telegraph Com- 

pany to replace Telegraph Company plant which 

is out of service. These emergencies are defined 

in Contract No. 2 as occasions when regular facil- 

ities are not available due to “storm, flood, fire 

or similar causes.” During such times of stress 
the Telegraph Company will usually order such 

facilities, when available, at the testroom level. 

The Telegraph Company will follow normal prac- 

tices relating to levels, currents and voltages in 

using such emergency facilities. In order to ex- 

pedite the restoration of service under such con- 

ditions, the Telegraph Company will accept type 

(a) (1) (voice-frequency grade) circuit sections 

with level deviation of +3 db from normal. 
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TYPICAL INTERCONNECTION ARRANGEMENTS FOR 

CIRCUIT SECTIONS FOR V.F. TELEGRAPH SYSTEM APPLICATION 
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Note: Loss of cable section plus loss of 89-type resistance should total 9 db.



TELEGRAPH TELEGRAPH 

  

        

  

      

              
      

          

  

              
  

CO. OFFICE CO. OFFICE 
OR PATRON OR PATRON 

TELEPHONE CO. OFFICE 

TT] W.U. 
DELAY 

_—— __ EQZ 
Ve 

WU. 
EQZ LEV 

EQZ,           
          

  

Notes: 

1. Telephone Company amplitude equalizers and an intermediate repeater are shown in custom- 

ary locations. The Telegraph Company delay equalizer might be located at either end of the 

circuit. 

2. Continuity of Simplex may or may not be required. 

Fig. 1C — Typical Intraexchange Data or Facsimile Channel with Amplifier 

and Equalization 

(Furnished under Contract No. 1) 

CONTRACT NO. 2 

  
      

  
      

                                                        

}-—-————CONTRACT NO. |———>e————CL ASS |, 2, OR 3 —————>}-+ CONTRACT NO. | ————> 
CIRCUIT DATA OR FACSIMILE CHANNEL CIRCUIT 

TELEGRAPH TELEGRAPH 
CO. OFFICE TELEPHONE TELE PHONE, TELEPHONE CO. OFFICE 
OR PATRON CO. OFFICE CO. OFFICE CO. OFFICE OR PATRON 

cTTT TI 

| ! 

Pou | > pew Llea7 l I wul 
; rena 5,8 OR ISKC PGM CHAN | | EQz 

i | 
EQ2| | | 

LT 4 
STANDARD EQUALIZED 

GRA TION 
EQUALIZATION TO BE PROVIDED! ROGRAM SECTIO INTERMEDIATE 
HERE ONLY IF TELEGRAPH CO. AMPLIFIER (EQUALIZED 
ORDERS AN AMPLIFIER ON TO INPUT) WILL BE 
CONTRACT NO. 1 CIRCUIT AT ORDERED BY TEL- 
THIS OFFICE, EGRAPH CO. IF 

REQUIRED. 

Fig. 1D —Nlustration of Typical Arrangement of 5, 8, or 15ke Data or 
Facsimile Facilities 
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FULLY OPERATIVE CIRCUIT SECTIONS 
TYPICAL METHODS OF CONNECTING TO TELEPHONE COMPANY OFFICES 

Applicable Where Telephone Company Line Facility Terminates 

in Single Line or One Way Repeater 

Telephone Company Office Telegraph Office | 

S- Leg 
      

  

      
  

S- Relay    

  

.060 - .065 Amp, Telety pewriter 
or Equivolent 

#R-Relay 
-130V. — S   

si
te
 

  +130V.     I 
Fig. 2A — Series Loop Arrangement — Half Duplex Operation 

(2-Conductor Loop) 

S-Leg | 

S- Relay M in. 060-.065 Amp. Teletypewriter 
' : — ‘ 

‘ R-Relay or Equivalent 

t s t 
Ld — 

H30V.e9 = -130V. 
it 

  
  

    
  

Fig. 2B ~ Series Loop Arrangement — Half Duplex Operation 

(1-Conductor Loop) 

  
Receiving 

R-Leg Element of 

M .060-,065 Amp. Teletypewriter L| 
or Equivalent t 

4 R- Relay { t S 

  

  

  

          
  

+H120V. 

Transmitting = 

S-Leg Element of 
S-Reloy y 060-065 Amp. Teletypewriter 

| t or Equivalent Py | 

a — 

1 os = - +130V Tt Tt i30V. 

Fig. 2C — Series Loop Arrangement — Full Duplex Operation 

(Split Loop) 
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FULLY OPERATIVE CIRCUIT SECTIONS 
TYPICAL METHODS OF CONNECTING TO TELEPHONE COMPANY OFFICES 

Applicable Where Telephone Company Line Facility Terminates in 40 Type 

Carrier, 20 Type Metallic or 16 Type Grounded Repeater Half Duplex 

Telephone Compony Office Telegraph Office 

S-Leg   

  S- Relay 

  

        
      

.060 -.065 Amp. Teletypewriter 

R- Relay 

      
      

  

  

  

    

  

  

  

  

  

      
  

  

          
  

or Equivolent 

Se = | 

30V-— 2 -130V +130V. = + Tf L - . 5 Tt 

Fig. 3A — Balanced Loop Arrangement — Half Duplex Operation 

(2-Conductor Loop) 

S-Leg | | 

S-Reloy 060-.065A . ~ mp. Teletypwriter 

R-Relay or Equivalent t } . 

sce M + = »s 
=> _ mm — 

BOs "w Battery Reversed- See Note. 20v. TL I +120V. 

Tr Tov. > = 

Fig. 3B —Balanced Loop Arrangement — Half Duplex Operation 

(1-Conductor Loop) 

S-Rel ote | | - Relay 
BOTT kn .060-.065 Amp. Differential 

Duplex Set 

R-Reloy § = \—90099-—ww 
S + M i crt, , LT it 
— _™ Bottery Reversed-See Note. = -120V. = “w4t20V 

-130V. ™ 
. + . 

T+130V. tL 1 

Fig. 3C — Balanced Loop Arrangement — Half Duplex — Duplex Repeater at 

Telegraph Office 

(1-Conductor Loop) 

Note: Mand S Batteries at Telephone Company Office may be interchanged in all cases where 

Balanced Loops are used. 
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FULLY OPERATIVE CIRCUIT SECTIONS 

TYPICAL METHODS OF CONNECTING TO TELEPHONE COMPANY OFFICES 

Applicable Where Telephone Company Line Facility Terminates in 40 Type 

Carrier, 20 Type Metallic or 16 Type Grounded Repeater Full Duplex 

Telephone Compony Office Telegraph Office 

  

  

  

  

  

  

  

          
  

  

  

  

  

  

    
    
  

  

  

  

      
  

Receiving 

-060-,065 Amp. Element of 

Teletypewriter LL 
or Equivotent 

-120v. = 
Transmitting tL 
Element of . 

,O60- .065 Amp. Teletypewriter +—=, 
or Equivolent “P< 

* 

-120V. = 
Fig. 4A— Balanced Loop Arrangement — Full Duplex Operation aL 

(Split Loop) ° 

rr 

R-Leg | See Note 2 SOOO Repeater 
R-Reloy ,060-.065 Amp. — TOL 

M 5 OR Polar Receiving uo 

.030~-035 Amp. im 

TSOV. -060 -.065 Amp. Neutral Sending 

See Note 1 Interoffice -l20V T 

Section = 

Fig. 4B — Balanced Loop Arrangement Full Duplex — Repeater at 

Telegraph Office 

(Split Loop) 

R-Leg See Note 2 COOP 

R-Relay .060-.065 Amp. Telegraph Repecter mae 
M s OR Polar Receiving = 

. L -130V S-Leg |030-.035 Amp. Polar Sending 

> = S-Rela WV OT . 060-.065 Amp. w+, 

See Note 4 | | 

+130 V. 

ul-
-o|

a 

  
-t20V +120V 

Fig. 4C — Balanced Loop Arrangement Full Duplex ~— Repeater at 

Telegraph Office 

(Split Loop) 

Note: M and S Batteries at Telephone Company Office may be interchanged if required. 
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FULLY OPERATIVE CIRCUIT SECTIONS 
TYPICAL METHODS OF CONNECTING TO TELEPHONE COMPANY OFFICES 

Applicable Where Telephone Company Line Facility Terminates 

in 43A1 Carrier Terminal 

Telephone Company Office 

  

Telegraph Office 

  

  

  

    
  

  

    
    
  

  

  

        
  

  

  

  

  

  

  

  

  

            
      

Line | S-Leg 

435A AA t AA Telet i ypewriter 
| phe 060 -.065 Amp. or Equivalent 

-130V = -48V 

See Note IT IT + 130V. 4 

Fig. 5A-43Al1 Carrier Telegraph — Half Duplex Operation 

(2-Conductor Loop) 

Line 1 S-Leg | | SOOSSPLL 
43A-1 . 

TD >—<t0 Channel Lanna 060 - .065 Amp. avon 
t 4 t 3 Term. th 
“-130V “a i —48V = Grd, 

See Note LL +20 tr 

Fig. 5B~43A1 Carrier Telegraph — Half Duplex Operation 

(Single-Conductor Loop) 

Teletypewriter 
Key board 

—_— 

Line 1 
430-1 .060-.065Amp. 

> >—42.Channel —= — TOIT t Grd 

+ i I Term. wn Teletypewriter = => 
vr = Rec. Mag. f + 120V 

130V “TT ~48v 4 ft 
See Note = = = ° 

+120V T = Grd. 

Fig. 5C ~43Al Carrier Telegraph — Full Duplex Operation 

Note: Negative 130V. Battery may not always be available at the Telephone Company office. 
If ground is furnished at either office the loop resistance including terminal equipment is limited 

to 8000 with 130V Battery or less with a lower voltage, (as may be furnished by Telegraph Co.) 

If both polarities of 130 volt battery are used, the limiting value of loop resistance (including 

terminal equipment) is 2880 ohms. 
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FULLY OPERATIVE CIRCUIT SECTIONS 
TYPICAL METHODS OF CONNECTING TO TELEPHONE COMPANY OFFICES 

Applicable Where Telephone Company Line Facility Terminates 
in 43Al1 Carrier Terminal 

  
  

  

  

  

  

  
            

  

    

  

  

       

        

  

  

  

  

          
          

Telephone Company Office Telegraph Office 

1 —_— Teleg. CO Type 5 
Line arrier 

43A-1 AWWA 060-.065 Amp. ° chonmer_ | 
>= Channel WYSTTHET 

[ t { Term | anh - [+120 + 4 
“130V-F FP -48V 4 3 

i +120V = = = See Note = = Tr 

Fig. 5D —43A1 Telephone Carrier — Type 15 Telegraph Carrier — 

Full Duplex Operation 

| = +120V 
Always Required T 

—< —_ 

AST 2 * 
- S-Leg_ | ~<— R-Leg ~ 

Line ! + T= Woy Reteoter Teleg. Co. 
430-1 -0O60—065 Amp.}| = 20 Type Corri 

>———12Channel R Leg —_ { -Woy S-Leg Chonnel 
t te Term. Laka Repeater 

= = — May not be reqd- 
-130V r r -48V +120V or Ground = 

See Note = > must be furnished     
from Teleg. CO. 

Fig. 5E - 43Al1 Channel Term. at Telephone Office — Teleg. Co. 20 Type Carrier 

Term. at Telegraph Office — Full Duplex 

Note: Negative 130V battery may not always be available at the Telephone Company office. 
If ground is furnished at either office the loop resistance including terminal equipment is limited 
to 800 with 130V battery or less with a lower voltage, (as may be furnished by Telegraph Co.) 

If both polarities of 130 volt battery are used, the limiting value of loop resistance (including 
terminal equipment) is 2880 ohms. 
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0-C Line 

FULLY OPERATIVE CIRCUIT SECTIONS 
TYPICAL METHODS OF CONNECTING TO TELEPHONE COMPANY OFFICES 

Applicable Where Telephone Company Line Facility Terminates 

in 128-Type TTY Subscriber Sets 

Telegraph Office 
  

  
Telegraph Company 

l TTY. or 
Single Line Rep. 

Yo t Hold 
f Magnet 

= or Line R 

  

  i af
 

  

  
  

    

  

  

  

  
  

imf -060-     

  

      

Demorcation Stri Contacts                   
Fig. 

Fe me 7 .065 
7 ___ 070 

| i Amp. 

      

      

0-1500% i mf 
L£ +130V 

B H15V. AC = 
Rectifier | - To be Supplied 

Com. Power by Telegraph 

6A — Telephone Company 12882 Set at Telegraph Company Office Company. 

Half Duplex Only — Single-Loop Operation 

Telegraph Office, Telegraph Co. Patron’s office 

  

  

  

  

  
  

          
  

  
                                            

| 

| “ ! 
I | ~3 

I = l a © 
= = 3 

l = - e ~~ 

| [ Rectifier E AC Power | |*/32 | & 

To ! cn = + | |}2/S3 S 
Telephone Line) t 75V | |sig= | & co Ortcey “wn P14 |! |Elee_) 3 

! Lp qd] b | |s/ses ! ace wml 
| Sop ] 

l 

| 255A 255A | ““428c2-.0625 AMP 
|  128C3-.0515 AMP. 

L--__ J 
128 C Type Set 

Fig. 6B-—Telephone Company 128C-Type Set in Telegraph Company office, 

or in office of a patron of the Telegraph Company. Half duplex 

service only. The 128C-Type Set must be located in the immediate 

vicinity of the teletypewriter. In cases where it is necessary to employ 

a 128B2 set at one end of a circuit and a 128C set at the other, the 

128C set should not be employed at the end which may require that 

the loop be extended to some distance beyond the subscriber set. 
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FULLY OPERATIVE CIRCUIT SECTIONS 

TYPICAL METHODS OF CONNECTING TO TELEPHONE COMPANY OFFICES 

Applicable Where Telephone Company Line Facility Terminates 

in 130-Type Subscriber Set 

Telegraph Office 

  

130 Type Set Equipped with 43AI 

Channel Term. 
  

  

  

    

  

  

              

  

  
  

  

    

  

        

  

            

                        

  

      
  

  

  

  
      

  

      

  

  

  
  

      

    

              

  
      

  

  
  

  

      

  

    
                    

              
  

  

        
            

  
  

Send Amp! 
gene Mod. and Osc. = 
mer ‘Gain Cont. 

Send. Tube Telegraph Company 
TTY. or 

Carrier : Single Line Rep. 

Line 060 - Magnet 
Rec. SLorA .065 Amp. 
Tube 

Line Coil Rec. es Amp. SLiorB | >> 
. : 7 

Filter == Disc. etc. 3 

Demarcation Strip | 3] Send 
= @q27 < Contact: 

; = | Contacts 

20v AC —} £ 0-700% 28 
Filament + 

+130 Vi fn Supply Rectifier no pee Rectifier 
Com. Power or Other 

: . DC Source 
Fig. 7A — Telephone Company 130-Type Set at Telegraph Company Office Lt 

Half Duplex Operation — Single Loop ¥ 

130 Type Set Equipped With 43AI 
Channel Term Telegraph Company 

Send Ame .O60- Y or 

Send Mod, ond Osc.f— (065 Repeaters 

| Filter Gain Cont. Amp. 
Lor A 

Send. Tube r ~~ 4 
re 

Vee" 4h Send 

Carrier g = Contacts 

i = Sklor8 Line mee 

.O65 Amp. Sw 
RLior B | x LJ 

iy 5 = Demarcation Strip Magnet 
ec P= Amp. 

Filter p—4Disc.etc, We 
0-700 % +120 or 130V 

27 we 

Rectifier 20V AC —~+ ifier 
Filament = 0 ther 
Supply +130 V. {45V. AC rce 

Rectifier pe COM. Power tL     
    

Fig. 7B — Telephone Company 130-Type Set at Telegraph Company Office 

Full Duplex Operation — Two Loops 
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Corrier 

Line 

FULLY OPERATIVE CIRCUIT SECTIONS 

TYPICAL METHODS OF CONNECTING TO TELEPHONE COMPANY OFFICES 

Applicable Where Telephone Company Line Facility Terminates 

in 130-Type TTY Subscriber Set 

Telegraph Office 

  

  

      

  

  

      

  

  

Telegraph Office or 
Telegraph Co. Potrons Office 

  

  

  

  

  

          
  

    

          

  

130 Type Set Equipped Send Amp 
with 43A1 Channel Term. | Mod and {Osc} 

Send Gain Control 
‘ Filter [or Send 

Tube 

: TTY Line Line 
_— Rec. =O ~~ - - —- - == -- += — pb Rela 
= 3 Tubes 060-.065 Amps |” ely 

Rec. Amp. LJ Demarcation TTY 
Filter Disc. Strip Send Cont. 

etc G) 
= £ O-700 

2ovac) bah J 
Filoment ——-“ 130V[_415V Com.P Supply Rectifier + LY ¥ Lom. rower Adjust for total 

resistance external 
to set of 800™ for 
130 V or 640% for 
i20V. 

  

          
   

    

Fig. 7C — Telephone Company 130 Type Set at Telegraph Company Office with 

Loop Circuit Extended on a Single Wire Basis to a Distant Point 

Half Duplex 

  

Corrier 

Line 

  
  

  

      

      

TTY 
Send Cont.    

  

  

  

  
  

    
  

  

  

          

  

  
      

  

- 0-700 

+120V      
  TTY Rec. Relay 

  

  

130 Type Set Equipped Send Amp 
with 43 Al Chonnel Term. 

| Mod. ond { Osc }— 
Send Gain Control 

Tube 
NW AV SL mw eeweeooanne —tbo of 

=3 O60 -.065 Amps. 

Rec. ? —- Of 

Tubes | 060 -.065 Amps. 
Rec. ame — Demarcation 

Filter ete. r] Strip 

+ 

20V AC tt] H15V AC. 
ilament ——4 = 

Supply Rectifier H30V{ 
Com .Power 

Fig. 7D — Telephone Company 130-Type Set at Telegraph Company Office with 

Loop Circuit Extended on a 2-Wire Basis, One Wire for the Sending 

  
  

  
    

  

Loop and One for the Rec. Loop, to a Distant Point, Full Duplex 

Zorn 

+130 Vor 
+120V 

Adjust for a total 
resistance external 
to the set of 800 
for 130 V or 640% 
for 120 V. 
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    te Fype 40 corrier Type 40 Corcier ‘Type 438-1 Type 434-1 ‘Type |28B-2 Set ype 128C Type 130 Tyea 130 
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Fig. 8— Chart Showing Compatability of Telegraph Company and Telephone 

Company dc Telegraph Arrangements





ENGINEERING NOTES 

CONTRACT NUMBERS 1 AND 2 

BETWEEN THE BELL SYSTEM TELEPHONE COMPANIES 

AND THE WESTERN UNION TELEGRAPH COMPANY 

SECTION IV 

FACILITIES FOR VOICE OPERATION 

4.01 Amendment No. 3, effective January 1, 

1962, to Contract Numbers 1 and 2 pro- 

vides in part for use of voice grade facilities 

leased by the Telegraph Company from the Bell 
System for interexchange voice or alternate voice 

transmission service. 

4.02. The Telegraph Company may now use 

interexchange circuits leased from the 

Telephone Company under Contracts 1 or 2 to 

provide interexchange private line voice and al- 

ternate voice, data, telemeter, and facsimile 

channels and services in addition to those uses 

specified prior to amendment No. 3. Such leased 
circuits as well as the Telegraph Companies’ own 

facilities can be arranged to: 

(a) Provide exchange-type switched voice- 
coordinated data type transmission serv- 

ices, not connected to Telephone Company in- 

strumentalities or services. 

(b) Connect to Telephone Company instru- 

mentalities, e.g., key and station equip- 

ment, PBXs, tie line terminals, etc, and 

through these instrumentalities, connect to the 

Telephone Company exchange and toll net- 

work and Telephone Company furnished pri- 

vate lines. However, connections to Telephone 

Company instrumentalities and facilities will 

be made only under the following conditions: 

(1) The Telegraph Companies facilities or 

leased circuits are used only for voice 

when switched to other services of the Tele- 

phone Company. 

(2) The Telephone Company instrumentali- 

ties are furnished as part of a service 

furnished by the Telephone Company (i.e., 

instrumentalities are not furnished solely 

to terminate Telegraph Company channels) 

to the same customer. 

(3) The Telegraph Company facilities or 

leased channels are connected to Tele- 

phone Company instrumentalities at both 

ends except that, in lieu of this, they may 

be terminated in instrumentalities of the 

U.S. Military Departments or NASA, where 

such connections of telephone facilities are 

authorized by the Telephone Company. 

(c) Telephone facilities cannot be leased, un- 

der these contracts, to provide voice cir- 

cuits between instrumentalities within the 

same exchange area of the Telephone Com- 

pany. 

4.03 Following is a list of definitions which 

will be used: 

(a) Circuit — A communications channel be- 

tween the two instrumentalities such as 

PBXs, key and station equipment, etc. 

(b) Facility— A means of providing a com- 

munications channel. A facility may be de- 
rived by means of a carrier channel, or a voice- 

frequency channel, on cable or open wire or 

radio beam. Several different facilities may be 

interconnected to provide a circuit. 

(c) Switched Private Line Circuits — Private 

Line circuits which may be interconnected 

with the exchange and toll message network 

or with other private line services. 

(d) PBX Tie Line or Tie Trunk — A circuit 

between two PBXs. 
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(e) Conductor Loop Resistance — An expres- 

sion used to define the supervision limit 

of a piece of equipment in terms of the resist- 

ance of the cable or open wire of the outside 

plant facility. This resistance is composed of 

twice the single wire resistance of the length 

of cable or open wire involved. 

(f) Maximum External Circuit Loop Resist- 

ance — A supervision limit which includes 

the resistance within the terminal equipment 

at the station end of the loop in addition to the 

conductor loop resistance. 

(g) Loop — Normally used to define a circuit 

between a switching equipment and a tele- 
phone station. 

(h) Trunk — Normally used to define a cir- 
cuit between two switching equipments. 

(i) Transmission Level (TL) — A means of 

comparing the relative power levels of 

transmission signals at different points in a 

circuit or switching network to a specified ref- 

erence level (zero transmission level point). In 

the Bell System the transmission level at any 

point in a circuit is usually equal to the abso- 

lute level of the test tone (db referred to 1 mil- 

liwatt — dbm) used in lining up or maintain- 

ing a circuit. Normally a 0 dbm (1 milliwatt) 

is applied at the zero transmission level point 

(0 TLP). In actual use, the power in voice, 

data or other signals transmitted over a cir- 

cuit is normally less than the level of the test 

tone at any transmission level point. For ex- 

ample, it might be specified that a particular 

signal might be applied at —11 dbm at the 

0 TLP. At the +7 db point, this signal would 

be —4 dbm. Many transmission requirements 

are stated in terms of a particular level (dbm) 

at the 0 TLP. 

(j) “Notes on Distance Dialing’ — A general 

discussion of the Engineering considera- 
tions involved in the design and maintenance 
of the Telephone Company distance dialing 

network. These ‘Notes’ are available from 
Graybar Electric Company. 

(k) Via Net Loss (VNL) — VNL is the low- 

est loss in db at which it is desirable to 

operate a circuit considering limitations of 

echo, crosstalk, noise and singing. A general 

IV-2 

discussion of VNL, echo, crosstalk, noise and 

singing is included in Chapter 6 of the “Notes 

on Distance Dialing.” 

(l) Centrex Service — A Bell System service 
offering designed to provide improved 

service features for PBX customers. 

Centrex C.O. and Centrex CU are terms 
used to define the two basic equipment ar- 

rangements for providing Centrex service. 

Centrex C.O.— locates the dial switching 
equipment on Telephone Company premises. 

Each Centrex station will be served by a 

direct line from the switching machine in a 

manner similar to that used for customers 

served from a local Telephone Company 

central office. Attendant facilities and nor- 

mal station equipment will be provided on 

the customer’s premises. 

Centrex CU — locates both the dial switch- 
ing and the attendant facilities on the cus- 

tomer’s premises in a manner similar to 

regular PBX arrangements. 

4.04 The design of circuits used to furnish a 
service to its customer will be the respon- 

sibility of the lessee. The lessor will furnish to 

the lessee the necessary information such as fa- 

cility makeup and the type and capabilities of 

terminating equipment for use in design or main- 

tenance. 

4.05 Whenever a customer’s switched private 

line network is composed of Telephone 

Company PBXs interconnected by a combina- 

tion of Telephone Company provided tie line cir- 

cuits in tandem with Telegraph Company pro- 

vided tie line circuits, the over-all system design 

criteria will be those of the Telephone Company. 

Close coordination between Companies will be 

required if a satisfactory system design is to be 

obtained. 

4.06 When a Western Union voice facility is to 

be interconnected with a Telephone Com- 

pany facility, it is essential that the facility 

utilized by the Telegraph Company, whether 

leased or owned, be entirely compatible with that 

of the Telephone Company. 

4.07. When Western Union leased or owned pri- 

vate line voice circuits are to be termi- 

nated on Telephone Company instrumentalities,



the transmission and signaling capabilities of 

the circuits should be comparable in quality to 

those normally provided by the Telephone Com- 

pany for a corresponding type of circuit under 

normal private line tariffs. The lessee shall pro- 

vide, at his expense, equipment necessary to ren- 

der such circuits suitable for operation with les- 

sor’s circuits, instrumentalities or services with 

which they are connected. The design procedures 

and standards used by Western Union for these 

switched private line circuits will need to be 

closely coordinated with those of the Bell Sys- 

tem Company from which facilities are leased. 

4.08 It should not be construed that the trans- 

mission and signaling capabilities pro- 
vided on facilities leased under Contracts No. 1 

and 2 are the same as for voice circuits provided 

under the normal private line tariffs. It will be 

the responsibility of the lessee to make the facili- 

ties suitable for the particular service that is to 

be provided. 

4.09 Facilities normally provided to the lessee 

under Contract No. 1, which may be used 

for voice operation, will consist of the type of 

cable pair, open wire pair or carrier channel nor- 

mally employed in furnishing exchange tele- 

phone service in the particular area involved. 

4.10 Gain devices, signaling units or other spe- 

cial equipment needed to make the facili- 

ties discussed in 4.09 suitable for the purpose for 

which the lessee desires to use them, will be pro- 

vided by the lessee and located on either the 

lessee’s premises or on the lessee’s patrons prem- 

ises, or in some cases may be obtained at addi- 

tional cost from the lessor and located on les- 

sor’s premises. Conditioning of outside plant 

facilities, such as special loading, will be done 

only by the lessor. Charges for special equip- 

ment or conditioning are covered in Schedule A 
of the Contract. No. 1. Application of these 

charges is discussed in the ‘Administrative 

Notes.” 

4.11. Interexchange circuit sections for voice 

operation are leased under the provisions 

of Schedule A, item (a)(1) of Contract No. 2. 

These circuit sections have been defined as hav- 

ing transmission characteristics suitable for a 

minimum of 12 telegraph carrier channels in 

each direction. These circuit sections shal] be 

provided by means of. carrier or four-wire voice 

facilities. Unless otherwise agreed upon, stand- 
ard levels will be provided at the terminal offices 

as shown in Figs. 1 thru 3 and discussed in Para- 
graph 4.20. 

4.12. Contract No. 2 circuit sections are not 

represented as being suitable for voice 

transmission beyond the terminal central offices 
of the section nor are signaling arrangements 

provided. 

4.13 Signaling units or other special equip- 

ment needed to make the Contract No. 2 

circuit sections suitable for the purpose for 
which the lessee desires to use them would be 

provided as discussed in Paragraph 4.10. Charges 
for special equipment or conditioning provided 

by the lessor are covered in Schedule A of Con- 

tract No. 2. 

4.14 Engineering costs incurred by the lessor 

in connection with providing circuits or 

circuit sections wth special characteristics over 

and above those given in Paragraphs 4.09 and 4.12 

would be charged to the lessee under the pro- 

visions of Schedule A in Contracts Nos. 1 and 2. 

4.15 All equipment located at a Telephone 
Company central office for use on leased 

facilities will be owned and maintained by the 

Telephone Company. This will include Centrex 

C.O. locations. 

4.16 Ata Telephone Company PBX, or other 
switching instrumentality located on the 

customer’s premises, all equipment normally 

used in the operation of the instrumentality will 

be owned and maintained by the Telephone Com- 

pany. This will include the trunk relay equip- 

ment shown in Figs. 2 and 3. It is also prefer- 
able that terminating sets, amplifiers and other 

termina] line equipment required at the switch- 

ing location for the leased circuit be provided 

by the Telephone Company. 

4.17. Interconnection of Western Union facili- 

ties and/or equipment with those of the 

Telephone Company will be done at a designated 

demarcation strip. This demarcation strip should 

include the necessary protection features as dis- 

cussed in Section 5 of these Notes, All equipment 
on the Telephone Company side of the demar- 

cation strip will be owned and maintained by 

the Telephone Company. 
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4.18 At a PBX or other instrumentality 

which is not owned or maintained by the 

Telephone Company, all equipment will be pro- 

vided by Western Union or by its customer. 

4.19 Many types of PBXs and associated 
equipment are used by the Telephone 

Company. The type, operating characteristics 

and availability of the PBX equipment must 

be determined prior to the design of the line 

facilities in order to arrange for the proper com- 

patibility in the line facility. This informaton 

may be obtained from the appropriate Telephone 

Company. 

4.20 When Contract Numbers 1 or 2 facilities 
are provided by means of a carrier chan- 

nel, the following transmission levels will gen- 
erally be provided at the carrier terminals (see 

Figs, 1 thru 3): 

+7 db out of the carrier system and 

—16 db into the carrier system at 1000 

cycles. 

Both of these levels are with respect to the 

0 TLP. 

In some cases carrier levels of +4 db and 

—13 db will be encountered. These exceptions 

will be handled on an individual basis and 

should be thoroughly discussed with the lessee 
to avoid incorrect circuit design. 

4.21. When Contract No. 2 facilities are pro- 

vided by means of four-wire cable facili- 

ties, standard levels similar to those specified in 

Paragraph 4.20 will be provided unless otherwise 
agreed upon. Since the levels provided on voice 
circuits depend to a certain extent upon the type 

and location of voice amplifiers, it may be nec- 

essary to deviate from the standard levels in 

some cases, 

4.22 The transmission level at the input to 

exchange cable facilities should not ex- 

ceed +3 db referred to the 0 TLP (see Figs. 

1 thru 3). Where single frequency or composite 

tone signals are to be transmitted, the actual 

allowable power at this point may be consider- 

ably lower than +3 dbm. Allowable transmission 
levels for single and composite tones and speech 

volume levels, are given in Section 5 of these 

Notes. 
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4.23 Fig. 3 shows an example of a typical 

arrangement for extending a Contract 2 

facility from the telephone office to the Western 

Union office by means of four-wire cable facili- 

ties. All levels shown are with respect to the 

0 TLP which, in the case of a tie line, is normally 

at the PBX. 

4.24 Where circuits are to be used for alternate 

voice and data, teletype, or facsimile use, 

the transmission levels of the various services 

must be closely coordinated. In general, the de- 

sired loss will vary depending upon the particu- 

lar type of service. Therefore, suitable means 

must be provided to independently adjust trans- 

mission levels for the alternate services. Specific 

levels for services other than voice are covered 

elsewhere in these Notes. 

4.25 The design loss which can be obtained on 

a switched private line voice circuit will 

depend upon the circuit arrangement: for ex- 

ample, carrier or voice, two-wire or four-wire, 

return loss and singing margins at four-wire to 

two-wire junctions, impedance irregularities in 

the facilities, and transmission balance at the 

switching points. In addition to net loss require- 

ments, frequency response becomes quite impor- 

tant particularly when private line circuits are 

to be operated in tandem or interconnected with 

the Bell System message network. 

4.26 For satisfactory voice operation, the im- 

pedances of connecting facilities must be 

closely matched. In general, carrier systems will 

present a nominal impedance of 600 ohms while 

voice-frequency facilities may have a nominal 

impedance of either 600 ohms or 900 ohms, de- 

pending upon the type of facility. Suitable im- 

pedance matching arrangements should be pro- 

vided by the lessee except at the junction of 

Contract 1 and Contract 2 facilities in which 

case they will be provided by the lessor. 

4.27. In order to prevent noise in voice tele- 

phone circuits and connecting instrumen- 

talities, a high degree of balance to ground must 

be maintained both in the equipment and the out- 
side plant facilities. Noise and longitudinal bal- 

ance requirements are discussed in Section 5 of 

these Notes.



4.28 Western Union owned or leased private 

line circuits terminating at Telephone 

Company instrumentalities may be connected to 

the Bell System toll and exchange message net- 

work in the same manner as Telephone Company 

circuits. Two typical arrangements for serving 

PBX customers are shown in Figs. 4 and 5. 

Fig. 4 is the conventional arrangement with a 
PBX on the customer’s premises. This includes 
Centrex CU. Fig. 5 covers the Centrex C.O. 

arrangement. 

4.29 Voice circuits which terminate in Tele- 

phone Company instrumentalities, such as 

PBXs and are to have the capability of switch- 

ing to the Telephone Company toll or exchange 

network or other switched private line circuits, 

must be designed for less transmission loss than 

would be allowable if the circuits were to be 

used only for communication between the two 

terminal PBXs. For example, with the ar- 

rangement of Fig. 4, the over-all transmission 

quality of a call placed over a tie line which is 

switched to the toll or exchange message net- 

work will be a function of the loss of the tie 

line, the PBX central office trunk, and the 

portion of the regular Bell System message net- 

work used to reach the called party. For trans- 

mission reasons, a switched private line circuit 

should not be interconnected with the Bell Sys- 
tem message network at more than one point 

on any given call. 

4.30 Simplified schematics of typical facility 

arrangements which might be used to ex- 

tend a Contract 2 facility to a PBX are shown 
in Figs. 2 and 3. There are, of course, many 

other arrangements which might be used. In 
many cases four-wire facilities are required from 

Attachments: 

Figs. 1 through 7 

PBX to PBX in order to meet transmission 

objectives. 

4.31 Contract 1 facilities, used to extend inter- 
exchange facilities to a Western Union 

customer via a Western Union office may involve 
several trunks and loops composed of loaded 

and/or nonloaded cable. Figs. 6 and 7 show 

typical cable arrangements which might be en- 

countered in single and multioffice Telephone 
Company exchanges. 

4.32 Arrangements for transmitting ringing 

signals, supervisory signals, or dial pulses 

are not included as part of the basic facility 

leased under Contracts 1 and 2. Where signaling 

capabilities are required, the necessary equip- 

ment must be provided by the lessee or obtained 
from the lessor under the provisions of Sched- 

ule A in the Contracts. 

4.33. Many different types of signaling arrange- 

ments are available for use on private 

line circuits. In general “E and M”’ signaling is 

preferred where interexchange facilities are in- 

volved. Close coordination will be required to 

assure compatibility between Bell System and 

Western Union signaling systems. A general de- 

scription of Bell System signaling systems can 
be found in Section 4 of the Notes on Distance 

Dialing. 

4.34 A certain amount of flexibility is available 
in choosing the type of signaling on line 

facilities comprising a circuit. This flexibility is 

- not always present in the trunk relay equip- 

ment at switching locations. Therefore, it is es- 
sential that the type of signaling required by 

the trunk relay equipment be determined first, 

so that the type of signaling system provided 

between terminating points can be made com- 
patible. 
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CONTRACT #1 CONTRACT #2 

WESTERN UNION OFFICE TEL. CO. OFFICE 

Z CB | [ a | 
| si | | circuit | 

UNIT <I | << —_CTERMINAL | 
| m7 Ye . 3 f ) 4 WIRE CABLE FACILITIES~, +3db MAX Cc AW +7db 

| | : g ore , | CONTRACT #2 

| | 1a 4 
3 L -16db | CIRCUIT 

+ i—>> 3 t Tin Max ¥ 3 f AWW SECTION 
—_ l | —_—> PROVIDED 

t , { ——> | BY MEANS OF 
| | | A CARRIER 

CHANNEL 
fo _] Lo J OR A 4-WIRE 

VOICE CIRCUIT 

NOTES: 

1, ALL TRANSMISSION LEVELS SHOWN ARE WITH RESPECT TO THE 0 TLP AS DEFINED IN PARAGRAPH 4.03 (i). 

2. PADS AND REPEAT COILS, WHERE REQUIRED, WILL BE PROVIDED BY LESSOR AS PART OF CONTRACT #2 
FACILITY. 

Fig. 1 — Extension of a Carrier Channel on Four-wire Cable Facilities to a 

Western Union Office
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_ PX _____WESTERN UNION OFFICE TEL. CO. OFFICE 
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| NOTE 4 AMPLIFIERS | | SiG | | CIRCUIT | 
| TRUNK s.wae \, cos =| +3aB MAX GNtT +3 db MAK. TERMINAL 
| RELAY TERM SET & 4-WIRE 4-WIRE +7db 

PX EQUIPMENT t CABLE CABLE | sonTRAct #2 
| compromise ) | FACILITIES | facies | ” \ nove o 
| BALANCE NET | | | | ciRCUIT 
| € | f | i 3 j seem 

x PROVIDED 
| o TP e \"}3ab M43 ab max | BY MEANS OF 
| E&M | MAX | \ | A CARRIER 

CHANNEL 

Ox | | LL 4 OR A a-WIRE 

| NOTE 3 SiG | 
VOICE CIRCUIT 

UNIT 
LL a a 

Fig. 2—Typical Arrangement for Extending a Circuit from a Carrier Terminal 

to the Customer's Premises on Four-wire Voice-Frequency Facilities 

CONTRACT #1 CONTRACT #2 

ee. PX _____ WESTERN UNION OFFICE TEL. CO. OFFICE 
Nor 7 TEL CO. ~ Do PTT 

| E4 I OFFICE | 4.WIRE TERMINATING = ih | \ ciRcUIT | 

| TRUNK | } Ser UNIT | +3db MAX, | TERMINAL 

| PME | +34 Mam | | __4-WIRE +7db 
EQUIPMENT : 

| ou \ CABLE | h | 
| 3 2- WIRE | FACILITIES | y CONTRACT #2 

3 CABLE | | | “+ 3db FACILITIES ciRCUIT 

i | Max me j SECTION 

oom | +3 db MAX | PROVIDED 
| DX | | | BY MEARS oF 
| SiG | | A CARRIER 

NOTE 3 UNIT Lo _] CHANNEL 
| | | OR A 4-WIRE 

! | | VOICE CIRCUIT 

| ( 
L | ae 

  

Fig. 3— Typical Circuit Extension with the Four-wire Terminating Set in the 

Western Union Office 

Notes: 

1. All transmission levels shown are with respect to the 0 TLP as 
defined in Paragraph 4.03 (i). 

2. Pads and repeat coils, where required, will be provided by lessor as 
part of Contract #2 facility. 

3. In some cases the function of the DX signaling unit may be included 

in the trunk relay equipment. 

4. Both of these arrangements assume dial repeating tie lines equipped 
with trunk relay equipment equipped for E & M. 
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PBX 
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B (TEL. CO. C.0.) SERVING C.0.) TIE LINE . 

\ { 

INCOMING / PBX OFF- PREMISE XS 
TIE LINE STATION LOOP 

OUTSIDE PLANT C.0. SWITCHES SNOT TIES b 

tH. LOCAL OUTSIDE 
PBX C.0. TRUNK PLANT FACILITIES ‘ 

PBX 
OFF- PREMISE 

STATION 
SWITCHING EQUIPMENT         

  AND ATTENDANT SWITCHBOARD 
7 OR CONSOLES 

CUSTOMER'S —*”]} PBX 
PREMISES \ pax ON- PREMISE 

  

STATION 

Fig. 4—Typical PBX Arrangement (PBX on Customer's Premises)
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TEL. CO. C.0. 
CENTREX C.0O. 
SWITCHING MACHINE 

DIAL 
TIE LINE 

    

  >— OUTSIDE PLANT 
FACILITIES 

  

  PBX STATIONS 

CUSTOMER'S A | 
PREMISES 

    
  

ATTENDANT FACILITIES 
(SWITCHBOARD OR CONSOLES) 

LOCAL 
TEL. CO. C.0. 

tiv 
OUTSIDE PLANT 

FACILITIES — > 

  x 
PBX 

OFF -PREMISE 
STATIONS 

NOTE: MANUAL CIRCUITS SUCH AS RINGDOWN TIE LINES MUST TERMINATE 
DIRECTLY ON A SWITCHBOARD AT THE CUSTOMER'S PREMISES. 

L DENOTES A SWITCH TERMINATION OF A CIRCUIT. 

Fig. 5—Typical Centrex C.O. Arrangement (Switching Equipment on 

Telephone Co. Premises)
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PRINCIPAL 
OFFICE OF 

INTEREXCHANGE TELEPHONE CO. TELEGRAPH CO. 

CONTRACT 2 0-18 KF NON-LOADED ICE 
FACILITY 18+ KF H88 LOADED 
ae e- — ~ 

1 fA yD 

eA 26 aR 22 GAUGE 
OR COMBINATIONS OF 

GAUGES 
0-18 KF NON-LOADED 
18 +KF H88 LOADED 

PBX 

Fig. 6 — Single-office Exchange 

PRINCIPAL 
OFFICE OF 

INTEREXCHANGE TELEPHONE CO. TEL. CO. OFC. TEL. CO. OFC. 

CONTRACT 2 
— FACIIY Of < H88 LOADED , H88 LOADED . 
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4 
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OR COMBINATIONS OF 

GAUGES 

0-18 KF NON-LOADED 
18+ KF H88 LOADED 

  

      
        

PBX       
TELEGRAPH CO. 

OFFICE 

Fig. 7 — Multioffice Exchange 
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ENGINEERING NOTES 

CONTRACT NUMBERS 1 AND 2 

BETWEEN THE BELL SYSTEM TELEPHONE COMPANIES 

AND THE WESTERN UNION TELEGRAPH COMPANY 

SECTION V 

INTERFERENCE AND PROTECTION 

(A) General 

5.01 The agreements between the Telephone 
Company and the Telegraph Company 

known as Contract Nos. 1 and 2 include the 

following provision in the section covering Oper- 

ation and Maintenance, in regard to interfer- 
ence and protection. 

“The characteristics and methods of oper- 
ation of any equipment or circuits provided by 

the lessee (the Telegraph Company) and asso- 

ciated with the circuits furnished (by the Tele- 

phone Company) hereunder shall be such as not 

to interfere with or impair service over any cir- 

cuits of the lessor (the Telephone Company) or 

the service of its associated, affiliated or connect- 

ing companies, cause damage to their plant, im- 

pair privacy of any communications over circuits 

of the lessor (the Telephone Company) or such 

companies or create hazards to the employees 

of any of them or the public.” 

Note: The words in parentheses are added 

for the purpose of these notes. 

5.02 Telephone plant has been designed for the 

joint use of message telephone, private 

line telephone, program, data and telegraph serv- 

ices. This joint use of the plant has best been 

met by employing relatively small voltages and 

currents and it is necessary to limit the charac- 

ter of voltages and currents employed for all 

of those uses to values which will not: 

(a) Create a hazard to employees or to the 

public. 

(b) Cause the false operation of normal pro- 

tective arrangements, overheating of cir- 

cuits or equipment, or dielectric failure. 

(c) Interfere with the normal operation of 

other services. This may manifest itself 
as noise or as false operation of devices such 

as ringers or echo suppressors. 

In cases where circuits of the Telegraph 

Company are directly connected (where per- 

mitted by contract) without repeaters to circuits 

of the Telephone Company protection and noise 

problems may be introduced which require spe- 

cial consideration. 

5.03 Interference with the operation of other 

telegraph circuits, with telephone circuits 

or to devices such as ringers and echo suppres- 

sors is a more comprehensive problem as it is 

influenced by the characteristics of the disturb- 

ing circuit, the coupling between the disturbing 

circuit and the disturbed circuit and the suscep- 

tibility of the disturbed circuit to the induced 

voltages or currents impressed upon it. 

5.04 The minimum coupling between parallel- 
ing circuits in the same line structure ex- 

ists when both are operated on a balanced basis. 

The introductions of a serious unbalance on a 

circuit increases the coupling by an order of 

magnitude or more. When both circuits are un- 

balanced, the coupling is such as to generally 

preclude the simultaneous use of all circuits on 

the line. In order to permit efficient use of the 
line facilities, therefore, it is necessary to insure 

that a high degree of balance exists in any equip- 

ment which is connected to them. 

5.05 The susceptibility of a disturbed circuit 

to interference from a disturbing circuit 

is in part governed by the transmission require- 

ments of the disturbed circuit and various eco-



nomic considerations, such as length of repeater 

section, gauge of wire and the selection of levels. 

5.06 Where new services are applied to exist- 

ing plant, a practical method of preclud- 
ing interference to existing services is to arrange 

the new services in such a manner that the char- 

acteristics of the wave shape applied to the 

transmission medium are at least no more objec- 

tionable from an interference standpoint than 

those of the wave shape applied by the existing 

services. In the application of new services to 

plant, careful consideration must also be given to 

their susceptibility to interference from exist- 

ing services. Their design must take into account 

the normal expected interference which may re- 

sult from other services sharing the same pair, 

cable, open wire line or from sources foreign to 
the telephone plant. 

5.07. One method which might be used to re- 
duce the possibility of a new circuit inter- 

fering with existing services, is to make suitable 

tests to determine if the proposed circuit. inter- 

feres with the existing services. If these tests indi- 
cated that interference occurs, suitable changes 

would be required in the new circuit and further 

tests would need to be made to determine if the 

changes corrected the conditions. Of course, the 

final criterion would be that no material inter- 

ference would be encountered in the normal oper- 

ation of service. 

5.08 In the design and operation of telegraph 

and telephone equipment and circuits as- 

signed to plant jointly used for telegraph and 

telephone services, certain features have been 

incorporated in Bell System equipment. These 

features together with the selection of line oper- 

ating current and voltage limitations have been 
found, in most cases, to preclude objectionable 

  

Between Two Conductors of a Circuit 

Between Any Conductor and Ground 

interference between telegraph services, between 

a telegraph service and telephone services and 

between telephone services. Occasionally, cases 

arise where objectionable interference may be 
observed even though the recommended equip- 

ment features and current and voltage operating 

limits are employed. In these cases special coor- 

dination with existing services is required. 

(B) Protection Requirements 

5.09 The following summarizes the protection 

requirements of voice-frequency telephone 

plant leased to the Telegraph Company. How- 

ever, these requirements are subject to change 

and may vary slightly from one Telephone Com- 

pany to another depending upon unusual local 

conditions. 

5.10 General 

Telephone plant is designed primarily for 

relatively small voltages and currents. When 
telephone facilities are used for remote signaling 

or control circuits or other nontelephone pur- 

poses it is necessary to limit the voltages and 
currents employed in these special circuits. This 

is to insure that values are used which will not 
cause a safety hazard, operation of normal tele- 

phone protective arrangements, overheating of 

circuits or equipment, dielectric failure, induc- 

tion into other telephone circuits or interference 

with radio receivers or other apparatus. 

5.11 Voltage and Current Limitations 

The limiting values used generally by the 

Bell System Companies for voltages and cur- 

rents impressed during operating, switching, and 

trouble conditions on Telephone Company chan- 

nels associated with customer-owned terminal 

equipment are noted below. 

A-C VOLTAGE 

D-C VOLTAGE (rms below 120 cps) 

270 (Mid-Point 0 to 120 

Grounded) 

135 0 to 120 

Maximum line current a-c (rms) or d-c — 0.250 amperes. 
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5.12 Power Supply 

In connection with the source of power 

to the signaling or control circuits, precautions, 

such as those outlined below are desirable in 

order to avoid excessive voltages or currents 

under trouble or other abnormal] conditions: 

(a) A-C or D-C Sources of over 60 Volts (Open 

Circuit) 

With circuits operating over 60 volts (a-c or 
d-c), protection arrangements include both a 

1-ampere fuse and sufficient resistance or im- 

pedance to limit to 1 ampere the current at 

the point of connection to the telephone con- 

ductors. This current should be calculated as 

if flowing in a short circuiting termination 

assuming voltages impressed by normal oper- 

ating conditions in the apparatus to be con- 

nected. Under these conditions the internal 

heating of the customer’s equipment should 

not cause combustion. The resistance or im- 

pedance may be an integral part of the cus- 

tomer’s terminal equipment or it may be pro- 

vided external to the equipment. If this im- 

pedance is internal there is no objection in 

having it perform other circuit functions in 

the customer’s equipment. 

For circuits utilizing a pair of conductors, the 

resistance or impedance should be equally di- 

vided between the two sides of the circuit in 

order to preserve circuit balance. 

(b) A-C or D-C Source of less than 60 Volts 

(Open Circuit) 

If the voltage of an a-c or d-c source is less 

than 60 volts, either a current limiting imped- 

ance as described in Par. 512(a) or fuses in 

accordance with the following table, may be 

used. 

OPEN CKT. VOLTAGE MAXIMUM FUSE RATING 

0-15 5 Amps. 

15-30 3 Amps. 

30-60 1-1/3 Amps. 

Where a d-c source consists of dry cells, 

neither current limitation nor fuses are required. 

5.13 Dielectric Strength of Apparatus 

Transformers, relays and other apparatus 

connected between the telephone facilities and 

sources of power or controlled power circuits 

should meet the requirements of the American 

Standards Association (dielectric strength of 

twice the line voltage plus 1000 volts). In gen- 

eral, apparatus listed by the Underwriters Lab- 

oratories meets these requirements. In cases 

where the apparatus does not meet these re- 

quirements or it cannot be ascertained readily 

that it does, an isolation transformer or a low 

voltage gap may be used to prevent excessive 

voltages being impressed on the telephone facili- 

ties. 

5.14 Protection on the Telephone Facilities 

The Telephone Company usually provides 

the protection on its facilities similar to that 

which would normally be provided for telephone 

equipment at the same locations. At the cus- 

tomer’s premises, this generally consists of a 

protector block (3 mil gap) between each con- 

ductor and ground. This protector block nor- 

mally operates at 350 rms a-c volts (about 500 

volts peak). Apparatus to be connected to tele- 

phone facilities should, therefore, be able to 

withstand voltages below this value without over- 

heating or dielectric failure. 

If there are unusual protection problems 

(such as the ground potential problems some- 

times encountered in connection with circuits 

into or near power stations or where the circuits 
are connected to other circuits exposed to high 

voltages), special protective arrangements are 

worked out after the conditions are analyzed 

cooperatively. 

(C) Determination of Interference by Test 

TELEGRAPH 

5.15 General 

The likelihood of objectionable interfer- 

ence between direct current telegraph circuits 
(crossfire), between a direct current telegraph 

circuit and a telephone circuit (thump or noise) 

and false operation of such devices as ringers 
and echo suppressors by telegraph circuits can, 

in general, be predetermined. The objectionable 
conditions may be avoided by designing the tele- 

graph equipment and arranging its operation 

so that the wavefront impressed on the tele- 

graph channel is not too steep. The methods used 

to avoid the objectionable conditions are the re- 

sult of experience in the successful design and 
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operation of plant used jointly for telephone, 

telegraph and other services over a period of 

considerable time. 

5.16 Telegraph equipment of the types used in 

the Bell System generally includes ar- 
rangements known as “spark killers” and “noise 
killers” which consist of simple networks of 

capacity and resistance or inductance connected 

in the line relay contact circuits and line cir- 
cuits. The attached Figs. 1A to 1E, inclusive, 

indicate “noise killer” and “spark killer” ar- 

rangements used in various telegraph repeaters 
in the Bell System. The inductance indicated for 
the coils used assumes that the coils have stable 

characteristics, i.e., the inductance does not vary 

appreciably with current so that harmonic gen- 

eration is minimized. If coils of unknown char- 

acteristics are used thump tests should be made 

on the “noise killer.” Also indicated are the nor- 

mal maximum operating line currents. These 

arrangements reduce the higher frequency com- 

ponents and thereby make the transitions from 

one condition to another less abrupt. The oper- 

ating telegraph line current is usually controlled 

to a specified value by an adjustable resistance 

on the line side of the sending relay. The net 
effect of these equipment features and operat- 

ing current limitations is to provide arrange- 
ments which in most cases permit the joint use 

of plant without objectionable interference and 

still provide satisfactory telegraph layouts 

which meet the requirements of the Bell Sys- 

tem telegraph services. If these arrangements 

and telegraph line current values are used in 

new services, it would be reasonable to assume 

that little objectionable interference would be 

encountered. 

5.17 Crossfire between two telegraph circuits 

depends on voltages and currents induced 

by the disturbing circuit into the disturbed cir- 

cuit. The controlling voltages and currents in- 

duced are, in general, in the frequency range be- 

low 180 cycles. Crossfire may be between two 

circuits assigned to the same quad in cable or in 

an open wire group. It may be either sending 

end crossfire or receiving end crossfire or both, 

depending upon which end of the section is influ- 

enced by the disturbing circuit. Crossfire may 

also obtain between circuits operated on differ- 

ent quads in cable or on different open wire 

groups. In this case sending end crossfire is usu- 

ally controlling. 

5.18 Following are methods presently used in 

measuring crossfire between telegraph 

services in the Bell System. Apply to the dis- 

turbing circuits, telegraph reversals through a 

telegraph repeater of the type normally used on 

the disturbing circuit, of a frequency equal to 
the dotting frequency of the disturbing circuit 
(23 cycles per second for 60 speed teletype- 

writer). A 161A1 telegraph test set is connected 

in series with the disturbed circuit and the bias 

current in the test set telegraph relay is contin- 

uously increased until the relay stops chattering. 

The amount of bias current as noted on the mil- 

liammeter is a measure of the crossfire current. 

The actual amount of crossfire current which can 

be tolerated in the disturbed telegraph circuit 

depends on the increase in the amount of tele- 

graph distortion measured due to the introduc- 

tion of crossfire from the disturbing circuit. In 
general, this increase in distortion should not 

exceed about 5%. The increase in distortion due 

to crossfire may be measured directly with a 

118-type telegraph transmission measuring set. 
Due to the fact that both the disturbing and dis- 

turbed circuits have to be available to make this 

test, investigation of crossfire will of necessity 
require special consideration. 

5.19 The use of plant for the transmission of 

speech at voice frequencies is now being 

supplemented by data transmission and the ex- 

tent of such operation is expanding rapidly. 

These fundamentally different types of trans- 

mission vary radically in their susceptiveness to 

noise and require different instrumentations and 

techniques for measuring and evaluating the 

severity of the interference. 

5.20 Interference to voice-frequency telephone 

(including facsimile, voice-frequency tele- 

graph, etc.) introduced by telegraph operation as 

observed by listening on a telephone receiver at 
the terminal of a circuit may be easily identified 

due to its characteristic. When this noise is intro- 

duced into the telephone circuit by a direct cur- 

rent telegraph circuit applied to the same line 
conductors it is known as thump. If the interfer- 

ence is introduced by a circuit operating on an- 

other pair or quad on the same open wire line 

or cable it is known as noise. The result at the



telephone receiver is similar in either case. Quan- 

titative determination of such interference is 

made in the Bell System by the use of a 3A noise 

measuring set. This arrangement when connected 

to an idle telephone circuit under observation 

provides an indication on a meter of the noise 

level existing on the circuit weighted for the in- 

terfering effect at the receiver of the various 
frequencies present on the circuit. Information 

regarding the operation, method of use and char- 

acteristics of the 3A noise measuring set is in- 

cluded in instructions furnished with the set. 

5.21 Current practices followed in the Bell 

System are as follows: 

(a) Thump Tests. A 3A noise measuring set 

is connected to the telephone circuit at 

the switchboard. Telegraph signals are applied 
to one or both of the composite legs. With the 

noise set arranged for C message line weight- 

ing the reading in dbrn on the meter and atten- 

uator dial is noted. 

(b) Noise Influence Tests. A 3A noise meas- 

uring set is connected through a “noise 

influence coupler” (Fig. 2A) to the point of 
interconnection of the disturbing telegraph cir- 

cuit and the telegraph line facility. Telegraph 

signals are applied to the line facility in the 

normal manner. With the noise set arranged 

for C message line weighting the reading in 
db on the meter and attenuator dial is noted 

as above in the case of “thump measurements.” 

Both of the above tests require the avail- 
ability of the telegraph circuit and in addition 

the thump test requires access to the terminal of 

the telephone circuit which shares the same line 

conductors as the telegraph circuit. Thump tests 

are involved only on direct current telegraph 

circuits obtained through the use of the com- 
posite arrangement. Noise influence is not con- 

trolling due to the filtering action of the com- 

posite set. Noise influence tests are involved on 

direct current telegraph circuits obtained by 

means other than the composite arrangement 

and thump tests are not required as noise on 

circuits on other wires is usually controlling. 

5.22 In many cases it is desirable to obtain in 

advance of connection to the telegraph 

circuit an estimate of the relative amounts of 

noise which would be produced in the telephone 

circuit by the operation of the telegraph circuit. 

The attached Appendix A gives details of an 

arrangement which may be connected to a tele- 

graph repeater and a 3A noise measuring set to 

obtain such an estimate. Symmetrical telegraph 

reversals of a frequency corresponding to the 

telegraph line signaling speed (23 dot cycles per 

second for 60 speed teletypewriter signals) are 

transmitted into this arrangement. An indication 
on the 3A noise measuring set of either the 

thump or noise influence will be obtained..This 

will correspond closely to that which would be 

obtained if the procedures in Paragraph 5.20 

were followed. This arrangement consists of 

suitable line terminating and: 

(a) A noise influence coupling network. 
(Fig. 2A.) 

(b) A thump coupling network. (Fig. 2B.) 

This arrangement is not suitable for mak- 

ing thump measurements on low current metallic 

composited circuits. 

Comparative tests between measurements 

made by the methods indicated in Paragraphs 

5.21 and 5.22 indicate a fairly close correlation 
of results. The average difference by the two 

methods is in the order of 2 db. 

5.23 Because of the wide range and the un- 

predictable values of coupling existing be- 

tween the terminals of any particular disturbing 

and disturbed circuit, it is undesirable to set any 

maximum value of noise influence or thump as 

measured on a 3A noise measuring set with the 

arrangement indicated in Paragraph 5.22. If a 

low value were chosen which insured freedom 

from interference under the most unfavorable 

coupling conditions it would be unnecessarily low 

for the majority of cases. On the other hand, if 

a value were chosen which would preclude inter- 
ference only under most favorable coupling con- 

ditions difficulties probably would be encountered 
in a considerable proportion of the circuits with 

the result that an undue amount of specific in- 

vestigation and corrective work would be re- 

quired. 

5.24 The most practicable approach to this 

problem seems to be to establish “classes” 
which would combine noise influence and thump 

with probable conditions so that the probability 

of difficulty with any specific case can be roughly



estimated. These “classes” have been selected 

and the significance of each are as follows: 

Class 1— Very unlikely to cause 
interference. 

Class 2 — Indeterminate. 

Class 3— Very likely to result in 
interference. 

The ranges of noise influence and thump 
as determined by test lying within these classes 

are roughly as follows: 

C MESSAGE C MESSAGE 
NOISE INFLUENCE THUMP 

Class 1 Less than Less than 

26 dbrn C 31 dbrn C 

Class 2 26-41 dbrn C 31-36 dbrn C 

Class 3. Over 41 dbrn C Over 36 dbrn C 

(dbrn C means db above reference noise of 

—90 dbm, C message weighting) 

It must be recognized that the above fig- 
ures are designed to apply to the majority of 
cases. Occasionally, an unfavorable combination 

of circumstances may exist and noise influence 

or thump in Class 1 may cause trouble. Similarly, 

if circumstances are especially favorable, it may 

be possible to operate a circuit with Class 3 influ- 

ence without trouble. These figures are set up on 

the basis of noise interference on telephone mes- 

sage circuits from a source of telegraph signals 

consisting of symmetrical reversals. If the source 
of telegraph signals consists of random teletype- 

writer characters of a speed comparable to the 

reversals, the reading indicated on the 3A noise 

measuring set will be about 3 db less. Where pro- 

gram or other special circuits that are more sus- 

ceptible to noise are involved, the classifications 

may not hold and further experience may indi- 

cate the need of measurements to reflect the in- 

creased susceptibility to interference of these 
types of circuits. The figures apply only to direct 

current telegraph circuits employing grounded 

battery. If special telegraph circuits that are 

fully balanced with respect to ground at voice 

frequencies are contemplated, the figures for the 

classes under “noise influence” in the above table 

may be increased. Such cases can best be handled 

on a special basis. 
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5.25 The measurement of noise to evaluate its 

interfering effect on data transmission is 
in its infancy. The development of suitable in- 

struments and the establishment of objectives is 

proceeding actively and it is likely that changes 

in both will occur rapidly during the future. For 

the present, the best available technique is to 

measure amplitude distribution of the peaks in 

the interfering voltage. The present instrumenta- 

tion for this type of evaluation is the Western 

Electric type 6A Impulse Counter and the pres- 

ent exchange loop objective is: 

Impulse Noise Objectives (OTLP) 

STATION LOOPS 
COUNTS IN 30 MINUTES DBRN (Voice-Band Weighting) 

90 52 

VOICE 

5.26 General 

To minimize the possibility of crosstalk or 
noise induction from the leased channel 

into other telephone voice grade circuits in the 
same cable or on the same pole line, it is neces- 

sary to limit the maximum levels of speech or 

other signals which may be impressed on the 

leased channel. In order to prevent the induction 
of crosstalk from other circuits into the leased 

channel, it is likewise necessary to restrict the 

minimum levels to which the signals may drop 

on the leased channels. This latter consideration 

affects the permissible length of circuit without 

intermediate amplification. 

The values of transmitting levels given in 
the following, based on experience will be ap- 

plicable to the general case. In special situations, 

depending on local plant conditions, some devia- 

tions may be permissible after discussion with the 
local Telephone Company of all the factors in- 

volved. 

5.27. Speech Volume Levels 

Speech volume levels impressed on the 

leased channel should not exceed +8 vu as meas- 

ured with a standard volume indicator.* If the 

same signal is to be transmitted over more than 

one channel simultaneously, permissible levels 

lower than +8 vu will be specified by the Tele- 

phone Company. 

* Refer to “A New Standard Volume Indi- 
cator and Reference Level,’ Bell System 

Technical Journal Jan. 1940 or Proceedings 

of Institute of Radio Engineers Jan. 1940.



5.28 Single-Frequency Control Currents and 

Code Signals 

The interfering effect of single-frequency 

tones is a function of frequency, and the balance 

to ground of the terminal equipment. Fig. 3 in- 

dicates recommended rms single-frequency volt- 

ages when impressed metallically with well-bal- 

anced terminal equipment. It reflects the require- 

ments of both speech and data transmission. 

When the terminal equipment is not bal- 

anced, the values of Fig. 3 should be multiplied 
by 0.3. When the signal is impressed by means of 

a ground return circuit (or return over another 

pair) the values should be multiplied by 0.2. 

These three types of circuits are shown in the 

sketch below. 

Although Fig. 3 applies to a single-fre- 

quency voltage, it may be applied to two or more 

simultaneous single-frequency voltages in the 

following manner: 

The individual single-frequency voltages 

are referred to 1000 cps by multiplying each by 

the ratio of the limiting value of Fig. 3 for 
1000 cps to the limiting value for the actual 

frequency of the voltage. The root-sum-square 

of the referred voltages may be compared to 

the 1000 cps limiting value of Fig. 3 to deter- 

mine the relative interfering effect of the 
simultaneous voltages. 

5.29 Complex Tones 

The interfering effect of tones which are 
too complex to analyze as in Par. 5.28 is nor- 

mally measured using a Telephone Company 

noise influence coupler (Fig. 2A) and a Western 

Electric 3A Type Noise Meter. This combination 

will properly weigh the signal according to the 

relationships of Fig. 3. See Par. 5.24, C message 

noise influence, for a discussion of expected in- 

terference between the disturbed and the disturb- 

ing circuit which may arise because of various 
measured interference values on voice services. 

DATA AND OTHERS 

5.30 When a leased channel is to be used for 

the transmission of data, telemetering, 

facsimile or any other special type of services, it 

may be necessary to provide special protective 

measures within the central offices and through- 

out the length of the facility for electrical pro- 

tection, security and man-made interference. In- 

terference and protection requirements for these 

types of services are in general more stringent 

and may require special handling. 
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Appendix to Section V 

DESCRIPTION OF APPARATUS AND METHODS OF MEASUREMENT 

1. Noise influence Coupling Network 

Fig. 2A shows a schematic diagram of the 
noise influence coupling network. The capacitor 

and noninductive resistor may be of small size 

since little power is involved. They should, how- 
ever, be reasonably accurate and substantial. The 
coupler should be checked by measuring its loss 

between 600-ohm impedances at several frequen- 

cies. These losses should be as follows: 

FREQUENCY LOSS (db) 

250 60 +1 

500 54 +1 

1000 48 +1 

2000 42 +1 

4000 386 +1 

The loss may be measured by means of a 

variable frequency oscillator having a 600-ohm 

output impedance and the 3A noise measuring 

set as follows: 

(a) Calibrate the 8A noise measuring set and 

arrange it to measure on “15 KC FLAT 

WEIGHTING?” as described in the information 

accompanying the set. 

(b) Connect a 600-ohm noninductive resist- 
ance across the input terminals of the 

coupler. (“Line” and “Grd.” terminals) 

(c) Connect the oscillator to the 3A noise 

measuring set arranged as in (a) above 

and, at a given frequency, adjust the oscillator 

output so that the 3A noise measuring set gives 

a reading of about 70 dbrn. (This corresponds 

to about 30 db below 1 milliwatt.) Call this 

“reading No. 1.” 

(ad) With the oscillator adjusted to the above 

output, connect it to the input terminals 

of the coupler arranged as in (b) above. 

(e) Connect the 8A noise measuring set to the 

output terminals of the coupler and obtain 

the meter reading. Call this “reading No. 2.” 
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(f) The loss of the coupler is given by the 

difference between “reading No. 1” and 
“reading No. 2.” 

2. Thump Coupling Network 

A schematic diagram of the thump cou- 

pling network is shown in Fig. 2B. As in the 

case of the noise influence coupling network the 
capacitor and resistors may be of small size. The 
8 henry coil should, however, be such that im- 

portant harmonic components will not be gener- 

ated within it. Its resistance should be about 

200 ohms. One winding of a Western Electric 

Company 71A retardation coil is suitable. While 

it is not especially critical, some adjustment may 

have to be made in the .2 mf capacitor in order 

for the coupler to have the following losses when 
connected between 600-ohm impedances. 

FREQUENCY LOSS (db) 

60 28 +1 

100 19 +2 

250 29 +1 

500 38 +1 

1000 45 +1 

These losses may be measured in the same 

manner as described above for the noise influence 

coupling network. 

3. Terminating Networks 

For best results, the equipment to be 

tested should be terminated in its intended line 

facility. Where the line facility is not available, 
however, the following networks may be used to 

obtain an approximate indication: 

(a) Line Simulating Network for Noise In- 

fluence Measurements. Fig. 2C shows a 
network that is used for these tests, as an ap- 

proximate termination to simulate cable sim- 

plex phantoms or single wire cable circuits, 

terminated in telegraph apparatus at the dis- 

tant end, when the circuit resistance lies be-
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tween 300 and 1000 ohms. Rz2 is adjusted so 

that its resistance plus that of the 12 henry coil 

(12H) is equal to the resistance of the line 

facility, including the resistance to ground at 

the far end. R. and the 12H coil must be 

capable of handling telegraph line currents. 

The resistance of the 12H coil must be close to 

200 ohms. Two Western Electric Company 
149E retardation coils in series, each connected 

series aiding, are satisfactory for the 12 henry 
coil. 

(b) Circuit Simulating Network for Thump 
Measurements. Fig. 2D shows a terminat- 

ing network for thump measurements. For 

these tests, it is used to simulate the impedance 

looking into the telegraph leg of an open wire 

composite set connected to an open wire circuit 

50 to 200 miles in length. The variable resistor 
Re. is adjusted so that it, plus the 12H coil 

Attachment: 

Figs. 1 through 3 

resistance, equals the direct current resistance 

in the actual telegraph circuit. 

4. Combined Couplers and Simulating Networks 

It may be convenient to incorporate the 

couplers and terminating networks in a single 

unit. Fig. 2E shows a schematic diagram of such 

a unit. 

Switch 1, in addition to providing a means 

for selecting either the thump coupler or the 

noise influence coupler, is arranged to alter the 

terminating network branch to provide the cor- 

responding impedance termination. Switch 2 

merely provides a means for opening the termi- 

nating network branch when the couplers are 

used with the actual line facility. The adjustable 

resistance is not included internally since it will 

generally be desirable to use a decade resistance 

box for this branch. 
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