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PREFACE 

Since the first telephone conversation between Alexander Graham BeU and Dr. Watson, telephonic 
communication has expanded into a massive system that serves most of the world. 

In the United States, history of the development of telephony was largely the history of the Bell System 
until the late 1960s. Since then, changes in the regulatory environment and rapid technological 
development have led to a diversification of the resources available for satisfying growing corporate 
telecommunications needs. It has become economically advantageous for many corporations (as well 
as operating companies in the "public" network) to take advantage of newly available transmission 
facilities, switches and associated equipment. 

With the growth of corporate (or "private") networks containing components from a multitude of 
vendors, responsibility for network installation and maintenance has shifted from the "telephone 
company" to the corporation itself. 

Of the many disciplines involved in building and maintaining networks, trunking and the associated 
subjects of signaling and transmission are the primary concerns of this book. The intent is to provide 
entry level technicians with the theoretical background that is prerequisite to the understanding and 
application of the practical discipline of trunk testing and maintenance. The level of presentation' 
assumes a knowledge of basic electricity. 

The book is divided into two parts: Part I provides an overview of networks and trunks, and details 
several types of signaling operation; Part II is devoted to the transmission characteristics of trunks. 
Review questions designed to reinforce concepts covered in the text foUow each chapter, and a final 
exam is provided at the end. 

I n addition to providing a self-taught course on trunking, this book is intended to serve as a reference 
during a technician'S further training and professional career. 
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JNTRODVCnON TO TRUNKING 

Part I ot this book will provide the technician with an overview of trunking. The chapters are broken 
down as follows: 

Chapter 1 presents an overview of telephone networks. 

Chapter 2 discusses the types ot transmission facilities used in telephone networks and the signaling 
systems used over those facilities. 

Chapter 3 presents an-overview of loop start operation as we" as a detailed discussIon of loop start 
signaling with reference to block diagrams. 

Chapter 4 presents an overview of ground start operation as well as a detailed discussion ot ground 
start signaling with reference to block diagrams. 

Chapter S contains a detailed discussion ot delay dialing and wink start operation. 

Chapter 6 provides a functional overview of Direct Inward Dialing (01 D) signaling. a detailed 
discussion of the oro states in a oro call. and a discussion of overall DID signaling operation with 
reference to simplified ~jrcuit schematics. 
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CHAPTER 1 
OVERVIEW OF TELEPHONE NETWORKS 

INTRODUCTION .. ~ 

The purpose of this chapter is to present an overview of telephone networks. The reader should gain an 
understanding of the components of a network and how they are related to one another, as well as an 
understanding of the basic terminology used in telephony. 

The most fundamental transmission path in a telephone network is a circuit. A line circuit, or loop, is a 
Single circuit that is dedicated to a statIon set. 

Trunks consist of one or more trunk circuits and serve to connect switching machines. An essential dif­
ference between a trunk and a line circuit is that a trunk is a common connection shared by many 
users. 

There are many types of trunks, and they are usually defined with reference to the type of switching 
equipment they connect as well as the function they perform within the system. 

The types of trunks that are described in this chapter are: 

• Central Office (CO) 
• Foreign Exchange (FX) 
• Wide Area Telecommunications Service (WATS) 
• Tie Line (TIE) 
• Direct Inward Dialing (DID) 

In addition to the above trunks, a commonly used line circuit, the Off-Premise Extension (OPX), is 
described. Many of the considerations that apply to trunks also apply to OPX lines, 

Switchang machines are connected by trunks to form a switched network that is accessed by individual 
statIon sets over individual circuits or loops. 

The overall telephone system is composed of the public network and private networks. Switching in 
private networks IS generally provided by Private Branch Exchanges (PBXs). 

Signaling is the process of sending control information over the network to control the setup, holding, 
chargmg and releasing of connectIons or communication pathways through the network. 

Signaling may be divided into five functional categories: 

• Supervisory 
• Address 
• I nformation (Call Progress) 
• Alerting 
• Test 

The essential functions of signaling are illustrated by following the progress of a typical call. Each 
functional category of signaling is then discussed in detail. 

CIRCUITS. TRUNKS. AND NETWORKS 
A telephone network can be regarded as a systematic development of interconnecting transmission 
media arranged so that one tel'ephone user can talk to any other user in that network. The most elemen­
tary telephone "network" consIsts of a single circuit connecting two telephones. This network, illus­
trated in Figure '.', reQuires two telephones, a CirCUit. a power source and a means of alerting each 
subscriber of a call from the other, 



( 
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Figure 1·1. A Simple Telephone Connection 

A straightforward method of expanding this network in order to serve new subscribers is to provide a 
circuit between each pair of subscribers. A rudimentary network which connects six homes in this man· 
ner is illustrated in Figure '-2. 

Figure '·2. A &-Point Mesh Network 

'·2 



To provide full access to each phone by every other phone, this network configuration requires 15 cir­
CUIts to connect the homes In addition to the telephone instrument, each home needs a power source. 
a sWitching device to direct a call to the desired destination, and some means of alerting the destina­
tIon subscriber of an incoming c~1I 

Clearly, thIs arrangement has several disadvantages. A large number of long wires is needed, and the 
number required increases dramatIcally as the network grows. To fullv connect N homes in this 
fashIon, N(N - ') + 2 two-wire pairs would be required. To add a new phone to the network, N 
additIonal wife pairs would have to be added and connected to the N eXisting phones In additIon, the 
sWItching device In every existing phone would have to be modified to accommodate the new phone. 
The mesh network requires a large amount of equipment. much of which will seldom be used. A more 
economical arrangement, commonly known as a star network, is illustrated in Figure '-3 Switching, 
signaling and power functions are now located centrally (Central Office, or CO). 

Instead of connecting every phone to every other phone. only a single circuit is required to connect an 
Individual phone to the Central Office. Where 15 long lines were required. we now need only 6 shorter 
lines. The (, individual switching devices have been replaced by the centrally located switch This adds 
some complexity to the use of the network since the user must be provided with a way to operate the 
switch remotely Because the switching apparatus IS centrally located. it may be combined and shared 
among the users, since all of the users will not need to use it at one tIme. In a Similar manner, power IS 
centrally prOVided and the means to signal subscribers is shared among users. 

The switch Illustrated in Figure '-3 might be part of the public network located in a Central Office, or It 
mIght be part or a private or corporate network located on the customer's premises and called a Private 
Branch Exchange (PBX). 

SWITCHING 

SIGNALING 

POWER 

10813'+'003 

Figure 1·3. A Star Network 
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The practice oT shartng equipment among many users In a network IS essential to providIng economIcal 0 
telephone servIce. Sharing IS possible because each user requIres use OT the network for onlv a small 
percentage of a tvplcal day. Much or telephone network design IS concerned WIth balancing the service 
obJectives (grade of service) of In'divldual users against the requirements economy 

The earliest c-e~trally'loca'ted sWitching devIces w.ere manually operated sWItchboards controlled bv 
operators who receIved verbal instructions from the customer (see Figure 1-4). The sWItching tunctlon IS 
provided by the operator Signa1ing IS accomplished through the use of lamps Indicating the status or 
each subscriber's line and the verbal dialogue between the subsCriber and operator The operator alerts 
called subscribers by applYing ringing voltage (provided by the central power supply) to the appro­
priate line. 

Connection between calling and called subscriber is by means of cords Any of the cords may be used 
by different subscribers at different times. The cords. then, are shared cirCUits. 

To improve the economy and speed of telephone networks. manual sWItchboards have. for the most 
part, been replaced by automaticaJly controlled switches. 

Now suppose that there are two groups of users, A and B, as illustrated In Figure 1-5 

Most of the calls placed by users In group A are to other users in group A and the same IS true for group B. 
however. subsCribers in A do have occasIon to call subsCribers In B. and vIce-versa. 

Service between users in group A and those in group B mav be provided bv I inking Switc hes A and B bv 
a group of CirCUits In the illustration. there are two Circuits between SWitch A and SWItch B Each Cir­
CUit IS shared among all of the users In A and B and IS called a trunk cIrcuit or a tIe line A. trunk CirCUit 
may be defined as "a shared Circuit connecting two sWitching systems .. 

For reasons of economy, trunk cirCUits having a common functlor) are grouped. form tng trunk groups 

Now let's expand our network by adding another group of subscribers and another SWitch. as In FIgure 
1-6. 

Figure 1-4. A Manually Operated Switchboard 
o 
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Filure 1·5. A 2·Switch Network 

Filure 1-6. A 3·Switch Network 
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There are two connecting paths between Switch A and SWitch B: the path formed bv trunk group AB 
and the path formed by trunk groups AC and CB, connected at Switch C. At anv particular time. there 
may be no available circUIt In trunk group AB. There mav, however. be CirCUits available In trunk 
groups AC and CS. Networks are usually deSigned to take advantage or the different paths available 
for completing a call. This IS called altemate routing, and its use can reduce the total number of CIrcuIts 
required In the network. - . 

A sL:Jbscriber -in group A cailing a subscriber in group B provides SWitch A With the address of the 
deSIred subscriber. Based upon the address, Switch A will attempt to route the call directlv to group B 
over trunk group AS, which IS called the first route chOice. 

If there are no available circuits in trunk group AS, Switch A will attempt to send the call over trunk 
group AC, which is called the second route choice or, in this case, the final route choice (If no CIrCUits 
are available In the final route chOice, the sWitch will return a busy signal to the calling subscriber.) 
Once the call reaches Switch B, it is connected to the called subscriber, based upon the address Infor­
mation that has been passed to it by the intermediate switch or switches. 

Let's summarize what we have discussed so far. A typical telephone network IS composed of the 
follOWing: 

• Station Equipment (Telephones) 
• Line Circuits 
• Switching Equipment 
• Trunk Circuits 

Station equIpment (the telephone set) is connected to sWitches by smgle circuits that are called line Cir­
CUits or loops. Switching systems concentrate traffic from lines onto trunks and distTibute traffic from 
trunk groups to lines. In addition, switching systems may have the abilitv to alternately route traffiC. 
EffiCient utilization of trunk groups is based upon the proper applicatIon of the concentration, distri­
bution and alternate routing capabilities of switching systems. 

The above discussion applies to private or corporate networks as well as to the familiar public tele­
phone network. The first private network probably consisted of two telephones connected by a smgle 
CIrcuit or loop, and was probably not connected to the public network. The first switches m prtvate net­
works were manually operated switchboards through which individuals In a company could be con­
nected with one another without traversing the public network. In addition. users could direct the 
operator to connect them with the public network via trunks specifically provided for that purpose 

Private networks have seen an evolution that IS Similar to that of the public network, With the 
additional reqUirement that private networks must connect With the public network In order to prOVide 
complete service. Although the services provided by POlnt-to-point prtvate lines and private networks 
could be approximated by using services available on the publiC network. private Installations otter a 
number of advantages to the user. Where traffic is heavy between two geographical ·areas. private lines 
may be the most economical alternative. Fixed charges (not usage-sensitIve) assOCIated With private 
lines may be attractive economically. Also. privately controlled SWitching systems. partlcularlv 
modern Computerized Branch Exchanges (CBXs), offer numerous features and services that prOVide 
convenience and range of use that may not be available on the pubhc network. Of prtmary Importance 
IS the control of rising telecommunications costs that is provided by private networks. 

To summarize, private networks offer advantages to the corporation in the areas of speCIalized func­
tIons, convenience, economy and cost control. Private networks are usually constructed of compo­
nents (station equipment, loops, trunks and switches) that are prOVided by. and perhaps owned by. a 
variety of different suppliers. With the increasing trend toward deregulatIon of the telecommunl· 
cations industry, corporations are assuming greater control over their telecommunications svstems. A 
primary purpose of this book is to prOVide the basic knowledge required to maintain Circuits and trunks 
that make up private networks and their connection to the public network 
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\.~odern telephone networks are composed of a variety of different types Of lines. trunks and sWitches. 
Figure '·7 illustrates a small network segment consisting of both public and private sections. 

The sWitching system illustrated in the private section IS a Private Branch Exchange (PBX). Only the 
lowest level of the pub-lic switched network, the Central Office (or CO), IS illustrated here as it is suffi­
CIent to Illustrate the types of trunks that will be discussed. 

-\11 trunks are capable of carrying information in two directions; however. some trunks are set up to 
allow call originations from only one end. These trunks are called one-way trunks. Figure '·7 indicates 
direction by arrows. 

~ 
Z 

PUBLIC ~ 
PRIVATE -~ 

Q 

TIE TRUNK 

loa13AOO1 

Figure 1·'. A Typical Network Segment 
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CO TRUNKS: Central Office (CO) trunks are groups or Circuits that connect a PBX to the Central 
Office that serves the local exchange. TheIr purpose IS to connect the private network with the public! 
sWitched network. . 

FX TRUNKS: Foreign Excha'nge (FX) trunks provide a direc~ connection between local customer 
eouipment-and .a distant CO. FX trunks are generally used to provide servIce to a relatively compac~t 
community or interest that IS at some distance from the local area. FX trunks provIde the convenience 
of i-digit dialing as well as service to a distant area at a reduced cost. 

WATS TRUNKS: Wide Area Telecommunications Service (WATS). provided by the Bell system. 
allows customers to make (Outward WATS) or receive (Inward WATS) long distance calls and have 
them billed at a bulk rate on a total-time basis rather than on a per·call baSIS. Inward WATS calls are 
billed to the called number. For an interstate WA TS customer. the Continental United States IS divided 
into five service areas or concentnc bands. extending outward from (but not including) the customer's 
home state. which is called Band O. Hawaii and Alaska are served bv Band 6. Intrastate WATS IS also 
available in most states. A customer may subscribe to some or all of the bands on either an inward or 
outward basis. Purchase of service to a distant band includes all of the bands closer to the home state. 

The WA TS service areas or bands are illustrated in Figure 1-8. 

WATS service can result in substantially reduced costs. particularly when a customer's calling patterns 
tend to be geographically spread out. 

TIE TRUNKS: Tie trunks are circuits that connect two PBXs. Tie trunks are generally leased for a 
fixed monthly fee and can provIde cost savings over other types of service when traffic between the 
areas served by the PBXs is heavy. 

Dm TRUNKS: Direct Inward Dialing (DID) trunks allow a caller to dial directly a station or group of 
stations served by a PBX, without the necessity of the call beIng served by an attendant. The extension 
digits of the desired station are dialed by the customer and are passed to the PBX by the connecting CO. 

BAND 1 BAND 2 BAND 3 BAND 4 

'0813A008 

Figure 1-8. WATS Service Areas 
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OPX LINES: Off-PremIse ExtensIon (OPX) lines connect a distant (off-premise) extension to the PBX 
In such a way that the distant extensIon appears on sIte. Their purpose IS to extend the convenIence of 
extensIon dIaling to telephones not located on the Immediate premises. 

SIGNALING 

Signaling In a telecommunications network is the exchange of control information between different 
functional parts of the system. 

Signaling over Circuits in a telephone network may be broken down Into two areas: 

1) The exchange of information between subscribers. both calling and called. and the switching 
machines; and 

2) The exchange of information between switches in the switched network. 

Subscriber line signaling has the primary function of inItiating and termanating a call; it is essentially 
independent of the type of switching system and type of network. 

Signaling between switches involves the transfer of information forward (from calling to called party) 
and backward (from called to calling party) over the network. with a primary purpose of setting up a 
vOice path upon call initiation and clearing the path uJ:)on call termination 

Signaling over the SWItched network is usually more complex than subscriber line signaling because 
certain functions are required to ensure efficient operation of the network. Further complexity IS Intro­
duced by the requirement that machines incorporating state-of-the-art technology must be able to 
"converse" with machines that have been in service for decades. 

The various signaling functions that will be discussed in this book may be divided into five categories: 

• SuperviSOry States 
• Address Signaling 
• Information Signaling 
• Alerting Signals 
• Test Signals 

SUPERVISORY STATES: Supervision serves to detect or change the state or condition of a 
subscriber or network line. 

For purposes of supervisIon. there are only two possible conditions: on-hook and oft-nook. The on-hook 
condition applies when a telephone set is idle (the handset resting on the cradle. or an equivalent 
condition). Off-hook applies when the telephone set IS In the active condition (the handset removed 
from the cradle. or an equivalent condition). 

When a subscriber goes off-hook the subscriber line is saId to be seized and changes the state or 
condition from idle to active. The change in condition from off-hook to idle at both ends of a line IS 

termed a disconnect and changes the state of tie line from active to idle. 

ADDRESS SIGNAUNG: Address Signaling is the means bv which the telephone number of the 
called subscTlber IS supplied to the network by the calling subscriber and subsequently transmItted 
through the network. Four types of address signaling will be covered here: 

• Dial Pulsing 
• Dual Tone MultifreQuency (DTMF) Signaling 
• MultifreQuency PulSing 
• Common Channel I nteroffice Signaling 

1-9 
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Dial pulsing is a means of transmlttrng digital information from a subscrtber's dial to the Central Office 
equipment. The numertcal value of each digit in the dialed telephone number IS determrned by the 
number of on-hook Intervals In a tram of pulses. The on-hook Intervals for each digit are separated by 
short off-hook Intervals. and the digits themselves are separated by relatlvelv long off-hook intervals. 
The on-hook signals do n6t Interfere With the function of the supervisory disconnect signal since their 
duration is much shorter than the minimum on-hook interval that is recognized as a disconnect. 

The momentary openings or the loop operate a relay at the Central Office. The digIts receIved may 
directly operate switching equipment or may be relayed forward by an outgoing dial pulse repeater. 

Percent break is the percentage of the total pulsing period that the signaling deVIce (rotary dial or relay 
contact) is in the open or on-hook condition. 

Modern customer dials are deSigned to a break rate of 58 to 64 percent and operate at a rate between 8 
and " pulses per second. Figure 1-9 graphically illustrates dial pulsing. 

ON-HOOK 

OFF-HOOK 

(CONNECT)~ 

C MA~; (IDLE) 
~ (CIRCUIT 
~ CLOSED) 
u 

" z 
en 
..J 
:;j 
C. 
L.L. BREAK .. 
o (CIRCUIT 
~ OPENED) 
~ T1ME--.. 
en 

I-- DIALING----l r "4"1 

J _I7BREAK DURATION It r MAKE DURATION 

PULSE PERIOD 

~
'NTERDIGJT 
DIALING 

NEXT" DiGiT- - -

PULSING PERIOD = BREAK DURATION + MAKE DURATION (ms) 

PULSING SPEED = PULSES PER SECOND = 1000 .... PULSING PERIOD (ms) 
PERCENT BREAK - '00 X BREAK RATIO 

= '00 X BREAK DURATION .... PULSING PERIOD 

Figure '·9. Dial Pulsing Definitions 
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Dual Tone Multifrequency (DTMF) Signaling provides a method for pushbutton signaling from 
customer stations over the voice transmission path. The DTMF code provIdes for 16 distinct sIgnals. 
Each signal is composed of two voice band frequencies, one from each of two mutuallv exclusive 
frequency groups of four frequencies each. 
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Table 1 -, illustrates the frequency pairs that are used in DTMF signaling. 

Table 1·1. frequency' Pain Used in DTMf Signaling 

LOW GROUP HIGH GROUP 
FREQUENCIES (Hz) FREQUENCIES 

1209 1336 1477 1633 
697 , 2 2 Spare 
770 4 5 () Spare 
852 7 8 9 Spare 
941 • 0 # Spare 

Supervisory signaling is the same whether dial pulse or DTMF address signaling is used. 

Mu)tifrequency (MF) pulsing is a second type of signaling that uses frequency combinations rather than 
make-break pulse trains to transmit information. Unlike DTMF signaling. MF signaling is used between 
switches in the network rather than bv the subscriber. The MF system is used instead of DTMF for 
Interoffice signaling in order to avoid conflict between subscriber's address signaling and interoffice 
Signaling. I n addition, MF is less affected by long-haul transmission problems. The MF signaling system 
used principally in the United States and Canada is a two-out-of-five frequency pulse system. 
Additional signals for control functions are prOVided by combinations using a sixth frequency. Table 
'-2 shows the digits or other applications and their corresponding frequency combinations as well as a 
brief explanation of "other applications." 

DIGIT 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 (0) 

OTHER 
APPUCA T10NS 

KP 
ST 
STP 

ST2P 
ST3P 

Coin collect 
Coin return 
Ringback 
Code 11 
Code 12 

KP1 
KP2 

Table '-2. frequency Combinations 

FREQUENCY PAIR (Hz) 

700 + 900 
700 + 1100 
900 + 1100 
700 + 1300 
900 + 1300 

1100 + 1300 
700 + 1500 
900 + 1500 

1100 + 1500 
1300 + 1500 

FREQUENCY PAIR 

1100 + 1700 
1500 + 1700 
900 +- 1700 

1300 + 1100 
700 + 1700 
700 + 1100 

1100 + 1700 
700 + 1700 
700 + 1700 
900 + 1700 

1100 + 1700 
1300 + 1700 

EXPLANA Tl0N 

Preparatory for digits 
End of pulsing sequence 
Used with TSPS (Traffic Service Position System) 

Coin control 
Coin control 
Coin control 
Inward operator (CCITT- No.5) 
Delay operator 
Terminal call 
Transit call 

,." 
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Common Channel Interoffice Signaling (CCIS), unlike prevIous address signaling methods. does not use 
the vOice path to transmit signaling mformatlon It IS a svstem for exchanging Intormatlon between 
processor-eQulpped sWltchmg systems over a network of separate signaling links. All signalmg data. 
including the supervlsorv and address~slgnals necessary to control call setup and takedown plus net­
work management slgna~. will be exchan'ged by these svstems over the slgnalmg links Instead of over 
the vOice p~~h. as is done. using present signaling techniques. Figure '-10 illustrates the difference 
between Common Channel Interoffice Signaling and more conventional signalmg. 

eCls offers a number of Important advantages over present mband signaling techniques. eels passes 
signals at higher speeds than conventional signaling systems; this allows calls to be set up and taken 
down more quickly. Network and trunk facilities may be used more effiCIently because the holding 
tIme previously used for signaling is now available for carrying vOice. eels signaling between 
processor-controlled sWitches is transmitted via high-speed digItal bIt streams. and a single signaling 
link may carry aU of the signaling reQuired for many transmiSSion pathways. ThiS sharmg. as we have 
seen In other areas (switching and trunking). provides additIonal cost savings. 

Call setup times now vary with the number of links in a connection. Due to the speed of CCIS, this 
variation will be reduced. resulting in more uniform call setup tIme regardless of the number of links 
involved. 

OFFICE - TRUNK CARRIES ... OFFICE 
A " BOTH SIGNALS AND VOICE - B '\ 

CONVENTIONAL SIGNALING 

- SIGNALING LINK .-- CARRIES SIGNALS 
OFFICE OFFICE 

A S - .. - TRUNK CARRIES VOICE ~ 

COMMON CHANNEL INTEROFFICE SIGNALING I0813AO'C 

Figure 1-10. Common Channel Interoffice Signaling 

INFORMAnON SIGNALING: Signals In this category consist of audible tones that prOVide infor­
matIon regarding the progress or dispOSition of telephone calls to operators and subscribers. 
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As publIC and private networks evolved, seve-ral types of informatIon tones and conventions applving 
to these tones were used. The advent of DTMF and MF address signaling created the possibilIty of con­
flict between tone-based address Signaling and InformatIon SIgnaling. To reduce the possibilitv of con­
flict. the Bell System adopted a precise tone plan which consIsts of four frequencIes: 350, 440, 480 and 
620 Hz These tones are assigned sjngly or In pairs to represent standard audible tones deSCribed in the 
followmg paragraphs. 

DIal tone consISts ot 350 Hz plus 440 Hz and is used to indicate that the exchange IS ready to accept 
digits (either dial pulse or DTMF) from the subscriber. Once the first digit IS dialed. dial tone IS removed 
from the line 

Audible ring consists of 440 Hz plus 480 Hz and is returned to the calling subscriber to Indicate that the 
called line has been reached and ringing has started. 

Line busy IS made up of 480 Hz plus 620 Hz, lnterrupted at 60 IPM, with approxlmatelv equal tone-on 
and tone-off tImes. Line busv indicates that the called line has been reached, but It is busy. 

Reorder is alternately called paths busy, all trunks busy (A T8), or no cjrcuit. and consists of 480 Hz plus 
620 Hz, interrupted at 120 IPM. Reorder indicates that the local switching paths to the calling office or 
eQuipment serving the called customer are busy or that a toll circuit is not available. 

The above audible-tone Signals generally provide the subscriber with sufficient informatIon regarding 
the progress or status of "routine" calls. Recorded announcements are used to provide additional infor­
mation to notify the customer of an unexpected or abnormal condition that has prevented a call from 
completing. 

Generally, the recorded announcements refer to conditions that exist either wlthm the network or at 
the destination of the call. The announcements are worded so that the customer can understand the 
proper action to be taken. Under some conditions, the calling party wiH be answered by an operator 
after listening to the recording. 

ALERTING SIGNALS: Alerting signals are used to notify a subscriber, operator or switching system 
of an existrng condition or a request for action that requires immediate response. 

The most familiar alerting signal is ringing, which is used to notify the caJled subscriber of an incoming 
call. Ringing IS caused by the application of ringing voltage to the subscriber's line by the equipment 
co-located with the switching system (either a public network CO or a PBX) When audible nng IS used. 
It IS sent to the originating subscriber at the same time that rmging voltage IS applied to the called sub­
scnber's line. 

Flashing refers to a momentary on-hook by a subscriber. The duration of the on-hook or "flash" is short 
and, therefore, is not mistaken for a disconnect. Flashing may have a variety of interpretatIons, 
depending upon the context ot the Signal. Uses of flashing include the follOWing: 

• To call an operator to the line upon compietion of an operator-assisted call 
• To signal a PBX that a special access or function code is to follow 
• To place a call on hold 

Re-ring IS a Signal used by an operator at the calling end to re-call an operator at the called end of an 
established connection. 

Re-call is used by an operator at the called end of an establtshed connection to re-call the originating 
operator. 

Receiver otf-hook is a tone combination sounded at 120 IPM. The receiver off-hook signal IS used in 
conJunction with a recorded message to notify a subscriber that the receIver has remained off-hook for 
an abnormally long time. 
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TEST SIGNALS: Installation and maintenance ot trunks and CirCUIts reqUIre several phases ot 
testing, Including pre-service. acceptance. ongoing routme testing, and trouble Isolation Testing IS 
performed to ensure that the electrical charactertstlcs OT I ines. trunks and transmission paths are 

adequate to meet stated obJectives. such as the transmisSion of speech 

Test Signals of a speclfieo frequ'ency and power level are generat~d and transmitted from one pOint In a 
network and-recetved and ·measured at another point. The measured power and frequency parameters 
at the receiving end characterize the performance of the transmiSSIon path over which the rest 'ilgnals 
were carried. 

Test Signal generation and measurement are covered rn detail in Part II of this book. 

OUTPULSING METHODS USED IN ADDRESS SIGNAUNG 

In order for a transmiSSion pathway to be set up between a calling and called subsCriber. the address of 
the called subscriber generally must be transmitted over several links When the Signaling IS accom­
plished over the vOice transmISSion path (as opposed to Common Channel Interoffice Signaling), the 
address Information proceeds from the calling to called subscriber in a link-by-jink )eQuentlal manner 
ThiS may be accompl ished through two types of operatIons. 

In non-senderized operation, the calling subscriber must know the route that the call IS to take through 
the network. Upon receiving dial tone from the first SWitch. the caller supplies an access code whIch 
tells the first switch the address of the second switch in the sequence The call may proceed over 
several links. with the caller supplying the address ot each successIve SWItch. Once the last. or 
terminating, switch IS reached. the caller prOVides the extenSion digits or telephone number of the 
called partv. 

In senderized operation. the first SWitching system receives complete address Information from the 
calling subscriber over the line connecting the subSCriber's set to the SWItch. From that POint on. 
successive SWitches send the address information over succesSive links, based upon the routing 
structure of the network and the Intormation contained In the address Each SWitch must contarn 
routing information in senderized operation. 

A TYPICAL TELEPHON.E CALL 
To illustrate the use of Signals and the sequence in which they occur. let's follow a typical telephone 
call from beginning to end 

The phases of a tYPIcal call are: 

• Origination 
• Routmg 
• Answer Supervision 
• Disconnect 
• Clean-up 

FIgure 1·11 Illustrates the network over which the call will be transmitted. 

The calling party is served by SWitch A, and the called party is served by SWitch B In a nearb'v town 
They are connected to their serving switches by line CirCUits. or local loops SWitch A IS directly 
connected to Switch B by trunk group AB and indirectly connected through SWitch C via trunk groups 
AC and CB The called party's telephone number is 398-7324 

Call origination begins when the calling party lifts the receIver. whIch changes the state of hiS or her 
telephone set from on-hook to off-hook and seizes the line. This change or state IS recognIzed bv SWitch 
A as a request for service. Switch A then connects the appropriate equipment to the calling subscTlber's 
line and. once this has been accomplished. returns dial tone to the calling patty. IndIcating that the 
SWItch is prepared to receive the called party's address. 

,., .. 
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398-7324 

CAL1..ED PARTY 10813A011 

Figure ,-". A Typical Telephone Call 

The calling party sends the address digits. 398-7324. to the switch by dialing hiS or her rotary-dial tele­
phone. As the dial returns after each digit is dialed. the dial mechanism momentarily changes the state 
of the telephone set from off-hook to on-hook a number of times equal to the dialed dtglt. The on-hook 
intervals are called dial pulses. 

SWitch A ceases to send dial tone once the first digit has been received. It then collects the digits as 
they are dialed and "remembers," or stores them. for later use. Call origination IS complete once all 
digits have been dialed. received and stored. 

SWitch A then proceeds with the second phase of call processing. which IS call routing. The SWitch con­
sults an Internal routing guide to determine which trunks may be used to connect With SWitch S. The 
gUide indicates that the direct trunk group. AS. IS the first route choice and attempts to find an idle CIr­
CUit In the trunk group. If an idle Circuit is found in trunk group AB. SWitch A will seize the Idle CIrcuit 
and proceed with call processing. 

In thiS case, no Circuit IS available in trunk group AS. The SWItch again consults the routing guide and 
finds that an alternate route choice is the trunk group from SWitch A to SWitch C. Upon testing the CIr­
CUits in thiS group. SWitch A finds one idle and seizes the circuit. (In this example. trunk group AC IS the 
final route choice. Had no circuits been available. the switch would have sent a reorder Signal to the 
calling party.) 

The seizure or off-hook condition on the selected cirCUit is recognized bv SWItch C and, once the 
appropriate equipment has been att~ched to the circuit. Switch C SIgnals SWItch A that it IS prepared to 
receive address informatIon. Upon receiving the address informatIon from Switch A. Switch C consults 
Its route translator. determines that the appropriate trunk over which to route the call IS the direct 
route from SWitch C to SWitch B. and seIzes an Idle CirCUIt Within that trunk Upon recognizIng the 
seizure, SWitch S requests and receives the reqUIred address information from SWitch C 
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SWitch B recognizes that the number is in the SWitch and tests the called line. Finding the line Idle. it 
applies a ringmg signal toward the called party's telephone. alerting the called party or an incoming 
call A separate audible rmgmg tone is transmitted toward the calling party to Indicate that the call IS 

progressing. 

When the called party answers. Switch B removes the ringing signal and the audible ringing tone 
toward the' c-all ing' partY. An off-hook signal is transmitted to SWitch C and then relaved to SWitch A. 
Detection of the orf-hook or answer supervision signal at SWitch A Indicates that the called party has 
answered, and a record is made for accounting purposes. 

The call has been completed; business can be conducted. 

Once the conversation has ended. either party may initiate a disconnect by replacing the receiver In 
the handset. or going on-hook. 

Once a disconnect is received by Switch A or Switch B (the last phase of the call). call clean-up takes 
place. Upon receiving the appropriate disconnect signals. Switches A. Band C restore the trunks 
involved in the call to their idle condition. (The call disconnect is recorded at SWitch A for accounting 
purposes.) 
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CHAPTER 1 REVIEW QUESTIONS 

1 What IS the advantage of a star network over a mesh network? 

2. What IS the diff.e~ence betw~e~ a line ctrcuit and a trunk cirCUit? 

3 Give four reasons for the development of private networks. 

4 What is the purpose of eo trunks? 

5 How does an FX trunk work? 

6 Who pays for inward WA TS calls? 

i What type of trunk is used to connect PBXs? 

8 What is the advantage of DID trunks? 

9. What is the purpose of OPX lines? 

10. Brtefly define signal ing. 

11. What are the two supervisory conditions? 

12. Define percent break. 

, 3. How many DTMF tones are available? 

, 4. What is the difference between conventional signaling and eCIS? 

'5, List five information signals. 

10. What are the two outpulsing methods used in address Signaling? 

17. What are the phases ot a telephone call? 

18, What happens when a switch runs out ot route choices? 
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CHAPTER 2 
_ .OVERVIEW OF CIRCUIT OPERATION 

INTRODUCTION 

In Chapter 1 we saw how line circuits, trunk circuits and switching systems are assembled to form tele­
phone networks. Various types of trunks and circuits were discussed according to the type of service 
each provides. The types of signaling that are reQuired, as well as the functIonal operation of each. 
were introduced. 

This chapter introduces the types of transmission facilities that are used in telephone networks . 
• Signaling systems used over these facilities are also introduced. The concept of interfaces between 

different transmission facilities and signaling systems is presented and illustrated with examples of 
commonly encountered interfaces: the demarc, 4-wire termination set and E&M signaling. 

A walk-through of an end-to-end connection is presented in order to illustrate types of facilities and 
signaling systems and the interfaces between differing types. 

Specific signaling formats. which will be detailed in later cha·pters. are also introduced. 

INTRODUCTION TO TRANSMISSION FACILITIES 

Although transmission will be covered in detail in Part II of this book, an introduction to the ter· 
minology used in transmission will assist the reader in understanding. SIgnaling operation. 

In this chapter we will be concerned with two major categories of transmIssion facit itles: metallic and 
analog carrier. 

METALUC TRANSMISSION FACILITIES: Metallic facilities consist of pairs of wires that are 
capable of carryang direct current (dc) and tone. There are two types of metallic facility: a 2·wire 
metallic facility and a 4-wire metallic facility. 

A 2-wire metallic facility consists of a single pair of wires that carry signals and voice 1M both directIons 
The two conductors in a 2-wlre facility are designated Tip (n and Ring (R), nomenclature that dersves 
histOrically from the parts of a standard telephone plug to whIch they were connected 1M the days of 
manual SWItchboards (see Figure 2-1). 

A block diagram of an end-t~nd connection using a 2-wlre facility is shown in Figure 2-2. The arrows 
mdicate that transmission in both directions is carried over the single pair of wires. 

The 2·wlre facility functions well over short distances and is generally used between a subscribers 
telephone set and a CO or PBX. The 2-wire facility may also be used between a PBX and a CO or may be 
used for short connections between COs. 

A 4-wire metallic facility reQuires two pairs of wires, each pair carrying information In onlv one 
directIon. The four wires are called T, R. T1 and R1. Figure 2-3 illustrates a 4-wire connectron between 
two PBXs. 

By convention. the T and R leads are used to transmit from the SWitching eQuipment toward the 
facility; T1 and R1 are used to receive from the facility. 

The 4-wire facility is more expensive than the 2-wire: however. it has the advantage of extending the 
range of metallic facility transmiSSion. Another advantage of 4-wire transmiSSion IS that It may be 
Interfaced directly with long distance transmission facilitIes. which separate the transmiSSIon 
directIons Just as 4-wlre transmiSSion does. 

2-1 
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Figure 2-1. Standard Telephone Plug 

OVERALL CONNEC-(lON 

2-WIRE 
SWITCH 

CIRCUIT 

Figure 2-2. An End·to-End 2·Wire Connection 
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ANALOG CARRIER TRANSMISSION FACn.mES: Analog carrier facilities are used for long­
haul transmission. Transmission media that are used in analog carrier facilities are: 

• Paired cable 
• Coaxial cable 
• Radio (terrestrial and satellite) 
• Waveform 
• Optical fibers 

With the exception of paired cable. the transmission media used in analog carrier facilities do not have 
a continuous metallic path and, therefore. are not capable of carrying direct current. All signaling and 
transmission are accomplished bv modulating a high-frequency electromagnetic wave (the carner) WIth 
the analog waveform that carries the information to be transmitted. A maJor economic advantage of 
carrier facilities is their capability of carrying many simultaneous conversations over a single 
transmiSSion path. ThiS is achieved through a technique called multiplexing. 

In a mUltiplexed facility, each conversation is assigned two specific frequencies (one for each direction 
of transmission). Each frequency IS modulated With the analog signaling or speech waveform, and all of 
the frequencies (or channels) are transmitted over the same path (e.g., the line of Sight path between 
two microwave towers). 

The important thing to remember here is that direct current cannot be used for signaling on analog 
carrier facilities. 
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INTRODUCTION TO SIGNALING SYSTEMS AND FORMATS 

Several tvpes or transmiSSion facilities may be encountered In an end-to-end connection This has 
resulted In two types or signaling s~'srems-dc and tone. Within both systems. there IS more than one 
basIc methodology for co!'veYln8 signats. and these methodologies are called signaling formats Each 
signaling format may be operated In several ways. As mentioned earlier. dc signaling may onlY be used 
over metallic- facilities anc is. therefore. facility dependent. 

Table 2-1 summarizes the signaling systems ana formats that we will be concerned With In this book 

Table 2·1. Signaling Summary 

SIGNALING SYSTEMS 

DC SIGNALING SYSTEMS TONE SIGNALING SYSTEMS 

Loop Signaling 
E&M Signaling 
Duplex Signaling (OX) 

DC SIGNAUNG SYSTEMS 

In-Band Tone Signaling 
Out-of-Band Signaling 

SIGNALING FORMATS 

Loop Start 
Ground Start 
Delay Dial 
Wink Start 
Direct Inward Dialing 

The types of dc signaling systems used over metallic transmiSSion facilities are: 

• Loop Signaling 
• E&M Signaling 
• Duplex Signaling 

LOOP SIGNAUNG: Loop signaling uses dc signals that orlgmate or terminate In station sets or 
switching machines. The dc signals are used for supervisory signaling and also Tor address signaling 
when dial pulse IS used In addition to dc signals. loop signaling employs a 20 (or possibly 30) Hz signal. 
applied toward the subscrlber's telephone set In order to ring the bell (alerting signal). 

Tone signaling IS used In conjunction with loop signaling to provide signals In categories other than 
supervisory. alerting and address. (Tone is used for address signaling when DTMF IS used.) 

Loop signaling directly operates a relay or other sensing device to Indicate seizure. dial pulse and dis­
connect. We will be concerned With two types of loop signaling, Loop Start and Ground Start. which use 
different methods to indicate changes of state between on-hook and off-hook 

EltM SIGNAUNG: E&M signaling, though often considered a signaling format or type. IS con­
sidered in this book as a signaling interface and is discussed In detail In the I nterrace section on pages 
2-6 through 2-9 The E&M signaling tnterrace uses de signaling in order to provide an Interface between 
different signaling systems. 

DUPLEX SIGNAUNG: Duplex (DX) signaling uses the metallic palr(s} of the talking path to extend 
the dc signaling range DX signaling may be used over either 2-wire or 4-wlfe metallic facilities. and IS 
onlv used tn conjunction With the E&M signaling Interface to extend the E&,\.1 Signaling range. 
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Tone signaling systems are used over both metallic and analog carner transmiSSion facilities. These 
systems are: 

• In-Band Tone Signaling 
• O'"!t-of-Band To-ne SignaHng 

IN-BAND TONE SIGNALING: In-band tone signals are signals that fall within the voice frequency 
band. which is defined as approximately 200 to 3400 Hz. 

DTMF and MF In-band tones. used for address signaling and interoffice address and control signaling, 
respectively. were discussed in Chapter 1. 

Single Frequency (SF) signaling. consisting of a 2600 Hz signal. is used to transmit superviSory and 
address signaling over transmission facilitIes. Signaling IS accomplished by changes of state from 
presence or tone to absence of tone, and vice-versa. 

OUT-Of-BAND TONE SIGNALING: Out-of-band tone signaling uses tones with a frequency 
above the vOice frequency band to convey supervisory and address signaling. 

INTERFACES 
As we have seen. a vanety of tra~smisslon facilities and signaling types is used In telephone networks. 
In many cases. several types of transmiSSion facilitIes are interconnected to provide an end-to-end path 
between subscribers. and Signaling will be of several different types along this path 

In general. an Interface is the point. piece of equipment, or technique that IS used to connect two 
unlike pieces of equipment or methods of operation. 

A basic function of an interface is to provide a method by whicn the responsibilities and functions on 
either side of the interlace may be made. at least to a large extent, independent of one another. If this 
is accomplished. changes on one side of the interface will not require changes on the other side. 
Through the use of standardized interlaces and standardized interface speclrlCa:lons. changes to inter­
faces in telephone networks are often straightforward and relatively inexpensIve. 

A second Important function of an interface is the prOVISion of a point where two interconnected svs­
terns can be tested independently If the systems or pieces of equIpment on eIther side of the Interface 
perform according to specification when they are tested independently. it can be reasonably assumed 
that they wIll function properly when Interconnected. 

To Illustrate the interface concept. let's look at three interfaces that are commonly encountered In 
telephone networks, 

DEMARCATION POINT: An interface that is straightforward In concept IS a demarcatIon pOint. 
commonly referreri to as a demarc. A 2-wlre demarc IS illustrated In Figure 2-4. 

WIth the bndgmg clip removed. signal ing in the 2-wire circuit may be tested for correct operation 
toward the network (open end) and toward the customer equipment (closed end). (OperatIon of loop 
start and ground start signaling types is described in later chapters In terms ot "Iooklng" toward the 
open and closed ends from the demarc.) 
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4-WIRE TERMINATION SET: As discussed earlier, 2-wire transmiSSion (and its associated loop 
signaling) is commonly used for subscriber lines. The reason for this is primarily economic, as 2-wire CIr­
cuits reqUire half the metallic conductor needed for 4-wlre circuits. However. 2-wire transmlsslo~ has 
several limitations which preclude Its wider use. I t IS limited to relatively short distances (usually stated 
in terms of the resistance of the loop) and requires amplification beyond a certain distance. Amplifi­
cation in order to extend the range .of 2-wlre facilities can be expensive due to the additional equip­
ment that IS required and the fact that each loop must be individually engineered and maintained. 
Many sWitches (including PBXs) are deSigned to interface with 4-wire Circuits. and all analog carner 
channels require separate transmit and receive paths. 

Conversion between 2-wlTe and 4-wlTe transmiSSion IS frequently reqUITed. The 4-wlre termination set 
(also commonly referred to as 4 WTS or a hybrid cirCUIt) provides the Interface between 2-wlTe cirCUits 
and 4-wire circuits. A block diagram of a 4-wire termination set IS shown In Figure 2·5 

The bidirectIonal transmiSSion in the 2-wire Circuit is split by the hybrid. By convention. the transmit 
direction 4 WTS is as shown and IS carned on the T and R leads. The receive direction IS carried on T1 
and R1. 

EaM SIGNAUNG ~ACE: Another Important Interface IS between the signaling equipment 
in one sWitching system and the transmiSSion equipment that carnes the signals to a distant sWitching 
system. One of the most common Interfaces In this category IS the E&M lead Interface. The E&M inter­
face is standard and widely used. and conversion Units are available to convert most signaling types to 
and from E&M signaling. The E&M Interface is deSigned to transmIt and receIve two states. on-hook 
and off-hook. The block diagram In Figure 2-6 illustrates the directIon conventions that are standard for 
the E&M Interface used to connect! sIgnaling systems together 
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The on-hook or off-hook state on the drop side IS transmitted from the trunk equipment (usuallv co­
located with the sWItching equipment) to the signaling equipment part or the facllitv on the M lead. 
The appropriate conversion IS performed by the signaling equipment (e.g .. E&/\.1 to SF) and the state ,~ 
then sent to the distant office over the transmission medium. Incoming signals are similarly converted 
by the signaling equipment and' are re'ceived by the trunk equipment on the E lead. 

There are three types of E&M signaling: Types I. II and III. We will discuss Types I and II. The original 
E&M signaling (Type I) IS illustrated in Figure 2-7a. Only one lead is used for each direction of trans­
miSSion. ThiS means that current flowing between trunk equipment and signaling equipment must 
return over a common ground path. While Type I E&M signaling circuits operate well in electro­
mechanical switching systems. they may not function satIsfactorily in electronic svstems. primar:tiy due 
to nOise considerations. Consequently, the Type II interface was designed for use an electronic systems. 

TRUNK CIRCUIT INTERFACE SIGNALING 
IN SWITCHING SYSTEM CIRCUIT 

E LEAD E 
I 

-48 Vdc 
DETECTOR I )( 

~ I 
-48 Vdc I 

• I 
)~ 

M I M LEAD 
I DETECTOR 4-I 

-=:: 

Figure 2·7a. E&M Signaling- Type I 

The Type II Interface. illustrated in Figure 2-7b, is fully looped: that IS. both E&M leads have their own 
ground return path. . 

-48 Vdc E LEAD 

t:P{R DETECTOR f 
~ 

M M LEAD 

f seP1R DETECTOR ~ 
'\/V'v - 48 Vdc 

10113.018 

Figure 2·7b. E&M Signaling- Type II 
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The conventions used to represent on-nook and off-nook states for E&M Types I and II are summarized 
In Table 2-2. 

Tne details of E&M signaling operation and E&M conversion to and from various sIgnaling types are 
given In subsequent cnapters. The important tning to remember nere is that E&M sIgnaling IS a signaling 
interface and snould ~Qt be ~onslqered as a signaling type. 

Table 2·2. E&M Lead States 

STATE FROM CO TO FACILITY FROM FACILITY TO CO 
(M Lead) (E Lead) 

On-Hook Ground Open 
TYPE I 

Off-Hook -48 Vdc Ground 

On-Hook Contact open Contact open 
TYPE'II 

Off-Hook Contact closed Contact closed 

END-TO-END CHANGE OF STATE 

To illustrate the signaling and transmission conversions and interfaces involved in a typical end-to-end 
connection. le(s trace the change from on-hook to off-nook through the OPX connectIon represented 
by the block diagram in Figure 2-8. 

The transmit and reCEive directions over the leads are indicated In the figure. To c1anfy directLOn con­
ventIons. It is useful to introduce the concept of line and drop. At any point in an end-to-end connec­
tion. the line Side is toward the transmission facility. while the drop side is toward the equipment that IS 
used for call origination and termination. The I ine and drop directions are indicated for selected POints 
In Figure 2-8. 

Signaling from the drop side to the line side IS transmitted by the M lead: Signaling from the line side to 
the drop side IS transmitted bv the E lead. Transmission from the drop side to the line Side is carried bv 
T and R; transmission from the line side to the drop Side is earned by T1 and R1 ThiS is summarized In 

Table 2-3. 

Table 2·3. Line and Drop Conventions 

TRANSMISSION 

SIGNAl.ING 

FROM DROP 
TO UNE 

T and R 

M 

FROM LINE 
TO DROP 

T1 and R1 

E 

Wnen the subscriber at A lifts the receiver. the change of state from on-hook to off-hook is Signaled to 
the demarc via loop Signaling. No Signaling or transmIssion conversion is necessary at the demarc. and 
the off-hook state is propagated to Central Office A. 

At CO A. two conversions take place. The 2-wire transmission is converted to 4-wire via the 4 WTS inter­
face. and loop signaling is converted to E&M Signaling by the loop to E&M conversion untt. The off­
hook state is Signaled over the M lead to the Signaling equipment (contaIned Within the Analog Facility 
Terminal (AFT)). causing it to turn 2600 Hz SF off. 

The change an state is transmitted over tne analog carrier facility to the AFT in Central Office B. No 
Signaling or transmiSSion conversion IS requIred at the incomIng AFT an CO B. as the faciltty remains 
4-wlre. 
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The office equloment that connects the two facilitIes In CO B is taken to be the "drop side." (This 
makes sense, as local lines could actually "drop" from the facility at this POint.) Therefore. analog 
transmission and SF signaling come In.to the demarc from the AFT on T1 and R1 (from line to drop) and, 
leave the demarc on T and R (from drop to line). 

At CO C. SF signaling is converted to E&M signaling, and the chan&e of state is Signaled from the AFT to 
the MFT on thee E lead (from line to drop). 

The MFT on the drop side of CO C converts E&M signaling to DX signaling, which IS one of the signaling 
formats used in dc signaling. DX may be thought of as extending the range of E&M signaling, and the 
off-hook signal received by the MFT is extended to the customer's interface over the wire pairs using a 
convention known as simplexing. 

The customer's Interface converts OX ,signaling to E&M signaling, and the off-hook state is transmitted 
to the PBX over the E lead. In this case the PBX then returns dial tone to the oraginator at A. 

This example illustrates that E&M signaling IS a Signaling Interface rather than a signaling format or 
type. In CO A, E&M was used as an interface between the incoming loop signaling and the outgoing SF 
Signaling; in CO C. E&M signaling provided the interface between SF and OX signaling. 

While some other form of interface coold have been used, E&M operation prOVIdes a standard and well 
understood interface, which simplifies conversion between Signaling types and lends standardization 
to supervisory and address signaling Within the switches. 

SPECIFIC SIGNALING FORMATS 
The purpose of this section is to introduce the specific signaling formats that will be discussed in detail 
In the following chapters. These signaling formats. which may use different signaling systems, are: 

• Loop Start 
• Ground Start 
• Delay Dialing 
• Wink Start 
• Direct Inward Dialing 

LOOP START: Loop start signaling uses the loop signaling format. On-hook and off-hook states are 
represented by the absence or presence of current in the loop. 

Loop start SIgnaling is the simplest type of signaling, and the equipment needed for loop start IS 
relatively InexpenSIVe. Loop start IS used for Signaling over subscrtber line CirCUIts, or loops-that is, 
over CirCUIts between station sets and SWitches (either CO or PBX). 

Loop start IS sometimes used on CO trunks; however, there are Significant problems associated With 
loop start operation between switches. 

One problem IS the possibility of simultaneous seizure of both ends of the trunk (I.e. by the PBX and 
the CO). ThIS condition, called glare, IS not guarded against in loop start operation. 

Another problem IS that there is no requirement for the CO to Inform the PBX of a distant-end dis­
connect on loop start facilities. In order to allow disconnect recognitIon in either direction, CO trunk 
signaling should be ground start. 

GROUND START: As With loop start. ground start operation uses the loop signaling format 
Cround start is used for CO trunks. The glare problem is minimized With ground start, and ground start 
allows the PBX to recognize a distant-end disconnect. 
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METAlliC , lOOP 

~-... OEMARC 
fACILITY 

R 

( , 
ANALOG 

R 
-.. CARRIER 

UfflU FACILITY 
tCUIIPMENl 

" 
AfT 

) Jll. 
~ 

COD 

~ uttoP liNt: ~ 

METALLIC 
FACILITY 
TERMINAL 
(MfTt 

4 WTS 

LOOP '0 
ElM 

... OROP 

AfT 

Sf TO 
E& M 

... LINE 

T 

~ 

T1 

81 
.-

~1 

61 

T 

8 

----

-~ 

.-
E 

M 

COA 

-~ 

~ 

f 

M 

COC 

.. 

. 

ANALOG 
FACILITY 
TERMINAL 
(Ani 

AFT 

E & M TO 
SF 

LINE 

MFT 

E&M 
fOOX 

onop~ 

ANALOG 
CARRIER 
FACILITY 

T1 

81 ~ , 
R ~ 

11 _____ ·_ 

!!L __ ~-~ 

-,-------1 
An !! ~.-:-

LOU 

r •• 11 
T.unl ••• 

, 

Oft .. I 
lWlII'MINI 

~ 

I 

I 
\. 

~ LINE ____ 1 ___ :-:~OP ~ 

1_1 _______ 

llL _____ 
INIERfACE I 

n I'IIX 

( . 
ox 10 - .. 
E 80 M ~ - M 

'illlrC! l. l rid ft. Iud ( ...... IC ........... ... 

! tt, .. I! 



Part I 
TnmkiDg 

DELAY DIALING: Delay dialing operation is used on interoffice trunks When the called sWitch 
recognizes a trunk seizure from the calling switch. It must locate the appropriate equipment and 
attach It to the circuit before it can receive aadress information The called office signals off-hook to 
the calling office [delay dialing .signal) until it is prepared to accept the address digIts: at that POint. It 
sends the off-hook to on-hook transition (start dialing signal). Figure 2-9a iHustrates the timing of delay 
dialing Signaling. - • . .. 

CAIJ. FIRST 
ORIGINATION DIGIT 

OFF·HOOK . 

ON-HOOK 

OUTGOING SIGNALS 

LAST 
DIGIT 

CALL 
ROUTING -

I 
I 

NEAR­
END 

DISCONNECT 

. I I 
I I 
I I 
I 

INCOMING SIGNALS ; ---------i 
CONVERSATION~ : 

OFF-HOOK 

ON-HOOK 

EQUIPMENT 
ATTACH eo 

DELAY START 
DIAL.ING DIALING 

Figure ~-9a. Delay Dialing Timing 

I I 
I I 

ANSWER 
SUPERVISION 

OISTANT· 
END 

DISCONNECT 
10813.020 
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WINK START: Wink start operation is used for Interoffice signaling. On receipt or a trunk seizure 
from the callirtg orfice. the called office does not immedlatelv return an off-hook sIgnal to the callIng 
office. The Idle-condition, on-hook signal is maintained until the appropriate equipment IS attached. at 
which time the called office changes the .on-hook condition to off-hook. The off-hook duration. or 
"wink" duration. is betwee-n '40 and 20cYmilliseconds. Upon receivi,ng the Wink, the calling office sends 
the address stgnals. Figure· 2.;9b illustrates the timing of Wink start signaling. 

CALL FIRST 
ORIGINATION DIGIT 

OFF-HOOK 

ON-HOOK 

OFF-HOOK 

ON-HOOK 

EQUIPMENT 
ATTACHED 

jJ 
WINK 

(START 
DIALING) 

OUTGOING SIGNALS 

LAST 
DIGIT 

INCOMING SIGNALS 

II 

Figure 2·9b. Wink Start Timing 

CALL 
ROUTING -

ANSWER 
SUPERVISION 

NEAR­
END 

DISCONNECT 

DISTANT­
END 

DISCONNECT 

I0813A021 

DIRECT INWARD DIAUNG: Direct Inward Dialing (DID) uses the loop signaling format over 
special CO trunks that are set up for DID Upon receIving an Incoming DID trunk seizure from the CO. 
the PBX attaches the appropriate digit collection equipment to the line prior to signaitng off-hook to 
the CO. The CO transmits extension digits to the PBX, which then rings the appropriate station. 
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CHAPTER 2 REVIEW QUESTIONS 

1 What IS the major difference between metallic and analog carrae-r facilities? 

2. Give the transmission direction conventions for 4-wire circuits. 

3. What are the two types of signaling systems? 

4. What IS the function of 4-wlre termination sets? 

5 Define glare. 

6. What are two methods of controlled Signaling? 
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Loop start signaling uses a loop signaling format. The major application or loop start signaling is with 
station Circuits connecting a telephone with a switching machine (PBX or Central Office'switch). 

Loop start signaling may also be used to connect a PBX with a Central Office switch. This text is 
primarily concerned with signaling over shared cirCUits. or trunks: therefore. loop start will be dis­
cussed an terms of its application to CO trunk signaling. 

It is important to recognize that loop start signaling oyer CO trunks has three' major disadvantages 
when compared to ground start 

• Loop start is more susceptible to glare, or simultaneous seizure at opposite ends. than is ground 
start. 

• A PBX not equipped with dial tone detection equipment has no positive way of knowing when a 
CO is prepared to accept address digits. 

• Loop start does not provide positive signaling to the PBX of a distant-end disconnect. 

These disadvantages will be discussed in thiS chapter and also in Chapter 4. Ground Start Signaling. 

This chapter beginS with an overview of loop start operation. The overview IS followed by a detailed 
diSCUSSion of loop start Signaling with reference to block diagrams. . 

The E&M to loop start interface IS presented with reference to the signaling conversions that take 
place. 

Appendix A contains a discussion of the overaJi operation of loop start cirCUItry and the overall 
operation of loop start to E&M Interface cirCUitry. The discussions are conducted With reference to sim­
plified Circuit diagrams. 

LOOP START OVERVIEW 

This section prOVides an overview of loop start Signaling over a 2-wtre line CirCUit between a PBX and a 
Central Office. Figure 3-1 illustrates the connection. As indicated In the Tlgure. an Incoming call to the 
PBX IS jnltlated by rtnglng from the CO. The PBX dials outgoing cails, This IS called a one-waY rtng, one­
way dial operation. 

RING DEMARC .... ........ ---DIAL 

'" ~ - -
CO ~BX - "" - -

O~EN END CLOSED END 
10813A022 

Figure 3·1. PBX/Central Office Connection 
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IDLE CONDI'OON: Looking toward the Central Office sWitch. the ring lead IS attached to the 
battery and the tiP to ground dUring the idle state. Both tip and ring are open looking toward the PBX. 

OUTGOING CALL: An outgoing call is originated when the PBX applIes a loop closure across the 
tiP and ring leads. causing current to flow in the loop between the P8X and the Central Office. The CO 
senses the curr-ent flow and'attaches a digit receiver to the cirCUit in preparation for' receiving address 
information. Once the equipment is attached. the CO provides dial tone to the PBX. 

Many PBXs do not have the capability of recognizing dial tone and. In sendenzed operation. simply 
wait a specified period of time between closing the loop and outpulsmg address Information. If the 
walt interval is too short. the PBX will outpulse before the CO is prepared to receive digits. resulting in 
an incomplete or Incorrectly routed call. In non-sendenzed operatIon. dial tone IS passed through the 
CO and IS heard by the user. 

In the sendenzed mode. once all the digits have been outpulsed and collected by the CO. an audio 
path IS established between the call originator and the CO. 

Any further call progress tones are transmitted directly to the orlginator as audible Signals. 

INCOMING CALL: An incoming call from the CO IS originated when the CO applies an interrupted 
ring (2 seconds ring. 4 seconds rest) on the faCility toward the PBX. Upon sensing the incoming ring. the 
PBX applies a loop closure across the tiP and ring leads,-, 

The CO detects the loop ~Iosure. disconnects the ringing supply. and establishes an audio path to the 
PBX. 

The PBX may route the call to a specific location or to an operator for further routing. 'In certain 
operatIons. the PBX transmits dial tone to the calling party to inform the caller that the PBX is ready to 
receive further address information. 

It should be noted that dial pulse address Signaling cannot be transmitted to the PBX bv the CO. ThiS IS 

because the CO has no way of opening and clOSing the loop (pulSing) under the conventional loop start 
Signaling format. A. CO line switch can only ring toward its drop side. 

One way to obtain dial-In capability is to use DTMF. which requires that the orlglnator be capable of 
sending DTMF digits. If incoming DTMF addreSSing IS to be allowed. power losses over incoming con­
nections may occur. causing DTMF levels that are too low to be detected by the PBX ThIS is par­
ticularly true of calls traveling a great distance over the public SWitched network. where the DTMF sig­
nals may have traversed several tandem links over a conSiderable distance. 

DUring the time between the routing of the call to the facility by the CO and the ringing condition 
being sensed by the PBX. the cirCUit appears idle to the PBX and. therefore. may be seized for an out­
gOing call. Simultaneous (or nearly so) seizure ot opposite ends ot a faCility IS called glare. 

DUTlng the 4-second rest period of the incoming ring, the Circuit again can appear to be Idle to the PBX. 
Seizure by the PBX during thiS period also results In a glare conditIon. 

When glare occurs. it results in either misdirected calls or calls that are not completed. 

The Incidence of glare can be significantly reduced by uSing ground start operation with CO trunks. 

CALL DISCONNECT: Either the calling or called party mav disconnect the call bv gOing on-hook. 
However. a distant-end disconnect Signal is not requlr~d to be relayed to the PBX bv the CO under the 
loop Signaling format. (There IS no change ot state; ring remainS connected to battery. and tIP to 
ground.) SpeCial equipment must be available at the CO to send a disconnect signal. 

The only disconnect that the PBX eeln recognaze IS when the PBX user goes on-hook. The CBX 
recognizes the s~atlon cirCUit on-hook and opens the loop closure toward the CO. thereby discon­
necting the call. 
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Loop start works very well for line cIrcuits that connect telephones to sWitches. a human has no 
problem recogniZing a distant-end disconnect: 

I n order to allow disconnect recognition from eIther direction. ground start operation should be used 
with CO trunks. -. 

DETAILED OPERATION OF LOOP START SIGNALING 

The sIgnaling states of loop start operation will be discussed with reference to two viewpoints' from the 
demarc looking toward the open end (the CO) and from the demarc looking toward the closed end (the 
PBX). 

Although this section IS not intended as a guide to circuit testing. the signaling operations are described 
In much the same manner as they would be observed during testing. 

IDLE CONDmON: The idle condition is represented in Figure 3·2. The bridging clips have been 
removed to isolate the open and closed ends. 

Looking toward the PBX (closed end). an open condition is observed between the tip and rang leads at 
the demarc. 

Looking toward the CO (open end) from the demarc. ground is observed on the tip lead and -48 Vdc is 
observed on the rmg lead. .. 

OPEN END 

T 

CO 
~ 

R 

+ -

GND 

-48 Vdc 

DEMARC 

O~~ 
> OPEN 

- -~r 

\ 
BRIDGING 
CLIPS 
REMOVED 

Figure 3·2. Idle Condition 

CLOSED END 

T 

::~ PBX 
R 

10813A023 
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OUTGOING CALL: An outgoing call is originated by loop closure In the PBX (Figure 3-3). With the 
bridging clips removed, the closure IS observed as a conducting path (low resistance) between the tiP 
and ring at the demarc looking toward the PBX. 

OPEN END 

. 

T 

~ 
CO 

R 

~ 

DEMARC 

- ,... 
~ -

}~,~ -- 0 

T 

R 

CONDUCTING 
?ATH 
OBSERVED 

Figure 3·3. Outgoing Call Origination 

CLOSED END 

-- ?BX 

10813A02£ 

Operation toward the CO is observed by removing the bridging clips and attaching a test set across tip 
and ring toward the open end. The test set provides loop closure. The CO detects the loop closure, 
attaches a dial tone generator and a digit receiver to the circuit: and establishes an audio path toward) 
the PBX (or, in testing, toward the test set at the demarc, Figure 3-4). 

OPEN END . DEMARC CLOSED END 

T T 

-CO - AUDIO-.... ~ ?BX 
R R 

10813A025 

Figure 3-4. Dial Tone from CO 
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Once dial tone is received bv the PBX, dialing may proceed uSing either DTMF or dial pulse signaling as 
allowed by the CO (Some Cential Offices are equipped to receive only dial pulse addressing Those 
that are equipped to receive DTMF can also receive dial pulse) Upon receiving the first dialed digit, 
the CO removes dial tone from the line (Figure 3-5). 

After all digits have been diaied. the digit receiver IS removed from the line and the call is routed to the 
distant station or switch. The audio path IS extended over the outgoing facility and audible call­
progress tones are returned to the calling party. Once the calliS answered. bUSiness mav be conducted 
over the audio path 

OPEN END 

-CO -
T 

R 

NO DIAL 
TONE 

DEMARC 

Figure 3-5. Dialing 

DIALED 
DIGITS 
OBSERVED 

T 

R 

CLOSED END 

PBX 

10813A026 

INCOMING CALL: An incoming callis initiated when the telephone number associated With the cir­
cuit is dialed. The CO applies rtngtng voltage toward the PBX (Figure 3-6). At the demarc. With the 
brldgmg clips removed, 75 to 110 Vac IS observed coming from the CO on the ring lead, superimposed 
on -48 Vdc which is also observed at the demarc. 

Ringmg periods of approximately 2 seconds are {ollowed by rest pertods of approximately 4 seconds. 

OPEN END 

CO 
T 

AUDIO~ RINGING-=­
VOLTAGE 

----...... -+--

--

RINGING VOLTAGE 
SUPERIMPOSED 
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DEMARC 

BRIDGING 
CLJPS 
REMOVED 

Figure 3-6. Incoming Ring 
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The PBX sense$ the incoming ring and answers the call bv providing a loop closure between tip and 
rmg. loop current informs the CO that the call has been answered. and ringing voltage IS removed (ring 
tripping). The CO then extends the audio path to the PBX (Figure 3-7). 

OPEN END DEMARC CLOSED END 

T T 
I 

.~ + - """ - .. .. .. 
-""' PBX 

.. 
CO AUDIO AUDIO 

I R ~ - R I 

"-- + 
l --

10813A028 

Figure 3·7. Answered Call 

LOOP START TO E&M INTERFACE 

loop start to E&M Interface is used to extend loop start signaling over an analog carner facility sig­
naling system. such as Single FreQuency (SF) signaling. 

In the foregoing discussion of loop start signaling, signals from the CO to the PBX (and vice-versa) are 
carried over the wire pair between the two switching machines. 

The E&M interface functions so that signaling conditions at the CO (open end) are exactly duplicated at 
the PBX (closed end). 

In other words, when the CO looks toward the PBX, It will not be able to tell whether It is directly con­
nected to the PBX by a pair of wires or by some other transmIssion medium. The same applies to the 
PBX when it looks toward the CO. 

DETAILED OPERATION OF LOOP START TO E&M INTERFACE 

Detailed operation of the loop start to E&M Interface will be discussed In terms of Figures 3-8a through 
3-8g (outgoing call) and FIgures 3-9a and 3-9b (incoming call). 

The events and their associated figures are: 

EVENT 

Outgoing Call 

Idle ConditIon 
PBX Seizure 
CO Response 
Dial Pulse Break 
DTMF Addressing 
Occupied Circuit 
Disconnect 

Incoming Call 

I ncomlng Ring 
PBX Answer and 

Ring TrtpPlng 

FIGURE 

3-8a 
3-8b 
3-8c 
3-8d 
3-8e 
3-8f 
3-8g 

3·9a 

3·9b 
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The figures contain block diagrams of an end-to-end connection that uses E&M signaling to Interface 
loop start signaling at the open and closed ends with SF signaling over the analog carrier facility 

In the diagrams. MFT stands TO! /V\eta!lIc Facility Termrnal The MFT combines transmiSSion and 
signaling functions Into a single phvslcal unit Within the ,\-1 FT. the ~"vVTS provides an Interface 
between 2-wlre transmiSSion on the orop side and 4-wlre transmiSSion on the Irne side The loop to E&M 
box converts loop Signaling to E&M signalrng. 

For all Signaling conditions. the electrical state of the tip and ring leads in the MFT at the closed end 
(PBX) will be the same as the state ot the tip and ring leads in the CO Similarly, the electrical state of 
the tiP and rrng leads In the MFT at the open end (CO) will be the same as the state of the tip and ring 
leads In the PBX. 

The svmbols used for the tip and ring lead states are: 

B 
G 
o 
S 

20 Hz 

Battery 
Ground 
Open between T&R 
Short between T&R 
20 Hz Ringrng Voltage 

AFT stands for Analog Facility Terminal The AFT interlaces 4-wire transmiSSion on the drop side with 
analog carrier transmiSSion on the line side. The E&M to SF box d>nverts E&M Signaling to SF Signaling 

The status of the audio path In both directions IS shown in the arrows at the top of the diagrams The 
svmbols used are: 

I 
DT 

DTMF 
A 

Idle. no audio path 
DIal Tone 
Dual Tone Multifrequency 
Audio or talkang path 

The Signaling states in both directIons are shown In the arrows at the bottom of the diagrams The 
svmbols used are: 

B 
G 
o 

SF ON 
SF OFF 

Battery 
Ground 
Open 
Single Frequency (2600 Hz) on 
Single Frequency (2600 Hz) off 

There are two types of E &M to loop start Interfaces normal and Inverted. I n the fIgures. Inverted 
operation IS Indicated an parentheses The Inverted operation IS the most common form of loop to 
E&M Signaling. as It prOVIdes additional protectIon agaanst false rangs and removes SF during the 
talkrng condition. 

A change of state IS represented by a slash between two states For example. OIG indicates a change 
from open to ground. 
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OUTGOING CALL (PBX ORIGINATION): An outgOing call. originated bv the PBX. IS discussed 
with reference ,to Figures 3-8a through 3-8g. 

Idle Condition: In the Idle condition. 'the tiP and ring are open looking toward the PBX trom the .\I1FT 
Proceeding trom right to Ie.ft In Figure 3-8a. the Idle condition IS sIgnaled toward the racllity as ground 
on the M lead. SF IS transmitted over the analog carrier facility toward the open end ~FT. where the 
Idle condition is translated to open on the E lead toward the MFT In the ,\AFT, open on the E lead IS 
translated to open on the tiP and ring toward the CO. duplicatIng the open condition at the PBX end. 
The audio path from the PBX to the CO is idle. 

Looking toward the CO, tip is connected to ground. and rtng IS connected to battery From the open 
end toward the closed end. the idle condition is Signaled oyer the ,\-\ lead as ground rn normal 
operation. and as batterY In Inverted operation In normal operation, thiS IS translated to SF On oyer the 
analog carrier facility In Inverted operation, SF IS Off. Signaling toward the PBX via the E lead IS open 
for normal operation In the loop to E&M conversIon unit, E lead signaling IS translated to ground on 
the tip lead and battery on the rmg lead toward the PBX. duplicatmg the sIgnaling state at the CO end. 
The audio path from the CO to the PBX is idle. 
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PBX Seizure: The PBX seizes the line by closing the loop between tiP and nng. The off-hook conditIon 
IS sIgnaled toward the open end as shown In Figure 3-8b 
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CO Response: The CO responds to ground on the E lead by establishing an audio path and trans­
mItting dial tone toward the PBX (Figure 3-8c). Note that there IS no signaJing occurring over the M 
lead - the M lead from the CO IS used only to Signal incoming call requests (rtnglng). SF over the facility 
remains On for normal operation and Oft for Inverted operation 
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Dial Pulse Bre~k: Upon receiving dial tone. the PBX sends dial Dulse address InTOrmatlon to the CO as 
shown In Figure 3-8d. 
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DTMF Addressing: DTMF addressing IS accomplished over the audio path as showr'1 In Figure 3-8e 
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The signaiang states tn the occupied condition are represented In Figure 3-8f 
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Disconnect: Near-end (PBX) disconnect signaling is shown In Figure 3-8g. 
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INCOMING <;l\LL (CO ORIGINATION): An Incoming call. originated bv the CO. IS discussed with 
reference to Figures 3-9a and 3-9b. 

Incoming Ring: A call is origanated by the CO by applYing 20 Hz ringing voltage (75 to 110 \' ac: to the 
ring lead. superimposed on - -+8 Vdc. The changes in signaiing st9tes are shown m Figure 3-9a. 

In normal operatIon, SF is Off dunng the rtnglng period. which translates mto ground on the E lead 
toward the closec end MFT. The MFT contains a continuous ringing supplv and applies 20 Hz ringing 
voltage to the rir,:; lead toward the PBX in response to the E lead ground. 

Normal M lead ot, Hion can result in false ringing when SF is used for analog carner facilitv signaling. 
If the carrier path ,5 interrupted due to a microwave path fade or similar problem. the removal of SF 
will be Interpreted by the E&M to SF Unit as an incoming ring. A 20 Hz contlnUOllS nng wtll be applIed 
toward the closed end. even though there IS not an actual Incoming call 

For this reason, inverted operatIon should be used in conJunctIon with SF sIgnaling. An interruption or 
the carrier path when inverted operatIon is used Will not result In ringing. 
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PBX Answer and Ring Tripping: The PBX responds to Incoming ring by provIding a loop closure. whIch 
IS signaled toward the CO as shown In FIgure 3·9b Upon receiving ground on the E lead, the CO tripS 
the rlngmg and the call IS complete. 
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CHAPTER 3 REVIEW QUESTIONS 

1. What are the problems encountered in using loop start signaling over CO trunks? 

2. What .re the electrical states of the tip and ring leads 'In the Idle condition In loop start 
operation: 

3·14 

At the CO? 
At the PBX? 

3. How does the PBX originate an outgoing call? 

4. How is an incoming call originated? 

5. What is false ringing and how can it be avoided? 



INTRODUCTION 

CHAPTER 4 
GROUND' START SIGNALING. 
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Ground start signaling. like loop start. uses a loop signaling format. It is used between a PBX and 
Central Office and has three major advantages over loop start for this application. 

• The incidence of glare. simultaneous seizure of opposite ends of a circuit. IS reduced 

• The CO sends positive signaling (in addition to dial tone) when digit collection equipment has 
been attached. 

• The CO can signal the PBX when the distant end disconnects. 

Tnls chapter provides an overview of ground start operation. The overview IS followed by a detailed 
diScussion of ground start signaling With reference to block diagrams. 

The E&M to ground start interface is presented in terms of the signaling converSions that take place. 

Appendix B contains a discussion of the overall operation of ground start Clrcultrv and ground start to 
E&M Interface CirCUitry The discussIon IS conducted with reference to simplified Circuit schematics. 

GROUND START OVERVIEW 

ThiS section prOVides an overview of ground start signaling over a 2-wlre CirCUit between a PBX and a 
Central Office. Figure 4-1 illustrates the connection. As Indicated in the figure, an incoming call to the 
PBX IS Initiated by ringing from the CO The PBX dials outgoing calls ThiS IS called one-way ring. one­
way dial operation. 

I n thiS section. ground start is discus5ed With reference to the idle condition. an outgoing (PBX 
originated) call. an incoming (CO originated) call, and a call disconnect . 

RING DEMAAC ..... ~---DIAl 

T T 
~ -

CO PBX 
R ~ r' R 

OPEN END CLOSED END 

10813A038 

Figure 4-1. PBX/Central Office Connection 
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IDLE CONDmON: During the idle state. the ring lead IS attached to the battery and the tIP lead i!' 
open In the Central Office In the PBX. the ring lead IS open and the tiP lead IS attached to the batterv 
As Will become apparent. this configuration provides for more Signaling states than are available Irl 
loop start. Table 4-1 compares the idle condition for loop start and ground start. - . 

Table 4-1. Loop Start vs. Ground Start· Idle Condition 

SIGNALING 
CO PBX 

(OPEN END) (CLOSED END) 

Loop Start 
Tip GND Open 
Ring -48 Vdc Open 

Ground Start 
Tip Open -48 Vdc 
Ring -48 Vdc Open 

OtlTGOING CALL: An outgoing call is inItiated when the PBX applies a ground to the ring. causing 
current to flow over the ring lead between the PBX and the CO The CO recognizes the grounded ring 
lead as a service request and attaches a digit receiver In preparation for receIving address information. 
The CO Informs the PBX that it is ready to receive address informatIon by placing a ground on the tip 
The CO also provides dial tone. 

Upon receipt of tip ground from the CO. the PBX simultaneously removes its ring ground toward the 
CO and provides a loop c·losure between the tIP and ring leads 

The tip ground provides the PBX with a positive indication that the CO IS prepared to receIve digIts You 
will recaU that in loop start operation. a PBX not equIpped to recognize dial tone walts for a speCifIed 
period of time prior to sending digits. on the assumption that the CO will have attached a digit receiver 
by the end of the wait period. Ground start. therefore. prOVIdes a more pOSitive start-dialing Signal than 
does loop start. 

If the PBX IS non-senderlzed, the subscrtber hears dIal tone from the CO and may proceed to send 
address information. 

Depending on the type of digit recognrtion provided by the CO. the PBX (or the subscrIber) will then 
proceed to outpulse the address information as either dial pulse or DTMF Signals Upon receipt or the 
first digit. the CO removes dial tone from the line. Once all digits have been outpulsed and connected 
by the CO. an audio path is established between the call orlgmator and the CO. 

Any further call progress signals are transmitted directly to the call originator as audible Signals. 

INCOMING CALL: A .ncoming call from the CO IS Initiated when the CO grounds the tiP lead 
toward the PBX. The PBX sees the tip ground as a busy trunk and restricts It irom being selected for an 
outgoing call. 
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In loop start operation. CO seizure consists of the application of ranging voltage toward the PBX The 
PBX can seize the Circuit during the rest period between rings. resulting In a glare condition In ground 
start. tiP ground from the CO provides more positive trunk seizure than does the application of ringing 
yoltage. reducing the possibility af glare' 

The CO proceeds to a~ply Interrupted ringing (2 seconds ring, 4 seconds rest) on the ring lead toward 
the PBX The PBX sees the Incoming ring as an Incoming call request and places a loop closure across 
the tiP and ring leads 

The CO detects the loop closure, disconnects the ringing supply, and establishes an audio path over the 
tiP and ring leads The PBX may then route the call to a user-selected location. to an operator for 
further routing, or to dial tone to Inform the caller that it is ready to receive further address Information 
(non-s~ndertzed operation). 

As With loop start. only OTMF may be used for incoming non-sendenzed operation. 

If Incoming addressing IS to be allowed. It must be recognized that power losses over incoming con­
nections mav cause OTMF levels that are too low to be detected by the PBX This is particularly true of 
tandem tie trunk connections operating in the non-senderized mode. In thiS case, the DTMF pulses may 
have traversed several links and traveted a considerable distance.' 

CALL DISCONNECT: Either party may disconnect the call by gOing on-hook. If the PBX discon­
nects first. the loop closure will be removed toward the CO. The CO will see this as an absence of 
current over the facility and will disconnect the call. returning an open tiP toward the PBX The PBX 
will see the open tiP as an idle trunk and return the trunk to the idle state. making It available for out­
gOing selection. 

If the distant end disconnects first. the CO will open the tiP lead. causing loop current to cease The 
PBX will sense the tip ground removal and will remove the loop closure and return to the Idle 
condition. 

DETAILED OPERATION OF GROUND START SIGNALING 
The signaling states of ground start operation will be discussed WIth reference to two viewpOints from 
the demarc: looking toward the open end (the CO) and toward the closed end (the PBX). 

The diSCUSSion will be With reference to the following events and their associated figures. 

EVENT FICURE 

Idle Condition 4-2 
PBX Seizure 4-3 
PBX loop Clost,Jre 4-4 
PBX Address Signaling 4-5 
CO Response to 

PBX Seizure 4-6 
AddreSSing Toward CO 4-7 
Incoming Seizure 

and Ringing 4-8 
Ring TripPing 4-9 

Although thiS section IS not Intended as a gUide to Circuit testing, the Signaling operations are descrtbed 
In much the s'ame manner as they would be observed during testing. 
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IDLE CONDmON: The Idle condition is represented In Figure 4-2. The bridging clips have been 
removed to Isolate the open and closed ends. Looking toward the closed end (the PBX), - 48 Vdc IS 

observed on the tip lead, and the ring lead is open. Looking toward the open end (the CO)' - 48 Vdc IS 

observed on the ring lead, and the tip lead is open. - . 
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Figure 4-2. Idle Condition 
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OUTGOING c;ALL. CLOSED END: An outgoing call is initiated when the PBX places ground on 
the ring lead. With the bridging clips removed, the transition from open to ground is observed on the 
ring lead look,Jng toward the PBX. (Figure 4-3.) 
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The CO response to outgoing seizure may be simulated by placing a ground on the tip lead at the 
demarc toward the PBX. The PBX responds by. removang the ground from the rang lead and providing a 
loop closure between tip and nng. The loop closure may be observed at the demarc as' a conductang 
path between tip and ring. (Figure 4-4.) . 
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Figure 4-4. PBX Loop Closure 
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At this point in an actual caU, tip is grounded. ring remains connected to battery In the CO, and the CO 
is prepared to receive address signal ing. 

USing the proper test equipment, outgoing dial pulse or DTMF address signaling may be observed at 
the demarc. (Figure 4-5.) 
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Figure 4-5. PBX Address Sig~ling 
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OUTGOING CALL. OPEN END: With the bridging clips removed. a ground IS placed on the ring 
lead toward the CO to initiate a call ,request. The tip lead IS observed to go from open to ground. 
indicating that the CO IS ready to receive address information. Dial tone mav also be heard on the test 
set. (Figure 4-6.) 
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DIAL 
TONE 

OIG 

2. TRANSITION FROM 
OPEN TO GROUND 
OBSERVED 

~1. GROUND RING 
LEAD 

Figure 4-6. CO Response to PBX Seizure 

In order to simulate PBX operation, a loop closure is placed across tip and ring, and the rrng ground is 
removed. Using the correct digit format (dial pulse or DTMF), test calls may now be placed from the 
demarc to a test location. (Figure 4-7.) 
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3. ADDRESS SIGNALING 
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Figure 4-7. Addressing Toward CO 

INCOMiNG CALL. OPEN END: To make an operational check on an Incoming call. the facility 
access number is dialed from a telephone not connected to the Circuit under test. 

Once the call has been completed to the distant switch and rrnglng IS heard on the originating tele­
phone. thp. tip lead from the CO is observed to go from open to ground at the demarc 

The ring lead is checked to ensure that interrupted ringing (2 seconds rIng, 4 seconds rest) is InItiated. 
superimposed on - 48 Vdc. 
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Several ringing cycles are observed to ensure that there are no conditIons that would cause the ring to 
triP prematurely. (FIgure 4-8.) 
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Figure 4-8. Incoming Seizure and Ringing 
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During the ringing cycle. a loop closure is placed across the tip and ring leads in order to test ring 
tripPing (Figure 4-9). Ringing should cease Immediately, and an audio path between the facility and the 
originating teJephone is established. This tests the pre-trip circuitry. . 

The caJi is re-established. This time, the loop closure across tiP and ring is mdde durtng the rest period. 
Audio cut-through between the facility and the originating telephone should occur immediately, and 
further ringing should not occur. 
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Figure 4-9. Ring Tripping 

CALL DISCONNECT: Several test calls are made: after each caU, tip and ring toward both ends are 
checked to ensure that they have returned to the idle state. 
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GROUND S.TART TO E&M INTERFACE 

The ground start to E&,"v1 signaling Inte.rtace IS used to extend ground start signaling over an analog 
carner facility system. such as Single Frequency (SF) signaling. 

- . 
In the foregoing discussion qf ground start signaling, signals from the'CO to the PBX (and vice-versa) are 
carried over the ·wlre pair between the two sWitching machines. 

The E&M Interface functions so that signaling conditions at the CO (open end) are exact/v duplicated at 
the PBX (closed end). 

In other words. when the CO looks toward the PBX. It will not be able to tell whether It is directlv con­
nected to the PBX by a pair or wIres or by some other transmiSSion medium. The same applies to the 
PBX when it looks toward the CO 

DETAILED OPERATION OF GROUND START TO E&M INTERFACE 

Detailed operation of the ground start to E&M interface will be discussed with reference to Figures 
4-10a through 4-1 Of (outgoing call) and Figures 4-11 a through 4·11d (incoming call). Call disconnect IS 
shown in Figures 4-12a and 4-12b. 

The figures contain block diagrams of an end-to-end connection that uses E&,\I\ signaling to Interface 
ground start sign~ling at the open and closed ends with SF signaling over the analog carner facility 

In the diagrams. MFT stands for Metallic Facility Terminal. The MFT combtnes transmiSSion and sig­
nal ing functions mto a s Ingle phYSical unit. Within the MFT. the -+ WTS provides an tnterf ace between 
2-wlre transmission on the drop Side and 4-wlre transmiSSion on the line Side The loop to E&M box 
converts loop signaling to E&M signaling. 

For all signaling conditions. the electrical state of the tip and ring leads In the MFT at the closed end 
(PBX) will be the same as the state of the tip and ring leads in the CO Similarly, the electrical state of 
the tiP and ring leads In the MFT at the open end (CO) will be the same as the state of the tiP and nng 
leads in the PBX. 

The symbols used for the tiP and ring lead states are: 

B 
G 
o 
S 

20 Hz 

Battery 
Ground 
Open between T&R 
Short between T&R 
20 Hz Ringing Voltage 

AFT stands for Analog Facility Terminal The AFT Interfaces "'-wlre transmission on the drop Side With 
analog carrier transmiSSion on the line side The E&M to SF box converts E &M signaling to SF signaling 

The status of the audio path In both directions IS shown In the arrows at the top or the diagrams The 
symbols used are 

I 
DT 

DTMF 
A 

Idle. no audio path 
Dial Tone 
Dual Tone Multlfrequency 
Audio or talking path 

The signaling states In both directions are shown In the arrows at the bottom or the diagrams The 
symbols used are: 

B 
G 
o 

SF ON 
SF OFF 

Battery 
Ground 
Open 
Smgle Frequency (2600 Hz) on 
Single Frequency (2600 Hzi off 
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A transition between states IS Illustrated bv a slash For example. the transition between open and 
ground IS shown as OIG 

There are two tvpes'of ground starr-to E&,V\ Interfaces wlnk-on-rlng and ring-arter-ring. The differences 
between the two will be discussed .In. relation to an incoming (CO originated) c.all 

OUTGOING CALL (PBX ORIGINATION): An outgoing call is discussed with reference to Figures 
4-10a through 4-10f The call IS broken InCO a series of events. represented· bv the followmg figures: 

EVENT 

Idle Condition 
PBX Seizure 
CO Response 
DTMF Addressmg 
Dial Pulse Addressing 
Occupied Circuit 

FIGURE 

4-10a 
4-10b 
4-10c 
4-10d 
4-10e 
4-1 Of 

Idle Condition: In the idle condition. the tip is connected to battery and the ring is open. looking 
toward the PBX from the MFT Proceeding from right to left in Figure 4-10a. the "'1 lead IS grounded. SF 
IS On. and the E lead IS open. The open E lead translates to batt~rv on the tIP and open on the ring 
toward the CO. duplicating the Signaling conditions that the CO would see If it were looking directlv at 
the PBX . 

At the CO end. the tIP lead IS open and the ring lead is connected to battery In the Idle condition. GOing 
from left to nght toward the PBX. the M lead IS grounded. SF IS On. and the E lead toward the closed­
end MFT IS open. The open E lead translates to open on the tiP and battery on the ring toward the PBX. 
duplicating the signalmg conditions that the PBX would see If It were looking dIrectly at the CO 

OPEN 
END 

AUDIO 

CO 

0 T 

B R 

SIGNALING 

1""""1 

-I 

} 

i 

, 
MFT 

4 WTS 
B 

0 

LOOP 
TO 

E & M 

J 

, 
) 

L 
-I ,.....1 ,....1 ) , 

,....1 -I ,...., < 

AFT AFT MFT' 
T T1 4 WTS 
R ~ --- .... R1 0 
T1 T 
R' ..... '"'"-~ ~A B 

E E&M E&M E LOOP 
M TO TO M TO 

SF SF E & M 

..... 0 -SF ON -G -{ 

~ 

--G --SF ON -0 , 
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PBX Seizure: The PBX seizes the CIrcuit bv placing a ground on the ring lead. The corresponding sig­
naling toward the CO IS shown In Figure 4-10b. 
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Figure 4-10b. PBX Seizure 
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CO Response: The CO recognizes the seizure via the ground on the ring lead and responds bv 
grounding the tip lead toward the MFT (Figure 4-' Oc.) 1 n the ,\11FT. the loop between tiP and ring IS 
closed Simultaneously with the removal of rtng ground. The ,\1\ lead toward the AFT goes from ground 
to battery, SF is turned Off, and the E lead toward the MFT goes trom open to ground In the closed-end 
MFT. the tIP lead goes from open to ground. Dial tone IS transmitted toward the PBX over the audio 
path. 
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In the PBX, the loop between tip and ring IS closed simultaneously with the removal of ring ground. 

DTMF Addressing: The PBX recognizes the grounded tiP as the start dialing signal in sendertzed 
operation. In non-senderlzed operation, the calling party recognizes dial tone as the start dialing signal. 
DTMF address digits a~e.transmltted to the CO over the audio path, and the CO removes dial tone upon 
receipt of the first digit. (Figure 4-10d.) 
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Dial Pulse Addressing: As in loop start signaling. dial pulse addressing is transmitted toward the CO 
bv opening and clOSing the loop in the PBX. (Figure 4-10e.) 
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Occupied Circuit: Once address SIgnaling IS complete and the distant end answers. an audio path IS 
established in both directions and business may be conducted. (Figure 4·10f.) 
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INCOMING CALL (CO ORIGINATION): An incoming call IS illustrated In the followIng figures: 

EVENT 

CO Seizure 
Incoming Ring 
PBX Answer 
Occupied CircUit 

FIGURE 

4·" a 
4·" b 
4·1' c 
4·"d 

CO Seizure: The CO seIzes the CIrCUIt by grounding the tIP lead toward the MFT. as In Flgur~ 4-11 a 
The M lead toward the AFT goes from ground to battery, SF 15 turned Off. and ~he E lead toward the 
MFT goes from open to ground In the :v\FT, the tIP lead toward the PBX goes from open to ground The 
PBX recognizE's thIs tranSItIon as Incommg seizure and will not select the CirCUIt Tor an outgoing call 

Incoming Ring: At the CO end. 20 Hz ringing voltage supertmoosed on batter\ 'S aoplled to the ring 
lead (2 seconds ring, 4 seconds rest) In wlnk-on-rrng operation. the open-end \-1FT translates each 
ringing cycle Into a momentary 'wink" that is SIgnaled toward the ciosed-end ",FT a~ '" Figure 4-" b 

The closed-end MFT contains a ringing supplY and translates the 'wlnk' Into a timed 1,2 seconds on .. 
seconds off) ring toward the PBX 

In rtng-after-rtng operatIon. rinSing IS ~Ignaled toward the closed ~nd ror ~he full ringIng period A 

specIalized SF format where a 20 Hz Signal IS superimposed onto the SF tone IS often used In the ring­
after-ring operation 

_ 4-12 
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PBX Answer: The PBX answers by closing the loop between tiP and ring. If the call IS answered dUring 
the ringing penod. dc flowIng to the ringing supply over tiP and ring will cause the ringing to cease 
Immediately. preventing an annoying rlOg In the called party's ear. 

The loop closure is signaled toward the open end as in Figure 4-11 c. 

Upon recognlzJng the loop closure in the open-end MFT. the CO removes the ringing supply and will 
not send another ringing cycle. 
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The circuit in the occupied condition is illustrated in Figure 4-11 d. 
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CALL DISCONNECT: Call disconnect is Illustrated In the following figures: 

-EVENT 

Disconnect 
Idle Circuit 

FIGURE 

4-12a 
4-12b 

Disconnect: Disconnect may be Initiated from either end. 

Put I 
Tnualdag 

At the CO end. disconnect is signaled by removing the ground from the tip lead. Going from left to nght 
in Figure 4-12a. removal of tip ground translates into ground on the M lead toward the MFT. SF IS 
turned On, and the E lead goes from ground to open at the closed-end MFT. In the closed-end MFT, 
ground IS removed from the tiP lead toward the PBX. 

The PBX disconnects by opening the loop between tip and ring. The MFT translates open between tiP 
and ring into ground on the M lead toward the AFT. SF is turned On. and the E lead toward the open­
end MFT goes from ground to open. The loop closure toward the CO is removed . 
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Idle Circuit: The circuit In the Idle condition is Illustrated in Figure 4-12b. 
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Figure 4-12b. Idle Circuit 



CHAPTER" REVIEW QUESTIONS 

Part I 
TraDkiag 

,. What are the electrical states of the tiP and ring leads in the Idle condition for ground start: 

At the CO?- • 
At the PBX? , 

2. How does the CO respond to seizure (grounded ring lead) from the PBX? 

3. Why is ground start signaling superior to loop start for senderized operation? 

4. How does the CO originate a call? 

5. Why IS ground start signaling superior to loop start with respect to CO originatlon~ 

6. How does the CO respond to distant-end disconnect? 

7. How is ringing Signaled toward the closed end in wink-on-ring E&M lead operation? 

8. How is ringing Signaled toward the closed end in ring-after-ring operation? 

4-1' 
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CONTROLLED OUTPULSING-DELAY DIALING AND 
WINK START OPERATION 

INTRODUCTION 

To receive address information (dial pulse, DTMF or MF), a sWItching machIne must be equipped with 
the approprtate digit detectIon and collection equipment. The most straightforward method of 
providing this equipment is to connect digIt collection equipment to each trunk cirCUIt. However, as 
we've seen elsewhere, substantIal economiCS may be realized through the sharing of equipment. 

Digit collection equipment must be present for only a small fractIon of the duratIon of a typical call; 
therefore, the equipment may be shared among a number of individual circuits. Equipment that is 
shared in this manner is called common equipment. 

When digIt collection equipment is shared. terminating equipment must have some method of sig­
naling Originating equipment when digIt collection equipment has been attached to a trunk. 

As we have seen in non-senderized operation, dial tone is not transmitted to the originating end until 
digit collection equipment has been attached. In senderized loop start operation, outpulsing may be 
positIvely controlled oniy if the originating switch is capable of recognizIng dial tone 

In senderized ground start operation, the terminating switch does not ground the tiP lead until it has 
attached digIt collection equIpment. 

Four additIonal methods of controlled outpulsing have been developed for signaling between 
SWitching machines: delay dialing, wink start. start dialing and stoP-BO. Delay dialing and Wink start 
operation will be d1scussed in this chapter. 

80th delay dialing and wink start may be used on two-way trunks between switches. Since seizure is 
allowed from either end, glare becomes a consideration. As we will see, Wink start prOVides better pro­
tectIon against glare than does ground start. 

DELAY DIALING 
Delay dialing will be discussed with reference to the follOWing fIgures: 

EVENT 

Delay Dialing-Outpulsing Control 
Delay Dialing- Entire Call 

FICURE 

5-1 a 
5-1b 

The fIgures are drawn to scale; however, the timing intervals are only approximate and may vary from 
applicatIon to application. The intent of the figures is to illustratE! the sequence of events. 

50i 
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In Figure 5-1 a, the call begins when the calling office seIzes the trunk toward the called office (a). The 
called office responds to the seIzure by gOing off-hook (b). The called office remains off-hook until It IS 
ready to receive address informatIon; It then goes on-hook (c). The off-hook interval is the delav dialing 
sIgnaL . 

Upon receivIng- the start dlafing sIgnal from the called office (c), the calling office proceeds to send 
address informatIon via dial pulsing or DTMF addreSSing. Dial pulsing and the sequence of events 
through the first dialed digIt are illustrated in Figure 5-1 a. 
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Figure S·1a. Delay Dialinl- Outpuising Control 

Figure 5-1 b shows the entire call sequence, using a compressed time scale. 

Once the calling office has transmitted all of the address digits, the call is routed to Its destination. 
When the distant end answers, the called office signals answer supervIsion toward the calling offIce bv 
going off-hook. Both offices remain off-hook for the duratIon of the call. 

Either end may disconnect the call bv gOIng on-hook. Here the calling office disconnected first. 
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Figure 5-1b. Delay Dialing-Entire Call 

WINK START 

Wink start will be discussed with reference to the following figures: 

EVENT 

Wink Start-Outpulsing Control 
Wink Start- Entire Call 

FIGURE 

5-2a 
5-2b 

As With delay dialing, in wink start operation the calling office seizes the trunk bv going off-hook (a) 
(see Figure 5-2a). Upon recogniZing the seizure. the called office Initiates a request for digit collection 
equipment; however, the called office does not immedlatelv return an off-hook (delay dialing) signal to 
the calling office. The idle condition, on-hook signal is maintained until the digIt collection equipment 
is attached at the called office. 

Once equipment IS attached, the called office goes off-hook (b) and maintains the off-hook for a 
specified interval. 

The transition from on-hook to oH-hook to on-hook constitutes the wink. Once the calling oHice 
receives the wink, It proceeds to send address Information. 

5-3 



Part I 
TnmkiDg 

OFF-HOOK 

ON-HOOK 

OFF-HOOK 

ON-HOOK 

SEIZURE 

J 
(a) 

I 
EQUIPMENT I 
ATTACHED ~I 

I 
I 

Oms 100 ms 

CALLING OFFICE 

FIRST DIGIT 

.~~------.. ~~------~, 

I I I I 
(d) 

CALLED OFFICE 

START 
..... ~I--- WINK --.. ~-........ ~--.- DIALING 

(b) (e) 

200 ms 300 ms 400 ms 
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Figure 5-2b shows the entire call sequence, using a compressed time scale. 
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Once the calling office has transmitted all of the address digIts. the call IS routed to its destination. 
When the distant end answers, the called office signals answer supervIsion toward the call ing office by 
gOing off-hook. Both offices remain off-hook for the duration of the call. 

Either end may disconnect the call by gOing on-hook. Here the called office disconnected first. 
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As has been discussed. two-way trunks are subject to occasional simultaneous seizure at both ends 
because of the unguarded interval between the seizure of the trunk at one end and the conseQuent 
busy condition of the trunk at the other end. 

When delay dialing signals are used. the glare or blocked condition is assumed to exist if the off-hook 
condition persists for an interval greater than a specified time-out period. (DependIng upon the 
applicatIon and eQuIpment used. the time-out varies from 4 to 30 seconds.) 

When wink start is used. the glare condition is assumed to exist if the off-hook Interval is greater than 
the expected duration of the "wink." Wmk start, therefore. provides faster recognition of the glare 
condition. ThiS is shown in Figure 5-3. 

I n the case of both delay dialing and wink start Signaling, a method must be provided to disengage 
from the mutually blocked condition. 

Some types of common control eQuipment are arranged to flash forward at the reorder rate when the 
blocked condition is recognized. Upon receiving the flash. the distant end releases the connectton and 
sends the reorder (fast busy or all trunks busy) Signal to the call ongmator. The near end is also 
arranged to release the circuit and return reorder to the called party or. alternatlvely. to complete the 
call over the same trunk after a 2-second pause (if the start dialing or wink SIgnal IS received from the 
distant end). 
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Figure 5-3. Comparison of Wink Start and Delay Dialing. 



CHAPTER 5 REVIEW QUESTIONS 

1. What is the purpose of controlled outpulsi'ng? 

2. In delay dialing, what is the start dialing signal? 

3. In wink start, what is the start dialing signal? 

4. Which method of controlled outpulsing provides better glare protection? 

5-7 
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CHAPTER 6 
DIRECT INWARD DIALING 

Part 1 
TraDkiDg 

Direct Inward Dialing (DID) trunks allow an off-net caller to directly dial an extension served by a PBX, 
without the necessity of a call being served by an attendant. All calls over DID trunks originate at the 
sWitched public network and terminate at a PBX; therefore. DID trunks are called one-way incoming 
trunks. 

ThiS chapter provides a functional overview of DID signaling followed by a detailed discussion of the 
signaling states in a DID call. Overall operation is discussed with reference to simplified circuit 
schematiCs. 

DID OVERVIEW 
This section provides an overview of a DID call. The end-to-end connection is illustrated in Figure 6--1 

A DID call is Initiated when the off-net caHing party goes off.-hook and sends address digits to the 
originating CO. The call is routed through the public network to the terminating switch. Up to thiS 
point. the call is handled in the same manner as other calls placed over the public sWitched network. 

The CO sWitch determines the trunk group (in this case. a DID trunk group) over which the calliS to be 
completed to the customer's PBX. In addition, the CO sWitch determines the number of extension digits 
that are to be transmitted to the PBX. In general, the extension digits will consist of from one to four of 
the statton digits (the station digIts are the last four numbers dialed by the calling subscriber). 
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PUBLIC 
SWITCHED 
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_ ...... ORIGINATING 
CO 

TERMINA TING ____ .... 
CO PBX 

CO TRUNK DID TRUNK 

Figure 6-1. A Typical DID Call 
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The CO seizes an Idle circuit in the DID trunk group. The PBX detects the seIzure and responds by 
attachmg digit collection equIpment to the circuit. When the PBX IS readY to receive the extenslog 
digits. It generallv sends..a "wln~" start dialing signal to the CO. which then sends the destmatlon digld 
through dial pulse addressing. ' 

- . . . 

The PBX collects the destination digits. routes the call to the approprtate line. and rmgs the extension. 
When the extension answers. the PBX sends an answer supervIsion sIgnal to the CO and the connectIon 
between calling party and called party is complete. 

Either party may disconnect the call by going on-hook. 

DETAILED OPERATION OF DID SIGNALING 

The signaling states of DID operatjon will be discussed with reference to two viewpoints from the 
demarc: looking toward the CO and looking toward the PBX. 

IDLE CONDmON: The idle condition is represented in Figure 6-2. Looking toward the PBX. ground 
is observed on the tip. and battery is observed on the ring. Looking toward the CO. a hIgh resistance 
loop is observed between tip and ring. 

INCOMING CALL CO END: To test an incoming. call toward the CO end. the bridging clips are 
removed and a voltage-ohmmeter (YOM). set to read ohms. is connected as In Figure 6-3. 

An approprtate telephone number is dialed from a telephone connected to the public SWitched 
network. 

When the CO seizes the Circuit toward the demarc. the resistance between the tip and rIng leads are 
observed to go from high to low. 

When the CO goes on-hook. the resIstance between the tip and ring leads are observed to go from Ie 
to high. 
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Figure &-2. Idle Condition 
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INCOMING CALL. PBX END: To test an Incoming call toward the PBX end, the bridging cI ips are 
Installed and a voltmeter is connected as shown in Figure 6-4. 

The number is dialed from a telephone connected to the publiC switched network. 

When the CO seizes the circuit, a voltage drop on the ring lead is observed on the voltmeter because of 
the transition from high to low resistance. 

If operating In the senderlzed mode, the start dialing signal from the PBX IS observed as a brtef reversal 
In the voltage observed at the demarc. This is the "Wink." Otherwise. the CO will walt a predetermined 
amount of time before outpulsing. 

When the call is answered, the PBX places battery on the tip lead and ground on the ring lead. ThIS IS 
known as a T-R reversal. The voltage reversal will be observed on the voltmeter. (Due to the reversal of 
battery and ground on the tip and ring leads, this type of Signaling is called loop reverse battery.) 

CALL DISCONNECT: If the CO disconnects first. a brief voltage Increase is observed as the loop in 
the CO sWitch goes from low to high resIstance. This IS followed by a voltage reversal when the PBX 
goes on-hook. 

If the PBX disconnects first, a voltage reversal IS observed, followed by an increase in voltage when the 
CO goes on-hook and the CO loop goes from low to high resIstance. 

Several test calls should be made. After each test call. the bridging clIps should be removed and the cir­
CUIt tested to ensure that It has returned to the Idle conditIon. 
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CHAPTER 6 REVIEW QUESTIONS 

1 What is the purpose of Di-rect Inward Dialing? 

2. What are the'eiectncal states of the tip and rtng leads in the idle' condition: 

In the PBX? 
In the CO? 

3 Can outgomg calls be made over DID trunks? 

4. How does the CO seize the circuit? 

5 What IS the PBX start dialing signal toward the CO? 

o. How does the PBX signal answer supervision to the CO? 
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OPERAnON OF LOOP START SIGNALING 

Overall operation of loop start signaling will be discussed with reference to the simplified cirCUIt 
schematics in Figure A-', Figures A-2a through A-2f, Figures A-3a through A-3c. and Figures A-4a 
through A-4c. 

The symbols and conventions used in the figures are shown in Table A-'. 

SYMBOL 

-D-
-I-
+ 

x 

Table A·1. Symbols and Conventions 

EXPLANA TION 

Heavy line. Indicates active portion(s) of the circuit for the 
operation being described. 

Light line. Indicates inactive circuitry for the operation being 
described. 

Light relay symbol. No current in relay windings, relay released. 

Dark relay symbol. Current in relay windings, relay operated. 

Retay in transition. 

Relay contact closed. 

Relay contact open. 

Audio path. 

A·' 
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IDLE CONDmON: Figure A-' shows the circuit in the Idle condition. All relays are In the released 
state and all relay contacts are as shown. Toward the CO. the tiP lead IS connected to ground through 
the L relay. The ring lead is connected to battery, also through the L relay. The relay is connected so 
that It will operate when It senses currenttlowing between battery on one side and ground on the other. 
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OUTGOING CALL (PBX ORlGINAnON): A call origmated by the PBX will be discussed with 
reference to the events that take place between PBX origination (off-hook seizure) and call completion. 
The events and their associated circuit schematics are as follows: 

EVENT 

PBX Seizure 
CO Response 
DT MF Addressing 
Dial Pulse Break 
Dial Pulse Make 
Occupied Circuit 

FICURE 

A-2a 
A-2b 
A-2c 
A-2d 
A-2e 
A-2f 

PBX Seizure: The PBX seizes the trunk by operating the S relay via the loop closure enable lead. The 5 
relay contacts close. causing current to flow in the loop between t~e PBX and the CO (Figure A-2a) 

A-2 



RING ENABLE 

TRIP DETECT 

RINGING 
SUPPLY 

LO~ 

TO 
)( ,-

........... L 

-48 Vdc 

RE 

RE 

RE 

IRE 

I 
I 
I 
IRE 

RD . )( 

OEMARC 
T T 

R R 

Figure A-la. PBX Seizure 

.. an I 
Tl"DDkiag 

RING OETeCT 

--

s 
I0813A0e9 

CO Response: In the CO, loop current operates the L (loop sense) relay, closing the L contacts. 
SWitching equipment detects the closure of the L contacts over the loop sense lead and attaches a dial 
tone generator and digit receiver to the circuit (Figure A-2b). Dial tone is sent to the PBX over the audio 
path, 
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Figure A·2b. CO Response 
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Address Signaling from PBX: Upon recelvsng dial tone from the CO (or waltmg a specified pertod after 
PBX goes off:hook. where dial tone detection equipment is not being used), the PBX begins outpulsmg 
digits. 

In the case of DTMF address signaling... OiMF digits are sent over the audio path and receIved by DTMF 
digIt collectIon equipment connected to the audio path in the CO (Figure A-2c). 
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Figure A·2c. DTMF Addressing 

RD 
RING DETECT . )( 

R 

5 

10813AO'1 

I n dial pulse operation, dial pulses are sent by openmg (break) (Figure A-2d) and closing (make) 
(Figure A-2e) the S contacts via the loop closure enable lead and the S relay Each break releases the 
l relav. opening the L contacts; each make operates the L relay. closing the L contacts. 

Dial pulses are transmitted to digit collection equipment over the loop sense lead The equipment IS 
able to tell the difference between the dial pulse break and an on-hook disconnect because they differ 
in duration. The dial pulse break is not mistaken for a disconnect because of Its short duratIon. 
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Call Routing and Progress: Once all digits have been collected. loop signaling between the CO and 
PBX is co~lete (except for call disconnect). The calling party receives call progress tones over the 
incoming audio path as the call is .routed through the network toward Its destination. 

Oistant-end Answer: An off-'hook answer at the distant en~ completes the two-way audio path 
between the distant-end station equipment and the PBX. The connected call is illustrated In Figure A-2f. 

RING ENABLE 

TRIP DETECT 

RINGING 
SUPPLY 

... AUDIO. 

LOOP SENSE 

TO 
)( • 

-48 Vdc 

RE 

RE 

RE 

RE 

I 
I 
I 
IRE 

RD . )( 

R 

DEMARC 
T T 

R R 

Figure A·2f. Occupied Circuit 

RING DETECT 

s 

LOOP CLOSURE-~ 

ENABLE 

10813A074 

INCOMING CALL (CO ORlGINAnON): An incoming call will be discussed with reference to the 
events that take place between call Initiation by the CO (incoming ring) and call completion The 
events and their associated circuit schematics are as fol.lows: 

EVENT 

Incoming Ring 
Ring Tripping During Ring 
Ring Tripping During Rest 

FIGURE 

A-3a 
A-3b 
A-3c 

Incoming Rinl: An incoming call to the PBX is initiated by the application of 20 Hz ringing voltage (75 
to 110 Vac) to the ring lead via the ringing supply. Note that the ringing voltage is superimposed on the 
- 48 Vdc on the ring lead. Ringing voltage is applied for approximately 2-second ringing periods 
followed by approximately 4-second rest periods. The tip lead remains connected to ground .. 

Ringing voltage operates the RD relav. which is sensitive to ac. The PBX detects incoming ring via the 
ring detect lead {Figure A-1a). 

PBX Answer. Upon detecting incoming ring, the PBX operates the S relay via the loop closure enabi 
lead. The S contacts are closed and current flows in the loop. 
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Ring Tripping During Ring: If the PBX doses the loop during the 2-second rlngmg penod, dc loop 
current flows as shown in Figure A-3b Loop current operates the TO relay. and the CO senses triP 
detect over the TO lead. The CO releases the RE relay via the ring enable lead. The RE contacts on the 
ringing supply are opened. and ranging ceases. The RE contacts on tiP and ring are closed. completing 
the audiO path and operating the L relay. 
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A·7 



Put I 
Tnmldag 

Ring Tripping During Rest: During the rest period. the RE contacts on tiP and ring are closed. as 
shown in Figure A-3c. Loop closure operates the L relay; the CO detects the answer over the loop sense 
lead and does not operate the RE reiay to activate another ringing period. 
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CALL DISCONNECT: Call disconnect is discussed with reference to Figures A-4a through A-4c. The 
events and associated figures are as follows: 

EVENT 

Occupied Circuit 
Near-end Disconnect 
Idle Circuit 

FICURE 

A-4a 
A-4b 
A-4c 

Occupied Circuit: The schematics associated with a connected call are shown in Figure A-4a. 

Near~nd Disconnect: A disconnect at the near end is initiated by the PBX station gOing on-hook. The 
PBX recognizes the on-hook and releases the S relay via the loop closure enable lead. The S contacts 
are open and current ceases in the loop (Figure A-4b). . 
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idie Circuit: in the CO. removal of Ci.ifi€iit ieleases the L :,€!ay a~d the CO de!e~t5 the 0~-~ook via the 
loop sense lead .(Figure A-4c). 

CO circuitry is returned to the idle condition. 
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Distant-end Disconnect A distant-end disconnect is initiated when the distant-end station goes on­
hook. The on-hook will be detected by the distant-end switch and the connection between the distant 
end and the CO will be "taken down." 

The CO has no way of signaling the disconnect to the PBX; the call will not be disconnected until the 
near-end subscriber goes on-hook and initiates the near-end disconnect sequence. 

OPERATION OF LOOP START TO E&M INTERFACE 

Overall operation of the loop start to E&M interlace will be discussed with reference to Figures A-Sa 
through A-Se (outgoing call) and Figures A-6a through A-6c (incoming call). 

Each figure consists of two simplified circuit schematics-one for the CO end and one for the PBX end. 
In each figure. both normal and inverted E&M lead operation are shown. As stated previously. Inverted 
operation should be used when SF is used as the facility signaling system 

OUTGOING CALL (PBX ORlGINAnON): An outgoing call is illustrated by breaking the call into 
the following events and their associated figures. 

A-'O 

EVENT 

Idle Condition 
PBX Seizure and 

CO Response 
Dial Pulse Break 
DTMF Addressing 
Occupied Circuit 

FICURE 

A-Sa 

A-Sb 
A-Sc 
A-Sd 
A-Se 
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Idle Condition: The Idle condition IS represented in Figure A-Sa. Relays and the relay contacts are as 
shown The sIgnaling directIons for the E&M .leads are indicated by the arrows. 
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PBX Seizure and ,CO Response: The PBX seizes the circuit by closing the loop between the tiP and ring 
leads. as illustrated In Figure A-5b. Current in the loop operates the A relay; the B relav. which IS ~ slow­
release relay, follows. The 6 contacts open. opening the high-resistance Idle Circuit termination (lCT) 
bndge. Current In the loop aJso operates t!,e.p relay, which opens the P(2) contacts and closes the P(1) 
contacts. This ch.anges the I~ I~ad from ground to battery, signaling the off·hook condition toward the 
signaling Circuit and the facility. Incoming signaling on the E lead remains unchanged and IS open for 
normal operation and ground for Inverted operation. Note that the potential at point A IS open for 
either normal or inverted operation. 

The CO, or open end, receives the off-hook as ground on the E lead. Current in the E lead operates the 
o relay, closing the D contact. The 6 relay follows. The 6(2) contacts open. opening the ICT bridge. The 
B(') contacts open, which ensures that the R relay will not operate during the call. preventing an 
erroneous ring from being signaled toward the PBX. 6(4) closes. completIng the loop between tiP and 
rmg, and B(3) closes, completing the audio path. Upon sensing loop current. the CO attaches a digit 
receIver and dial tone generator to the line and transmits dial tone toward the CO. The) relay does not 
operate because the pulse-correction relays allow current to flow toward the J relay onlv for short· 
duration dial pulse breaks. 

Note that outgoing signaling on the M lead remains in the idle state-ground In normal operation and 
ba tterv in inverted operation. 

Dial Pulse Break: Momentary openings of the loop in the PBX cause the P relav to release. changing 
the state of the M lead. Although the A relay releases and opens the A contacts. the B relav does not 
release because it is a slow-release relay. 

At the CO end, the E lead causes the D relay to release, opening the D contact The pulse correction 
relays respond to the dial pulse breaks, and the J relay operates, opening the loop at the) contacts. The 
6 relay does not release. as it IS a slow-release relay. Upon receiVing the first digit. the CO removes the 
dial tone from the line. (Figure A-Sc.) 
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DTMF Addressing: DTMF addressing IS transmItted over the audio path and causes no change of state. 
In the Signal ing leads (F igure A-5d). 

CO END 
T 

leT .:. 

TO 
OPEN DROP 

END 

PULSE 
CORRECTION ..... --. 

RELAYS 

PBX END 
TO 20 Hz CONTINUOUS RING 

TO LINE 
(OPEN 

END) 

T1 

TO 

{ 

.... ~ _____ .. ~*t_' _-4:1,1.' l ~2 . 
SIGNALING 

CIRCUIT .L....(4---... ~-----..... 

E INVERTED 

-- -

Figure A·Sd. DTMF Addressing 
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Occupied Circuit: When the distant end answers. an audio path is established and conversation can 
commence. The occupied condition is shown in Figure A-Se. 

:"-Jote that the M lead from the CO and the E lead to the PBX do not change state dUring PBX call 
orlgmation. 
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INCOMING CALL (CO OBlGlNAnON): An incoming call is illustrated with reference to the 
following events and their associated figures: 

------------------------------------
EVE~T 

Incoming Ring 
Ring Tripping During 

Ring (Step 1) 
Ring Tripping During 

Ring (Step 2) and Ring 
Tripping During Rest 

FIGURE 

A-6a 

A-6b 

A-6c 

Incoming Ring: An incoming call is initiated when the CO places 20 Hz ringing voltage, superimposed 
on - 48 Vdc, on the line. The R relay, sensitive to ac, operates, dosing the R contacts. The R1 relay 
follows, changing the state of the M lead and signaling the ringing toward the PBX. Ringing is applied 
for approximately 2 seconds, followed by a rest period of approximately 4 seconds (Figure A-6a). 

The Signaling circuit changes the state of the E lead toward the PBX to Signal ringing. Note that the 
potential at poant A changes from open to ground for both normal and Inverted operation. 

The R relay operates and closes the R(1) and R(4) contacts; this causes ringing voltage from the con­
tinUOUS ringing supply to be applied toward the drop side. The R(2) and R(3) contacts open, preventing 
ringmg toward the line. 

The TP relay does not operate because it is not sensitive to ac. 

Ring Tripping: When the call is aoswered, the ringing voltage must be removed immediately to aVOid 
an annoying ring in the subscriber's ear. Figure A-6b illustrates the first step of ring tripping in the case .. 
where the caJl is answered during the ringing period. . 

Figure A-6c illustrates ring trippang in the case where the call is answered during the rest period. 
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APPENDIXB 
oVERA.LL GROUND START OPERATION 

OPERATION OF GROUND START SIGNALING 

Overall operation of ground start signaling will be discussed with reference to the simplified cIrcuit 
schematics in Figure 8-1, Figures 8-2a through 8-2e, Figures 8-3a through a.3d, and Figure 8-4. 

The symbols and conventions used in the schematics are the same as those used to illustrate loop start 
operation. These symbols and conventions are illustrated in Table 8-1. 

SYMBOL 

-D-
-t-
+ 

I 
x 

Table B·1. Symbols and Conventions 

EXPLANATION 

Heavy line. Indicates active portion(s) of the circuit for the 
operation being described. -. 

Light line. Indicates inactive circuitry for the operation being 
described. 

Ught relay symbol. No current in relay windings, relay released. 

Oark relay symbol. Current in retay windings, relay operated. 

Relay in transition. 

Relay contact closed. 

Relay contact open. 

Audio path. 
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IDLE CONDmON: The idle conditIon is represented in Figure B-'. All relavs are In the released 
state and the-relay contacts are as shown. 

The cirCUitry used for ground start operation is very similar to that used in loop start. Ground start uses 
four additional leads: -

• Open ECO) End 
- Ring Ground Detect (RGO) 
- Tip Ground Enable (TGE) 

• Closed (PBX) End 
- Ring Ground Enable (RGE) 
- Tip Ground Detect (TGD) 

These four additional leads provide for more positive supervision and resolve the glare, start dial. and 
distant-end disconnect problems encountered in loop start Signaling. 
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Figure B·1. Idle Condition 
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OtrrGOING CALL (PBX ORlGINAnON): An outgoing call IS described with reference to Figures 
B-2a through B·2e. 

- EVENT 

PBX SeIzure 
CO Response 
PBX Loop Closure and 

DTMF Addressing 
Dial Pulsing 
Occupied Circuit 

FICURE 

B-2a 
B-2b 

B-2c 
B-2d 
B-2e 

PBX Seizure: The PBX seizes the cIrcuit by grounding the ring lead toward the CO, as shown in Figure 
B-2a. To do this, the PBX operates the relay via the ring ground enable lead. The RGE contacts close, 
causing current to flow over the ring lead between the PBX and the CO. Current over the ring lead 
operates the RGD re:lay. informing the CO of the seizure via the ring ground detect lead. This prevents 
the CO from seizing the circuit for an incoming call. The L relay remains released, as It requires current 
in both the tip and ring leads in order to operate. 
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CO Response: The CO responds (Figure B-2b) to the seizure by grounding the tip lead toward the PBX. 
establishes an audio path toward the .PBX and transmIts dial tone. In order to ground the tiP lead. the 
CO operates the TGE relay via the tIP ground enable lead. 

OPEN END 

RING ENABLE 

TRIP 

• DETECT 
)( . 

RINGING 
SUPPLY 

(DIAL TONE} .... 

LOOP SENSE 

., TIP GROUND I 
ENABLE 

TGE 

RING GROUND 
DETECT 

RE 

I 
I 
I 
I 
I 
I 
14 

RGD 

CLOSED END 

• 

T 

FACILITY 

. R 

-48 Vdc 

s 

Figure B-2b. CO Response 
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PBX loop Closure and DTMF Addressing: Upon sensing tIP ground over the tiP ground detect lead. 
the PBX removes the ring ground by releaSing the RGE relay via the rtng ground enable lead and 
Simultaneously closes the loop by operating the S relay via the loop closure enable lead (Figure B-2c) 

With the audio path established toward the CO, the PBX may proceed to send address Information tc. 
the CO. 
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In senderlzed operation, the PBX begins sending digits based upon detecting the ground on the tip. In 
non-senderlzed operation, dial tone is sent to. the station over the audio path, informing the subscriber 
that the CO IS ready to receive address Information. 

- . 
OTMF addressing IS transmitted to the CO over the audio path. 
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Figure B-2e. PBX Loop Closure and DTMF Addressing 
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Dial Pulsing: As In loop start operation, dial pulse information is transmitted toward the CO bv 
alternately opening and closing the loop via the loop closure enable lead and the 5 relay (Figure S-2dj 
The L relay In the CO follows the 5 relay in the PBX and the CO recognizes dial pulses via the loo~ 
sense lead. Dial pulse preaks .are not interpreted by the CO as PBX disconnect due to their shon. 
duration. 
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Occupied Circuit: The occupIed circuit is represented in Figure 8-2e, The relays are functioning as 
follows: 

• The S relay is holding up the call in the PB.X, 
• The L relay IS holding up the call'in the CO, 
• The TCO relay ~s waiting for the CO disconnect sIgnal. 
• The L relay IS waIting for the PBX disconnect signal. 
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INCOMING CALL (CO ORlGINAnON): An incoming call is described with reference to Figures 
B·3a through B-3d: 

EVENT 

'CO Seizure 
Incoming Ring 
Ring Tripping During Ring 
Answer During Rest 

F1GURE 

B-3a 
B-3b 
B-3c 
B-3d 

CO Seizure: The CO seizes the line by operating the TGE relay via the tip ground enable lead. Current 
In the tip lead operates the TGD relay, and the PBX recognizes the incoming seizure via the tip ground 
detect lead. 

Th~ PBX will not seize the circuit for an outgoing call as long as the TGD relay IS operated. 
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Incoming Ring: The CO initiates Jinging. by operating the RE relay via the ring enable lead (Figure 
B-3b). The RE(1) and RE(2) contacts close, connecting the continuous ringing supplv to the circuit. A 20 
Hz ringing voltage, superimposed' on - 48 Vdc, is applied to the rtng lead. The grounded tiP lead 
provides a return path for the 20 Hz ac. 

Contacts RE(3) and RE(4) are open to prevent ringing toward the call originator. 

In the PBX, ringing voltages operate the RD relay, and the PBX detects ringing via the ring detect lead. 

The TGO relay remains operated by current flowing over the tip lead from its - 48 Vdc supply to the 
ground in the ringing supply. This is important, as it prevents the PBX from seizing the circuit during the 
rest period, which would result in a glare condition. 

Ringsng continues (2 seconds ring, 4 seconds rest) until the PBX answers or until the distant end 
disconnects. 
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PBX Answer: The PBX answers by operating the 5 relay via the loop closure enable lead. thus clOSing 
the loop toward the CO. The PBX may answer during either the ringing period or the rest pertod. 

Ring Tripping During Ring: If the PBX answers during the ringing period. it IS Important that the ring 
be trIpped Immediately In order to a¥Old 20 Hz ringing in the called party's ear 

The PBX answers by operating the 5 relay via the loop closure enable lead. clOSing the loop toward the 
CO (Figure B-3c). Current flOWing over the tip lead operates the TD relay The CO recognIzes the PBX 
answer vIa the trip detect lead and releases the RE relay via the ring enable lead. Contacts RE(1) and 
RE(2} open. removing the ringing supply. Contacts RE(3) and RE(4) close. completing the loop through 
the L relay in the CO. 
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Answer During Rest: The case where the PBX answers during the rest period is represented in Figure 
S.3d. (Figure a-3d also shows cIrcuit operation after ring tripping during ring.) 

The TCE 1ead has remained operated since incoming seizure. Loop current causes the L relay to 
operate and the CO extends th~ audio path to the PBX. The circuit is now in the occupi~d condition. 
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CALL DISCONNECT: Disconnect is initiated when either end goes on-hook. Both near-end 
disconnect and distant-end dlSCvnnec~ are shown m Figure 6-4 

Near-end (PBX) Disconnect: ~ear-end disconnect IS Initiated when the PBX releases the 5 relay via the 
loop closure enable lead. The S contacts go from closed to open .. and current ceases flowing In the 
loop. 

Lack of current In the loop releases the RGD and L relavs In the CO Lipon recognizing the disconnect. 
the CO releases the TCE relav via the tiP ground enable lead. and the ClfCUlt IS returned to the Idle 
condition. 
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Distant-end (CO) Disconnect: Upon detecting disconnect at the distant end, the CO releases the TCE 
relay via the tiP ground enable lead. Current ceases in the loop, and the Land RCD relays are released. 

In the PBX, the TCD relay re I ea.-ses , inf!Jrming the PBX of the distant-end disconnect via the tip ground 
detect lead. 

Note that ground start operation provides positive signaling to the PBX when the distant end goes on­
hook via the tip ground enable lead in the CO and the tip ground detect lead in the PBX. 

OPERATION OF GROUND START TO £AM INTEB..FACE 

Overall operation of the ground start to E&M interface is discussed with reference to simplified circuit 
schematics contained in Figures 8-Sa through 8-Sf (outgoing call) and Figures 8-6a through 8-6d 
(incoming cain. 

OOTGOING CALL (PBX ORiGINADON): An outgoing call is illustrated by breaking the call into 
the following events and their associated figures: 

EVENT 

Idle Condition 
PBX Seizure 
CO Response 
PBX loop Closure and 

DTMF Addressing 
Dial Pulse Break 
Occupied Circuit 

FIGURE 

8-Sa 
B-Sb 
B-Sc 

B-Sd 
B-Se 
8-Sf 

Idle Condition: The idle condition is represented in Figure 8-Sa. 

PBX Seizure: The PBX seizes the circuit by placing a ground on the ring lead (Figure 8-Sb). The RCD 
relay operates, and the M relay follows. The M{') contacts open and the M(2) contacts ciose, placing 
battery on the M lead. 

At the CO end, the E lead goes from open to ground in response to battery on the M lead at the PBX. 
The E relay operates, closing the E(2) contacts, grounding the ring lead. The ring ground seizure at the 
PBX is thus duplicated at the CO end. 

CO Response: The CO responds to the ring ground by grounding the tip lead (Figure B-Sc). The TCO 
relay operates, Simultaneously removing rang ground toward the CO (TGD(2) opens) and closmg the 
loop toward the CO (TGD(1) closes). The CO will attach a dial tone generator upon recogniZing loop 
closure. 

The TGD(3) contacts close, causing the M relay to operate, placing battery on the M lead toward the 
facility. The E lead at the closed end goes from open to ground. 

In Figure 8-Sc, the E relay is shown in the transition from released to operated. 

PBX Loop Closure and DTMF Addressing: In Figure B-Sd, operation of the E relay is shown to be com­
plete The E contacts close, causing current to flow in the wink detect circuit (wink-on-ring operation) 
or the E lead re-seizure detect circuit (rang-after-ring operation). As will be discussed later, the steady 
seizure of the E lead does not activate either of these circuits. 

The TG E relay operates. closing the TG E contacts, sending a tip ground toward the PBX and completing 
the loop ~he A relay operates, clOSing the A(1) and A(2) contacts. An audio path is now established and 
DTMF address Signaling may proceed. 

8·13 
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Dial Pulse Break: The PBX opens and closes the loop toward the signaling equipment In dial pulse 
addressing (Figure B-5el. The A relay releases in response to openmg of the 1000. and the M relav 
follows. The RGR relay is a slow-release relay, assuring that the 1\1 relay wall follow the A relay and not 
the RGO relay. 
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At the open end. the E relay releases In response to the open on the E lead. The E(1) contacts open, 
opening the loop toward the CO. signaling the dial pulse break. (The E(2) contacts also open, but thiS 
has no effect because the TCD(2) contacts remalry open.) 

Occupied Circuit: FIgure B-5f shows the Circuit in the occupied condition. 
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INCOMING CALL (CO ORIGINATION): An incoming call is Illustrated with reference to the 
following events and their assocIated figures: 

EVENT F1ClJ RE 

CO Seizure 
Incoming Ring 
Ring Tripping During Ring 
Answer During Rest and 

Occupied Circuit 

B~a 

B-6b 
B-6c 

B-6d 

CO Seizure: The CO seizes the cIrcuit by grounding the tiP lead (Figure B-6a) The TeO relav operates. 
closing the TGD(3) contacts. The ,\1\ relay operates. grounding the M lead toward the facility 

At the closed end. the E relay operates in response to ground on the E lead The TGE relay operate~. 
grounding the tiP lead toward the PBX. The PBX recognIzes the grounded tIP as incoming seIzure and 
wall not seIze the circuit for an outgomg call. 

Incoming Ring: The CO applies 20 Hz nngmg voltage. superimposed upon battery on the R lead 
(Figure B-6b). The R relav. which is sensitive to ac. operates, closing the R(1) and R(2) contacts 

In wink-on-ring operation, the pulse shaping network responcts to the closure of the R(1) contacts with a 
brief pulse toward' the R1 relay The R1 relay operates In response to this pulse. and the \.~ relav 
releases briefly, opening the M lead toward the facility ThIS IS the "Wink ., 

At the closed end. the E relay releases momentarily. The wink detect Circuitry IS deSigned to recognize 
the Wink. and relays the wink to the 2-second ring timer The ring tImer supplies current to the R relay 
for 2 seconds The R relay operates. clOSing the R(1) and R(2) contacts. applYing rmglng voltage toward 
the PBX The R(3) and R(4) contacts open. preventIng application of rInging voltage toward the racllltv 

In ring-arter-ring operation, the R1 relay follows the R relay and IS operated for the full ringing period. 
resulting in ground on the M lead 

At the closed end. the E lead IS open for the full rmgmg period. 

The E lead re-selzure detect CircuIt activates the 2-second ring tImer after recogniZing the 2-second on­
hook followed by re-selzure The R relay operates as in wlnk-on-rlng operation causing rlngmg voltage 
to be applied toward the PBX 

The tip ground hold circuit supplies current to keep the TGE lead Trom releasing during the 2-:,econd 
open on the E lead. ThIS IS necessary to prevent the PBX from receiving a 2-second on-hook (open tlpj 
signal prior to the 2-second ring. 

Ring Tripping During Ring: If the calliS answered durrng the ringIng cvcle. the nngll1g must be tripped 
Immediately to prevent an annovlng ring an the called party's ear ThiS IS accomplished b\ triPPing the 
ring at the near end 

Direct current through the TO relay causes It to operate. opening the TO(2) contacts The R relav 
releases. and the R(1) and R(2) contacts open, removing the ringing toward the PBX 

The R(3) and R(4) contacts open. and loop current operates the A and RGD relays. shown In tran~ltlon 1M 

Figure B-6c 

The TO(1) contacts close. causing the M relay to operate. plaCing battery on the V\ lead toward the CO 

At the CO end. ground on the E lead operates the E relav. opening the E(3) contacts The R1 relay 
releases. clOSing the R1 contacts Current through the V\ relay causes It to operate Ishown here In 
tranSition) 

The E(1) contacts close, completing the loop toward the PBX Once it recognizes the loop ciosure the 
CO will remove the ranging voltage from the carcult. and the R' relay will release lshown here In 
transition) 
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Answer During Rest and Occupied Circuit: Figure B-6d illustrates the completIon or PBX answer after 
the rrng has been tripped. It also illustrates PBX answer In the case where the PBX answers during the 
rest period between rings. 

In the occupied state, the A 1'elav IS holdirw u·p the loop toward the PBX, and also IS holding the M relav 
up via the closed A(2) contacts. At the CO end, the E relay is holding the loop toward the CO. 
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APPENDIXC 
OVERALL DIRECT INWARD DIALING OPERATION 

OPERATION OF DIRECT INWARD DIALING (DID) SIGNALING 

Overall DID operation will be discussed with reference to the simplified circuit schematics in Figures 
C·, a through C·, g. The events and their associated figures are: 

EVENT 

Idle Condition 
CO Seizure 
Start Dialing Wink 
Dial Pulsing 
PBX Answer 
PBX Disconnect 
CO Disconnect 

FICURE 

C-'a 
C-'b 
C-1c 
C-,d 
C·1e 
C-1t 
C·'g 

The symbols and conventions used in the circuit schematics are given in Table C·,. 

SYMBOL 

--G­
+ 
+ 
-I-

x 

Table c·,. Symbols and Conventions 

EXPLANAnON 

Heavy line. Indicates active portion(s) of the circuit for the 
operation being described. 

Ught line. Indicates inactive circuitry for the operation being 
described. 

Light relay symbol. No current in relay windings. relay released. 

Dark relay symbol. Current in relay windings. relay operated. 

Relay in transition. 

Relay momentarily operated. 

Relay contact closed. 

Relay contact open. 

Audio path. 

c·, 
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IDLE CONDmON: The idle condition is shown in Figure C-' a. All relays are released and the relay 
contacts are as shown. 

In the Idle state. tip and ring terminate in a high-resistance loop in the CO. represented here by capa­
Citors in the tip and ring leads. No' current flows in the RBD relay qecause the diode will only allow 
current from the tip to the ring. In other words. the diode will allow current to flow only with ground on 
the rtng and battery on the tip in the PBX. 

co 
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Figure C-la. Idle Condition 
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CO SEIZt1RE: As mentioned eariier. DID trunks are one-way trunks and a call may be originated 
only from the CO end of the circuit (Figure C-1 b). The CO seizes the trunk by operating the DP relay via 
the dial pulse lead. The DP contacts close, forming a low-resistance loop toward the PBX. 

Current an the tip and ring leads operates the L relay in the PBX. closing the L contacts. The PBX recog­
nizes the seizure via the loop detect lead. 

Although the voltage across the diode in the RBD circuit decreases, the tlp lead remains at a higher 
potential than the ring lead and no current flows through the RBD diode. 

START DIAUNG: Upon recognazing the seizure, the PBX attaches digit collection equipment to 
the circuit. Once it is prepared to receive digits, the PBX sends a start dialing signal to the CO (Figure 
C-' c). The start dialing signal consists of a brief reversal (a "wink") of battery and ground toward the 
CO. 

Durmg the wanko the PBX operates the RBE relay via the reverse battery enable lead. Contacts RBE(1) 
and RBE(4} open. and contacts RBE(2) and RBE(3) close. 

At the CO end, battery reversal causes the diode to operate. Current flows in the RBD relav. operating 
the relay. The CO recognizes the reverse battery via the reverse batterY detect lead. 

C-2 
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DIAL PULSING: Upon recognizing the reverse battery "wink," the CO proceeds to send dial pulse 
address digits (Figure C-' d). 

DIAL PULSE 
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Figure C-1d. Dial Pulsing 
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PBX ANSWER: The PBX routes the call and rings the extenSion (Figure C-' e). When the extension 
answers, the PBX again reverses the battery by operating the RBE relay. The CO recognizes the reversal 
as answer supervision. 

The battery remains reversed for the duration of the call.' 
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DISCONNECT: Either end may Initiate a disconnect. 

1f the PBX extension goes on-hook first. the PBX releases the RBE relay, and the RBD relay In the CO 
follows The CO recognizes the disconnect via the reverse batterY detect lead and releases the Dr 
relay, opening the low-reslstance-Ioop. The L relay in the CO releases and the circuit returns to the idle 
condition. In Figure-C-1 f, the relays are shown in transition. The sequenc~ of operatIon of the relays IS 

shown in the circled numbers. 

IT the distant end goes on-hook first. the CO releases the DP relay and the L relav in the PBX follows 
(Figure C-1 g). The PBX releases the RBE relay. and the RBD relay in the CO follows. returning the circuit 
to the idle conditIon. 
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APPENDIX D 
ANSWERS TO REVIEW QUESTIONS 

CHAPTER 1 
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1. Switching. signaling and power equipment may be centralized and shared by all users. 

2. Line Circuits are dedicated to a single station set; trunk circuits connect switching systems and 
are shared among users. 

3. Specialized functions. convenience. economy and cost control. 

4. To connect private networks to the public switched network. 

5. FX trunks provide a direct connection between local customer equipment and a distant CO. 

6. I n-WA TS calls are billed to the called number. 

7. Tie. 

8. I nward calls do not hav.e to be served by an attendant. 

9. To provide the convenience of extension dialing to remotely located telephones 

10. The exchange of control information. 

11 On-hook and off-hook. 

Break duration 
12. Percent Break = 100 x -----­Pulsing period 

13. 16 

14. Signaling in CCIS is carried over separate signaling links. 

15 Dial tone. audible rmg, busy, reorder. recorded announcements. 

, 6 Sendenzed and non-sendenzed. 

'7 Ongmation. routing. answer supervision, disconnect, and clean-up. 

, 8. Reorder is returned to the calling party. 

CHAPTER 2 

1 Metallic facil ities are capable of carrying direct current; carrier facti itles are not. 

2. T and R toward facility; T1 and R1 from facility. 

3 Direct current and tone. 

'* To convert from 2-wire to 4-wlre transmission. 

5 Glare is the simultaneous seIzure of both ends of a trunk. 

6 Wink start and delay dialing 

D-' 
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CHAPTER 3 
Glare. No positive control or outpulsmg digits from the PBX to the CO ~o positive Signaling to 
PBX of distant-end drsconnect . 

2. -Tip 

CO ground 
PBX open 

. Ring 

battery 
open 

3. By closing the loop toward the CO. 

4 The CO applies interrupted ringing voltage. superimposed on - 48 Ydc. toward the PBX. 

5. If the carrier path IS Interrupted. it will be Interpreted by the E&/V\ to SF Unit as an incoming 
ring. ThIS may be aVOIded by uSing Inverted E&M lead operation. 

CHAPTER 4 

1. Tip 

CO open 
PBX battery 

Ring 

battery 
open 

2. Gro~unds the tiP, attaches a digit receiver and sends dial tone to the PBX 

3 Tip ground from the CO prOVides the PBX with a positive start dialing sIgnal. reduces glare 
incidences, and provides a positive signal indicating that the CO has disconnected. 

4. Grounds the tip lead toward the PBX. 

5. The PBX recognizes the tiP ground from the CO as Incomrng seizure and will not seIze the 
Circuit for an outgoing call. Glare is mInimized. 

6. Removes the tip ground. 

i The open-end MFT sends a BIGIB wink toward the ArT over the M lead. 

8. The M lead toward the AFT IS grounded for the full ringing period. 

CHAPTER 5 
1. Controlled outpulslng prOVIdes termmatmg equipment with a method of Informing the 

origlnatmg switch that It IS prepared to receive address digits. 

2. CO transition from off-hook to on-hook. 

3. An on-hook to off-hook to on-hook "wink." 

4 Wink start 

CHAPTER 6 

0·2 

1 DID allows an off-net caller to directly dial an extension served by the PBX. wIthout being 
served by an attendant. 

2 Tip 

CO high 
PBX ground 

Ring 

resistance loop 
battery 

3 No DID trunks are one-way incoming. 

4 By changing the loop from hIgh to low resls'tance 

5. A brief tlp-rtng reversal. or "wink" 

6. By reversIng the state of the tIP and rtng leads. The tIP IS connec ted to ba tterv and the rIng IS 
grounded 
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INTRODUCTION TO TRANSMISSION 

The field of communications deals with the interchange of thoughts and ideas between and among 
individuals and groups. 

Most human communication involves the exchange of information in audible form or in visual form. 
The most common forms of audible communication are speech and mUSIC. Visual communication IS 
conducted via pictures and the written word. 

The field ot telecommunications is concerned with carrying information by means of electrtcal energy 
flowing over wires or radiated through space. The use at electrical energy allows virtually instanta­
neous communication over distances that are, for all practical purposes, unlimited. 

Many different types ot telecommunications systems have been developed. Those most familiar to us 
in our everyday lives are radio, television and the telephone system. This text is concerned with the 
underlYing principles of voice communication over the telephone system. 

The telephone system accomplishes the transmission of speech by converting the sound energy of the 
speakers voice Into electrrcal energy that has similar characteristics. The electrical energy IS carried 
over wires and radiated through space to the desired destination, and it is then converted back Into 
sound energy at the listeners station. 

The quality of a telephone transmiSSion system depends upon how close it duplicates the spoken vOice 
at one end with the reproduced voice at the other end. Anyone' who has used the telephone has 
experienced "good" and "bad" connections and could probably describe the quality of a particular 
connection in a subjective way. The purpose of transmission engineering is to establish objective and 
measurable standards that when met. will ensure that the user of the system will experience" good" 
connectJons. 

The purpose of transmiSSion testing is to ensure that a ,cirCUit or connection is performing as It was 
deSigned to periorm. 

Chapter 1 reviews the characteristics of human speech and hearing as they are related to telephone 
transm iss ion. 

Chapter 2 defines the Units of measurement that are used in transmiSSIon testmg. 

Chapter 3 contains a general discussion of transmission parameters that must be controlled 1M order to 
avoid Impaired transmission. 

Chapter 4 discusses the interfaces between customer-provided equipment and telephone company­
prOVIded facilities. 

Chapter 5 containS a detailed discussion of transmiSSIon testmg. 

11-" 
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CHARACTERlSnCS 'OF HUMAN SPEECH AND HEARING 

INTRODUCTION 
The transmission of speech to a remote point by electrical means involves three essential processes: 

1. Converting speech sounds to an electrical signal which varies In a manner similar to the sound. 

2. Passing the electrical signal over connected transmission media until the receiving point is 
reached. 

3. Converting the electrical signal back into sound that closely duplicates the original speech. 

The subject of transmission deals with 2 above. However, prior to discussing the various aspects of 
transmission, it is helpful to review the basic characteristics of sound, speech and hearing, with the 
objective of understanding what it is that is converted to and from electrical signals In a transmission 
system. 

SOUND AND SOUND WAVES 

Everyone is familiar with the series of ripples that spread from a stone cast upon the still waters of a 
lake or pond. The "ripples" are one of many forms of wave motion and carry energy away from the 
impact of the stone by alternately raising (the crest)·and lowering (the trough) the surface of the water. 

Sound is similar to the ripples on a pond. It is a form of wave motion produced by some vibrating body 
such as a bell, a tuning fork or the human vocal cords. The "waves" consist of alternating compressions 
(high pressure, corresponding to the crest of the water wave) and rarefactions (low pressure. 
corresponding to the trough of the water wave). 

Water waves radiate from a single point in a series of rings. Sound waves. on the other hand. are a series 
of concentric spheres expanding at a definite rate of travel. This rate of travel (or the velocity of the 
wave) is approximately 1075 feet per second, varying with atmospheric conditions and altitude. 

Figure 1·' shows a vibrating tuning fork radiating sound waves. Although·the sound waves are radiated 
In three dimensions. it IS convenient to represent the waves In a two-dimenSional graph. as In the 
bottom of the figure. 

The important quantities in describing this wave. and in fact anv wave. are shown In t~e diagram. 

The height or amplitude of the wave is the vertical distance between the trough and the crest. In the 
case of sound waves. the amplitude is measured in terms of pressure. (The actual values are not shown 
here, as they are not important to a baSIC understanding of sound waves.) 

The period of the wave is the time. measured in seconds. it takes a full wave to pass a fixed point, such 
as A. 

The frequency is the number of times the tuning fork vibrates per second. An equivalent definition of 
frequency IS the number of waves that pass an arbitrary point. say A, per second. The units of 
frequency are cycles per second, and one cycle per second is called one hertz, abbreviated Hz. 

There IS a Simple relationship between period and frequency. 

frequency = 1/period 

The waveJength IS the distance between successive wave crests, measured In units of length. 
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The velocity of the wave, in this case '075 feet per second, is the speed with which the wave travels 
through the air. 

For any wave. there is a simple relationship between frequency. wavelength and velocity. 

. velocity = frequency x wavelength 

For example, the tuning fork in Figure ,-, is vibrating at 460 Hz. What is the wavelength? 

Re-arranging the equation, 

velocity 
wavelength = "!"'f----­

reQuency 

or 

'075 ft/sec 
wavelength = A~/'\ I I 

~ cyc es sec 

= 2.33 ft 

The energy present in the wave is directly related to the shaded area in Figure ,.,. The energy carried b'y 
a wave Increases as the ampl itude of the wave increases. 

The power is defined as energy per unit of time. In Figure' -'. the power at pomt A IS directly related to 
the shaded area that passes point A per second. The power contained in sound waves may be described 
In units of watts - the same units that are used in describing electrical power 

Power, like energy. increases as the size of the wave increases. For sound waves. the louder the sound, 
the greater the power. 

Of the quantitIes that may be used to describe sound (and. later in the text, electrical waves), frequencv 
and power are the most useful. 

'·2 
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If the source of a sound IS a Simple mecnanlsm such as a tuntng fork, it will produce a wave that varies 
from maximum pressure (the crest) to minimum pressure (the trough) 10 a smooth manner Wave 
motion of this type IS called simple harmonic. and is represented by a'sine curve. as In Figure 1-2. 
Sounds that cor,taan a single Simple harmonic are called pure tones. 

If a sound is produced by a mechanically complex device. such as a musical instrument or the human 
vocal cords. It will contain several Simple harmonics which add tcgether to form a complex sound. 

It IS characteristic of Simple harmonics. or sine waves. that they may be added together In a 
straightforward manner to produce complex sounds. 

For example. take the two Simple harmonics, A and B. in Figure 1-2. They may be combined to form the 
complex waveform. C. by adding their amplitudes at all POtnts. 

The waveform C In Figure 1-2 has a different frequency and amplitude than either A or B. and it also has 
a different shape; that IS. It IS no longer a slOe wave. 

By successively adding waveforms in the manner that we added A and B. we can come up With 
waveforms that are of any compleXity we desire. In fact. it is possible to construct any desired 
waveshape by addtng together the appropriate simple harmonics. 

An equivalent way of stating thiS IS that complex waveforms are combinations of Simple waveforms 

In fact. It can be shown that any complex periodic waveform found in nature IS composed of a number 
of s'r:"ple waveforms. It can also be shown that these component waveforms can be located and 
measured. 

To summanze. 

• Any periodic waveform In nature IS composed of a number of simple harmonic waveforms that 
may be phYSically IdentifIed and measured. The component waveforms can be completely 
described In terms of their power and frequency 

• The total power carried by a complex waveform is equal to the sum of powers contained in each 
component Simple harmoniC waveform 

• ThiS applies to both sound waves and electrical waves 

'·3 
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SPEECH 
Speech sounds are produced by the comb~ned action of the lungs. the vocal cords and the air passages 
of the throat. mouth. and nose. 

Speech sounds are. In general. complex sounds. The sounds contained in even the simplest syllable are 
composed of sever-al harmonics which add together to form a complex waveform. This 'IS illustrated in 
Figure '-3. which includes graphs of the vowel sounds 0' and 00. 

SIMPLE SOUND 

00 AS IN LOOSE 

6 AS IN LOW 

MUSICAL NOTE 

NOISE 
:0813.'20 

Figure 1·3. Sound Waveforms 

Because most speech sound) are <..omple~ and there are hundreds of discrete speech sounds possible. it 
makes little sense to try to graph the component waveforms. A more useful and convenIent way to 
characterize speech is to plot a graph of frequency versus power for the full voice range. as In Figure 
1-4. 

1 .. 
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Curve A shows that most of the energy contained in speech is concentrated between 0 and 2000 Hz. 
Although the frequencies above 2000 Hz contribute little to the overall energy contained in speech 
sound, the frequencies between 2000 and 6000 Hz are important to the clarity and Intelligibility of 
sound. This is illustrated by curve B. The normal range of human voice is from 0 to 6000 Hz. 

When compared to everyday notions about power, the power transported by speech waves is 
extremelv small and is usuaHy expressed in microwatts (abbreViated JJW). The average power for 
average talkers is about 10 IlW (that is, ten millionths of a watt!). Speech energy is also extremely 
variable, The softest sound made by a quiet talker contains approximately .001 JJW of power; the 
loudest speech sounds contain about 10 mW (milliwatts) of power 

HEARING 

The ability of the ear to hear a particular sound depends upon the frequency (pitch) and amplitude 
(loudness) of the sound. 

Figure '·5 is a graphical illustration of the range of human heanng. The "Threshold of Audibility" is the 
loudness at which a particular sound is barely perceptible. The graph shows the frequency range of the 
ear to be from about 20 to 20,000 Hz, with the greatest sensitivity to sound being In the range from 
about 500 to 4000 Hz. (The sensitivity is measured in decibels; a further discussion of decibels is 
contained in Chapter 2.) 
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To reproduce sounds across the full range of human hearing, telephone systems would have to have a 
frequency range of 20 to 20,000 Hz. This would be extremely expenSive, and experience has shown It to 
be unnecessary. The bandwidth of telephone systems is from about 300 to 3000 Hz. 



CHAPTER 1 REVIEW QUESTIONS 

1 What are the most useful quantities used in describing waveforms? 
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2. What is the term used to describe a pure tone, and how is it represented graphically (or 
mathematically)? 

3. How are complex waves formed? 

4. What is the frequency range of the human voice? 

S. What portion of the frequency range contains most of the speech energy? 

6. What portion of the voice frequency range is most important for intelligibility? 

7 What is the transmission bandwidth of telephone circuits? 
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UNITS OF MEASUREMENT IN TRANSMISSION 

INTRODUCTION 

The "Quality" of a transmission system depends on "how close" it duplicates spoken voice at one end 
with reproduced voice at the other end. Anyone who has used the telephone has experienced both 
"good" and "bad" connections and could probably describe the Quality of a particular connection in a 
subjectIve way. 

The obVIOUS question here is: What is meant by "quality," "how close," "good" and "bad"? In 
transmIssion, the first step in answering this question is to decide upon the followIng: 

• What is to be measured 

• What are the measurement units 

• What is the reference point for the measurements 

Any waveform may be characterized in terms of frequencies and power. It is not surprising, then, that 
the quantities commonly used to describe various aspects of transmission performance are frequency 
and power. Many performance standards are stated in terms of power at a particular frequency 

The unit used to measure frequency is the hertz, abbreviated Hz. 

As is common In most eJectrical systems, power is measured in units of watts. abbreviated W. Since the 
power encountered in transmission systems is relatively small (compared, say, to the power of a light 
bulb), power is usually expressed in mi/liwatts, abbreviated mW. 

1 
1 mW = 'i"OOOW = .001 W = 10- 3 W 

In transmission, we are commonly interested in power ratios rather than in absolute power In addition, 
transmission is concerned with an extremely wide range of absolute power values. For these reasons. a 
convenient mathematIcal expressIon of relative power, the decibel (abbreviated dB). IS commonly used. 

To describe relative power in terms of decibels, the reference point from which we are measuring must 
be defined Depending upon the transmiSSIon parameter being measured, different forms of decibel 
measurement may be used. Each form of measurement has a specifically defined reference pomt 

USIng the appropriate units of power related to specific references. we may measure absolute power, 
relatIve power and power gains and losses. 

MILLIWATI AND HERTZ 
Since the power in telephone circuits is small, the milliwatt is used as the basic power measurement 
Unit, Just as the foot is used as the baSIC measurement of length in building a house. 

Most measurements of absolute power in transmission are made in milliwatts or in units that are 
directly related to milliwatts. 

T.he frequencies that are used in testing usually faJl within the voice frequency band Commonly used 
pure (sme wave) test tones are 404 Hz. 1004 Hz and 2804 Hz. (The 4 Hz offset Isn't always stated: 
however. actual test frequenCies should be offset bv 4 Hz to compensate for effects that some carner 
ractlitles have on test tones.) A measurement of 1004 Hz IS near the vOice band frequencies that carry 
much of vOice power: 404 Hz is near the low end of the spectrum; and 2804 Hz is In the range of higher 
frequency components of the voice spectrum that are Important to the intelligibility of speech 
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In addition to pure test tones. "white noise" within specIfic frequency ranges IS used for certain tests. 
WhIte nOIse test tones are complex waveforms that have theIr power evenly distributed over the 
frequency range of interest. . 

An example IS useful to illustrate, in a very general and simplified way, how a transmISSion test IS set up 
and how test tones are generated and measured. . 

Figure 2-1 illustrates the circuit that is under test. The equipment is set up to test the CirCUit between 
the demarc at A and the demarc at B. We are going to measure 1004 Hz loss Inherent in the circuit 
between A and B. 

The bridging clips at both demarcs are removed in order to isolate the segment of the circuit under test. 
At A, an oscillator is attached to the tip and ring leads. At B. a Transmission Measuring Set (TMS) IS 
attached to the tip and ring leads. 

The oscillator at A is set to generate a pure test tone with a power of 1 mW at 1004 Hz. At demarc S, 
the TMS is set to read power In the range of 1 mW. The power reading at B IS 0.5 mW 

The power lost between A and 8 is therefore' mW - 0.5 mW = 0.5 mW. 

A more useful way of expressing the loss is in terms of the relative loss. or the ratio between power out 
(B) and power in (A). 

Relative Loss 
= power out (8) =,.0.5 x 10- 3 

power in (A) 1 x 10- 3 = 0.5 

Half the power that the 1004 Hz test tone introduced at A is lost by the tIme It reaches B. 

Let's repeat the test. this time uSing less test tone power. The oscillator at demarc A IS set to generate 
1004 Hz tone at a power of 0.1 mW At demarc B. the power measurement is 0.05 mW. 

The absolute power loss is, then, 0.1 mW - 0.05 mW = 0.05 mW. 

The relative loss. or the ratio between power out (B) and power in (A), is: 

R I t L 
power out (8) ....:;,0 ..... 0;.".;.S_x--.,10 ... -_3_ 

e a Ive oss = = -
power In (A) 0.1 x 10- 1 0.5 

The relative loss. or power ratio between Band A. is the same. whether we use a test Signal of 1 mW or 
0.1 mW. 

DEMARC B FACILITY BEING TESTED 

-. -. / - rv - 7 
I' 
/ 

TEST TONE ~ 

- t' ( - I I 

-

~ 
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Figure 2·1. Transmission Testing Setup 
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This illustrates an Important and useful characteristic of transmission cIrcuits: 

For a gIven circuit segment. losses may be expressed in terms of ratios, and 
the ratio will be the-iame regardless of the power used over a wide range. 

We could, then, express our test results by saying that the power loss between A and B is 1/2. 

Although the loss performance of Circuit segments could be expressed in terms of milliwatts or power 
ratIos, there is a more convenient and useful method of expressing power gains and losses. 

THE DECIBEL 
Mathematically, the decibel is a logarithmic measure. The logarithm, or log, of a particular number is 
the mathematical power to which a base number must be raised In order to result in the particular 
number The base number used when we are dealing with the decibel is 10. 

For example, what is the logarithm (log) of 100? Another way of asking this question is: To what power 
do we raise 10 to get 1007 The answer is 2 because 10 x 10 = 102 = 100. So, 

log (100) = 2 

Similarly, 

log (1000) = 3 

log (10,000) = 4, etc. 

Logarithms may aJso be used to express fractional quantities. For example, what IS the logarithm of 
0.001? Another way of asking this question is: To what power do we raise 1nO (0.1) to get 0.001? The 
answer is 3, and, by convention, the log of a fractional number is expressed as negatIve, so 

log (0.001) = - 3 

Logarrthms of numbers that are not Integral powers of 10 may be calculated by looking them up in a 
table or by uSing a hand calculator. 

The decibel uses logarithms to express power ratios. The decibel is defined as follows: 

dB = 10 log (~;) 

P2 and P1 are power measurements expressed in consistent Units. The number of decibels is positive if 
P2 IS greater than P1; the number IS negatIve if P1 is greater than P2. Table 2·' gIves selected power 
ratios and their corresponding decibel values. 

Table 2·'. Selected Decibel Values 

Power Ratio 

2 
4 
8 

10 
100 

1,000 
100,000 

1,000.000,000 

• Aoproumate dB value 

dB Value 

3* 
6-
9* 

10 
20 
30 
50 
90 
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I n the example Illustrated In Figure 2·', the power ratio between the power measured at B and the 
power measured at A was one-half. Expressed in decibels: 

Loss, A. to B = '0 log (0.5) 

= -3 dB 

Bv uSing decibels. we may express the loss or gain of a circuit or piece of equipment without having to 
explicitly state the actual values of the Input and output power. In the example. the loss between A and 
B will always be 3 dB, regardless of the absolute amount of power being transmItted. 

DECIBEL MEASUREMENT RELATIVE TO ONE MILLIWATT 

Absolute power is expressed in milliwatts; relative power is expressed in deCibels. By establishing a 
relationship between the decibel and the milliwatt. we can eliminate the milliwatt as an operational 
unit of measure and deal exclusively with the decibel and related units of measure. 

The unit of measure that is used to express absolute power in terms of decibels is dBm. 

dBm = 10 log (Power. m~a~~ed in mw) 

Since a milliwatt is the standard power reference in communications, it IS logIcal that 0 dBm (the 
absolute power reference when decibel untts are used) is equal to 1 mW of power 

Mathematically. 

o dBm = 10 10 (power ~ut ). 
g power In 

= 10 log (1") 

= '0 x 0 = 0 

Because the power is an alternating current waveform and impedance can vary as a function of 
frequency. it is necessary to state what frequency the 0 dBm standard IS based upon. The standard 
frequency is '004 Hz. 

We must also know the resistance or Impedance (load) of the CirCUit. The standard impedance IS 6000. 

Therefore, our reference of 0 dBm is equal to' mW of power Imposed upon an Impedance of 6000 or a 
frequency of '004 Hz. 

Tests are usually performed using test signals that are less powerful than 1 mW (0 dBm). Returning once 
again to the example shown In Figure 2-'. if we apply a 1004 Hz test tone of -13 dBm at A, we will read 
-16 dBm on the TMS at B. The loss IS still - 3 dB. 

TRANSMISSION LEVEL POINT 

In discussing the performance of a circuit, it IS necessary to describe the power at a particular point In a 
, Circuit with reference to the power present at other points In the cirCUIt. This power could be Signal 
power. noise or test tones. 

Describing this power IS similar to describIng the height of a mountain (or the depth of the ocean). To 
measure the height of a mountain, it is necessary to pick a reference height from which to measure. The 
standard reference height is s~a level. which is arbitrarily assigned a height of zero. Bv measuring all 
mountains from sea level. compartsons of their height can be made even though they may be many 
miles apart . 
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In a similar manner, power at specified points in a circuit may be described In terms of the power at a 
standard reterence point. 

This pOint. which is analogous to sea level. IS called the zero transmission level point, or 0 TLP. - . 
Any other TLP may be. referenced, to the 0 TLP by algebraically summing the 1004 Hz gaans and losses 
from the 0 TLP to the point of measurement. 

Figure 2·2 illustrates the relationship between TLPs and test tone power In dBm for a simple circuit. The 
power present at a particular POint in a circuit depends on the power at the signal source, on where the 
source is applied. and on the loss or gain between the two POints in question. 

Using the 0 TLP concept, the power in a circuit is described by stating what the power would be if it 
were accurately measured at the 0 TLP The standard notation here is dBmO, which means power 
referenced to the 0 TLP. 

For example, the term -13 dBmO means that the power at the 0 TLP IS -'3 dBm; a TMS that is 
properly set up would measure -13 dBm at the 0 TLP. An example of a -, 3 dBmO Signal is shown in 
Figure 2-2. 

Once the power at the 0 TLP is found, the power at any other point in the cirCUit can easily be 
determined. For example, if the signal is - 1 3 dBm when measured at the 0 TLP, It will be 13 dB below 
the numeric value of any TlP on the circuit when measured at that TlP. 

In Figure 2·2. if the signal is -13 dBm at the 0 TLP (making it a -13 dBmO signal), then the power at the 
+ 5 TLP can be calculated as follows: 

(TlP) + (power at the 0 TlP) = (power at the + 5 TLP) 

(+5) + (-13 dBmO) = -8 dBm 

If the - 1 3 dBmO Signal is properly measured at the + 5 TlP, the meter would read - 8 dBm. 
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I n a similar manner, If a -13 dBmO signal were measured at the - 3 TlP, the meter would read -16 
dBm: 

(TlP) + (power at the 0 TlP) = (power at the - 3 TlP) 

. (-3) + (-13 dBmO) = -16 dBm 

To determine the expected power at any given TlP, it is sufficIent to know the power present at some 
other TlP in the circuit. And, Just as the mountain does not have to be near the sea in order to 
determine its height. the 0 TLP does not have to actually eXIst on the circuit. 

Figure 2-3 illustrates a circuit between two demarcs. A - 29 dBm test tone signal IS applied at the - 16 
TLP What should we expect to measure at the + 7 TLP? 

Even though the 0 TLP does not eXist on the circuit, we can descnbe the powef we would see at the 0 
TLP if it did exist 

(TLP) + (power at the 0 TLP) = (power at the -16 TLP) 

(-16) + (power at the 0 TLP) = - 29 dBm 

power at 0 TLP = -13 dBm 

USing the relationship again, we can determine the power at the + 7 TLP. 

(TLP) + (power at the 0 TLP) = (power at the + 7 TLP) 

(+7) + (-13 dBmO) = -6 dBm 

Use of the 0 TLP reference permits transmission objectives and measured results to be stated 
independently of any specific TLP, and without specifying what the test tone levels are to be or where 
the test tone is to be appJ ied. 
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In addition to describing test tone power at various points in a circuit, decibel-related uniu of measure 
may be used to describe noise present in a circuit 

dBra: To describe po~er in a circuIt. the term dBm is used. meaning "power referenced to 1 mW " 
Since noise typically contains much less than 1 mW of power. it is convenient to use a reference power 
that is much smaller than 1 mW. The reference power used in describing noise is - 90 dBm. 

The notation used to describe nOise in terms of reference noise is dBrn. If we know the noise level in 
dBm. we can easily measure the noise in dBrn: 

dBrn = dBm + 90 dB 

For example. a noise measurement of 30 dBrn would indicate a power level of - 60 dBm (30 dB above 
the - 90 dBm reference noise level). Table 2-2 shows the relationship between dBmO and dBrn. 

Table 2·2. ReiatioMhip Betw~n dBmO and dBm 

dBmO dIm 

0 90 
-10 80 
-20 70 
-30 60 
-40 50 
-50 40 
-60 30 
-70 20 
-80 10 
-90 0 

dBI"'DC: NOise contains numerous irregular waveforms that have a wide range of frequencIes and 
powers. Although any noise superimposed upon a conversation has an Interfermg effect. experiments 
have shown that the Interfering effect is greatest in the mid-range of the vOice frequency band. 

To obtain a useful measure of the interfering effect of nOise. the various frequencies contributing to 
the overall nOise are weighted according to their relative interfering effect. This weIghting is 
accomplished through the use of weighting networks. or filters. within Test MeaSUring Sets (TMS). 

Several different weighting schemes are in use; however. we will be primarily concerned With 
C-message weighting. The frequency response curve for C-message weighting networks is shown In 

Figure 2-4. 

NOise measurements through a C-message weighting network are expressed in units of dBrnC (noise 
above reference noise. C-message weighting). 
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Figure 2-4. C·Message Weighting 

dBI'DCO: As with test tone power. nOise power may be referenced to the 0 TLP. 

For example. if the noise ob,ective for the cirCUit illustrated in Figure 2-3 is 31 dBrnCO. what IS the noise 
measurement at the + 7 TLP7 

(TLP) + (noise at the 0 TLP) = (noise at TLP) 

(+ 7) + (31 dBrnCO) = 38 dBrnC 

The nOise measurement at the + 7 TLP is 38 dBrnC. 

What IS the noise measurement at the -16 TLP? 

(TlP) + (noise at the 0 TLP) = (noise at TLP) 

(-16) + (31 dBrnCO) = 15 dBrnC 

The noise measurement at the -16 TlP IS 15 dBrne. 

- 208 
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1. Why is the milliwatt used as the basic power unit In transmission. rather than a larger unit? 

2. Why is the decibel used in transmission measurements? 

3. Is the loss (or gain) in a circuit. when expressed in dBs, dependent upon the absolute power 
carried bv the circuit? 

4. What does a power difference of - 3 dB mean? 

5 What power gain does 10 dB represent? 

6. Define dBm. 

7 If a 0 dBm 1004 Hz test tone is applied at the 0 TLP. what would the power measurement be at 
the + 7 TLP? 

8. If a power measurement of - 6 dBm is taken at the +'7 TLP, what would the absolute power 
measurement be at the 0 TLP? 

9. What does a noise measurement of 58 dBrn represent in dBm? 

10. If the end-to-end nOise objective for a circuit is 35 dBrneO, what IS the maximum allowable 
noise at the + 7 TLP? 

11 Define the 0 dBm standard. 
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TRANSMISSION PERFORMANCE PARAMETERS 

INTRODUCTION 
This chapter contains a gJ!neral discussion of parameters that affect transmission quality. The 
parameters that will be covered may be categorized as follows: 

• Loss 

• Signal Distortion 

- Attenuation Distortion 
- FreQuency Shift Distortion 
- Delay Distortion 

• Noise 

-Idle Channel Noise 
- Signal-dependent Noise 
-Impulse Noise 
-Crosstalk 

• Echo 

Transmission impairments always exist. The essence of good design and standards is to reduce 
impairments to acceptable levels. Test results indicating that any of these parameters fall outside of 
limits specified by the circuit design may be evidence of unacceptable transmission impairments. 

The influence that each of the parameters has upon transmission will be discussed. It is well beyond 
the scope of this text to discuss the details of the operation of transmiSSion line equipment; however, 
devices and techniques that may be used to control transmission impairments are briefly described. 

Although the emphasis here is on the influence of transmission parameters upon speech transmiSSion, 
the effects of the parameters upon data transmission are mentioned where appropraate. 

LOSS 

In a telephone connection, the volume of the received sound must be such that the intelligibility and 
naturalness are satisfactory. If the volume is too low, some sounds will be misunderstood or not heard. 
If the volume IS too high, the overloading of the ear will cause distortion within the ear, redUCing 
intell igibil ity. 

A certain amount of loss is designed into each voice circuit to minimize the effects of certain 
impairments while achieving acceptable volume. 

The transmiSSion parameter that has the greatest influence on listener volume is transmission loss. Loss 
is the dissipation of energy that naturally occurs due to the electTlcal characterIstics of transmiSSion 
facilities and equipment. 

The testing setup for measuring the loss of a circuit segment is illustrated in Figure 3-1 

A 1004 Hz test tone is applied at a test access pOint at one end. and the receive level is measured at the 
other end. 
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The difference In power. expressed In decibels, is the Actual Measured Loss (AML) between the two 
ends of the Circuit under' test. The Expected Measured Loss (EML) IS the deSign loss of the circuIt. The 
difference between the deSign loss and the AML is the AML deviation. The AML deviation is very 
important, as it indicates how well the loss characteristics of the CirCUit conform to deSign 
specifications. 

In Figure 3-1. the test tone is applied at the 0 TLP and measured at the - 3 TLP. The EMl is 3 dB. 

Example: 

If a 0 dBm test signal is applied at point A and - 3.2 dBm is observed at B. what IS th~ AMl deviation? 

E,\oil = - 3.0 dBm 
AMl = -(-3.2) dBm 

AML Deviation = 0.2 dB (more loss) 

When the AMl deViation IS pOSitive, the loss is greater than the circUit deSign speCifies. 

The allowable limits for AMl deviatIon should be specified by the person who deSigned the cirCUit that 
is being tested. 

To meet end-to-end Circuit design objectives, it is sometimes necessary to decrease or Increase the loss 
in a particular portion of a connection. 

Loss may be Increased by uSing resistance networks (usually referred to as pads). The confIguratIon of 
the resistors determines the type of pad. The most common types employed in telephone eQuipment 
are the T, H, Pi and sQuare pads. The amount of loss that a pad introduces IS given In decibels. (The pad 
designation refers to the configuration of the resistance network.) 

It is often necessary to prOVIde amplification to compensate for losses Incurred .n the transmISSion 
medium. The electronic deVice used for this purpose may be compared to the audio amplifIer of a 
radio receiver or a record player. These amplif1ers and their associated circultrv are called repeaters. 
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SIGNAL DISTORTION 

Speech (and data) transmission IS composed of' a number of frequency components that add together 
to form a complex waveform. The v..arious frequency componentC\ that make up the complex waveform 
bear a very definIte relationship to one another. both in magnitude and In time. Alternation of the 
relationships between tne various waveforms distorts the composite waveform. and. if the distortion IS 
excessive. transmiSSion Impairments may result. 

ATTENUAnON DISTORTION: One requirement for a channel is to provide uniform transmission 
loss charactersstics for all of the frequencies making up the complex waveform. Typical channels have 
some vanatlon in loss with respect to frequency. 

Attenuation distortion, also referred to as slope. is the difference in loss at one frequency with respect 
to the loss at another frequency. In speech transmission. excessive attenuation of the lower 
frequencies will cause the reproduced voice to sound "tinny." Attenuation of the higher frequency will 
lower the perceived pitch and will reduce intelligibility. 

A simple way to measure slope is to measure the loss at 404 Hz and 2804 Hz and compare it to the loss 
at 1 004 Hz. The larger the difference the greater the slope. the actual measured loss for all three 
frequencies is used in these calculations. 

Example: 

The follOWing loss measurements were taken. What is the slope? 

404 Hz 
1004 Hz 
2804 Hz 

Subtract the 404 Hz loss from the 1004 Hz loss: 

-3.0 dBm 
- 3.1 dBm 
-4.0 dBm 

-3.1 dBm 
= -( - 3.0) dBm 

AML. 1004 Hz = 
AML. 404 Hz 

-0.1 dB (less loss) 

Then subtract the 1004 Hz loss from the 2804 Hz loss: 

AML. 2804 Hz = - 4.0 dBm 
AML. 1004 Hz = -{ - 3.1' dBm 

0.9 dB (more loss) 

The slope is 0.9 dB at 2804 Hz. It is positive because there is more loss at 2804 Hz than at 1004 Hz. 

The allowable limits for attenuation distortion are specified by the circuit design. 

Where cable is used. excessive attenuation distortion at higher frequencies may be reduced by 
Increasing the distributed Inductance of the cable. This is accomplished by placing inductors of a 
speCIfic size (specifIed In millihenrys. or mH) at specific Intervals along the cable. The inductors are 
called' load pots. or coils. and when they are used the cable IS said to be loaded 

A common loading procedure IS to place 88 mH coils at 6000-foot Intervals. This is called H88 loading. 
where 

H deSignates the 6000-foot spacing 

anQ 

88 refers to the size of the inductance. 
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Usually the gauge of the cable is also stated; I.e., 22 H88 means 22 gauge cable loaded as above. 

While the design of cable facil ities is b~yond the scope of this text. It IS necessarY to understand the 
terms In order to perform certain tests and to make certain equipment adjustments. 

Attenuation distortion can be compensated for by the use of equalizers. An equalizer IS a filter that has 
a frequency res~onse that removes the attenuation distortion Inherent In the transmlsslo'n facility. 

FREQUENCY SHIFI' DISTORTION: When part of an end-to-end connection transverses carner 
facilities, the frequency of the signal may be shifted either upward or downward. This IS called 
frequency shift distortion. 

Frequency shift distortion usually has minimal effect on speech transmiSSion, as the human ear !S not 
very sensitive to small changes In frequency. However, it can be a serious problem In data transmiSSion 
if the shift is large, 

To measure the frequency shift parameters, a frequency counter IS used at one end of a Circuit to 
measure a known frequency sent from the other end. 

DELAY DISTORTION: Waves of different frequencies travel at different velocities over 
transmiSSion facilities, particularly metallic facilities. As a result. some of the waves making up the 
composite waveform arrive at the destination before others. distortIng the composite waveform 
Another way of stating this is that phase relatIonship between the component waveforms IS different at 
the receive pOint than at the transmit point, This is called delay distortion or phase distortion. 

Phase distortion usually has little effect upon vOIce transmIssion because the human ear IS inSensitive 
to small changes in phase. Data transmission may be seriously affected due to the alternation of the 
component waveforms that form the digital pulse. 

Delay distortion Itself is difficult to measure. An approximate measure or delay distortion IS the 
envelope delav test, wnich measures the relative delay among the frequenCies In the vOice frequency 
band. Envelope delay measurements are expressed in microseconds (~s = 0.000001 sec). The envelope 
delay measurement represents the difference in arrival times between the slowest moving wave (or 
frequency) and the fastest moving wave. 

The allowable limits for envelope delay will be specified by the circuit deSign 

Delay distortion, or phase distortion. car:'! be compensated for by uSing delay equalizers Equalizers 
Impose delay on the faster frequencies. restoring the phase relationships eXisting at the transmit pOint 

NOISE 

Noise may be generally defined as introduced energy that Interferes With or masks deSired 
transmission. 

In transmission svstems there are two types of noise sources The first IS nOise that IS Inherent In the 
transmiSSion system and is Independent of the Signal being carned by the svstem ThiS type ot nOise IS 
called idle channel noise and has a number of different sources The second type of nOise IS Signal. 
dependent noise. which is generated by circuit components as a result of an actual Signal being 
transmitted. 

Any transmitted Signal represents a certain degree of order or pattern In the electrrcal waveform The 
energy contained in nOIse generally has no particular pattern; however, In the case of crosstalk. It may 
have an unwanted. distractIng pattern At low but discernible levels nOise IS annovlng As nOise 
becomes excessive. the deSired signal will eventually become "buned" In the nOise. thus destrOYing 
communication. 

There are manv sources of nOise, pach haVing Its own effect upon speech and data transmiSSion Four 
categories of nOIse are discussed here' Idle channel noise. signal-dependent nOise, Impulse nOise. and 
crosstalk. 
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IDLE CHANNEL NOISE: Idle channel noise IS a catchall category that ,~c1udes all sources that 
produce nOIse m a fairly constant manner in the absence of a signal. Other tt~rms for Idle channel nOise 
are background noise. random nOise. and message circuit nOise. 

A malor component of Idle channel ~olse is thermal noise. Noise is generated when electrons collide 
with some or the molecules or the conductor; as the temperature of the co~ductor is increased. nOIse 
also increases as more of the electrons collide with the more agItated molecules of the cdnductor 

Another fundamental source of idle channel noise IS electromagnetic coupling. Almost all transmission 
circuIts are exposed to external electrical influences due to their proximity to other CIrcuits. Loops and 
trunks are usually physically close to other circuits in cables or lines. Any CIrcuit passing through a 
Central Office IS potentially exposed to many other circuits and may also be affected by battery noise. 
Manv CIrcUits have power transmission lines paralleling part of their routes. Exposure to 
electromagnetic fields created by the currents in these nearby. disturbing circuits may cause induced 
currents in the disturbed circuit. 

When these mduced currents are small. their source may not be readily identifjable. and their resulting 
nOise will contribute to idle channel noise. (Some noise caused by coupling IS readily identifiable. such 
as crosstalk.) 

Idle channel noise may affect both speech and data transmission. However. it is usually more critIcal in 
speech transmIssion. This is because speech has a wider range of power levels than does data 
transmiSSion. and the human ear is more sensitive to low-level nOIse than are data-sets 

I n Chapter 2. the 10gaTlthmic units used to measure nOise. dBrn. dBrnC and d'BrnCO. were discussed. 
The allowable level of idle channel nOIse will be specified by the cirCUit design. ThiS ensures that the 
normal speech sounds will be acceptably louder than the idle channel noise 

The test for idle channel noise is called the C-message noise test. (C-message IS an abbreviation for 
Circuit-message.) As mentIoned in Chapter 2. the noise measurement set used for the test contains a 
c.message filter. This filter eliminates noise components that have little effect on the ear. while passing 
the frequencies that have the greatest impairing effect on speech transmission. 

Example: 

FIgure 3-2 illustrates the general setup for measuring C-message (idle channel) nOise. At pOint A 

(the 0 TlP) the circuit is terminated With a 600 resistor. At point B (- 3 TlP). a noise measuring set 
IS attached to the CIrCUIt. A reading of 30 dBrnC is taken. To adjust thiS reading to dBrnCO. 3 dB IS 
added to the reading, glvmg 33 dBmeO. 

DEMARC B 
(- 3 TLP) 

--
... 

-

(5) 
TMS 

/ 
I 

1 

TMS SET TO READ 
C-MESSAGE NOISE 

DEMARC A 
(0 TLP} 

6000 
TERM INA TION 

10813A128 

Figure 3·2. Idle Channel Noise Measurement Setup 
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SIGNAL-DEPENDENT NOISE: Background nOise eXists regardless or the presence or absence or 
anv signal (thus the term "idle channel nOise"). When a signal is present on a CircuIt. the signal Itself 
will generate a certam amount of nOIse .. partIcularly when transmISSion equipment such as repeaters 
and equalizers are present. 

The effects of signal-dependent noise on both speech and data transmiSSion are slmllar to the effects or 
background nOise. . 

The test used to measure signal-dependent noise is called the C-notched noise test or the Signa/-to-noise 
(SIN) test. Two measurements are required for this test. 

The first measurement is similar to the C-message noise test (covered prevlouslv) except that a -13 
dBmO 1004 Hz test tone is applied at pomt A. as shown In Figure 3-3 (The results of the SiN test will 
vary depending upon the test tone power used (in dBmO). Signal-to-nolse design limits are often based 
upon a test signal of -13 dBmO. Therefore. the diSCUSSion here Will assume a test signal of -13 dBmO.) 
At point B, the nOise IS recorded in dBrnC. 

For the second measurement a different filter. called a C-notched filter. IS used at B The C-notched 
filter has the same characteristics as the C-message filter. except that It also emplovs a very narrow 
band-elimination filter that removes the test tone. ThIS measurement is also recorded In dBrnC 

It IS not necessary to reference either measurement to the 0 TLP (i.e .. the dBrnC measurements do not 
need to be converted to dBrnCO). The difference between the first and second measurements IS the 
"test tone to C-notched noise ratio," and is an approximatioh to the signal-to-nolse ratio (The results of 
thIS test are often called the SIN ratio.) 

The allowable limits for this test are specified by the circuit design. 

Example: 

Figure 3-3 Illustrates the setup for measuring C-notched nOise.' 

Point A is the -3 TLP, so a 1004 Hz test tone at -16 dBm (-13 dBmO) IS applied at A. At B. a 
reading of 74 dBrnC is obtained using a t-message filter. and a reading of 50 dBrnC is obtained 
with a C-notched filter The SIN ratio IS 74 - 50 = 24 dB. 

DEMARC B 
(0 TLP) 

~ -
.. 

-

0 
TMS 

/ I' 
) I 

I" C 
J 

1. SET TO READ C·MESSAGE NOISE 
2. SET TO READ NOISE WITH TONE 

DEMARC A 
(- 3 TLP\ 

---
-
... 

® 
OSCILLATOR TRANSMITTING 

- , 6 dBm AT 1 004 Hz 
(-'3 dBmO) 

Figure 3-3. C-Notched Noise Measurement 
0813.4129 



Part D 
Tra.s.iaaioD 

IMPULSE NOISE: Impulse nOise IS characterized by large peaks. or Impulses. In the total 
waveform Impulse nOise has many sources. some of the more important being lightning. relay and 
sWitch operation. microwave path fading on carner channels. and "crackling" due to thermal effects in 
cable. 

Impulse nOIse usuallv t:las ilttl.e effect on speech transmission. as the human ear can tolerate It. Data 
transmiSSion. however. is very sensitive to impulse noise. Depending on the impulse amplitude. 
duration and time of occurrence. individual data bits or blocks of data may be obliterated, resulting In 
errors an the received signal. 

CROSSTALK: Whenever telephone circuits follow adjacent paths, they are susceptible to 
crosstalk. Crosstalk may be produced by inductIve or capacitive coupling in parallel lines or at 
Junctions. producing unwanted signals In the disturbed circuit. 

Crosstalk vanes greatly In amplitude and intelligibility. Low-level crosstalk may be perceived as noise. 
Intelligible crosstalk is particularly objectionable, as it reduces the securtty of the telephone system. 

ECHO 
Echo results when the talker's energy is reflected back from some distant point in the transmission 
channel. Echoes constitute one of the most serious forms of impairment in telephone cIrcuits. whether 
the clrcu Its are used for speech or data transmission. 

The most common source of echo is the interface between 2-wire and 4-wlre facilitIes 

As previously discussed in Part \, 2-wire circuits consist of two conductors called tiP and ring. These 
Circuits are capable of transmitting andlor receIving speech or data signals from either end of the 
CirCUIt. While economIcal, 2-wlre circuits have characteristics that allow ~or lim/ted-distance use only. 

When thiS range IS exceeded. or when for other design reasons it becomes necessary. 4-wlre cirCUits 
must be used. These cIrcuits use two wires for each direction of transmiSSIon. (See Figure 3-4.) The two 
conductors called tip and ring are used in the transmit direction; the two conductors called tiP 1 and 
rtng 1 are used In the receive direction. 

When InterconnectIon of the two facilities is necessary, a hybrid circuit (commonly called a 4-wlre 
termanatlon set, or 4 WTS) IS used. The hybrid CIrcuit uses four signal paths for connection and 
Impedance matching 

• RECEIVE PATH-receives signals from the 4-wire facility. 

• TRANSMIT PATH - transmits signals to the 4-wire facility. 

• 2-WIRE PATH-connects the 4 WTS to the 2-wire facility 

• BALANCE NETWORK-matches the 4 WTS impedance to the 2-wire facility's Impedance. 

TRANSMIT AND 
RECEIVE 

.. 
~ 

T 

R 

BALANCE 
NETWORK 

Figure 3-4. 4-Wire Termination Set 

T 

R ~ TRANSMIT 

T' 

R' ~ RECEIVE 

I0813A130 
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Two forms of echo impairment. called talker echo and listener echo. are frequentlv encountered at the 
Junction of 4-wire and 2-wire Circuits. The most serious form IS talker echo which can be derlned as 
hearing one's own speech being returned. 11 is common for a connection to have two 4-wlre termination 
sets: as In Figure 3-5. The other form of echo impairment, fistener echo, IS the result of energy being 
reflected back -toward the t~lker by the distant-end termination set, and the reflected energy then being 
reflected agam toward the listener bv the near-end termination set. When talker echo IS satlsfactorllv 
controlled. listener echo IS seldom a problem. 

The significance of the echo impairment is directly proportional to the distance of the overall 
connection as this relates to the time required for the signal to be reflected. 

If the elaosed time is short the reflected signal arrives faster than the ear can comprehend the 
intelligence of the Signal. The effect is that the listener may perceIve an Increase In the sidetone 
volume. For very short distances. the listener might not even be aware of the echo's presence. 

At medium distances, the talker may have the sensation of "speaking into a barrel." As the distance 
increases, the reflected signal arrives later and can be perceIved by the talker as hiS own speech. The 
talker may think that the distant party is trying to interrupt, and this can interfere with the talker's 
normal speech process. 

Listener echo IS the double reflection of the signal and is generally of lOW-Signal amplitude, If listener 
echo IS significant, it can cause signals to be sustained 'or regenerated bv the transmission path to 
create a condition called singing. 

Singmg IS analogous to the "howl" that can be generated in a public address system when a 
microphone IS placed too close to a speaker. 

The overall effect of echo impairments depends upon the follow~ng: 

• How loud the echo is 

• How long the echo is delayed by the transmission path 

• The speakers tolerance to the echo phenomenon 

~ J> TALKER LISTENER 
~ 

TALKER ECHO 

TALKER <s P • LISTENER 

LISTENER ECHO 

~ d> 
• 

TALKER LISTENER 

~ 

SINGING 

,OBI3A13' 

Figure 3-5. Echo Pathways 
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BALANCE THEORY: A diagram of a tYpIcal hybrid arrangement IS shown In Figure 3-6. Two of the 
Impedances In the 4-wire circuit. ZT and ZR. are usually under desIgn control. and normally there Isn't 
a problem In achIeving a good match between them. The match between the balancing network. ZN. 
and the 2-ware facility. Z2W. mav-not be' under desIgn control and can b~ diffIcult to match. 

When the hybrad conn-ects to a dedicated circuit on the 2-ware side. Impedance Z2W can be under 
design control or at least has some known value. When thIS occurs. the balancing network's 
Impedance. ZN. may be adjusted to match Z2W to some degree. 

\Vhen the hybrad's 2-wire path doesn't connect to a dedicated Circuit. impedance Z2W Isn't under 
design control and will vary, subject to actual switched connections The balancing network's 
impedance can only be adjusted for some approximate value. Since thiS IS only a compromise value of 
the actual impedance. some energy from the receive path will be reflected back Into the transmIt path. 

The amount of reflection is directly porportional to the degree of mismatch between ZN and Z2W and 
can be expressed in decibels as: 

Return Loss = 20 log (CZN + Z2W)) 
\jZN - Z2W) 

The formula. stated here in simplified form, assumes that both ZT and ZR are equal. 

The hIgher the Return Loss figure, the better the performance. For example, a Return Loss value of 20 
dB is better than a value of 0 dB. 

T 

RECEIVE PATH 
14·WIRE) 

------------, ZT 
HYBRID r 
" ,\1 R 

I i ZN Z2wi 

T 

BALANCE 
NETWORK 

T R T 

I T1 

I 

~ ZR 
L 

________ ..J 
TRANSMIT PATH 

{4-WIREI R1 

10813A132 

. Figure 3-6. A Typical Hybrid Arrangement 
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DEFlNmON of TERMS: There are several terms used to test and express the degree of balance. 
The follOWing definitions of commonly u~ed terms are provided as an aid to understanding these terms: 

1. Trans-Hybrid Loss (THL) 

If the 2-~!re Side of tbe hvbrid is totally mismatched to the balance network (such as applying a 
tlp;rmg short), total reflection of power to the transmit path occurs. This IS generally referred to 
as Trans-Hybrid Loss (THL) and is used to calibrate the balance test and to verify circuit 
equipment operation. 

The actual TH L value observed depends on the following: 

• The type of hybrid 

• Test level pomt differences between the test Instrument and the CirCUit under test 

• The losses/gains of the transmit and receive paths 

2. Echo Return Loss (ERL) 

If suffiCient power IS reflected back to the talker within the range of 500 to 2500 Hz. the talker 
may hear his own voice and become confused. Th1s effect IS called talker echo and is 
expressed in terms of Echo Return Loss (ERL), the loss of the reflected signal. 

3. Singing Return Loss (SRL) 

The ability of the hybrid to "sing" or sustain a Signal IS expressed In terms of Singing Return 
Loss (SRL). SRL IS measured in two bands located between 200 to 500 Hz and 2500 to 3200 Hz 
using a weighted-nOise technique. The bands are called SRL LO and SRL H I. respectively The 
worst band (lowest numerical value in deCIbels) becomes the SRL measurement used In 
analysis. 

4. Single Frequency Return Loss (SFRL) 

Single Frequency Return Loss (SFRL) measures the ability of the CirCUIt to sing or oscillate at a 
Single frequency m the 200 to 3200 Hz voice band. Th~ SFRL applies to the freq:.Jency that has 
the poorest return loss. It IS the Critical frequency at which gam and phase relationships are the 
poorest and may cause singing. 

While. In theory. singing can occur at any frequency. It IS usually found at the low and high 
ends of the vOIce band due to the 2-wire facil ity's charactertstlcs. 

The diffe'rence between SFRL and SRl tests is in the method of measurement. The SFRL test 
tlnds the Critical frequency that can cause singing. while the SRL test uses a weighted-nOIse 
technique of the two bands to determine the overall performance. 

Either test method IS acceptable. but the general practice today calls for making SRL 
measu rements. 

BALANCE TESTING: To test balance. the follOWing tests are conducted: 

• Trans-Hybrid Loss (THL) 

• Echo Return Loss (ERL) 

• Singing Return Loss H ighiLow (SRL H I/SRL LO) 

If a short IS placed across the 2-wlre line at the hybrid cod and a known amount of power IS sent Into 
the receive leg, the reflected power can be measured at the transmit leg. For example. If a frequency of 
1000 Hz at a power of 0.0 dBm is sent Into the receive leg and the power measured at the transmit leg IS 
-7 5 dBm. the total 1000 Hz loss from the receive leg Input to the transmit leg output IS 7 5 dB. ThiS IS 
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the loss of the hybrid from the receive leg to the transmit leg and IS generallv referred to as the Trans­
Hvbrld Loss (THL). with 0 dB return loss (total reflection of power) at the 2-w'Ire terminals The actual 
measured trans-hybrid loss will depend on the' type of hybrid and, the loss oT the receive and transmit 
pads. if any, 

Once the short has bee" removed. the 2-wire side of the hybrId has been connected to Its 2-wlre facility, 
and the distant end of the 2-wlre line facility has been terminated In the correct Impedance. another 
measurement is taken with the same Input power and freQuency at the receive leg. The power 
measured at the transmit leg will be lower than wIth the 2-wire leg shorted. because the network and 
the 2-wire line facility with its terminating impedance will absorb most of the power sent into the 
receive leg. For example, if the power measured at the transmit leg IS now - 26.5 dBm. the loss from 
the receive leg to the transmit leg is 26.5 dB. Since the losses of the hybrid and pads (if any) are 
common to both tests, the 7.5 dB loss for the 0 dB return loss condition is subtracted from the 26.5 dB, 
leaving 19.0 dB. This 19.0 dB is the return loss and represents the degree of balance between the 2-ware 
facilit\' and the balanCing network at the frequency of the applied power Higher degrees of balance 
are indicated by larger values of return loss. 

Circuit Terminated Correctly = - 26.S dBm 
CirCUit Shorted at Tip & Ring = -( -7.5) dBm 

Return Loss = 19.0 dB 

When balance measurements are made with ERL Test Sets like the Wiltron 9041. the THL measurement 
IS made With the eQuIpment set to read ERL With the 2-wlre facility shorted at the hybrtd. the Wiltron 
meter is adjusted to zero by using the THL adjust switches. The sum of the final sWItch readings is the 
THL. 

To measure the ERL, the short is removed and the 2-wire facil ity is terminated with the correct 
Impedance. With the Test Set still,n the ERL test mode, the ADD dB sWitch IS adjusted until an on-scale 
reading is obtained on the meter. 

The sum of the ADD dB sWItch setting and the meter reading is the true ERl. as the THl was 
automatically subtracted by the Test Set. 

The Test Set IS then placed In the SRL LO mode and a reading is obtained uSing the same procedure as 
the ERL test (do not make another THL test or adjust the THL sWitches). The Test Set IS then placed in 
the SRl H t mode and readings are taken again The lowest numerical value read IS equal to the SRL 

A frequency sweep of the vOice band between 200 and 3200 Hz IS made while the test CIrcuit IS stili 
terminated In the correct Impedance. The frequency exhibiting the poorest loss determines the SFRL. 
The THL IS subtracted from the value read on the TransmiSSion Measuring Set. In order to obtain the 
SFRl value Usually. the SFRl test IS not necessary if SRl tests have been made 
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CHAPTER 3 REVIEW QUE~T10NS 

1 The following measurements were taken. What is the AML deviation? 

EML = - 3.5 dBm 
AML = - 3.0 dBm 

AML Deviation = 
2. The following measurements were taken. What IS the slope? 

404 Hz 
1004 Hz 
2804 Hz 

-3.5 dBm 
-4.0 dBm 
-4.2 dBm 

3. What is the equipment called that may be used to correct attenuation or envelope delay 
distortion? 

4. How does noise affect vOice transmission? 

5. The following measurements were taken. What is the SIN ratio? 

nOise with tone = 60 dBrnC 
C-notched nOise = 38 dBrne 

6. Draw a sketch that illustrates echo pathways. 

7. What does THL measure? 

8. How is echo controlled? 
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INTRODucnON 

CHAPTER 4 
,ELCO INTERFACES 

ThiS chapter provides a brief diSCUSSion of the conventions used in the interconnectIon of customer­
provided equipment. such as PBXs. with the public telephone network transmiSSion facilities. 

Specific connectors. Jacks and plugs are not discussed. Allowable interconnectIon configurations and 
their mechanical and electrical specifications are thoroughly described in the Federal Communications 
CommisSion Rules and Regulations- Part 68 (Connection of Terminal EQUipment to the Telephone 
Network) The Bell System Technical Reference #47101 describes the stancard jack arrangements to be 
provided by Bell operating companies for the connection of telephone-company and customer­
provided registered equipment to the public switched network. 

Interfaces provide definite points where equipment owned by the telephone company may be 
phYSically separated from customer-owned equipment. When sIgnaling or transmission problems 
occur. testing In both directions from the interface can be condhJcted to determine who IS responsible 
for the problem. Use of standard terminology and conventions with reference to Interfaces IS essentIal 
if testing and troubleshooting are to be successful. 

In thIS chapter. the following interfaces are discussed: 2-wlre. 2-wire with E&M signaling leads. and 
4-wlfe with E&M signaling leads. 

2-WlRE INTERfACE 

As shown in FIgure 4-1. the 2-wire circuit consists of two leads. These leads are called tIP and rtng and 
provide a direct-current path for signaling as well as a bidirectional. or full-dupJex. path for 
transmission. 

DEMARC 

T T 

TO TELEPHONE TRANSMIT 
~ AND 

COMPANY FACILITY RECEIVE 

TO 
TRANSMIT CUSTOMER-

AND ~ PROVIDED 
RECEIVE EQUIPMENT 

10813A133 

Figure 4-1. A 2·Wire Interface 

2·WlRE WITH E&M INTERfACE 
As shown In FIgure 4-2, the 2-wlre wIth E&M Interlace actually consIsts of four wires: tIP. ring, E lead, 
and M I~ad The tIP and ring leads form the two-way audIO path The E&M leads are used ror direct­
current signaling. Signaling from the customer equipment toward the demarc IS conducted over the M 
lead: signaitng from the demarc toward the customer equipment is over the E lead (E&M lead 
operation IS discussed In Part I or thIS book.) 
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Figure 4-2. A 2-Wire with E&M Interface 

4-WIRE WITH E&M INTERFACE 

The 4-wire with E&M Interface actually conSists of six conductor leads (or three pairs). as shown 1M 

Figure 4-3. Audio transmission toward the demarc from the customer equipment IS carried over the T 
and R leads; audio transmission from the demarc toward' the customer is over the T1 and R1 leads. 

Signaling toward the demarc from the customer equipment is carried on the M lead. and signaling from 
the demarc to the customer equipment IS over the E lead. 
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Figure 4-3. A 4-Wire with E&M Interface 
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CHAPTER 4 REVIEW QUESTIONS 

, . Sketch a 2-wire interlace. 
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2. Sketch a 4-wire interface with Type I E&M signaling. Show all signaHng and transmission 
directions. 





INTRODUCTION 

CHAPTER 5 
TRANSMISSION TESTING 

This chapter contains a discussion of the methodology used in testing circuits. 

Many manufacturers build test equipment that is suitable for conducting the tests described In this 
chapter. The Bell System Technical Reference #41009 details the required physical and electrical 
characteristics of test equipment. 

In this chapter, testing (with the exception of balance testing) is described with reference to the 
Hewlett-Packard Model 3551 A Transmission Test Set. Balance testing IS described with reference to the 
Wiltron Model 9041 Transmission Level and Return Loss Measuring Set. 

Testing methodology is presented in terms of demarc-to-demarc tests. 

Tests are presented in the sequence in which they would be performed in actual practice. The 
following tests are discussed in detail: 

• Actual Measured Loss 
• Slope 
• Idle Channel Noise 
• C-notched Noise 
• Balance 

ACTUAL MEASURED LOSS 

The purpose of this test is to obtain the Actual Measured Loss (AML) of the circuit being tested. The test 
described here is for the far-to-near direction; testing in the near-to-far direction is similar. 

TEST CONFIGUBA110N: The facility to be tested and the configuration used to describe testing is 
shown in Figure 5-1. The facility shown and the TLPs given are arbitrary and do not necessarily 
represent a "real-world" situation. Actual situatIons will vary In detail; however, the baSIC testing 
methodology presented here has general application. 

TEST ACCESS 
DEMARC POINT 
(-3 TLP) 

~ I OSCILLATOR I ...- DISTANT 
SWITCH 

+ 
OTLP OR , 

MIL1.JWATT 
DISTANT TONE 
SW1TCH GENERATOR 

OTLP 

TMS 

I08'3A136 

Figure S-1. Test Configuration 
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Coordination with the distant end will be required In order to conduct the test ~s described here the 
cest requires a technician located at the. distant test access POint ~5 Indlcatec In ~I~ure ';-1 ar. 
alternative setup uSing a 1004 Hz tone generator (milliwatt) that can be dlrecti\ dialed ma\ be used ~ 

telephone number that connects to either a test access POint or a milliwatt tone must be obtained 

TEST PROCEDURES: Testing mav begin when connection with the distant end has been 
established. 

The test equipment IS set up as shown In Figure 5-2. Although the equipment rererenced here IS the HP 
3551 A. tests uSing different equipment are procedurally similar. 

(It IS critical that the selected Impedance be the same as the terminating Impedance. otherwise. all test 
measurements will be In error) 

Ask the tester at the distant end to applv 1004 Hz tone to the test access Jack at 0 dBmO Record the 
level shown on the Test Set as the AML for the far-to-near dIrectIon. 

TEST SET 

SWITCH 

PO\VER 
DISPLAY & .,,",ON ITOR 
HOLD 
FU~CTION 

IMP (Impedance): 
RECEIVE 
'10ISE 'vvE ICHTINC 
SE .... D - FREQUE'ICY Range Hz 
SE'lD - LEVEL Range dBm. 

2-WIRE 
FACILITY 

SETTING 

On ~AC or BA ;"TE R'l 

RECEIVE - LE\ EL 
OFF or HOLD as required 
REC TE R,V\ 

600 or 900 as Jpproprlate 

TO'E - 'OR"~L 
C·\~E SS.~G E 
200-6K 
o dBm 

Figure 5·2. Initial Test Equipment Setup 
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CALCULATING THE RESULTS: For the Circuit shown In Figure 5-1, the Expected Measured Loss 
(E ML) IS 3.0 dB because the transmit pOint IS t~e 0 TLP and the receive POint is the - 3 TLP Suppose 
that the reading on the Test Set IS - 3.2 dB. indicatmg an AML of + 3.2 dB. Calculate the results as 
follows: 

EML = - 3.0 dBm 
AML = -{-3.2)dBm 

AML Deviation = + 0.2 dB (more loss) 

SLOPE 
The purpose of the slope test is to measure the attenuation distortion of the circuit. -

TEST PROCEDURES: You may proceed directly to the slope test from the AML test. The test setup 
is the same as In Figure 5-2, except where changes in switch settmgs are called for. 

Ask the tester at the distant end to send 1004 Hz at -13 dBmO. (In this case, -13dBmO IS -13dBm, 
since the test access point is the 0 TLP.) 

The receIve level should be 13 dB, ± 0.5 dB lower than the AML test. (In this case. the reading should 
fall between 15.7 dB and 16.7 dB.) A reading outside of these limits indicates that the CirCUit has gain 
non-linearities. -. 

Record the reading as the 1004 Hz reference level. 

Ask the tester to change the frequency from 1004 Hz to 404 Hz. Change the DISPLAY & MONITOR 
switch from RECE IVE - LEVEL to RECEIVE - FREQ and check the frequency. It should be 
approximately 404 Hz. 

Change the DISPLAY & MONITOR switch back to RECEIVE - LEVEL and record the reading as the 404 
Hz level. 

Ask the tester to change the frequency from 404 Hz to 2804 Hz. Change the DISPLAY & f'..AONITOR 
SWitch to RECEIVE - FREQ and check the frequency. It should be approximately 2804 Hz. 

Change the DISPLAY & MONITOR SWItch back to RECEIVE - LEVEL and record the reading as the 2804 
Hz level. 

CALCULATING THE RESULTS: Suppose that the follOWing readings were recorded for the test: 

1004 Hz Reference Level = - 16.1 dBm 
404 Hz Level = - 16.0 d Bm 

2804 Hz Level = - 17.0 dBm 

Calculate the results as follows: 

404 Hz Slope: 

1004 Hz Reference Level: 
404 Hz Level: 

404 Hz Slope = 

2804 Hz Slope: 

1004 Hz Reference Level: 
2804 Hz Level: 

2804 Hz Slope = 

-16.1 dBm 
-16.0 dBm 

-0.1 dB 

-16.1 dBm 
-(-170) dBm 

+0.9 dB 

A minus (-) sign in the result Indicates less 
loss while a plus ( -+- ) sign Indicates more loss. 

5·3 
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The slope of the circuit is the deviatIon from the 1004 Hz reference level 

The acceptable limIts for the siope are to be obtained from the CIrcuit design speCifications. 

IDLE CHANNEL NOISE 

The purpose of this test IS to measure the noise on the CirCUit In the absence of anv signal: thiS nOise is 
also called background nOise. 

You may proceed directly to thiS test from the slope test. 

The test setup IS· the same as In Figure 5-2, except where changes in SWitch settings are called for 

Check with the tester at the distant end to assure that no tone IS being transmitted and that the CirCUIt 
IS properly terminated. 

Be sure that the NOISE WEIGHTING switch IS set to C-MESSAGE. 

Change the RECEIVE mode switch from TONE - NORMAL to NOISE - MESSAGE CIRCUIT 

The display will read in dBrn units. Record the reading as idle channel nOise. referenced to the 0 TlP 
(dBrneO). 

The required limits for idle channel noise will be given in the circuit design speCifications In general. 
idle channel noise of less than 31 dBrnCO is acceptable for any CirCUIt. 

C-NOTCHED NOISE 

The purpose of this test is to obtaan a measure of the ratio between the signal power and nOise power 
present on a circuit. 

TEST PROCEDURES: You may proceed directly to thiS test from the Idle channel nOise test. The 
test setup IS the same as in Figure 5-2, except where changes In switch settings are called for. 

Ask the tester at the distant end to send 1004 Hz at -13 dBmO (Since the tone is bemg transmitted 
from the 0 TlP. the transmitted power is -13 dBm.) 

Be sure that the RECEIVE mode SWitch is set to NOISE - MESSAGE CIRCUIT and the NOISE 
WEIGHTING SWitch IS set to C-MESSAGE Record the reading as Signal plus nOIse There are three 
components to the power represented by this reading: test tone power. nOIse power generated as a 
consequence of· .. the test tone. and background noise. 

Change the RECEIVE mode switch from NOISE - MESSAGE CIRCUIT to ~OISE - \VITH TONE This 
will cause the 1004 Hz test tone to be removed by a sharp notched ftlter Record the reading as 
C-notched nOise 

CALCULATING THE RESULTS: Suppose that the Signal-pius nOise measurement was 74 dBrnC 
and the C-notched nOIse measurement was 50 dBrne. Calculate the slgnal-to-nolse ratio as follows. 

BALANCE 

Signal plus noise = 74 dBrnC 
C-notched noise = - 50 dBrne 

Signal-to-nolse ratio = 24 dBrnC 

Figure 5-3 shows a tYPical hvbrld that will be used to describe balance testing procedures. Although the 
test equipment shown IS the Wiltron Model 9041 Transmission Level and Return Loss Measuring Set. 
tests usmg different equIpment are similar 
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Figure 5-3. 4-Wire Termination Set 

CALCULATING THE THL: Prior to conducting the balance tests, the expected value of the THL 
should be calculated. This is done by summang the gains and losses in the transmit and receIve legs. 
One method of dOing this is to use the TLP values for the circuit . 

Receive Path loss = + 7 - ( - 3.2) = 10.2 
Transmit Path Loss = -2 - (-16.0) = 14.0 

Expected THL = 10.2 + 14.0 = 24.2 

The measured THl should be approximately this value. If it is not, there may be a problem wIth the 
hybrid or the test setup. 

MEASURING THE THL: The equipment setup and initial switch settangs for balance measurements 
are shown in Figure 5-4. 

Note that there IS a short between the 2-wlre tip and ring leads. 

The THL measurement is made by adjusting the ADD dB switches until black scale (bottom scale) of 
the meter reads O. The total of all switch settings is the THL. 

There are three sWItches that may be adjusted to zero the meter: 

SWITCH RANGE INCREMENT 

TEST MODE o - 20 dB 10 dB 

THl dB 
(left) o - 10 dB 1 dB 

THL dB 
(right) o - .8 dB .2 dB 

The most efficient way to zero the meter is to start with the switch that has the largest Increment (TEST 
MODE) and proceed to the SWitch WIth the smallest increment (THL dB. TIght). 
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The previously calculated THL for the sample hvbrld (24 2 dB) gIves an indIcatIon or the start point for 
measuring the THL. Proceed as follows. 

1 Set the TEST MODE SWitch to 20 dB. In tt:us case, tht' meter now reads 3.2 dB 

2. Set the THL dB (left) sWlt~h to 3 dB. The meter now reads .2 dB.' 

3 Set the THL dB (right) sWitch to .2 dB. The meter will now read 0 dB. 

CALCULATING THE RESULTS OF THE THL TEST: The THL is equal to the sum of the sWitch 
settings, as follows: 

SWITCH 

TEST MODE 
THl dB (lett) 
THl dB (right' 

THl 

VALUE 

20 dB 
3 dB 

.2 dB 

23.2 dB 

The measured THL is close to the calculated T-HL. indicating that the test setup is correct and that the 
termination set is functioning as expected. 

-. 
MEASURING ·THE ERL: The ERL test IS similar to the THL test, except that the 2-wire short IS 
removed and the 2-wire path is terminated In the proper Impedance. 

When the 2-wtre path IS terminated. the return loss will increase because most of the power that IS sent 
Into the receive leg IS now absorbed by the 2-wlre line facility and Its terminating Impedance. 

To measure the ERL, proceed as tollows: 

1. Leave all sWItch settings as they were at the end of the THL test. 

2. Adjust the ADD dB switch until an on-scale reading is obtained on the meter. For the sample 
termination set, the meter reads 3.5 dB with an ADD dB setting of 40 dB. 

CALCULATING THE RESULTS OF THE ERL TEST: The ERL is calculated bv adding the ADD 
dB SWitch setting to the meter reading, as follows. 

ADD dB 
Meter reading 

ERL 

40 dB 
3.5 dB 

43.5 dB 

MEASURING THE SRL: Two measurements are taken in the SRL test: SRL La and SRL HI. 

SRL La measures the return loss for nOise that represents the low end of the vOice frequency band. This 
nOise has Its power concentrated between 200 and 500 Hz. 

SRL H I measures the return loss for noise that represents the hIgh end of the vOice frequency band. 
from approxImately 2200 and 3400 Hz. 

To measure the SRL, proceed as follows: 

1 Leave all SWitch settings as they were at the end of the E RL test. 

2 To measure SRL La. change the RETURN LOSS TEST TYPE sWItch to SRL LO Adjust the ADD 
dB sWitch until an on-scale reading IS obtaIned on the meter For the sample termination set. 
the meter reads 5.2 dB with the ADD dB sWItch set at 40 dB. 

3 To measure the SRL HI. change the RETURN LOSS TEST TYPE sWItch to SRL HI. For the sample 
termination set. the meter reads 3.0 dB WIth t~e ADD dB SWItch set at 40 dB 

5·7 
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CALCULATING THE RESULTS OF THE SRL TEST: Calculate the results of the SRL test as 
follows: 

SRL LO: 

ADD c;lB ~ 40 dB 
,\!\eter read ing 5.2 dB 

SRL LO 45.2 dB 

SRL HI: 

ADD dB 40 dB 
Meter reading 3.0 dB 

SRL HI 43.0 dB 

The SRl reading to record is the one that gives the lowest return loss, in this case SRL HI. This Indicates 
the frequency band that has the poorest return loss. 

EVALUATING BALANCE TEST RESULTS: The values of ERL and SRL represent a circuit's "safety 
margin" against echo and singing. The higher the values, the less likely the circuit is to suffer echo 
Impairment. 

I n general, longer transmission pathways require higher values for E RL and SRL. This is reflected In 
various Bell System Documents: 

TYPE OF CIRCU IT 

4-Wire Tie Trunk 
2-Wire Short Haul 

Tie Trunk 

ERl 

27 dB 
18 dB 

SRl 

20 dB 
.10 dB 

These objectives are given here for illustrative purposes only. Actual objectives and limits must be 
obtained irom circuit design objectives. 

ADJUSTING BALANCE: Echo is the result of impedance mismatch between the compromise 
network in the hybrid and the 2-wire circuit. 

The Impedance In the compromise network IS us'ually made up of reSistive and capaCitive elements. 
Most hybrids contain internal compromise networks that may be adjusted bv adding or removtng 
Network Build Out Capacitors (NBOC). Depending upon the construction of the hvbrld. the 
adjustments are made by changing a screw-pot setting, changing SWitch settings or changing hard-Wired 
straps. 

There are cases where the impedance mismatch is too great to be compensated for by the internal 
~ BOCs. These cases require the substitution of external compromise networks. 

One type of external network is caJled a Precision Balance Network (PBN); PBNs are commercially 
available. 

In some cases, external networks may be engineered, constructed and installed in-house. Generally, 
these balance networks will employ both resistive and capacitive elements In order to "build out" the 
Impedance. 
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000 
ERMINATION 

TMS 
OSCILLATOR 

TRANSMITTING 
-13 d'Bm AT 1004 Hz 

Answer the following Questions with reference to the above figure. 

,. What is the EMl between A and B? 

2. What is the expected receive level at B? 

3. If a reading of -17.2 dBm is taken at B, what is the AMl deviation? 

4. The follOWing measurements were taken. What IS the slope? 

404 Hz Reference Level = -17.0 dBm 
1004 Hz Reference Level = -17.2 dBm 
2804 Hz Reference Level = - 18.0 dBm 
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RECEIVE 

+7 TLP ----

~ 

-'6 TLP 

TRANSMIT 

Answer the following questions with reference to the above figure: 

5. Calculate the THL that you would expect to see. 

-3 TLP 
--.. 

~ 

+2 TLP 

6. The following readings were recorded with the THL compensated for in the test equipment and 
the circuit properly terminated. What is the ERL? 

~.10 

ADD dB 
Meter reading 

30 dB 
7.5 dB 

7. The following readings were taken. What would you report as the SRL? 

SRL LO: 

SRL HI: 

ADD dB = 30 dB 
Meter reading = 6 dB 

ADD dB = 30 dB 
Meter reading = 9 dB 
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6. 

TALKER --=~ ........ ~. ... 

TALKER ------< <s 
TALKER ~ 

?> LISTENER 

TALKER ECHO 

p .. LISTENER 

LISTENER ECHO 

J;> 
.. 

4 

LISTENER 

SINGING l0813A01.&3 

7. It is a measure of the losses inherent in the 4-wire transmit and receive legs of the hybrtd. 

8. BV matching the impedanc.e of the 4 WTS Balance Network to the impeJance of the 2-wire 
side. 
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APPENDIX A 
ANSWERS TO REVIEW QUESTIONS 

CHAPTER 1 
1 Power and frequency. 

2. Simple harmonic, sine curve. 

3. By the addition of simple harmonic waves. 

4. 0 to 6000 Hz. 

5. 0 to 2000 Hz. 

6. The higher frequencies. 

7 About 300 or 3000 Hz. 

CHAPTER 2 
1 The power that is present in telephone circuits is small. 

2. The dB is a convenient mathematical expression of power ratios. 

3. No. For wide ranges of power. the loss in dB will remain constant. 

4. A loss of one-half of the power. 

5 Ten times the power. 

6. dBm = 10 10g{(Power, measured in mWj\ 
'\ 1 mW i 

7 7 dBm 

8. -13 dBm 

9. dBrn - Reference = dBm 
58-90 = -32 dBm 

10. 42 dBrnC 

11. 0 dBm is defined as 1 mW of power impressed upon a 6000 Impedance at a frequency of 1004 
Hz. 

CHAPTER 3 

1 AML Deviation = - 0.5 dB (less loss). 

2. -0.5 dB at 404 Hz. to +0.2 dB at 2804 Hz. 

3. Equalizers. 

4. By "masking" the deSired Signal or through distracting effects. such as with crosstalk. 

5 SIN = 22 dB. 





CHAPTER 5 
1 -3 dBm 

2. -16dB 

3. +1.2 dB 

4. The slope is +0.8 dB at 2804 Hz, -0.2 at 404 Hz. 

5. Expected THL = 24 dB 

6. ERL = 37.5 dB 

7 SRL = 36 dB, the smaller of the two values. 
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FINAL EXAM 

1. Can outgoing calls be made Over DID trunks? 

2. Calculate the THL that you would expect to see in Figure A? 

3. What are the two supervisory conditions? 

4. How does the PBX signal answer supervision to the CO on DID trunks? 

5. Is the loss (or gain) in a circuit. when expressed in dB. dependent upon the absolute power 
carried bv the circuit? 

6. The following measurements were taken. What is SIN? 

7 Define glare. 

8. Define percent break. 

Noise with tone = 72 dBmC 
C-notched noise = 36 dBrnC 

9 How does the CO respond to a distant-end disconnect on ground start trunks? 

10. If a power measurement of + 8 dBm is taken at the +. 3 TLP. what would the power 
measurement be at the 0 TLP? 

11. If a reading of - 21.9 dB is taken at B. what is the AML deviation? Refer to Figure B. 

12. What IS the function of 4-wire termination sets? 

13 The following measurements were taken. What is the slope? 

404 Hz Reference Level = -11 8 dBm 
1004 Hz Reference Level = -13.0 dBm 
2804 Hz Reference Level = -13.8 dBm 

14 In delav dial operation. what IS the start dialing signal? 

15. What IS the purpose of OPX lines? 

16. Define dBm. 

17 What IS the purpose of CO trunks? 

18. What is the difference between a line circuit and a trunk CirCUit? 

'9 What IS the frequency range of the human voice? 

20. What are two methods of controlled ~ignaling? 

21 In wink start. what IS the start dialing signal? 

22. What is the EML between A and B In Figure B 
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23 The following measurements were taken. What is the AML devlatlon1 

EML = - 3.2 dBm 
AML = - 5.6 dBm 

AML deviation = 

24. The followmg readings were taken. What would you report as the SRL? 

SRL LO: 

ADD dB 
Meter reading 

SRL HI: 
ADD dB 
Meter reading 

20 dB 
2.4 dB 

10 dB 
9.6 dB 

25. Sketch a 4-wire interface with Type I E&M signaling. Show all signaling and transmission 
directions. 

26. What are the electrical states of the tip and ring leads In the idle conditIon in loop start 
operation: 

At the COl 
At the PBX? 

27 What are the phases of a telephone call? 

28. Why must SRL be controlled? 

29. Why IS ground start signaling superior to loop start for sendertzed operatIon? 

30 If the end-to-end nOise objective for a circuit is 27 dBrnCD. what would the maximum 
acceptable reading be at a .,.. 5 TLP1 

31. Which method of controlled outpulsing provides better glare protection? 

32. What are the electrical states of the tIP and nng leads In the Idle condition for ground start. 

At the CO? 
At the PBX? 

33 If a 0 dBm 1004 Hz test tone is applied at the 0 TlP. what would the power measurement be at 
the - 5 TlP? 

34 Why is ground start signaling superior to loop start with respect to CO onglnation? 

35 What is the PBX start dialing signal toward the CO for DID trunks? 

36. What is the transmiSSion bandWidth of telephone CIrcuits? 

37 What type of trunk is used to connect PBXs? 

38. What is the expected receive level at B In Figure B7 

39 Give the transmission directIon conventIons for 4-wire CIrcuits 

40. What are the two outpulsmg methods used In address signaling? 
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26. 
CO 
PBX 

Tip 

ground 
open 

Ring 

battery 
open 

27. OriginatIon. routing, answer supervision, disconnect and clean-up. 

28. To aVOid singing. 

29. Tip ground from the CO provides the PBX with a positive start dialing signal. reduces glare and 
allows the CO. to mform the PBX of a far end disconnect. 

30. 22 dBrnC 

. ~ 31. Wink start . 

32. 
Tip Ring 

CO open battery 
PBX battery open 

33 - 5 oBm 

34 The PBX recognizes the tip ground from the CO as Incoming seized and will not seize the 
cirCUit for an outgoing call. Glare is minimized. 

35. A brief tip-ring reversal. or "wink." 

36. About 300 to 3000 Hz. 

37 Tie trunks. 

'38. -21 dBm 

39 T and R toward facility; T1 and R1 from facility. 

40 Senderlzed and non-senderized. 
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ANSWER KEY TO 
FINAL EXAM 

1. No. DID trunks are one-way incoming. 

2. Expected THL = 20 dB. 

3. On-hook and off-hook. 

4. By reversing the state of the tip and ring leads. The tIP IS connected to battery and the ring IS 

grounded. 

5. No. For wide ranges of power. the loss in dB will remain constant. 

6. SIN = 36 dB. 

7. Glare is the simultaneous seizure of both ends of a trunk. 

Break duration 
8. Percent Break = 100 x Pl' . d uSing perlo 

9. Removes the tip ground. 

10. +5dBm 

11. 0.9 dB (The transmit tone is -15 dBmO.) 

12. To convert from 2-wire to 4-wire transmission. 

13. The slope is -1.2 dB at 404 Hz. + 0.8 dB at 2804 Hz. 

14. The transition from off-hook to on-hook at the ~ar end switch. 

15. To provide the convenience of extension dialing to remotely located telephones. 

16. dBm = 10 log/(Power. measured in mvV)\ 

" 1 mW "/ 

17 To connect private networks to the public switched network. 

18. line circuits are dedicated to a single station set trunk circuits connect switching systems and 
are shared among users. 

19. 0 to 6000 Hz. 

20. Wink start and delay dialing. 

21. An on-hook to off-hook to on-hook "wInk." 

22. -6 dBm 

23. 2.4 dB 

24 SRL = 19.6. the smaller of the two values. 
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