
Rural Electrification Administration 
Telephone Engineering & Construction Manual 

Section 444 
Issue No. 2 
November 1961 

1. 
2. 

3, 

4. 

Reprinted 1/64 
NEGATIVE RESISTANCE AND NEGATIVE Il.fi>EDI\NCE 

VOICE FREQUENCY REFF.ATER:> AND VOICE FREQUENCY 
REPF.ATERED TRUNKS 

CONTENTS 

INTRODUCTION 
GENERAL REPEATER DESIGN CONSIDERATIONS 

Correct Time for Repeater Design 
The Method Used to Compute Repeater Ge.ins 
The Structural Return Loss 
What Factors Determine the Available Repeater Gains 

APPLICATION CONSIDERATIONS 
Cable Gauge Unifom.ity 
Type of Facility Uniformity - Mixed Facilities 
Considerations Involving Existing Cable Plant 
Loading Spacing Deviations 
End Sections 
Building Out Procedures 
The D-66/H-88 Junction Impedance Compensator 
Impedance Compensators at Toll Centers 
Considerations Affecting Repeater Selection 
Use of Series Type Repeaters 
Available Repeater Gain Exceeds Gain Required to Meet 

Objectives 
Repeater Location 
Crosstalk Limitations 
Office Losses 
LBO Losses and Other Considerations 
Structural Return Loss for D-66 Loaded Cables 
Effect of Temperature on Return Loss 
Voice Frequency Extensions 

STEP-BY-STEP REPF.ATER DESIGN PROCEDURES 
Complete Repeater Design Procedure 
Computation of Return Loss 
Use of Application Guides for Computing Available 

Repeater Gain 
Gain Charts II and III as They Apply to Other 

Types of Loading 
COMPARATIVE 'lllEORY OF OPERATION OF 'll!E NEGATIVE RESISTANCE 
AND NEGATIVE IMPEDA.NCE REPF.A 'l'ER 

Page No. 

1 
1 
2 
3 
3 
5' ,, 
5 
5 
1 
8 
8 
8 
8 
8 
9 

11 
11 

11 
12 
13 
13 
14 
14 
15 
16 
16 
18 
20 

21 

21 

Theory of Operation of the Negative Impedance Repeater 21 
Theory of Operation of the Negative Resistance Repeater 22 



6. DESCRIPTION AND FUNCTION OF VARIOUS NEGATIVE RESISTANCE 
REPEATER COMPONENTS 

The Coupling Transformer 
The Converter Unit 
The Complete LBO Unit 
The "Dummy" LBO 

7 . MAJOR CHARACTERISTICS OF NEGATIVE RESISTANCE REPEATERS 
8. TRANSMISSION MEASUREMENTS 
9. APPLICATION GUIDE I - UNIFORM GAUGE LOADED CABLES 

10. APPLICATION GUIDE II - MIXED GAUGE LOADED CABLES 
11. APPLICATION GUIDE III - MIXED FACILITIES 
12 •. APPLICATION GUIDE IV - VOICE FREQUENCY EXTENSIONS 

List of Figures 
Figure 1. Magnitude of Mid-Section Impedance and Compensated 

Characteristic Impedance of Exchange Type 22-H-88 

Page No. 

24 

24 
25 
25 
26 
26. 
27 
29 
38 
43 
49 

Cable 57 
Figure 2. Variation of Characteristic Impedance of 24-H-88 

Figure 3. 

Figure 4. 
Figure 5. 
Figure 6. 
Figure 7. 
Figure 8. 

Loaded Cable with Frequency and for Various 
End-Sections 58 

Component Configuration and Terminal Lug 
Arrangement for an E2 Repeater 

Simplified Schematic of Negative Impedance Repeater 
Simplified Schematic of Negative Resistance Repeater 
LBO Configuration 
Use of Impedance Compensator at Toll Center 
Block Diagram of a Trunk Operating on a Voice 

Frequency Extension 

59 
60 
61 
62 
63 

64 

Tables and Gain Charts Needed for Repeater Design 
TABLE I - Via Net Loss Factors for Typical Telephone Facilities 65 
TABLE II - Attenuation Information at 1000 cps and 68°F 65 
TABLE III - Reflection Loss Information 66 
TABLE IV - Structural Return Loss Information 66 
TABLE V - LBO Loss Information for E6 Type Repeaters 67 
TABLE VI - Crosstalk Limitations for Terminal Repeaters 67 

CHART I 
CHART II 
CHART III 

- Combination of 'Return Losses on Energy Summation Basis 68 
- Maximum Usable Gain of Negative Resistance Repeater 69 
- Maximum Usable Gain of Negative Impedance Repeater 70 

(Series-Shunt) 



REA TE & CM-444 

1. INTRODUCTION 

1.01 

1.02 

This section is intended to provide REA borrowers, consulting 
engineers, contractors and other interested parties with techni
cal information for use in the design and construction of REA 
borrowers' telephone systems. It discusses in particular the 
design of loaded two-wire trunks intended for negative resistance/ 
impedance type voice frequency repeater applications. The engi-

neering of hybrid type repeaters (V type) is not discussed in 
this section. 

Specifically, this issue discusses the engineering co~siderations 
involved when designing loaded trunks on which E-6 1 (negative 
resistance) type or E-23 2 (negative impedance) type repeaters will 
operate and provides step-by-step engineering procedures for 
dealing with the following applications: 

a. Uniform gauge cables. 
b. Mixed gauge cables. 
c, Mixed facilities. 
d. Voice frequency extensions of carrier 

or radio systems. 

l.02l In addition to the design procedures mentioned above, 
this section also discusses: 

a. The theory of operation of negative resistance 
and negative impedance repeaters. 

b. The type of measurements normally made on loaded 
repeatered trunks and the forms used for recording 
data. 

2. GENERAL REPEATER DESIGN CONSIDERATIONS 

2.01 Correct Time for Repeater Design 

The correct time for carrying out the desigr. of trunk circuits 
over which voice frequency repeaters will operate (repeater design) 
is early in the ACD stage. During this time it must be determined 
that applicable transmission objectives will be met. The method 
for determining this becomes relatively easy since one of the 
distinguishing characteristics of negative resistance/impedance 

1Hereinafter the term "negative resistance" repeater will be used to 
denote a voice frequency repeater having performance characteristics com
parable to the Western Electric E-6 Negative Resistance Repeater. 

2Hereinafter the term "negative impedance" repeater will be used to 
denote a voice frequency repeater having performance characteristics com
parable to the Western Electric E-23 Negative Impedance Repeater. 
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repeaters is that their gain capabilities can be determined 
accurately well in advance. Adherence to the good practice of 
designing the repeaters during the ACD stage helps to eliminate 
many conflicts which may otherwise arise and which become difficult 
to resolve. 

2.02 The Method Used to Compute Repeater Gains 

2.021 The principle that a repeatered circuit must be designed 
so that singing will not take place in the idle condition 
even without the use of idle line circuit terminations, 
gain disablers, or other means constitutes the method of 
repeater design in this section. This method is known as 
the stability design method and is the safest as well as 
the simplest method for engineering loaded repeatered 
trun.ks. Though this method limits somewhat the available 
repeater gain it does provide a degree of stability in 
the talking condition which is usually more than suffi
cient to prevent echo and near-singing effectso This 
design method also insures that circuit stability is main
tained during dialing, ringing and other conditions. 

2~022 A repeatered circuit, thus designed, can be described as 
being passive inasmuch as it will not sing when connected 
to other passive lines, low loss trun.ks or low impedance 
terminations. In addition, such a repeatered circuit will 
remain stable (it will not sing or tend to sing) even when 
the following terminations are placed at each end of the 
repeatered tru..~k: 

I.Deal Office 

Open circuit 
Open circuit 
Short circuit 
Short circuit 

I.Deal or Toll Office 

Open circuit 
Short circuit 
Open circuit 
Short circuit 

2,023 The "Central Office Equipment Contract," REA Form 525, 
revised February 1961, paragraph 1.085 states: "Idle 
circuit terminations shall be provided on interoffice 
trunks•equipped for E and M signaling and •••• " An excep
tion to the above is ~o loaded trunks on which negative 
resistance/impedance repeaters will operate. This is be
cause such ioaded repeatered trW1ks do not require idle 
line circuit terminations to insure circuit stability. 
If idle line circuit terminations are nevertheless pro
vided for this type of trunk, they should not be used in 
the repeater design for the purpose of obtaining addi
tional repeater gain over and above the gain provided by 
the stability design method of paragraph 2.021. 
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2.024 Repeater design methods which use idle line circuit termina
tions, gain disablers or other means for the purpose of 
obtaining additional repeater gain over and above the gain 
provided by the stability design method of paragraph 2.021 
are not recommended for use in REA borrowers' plant. 

2,03 The Structural Return wss 

2.031 Structural return loss is a measure of the excellence of a 
completed (in-place) loaded cable as regards its impedance 
uniformity. Since it is not practicable to manufacture 
cables in which all cable pairs and all cable reels have 
precisely the same mutual capacitance per unit length, 
loading coils having precisely the same inductance or spaced 
at precisely the same intervals, itisnecessary to know the 
degree by which the above factors depart from their ideal 
values. Structural return loss takes into account the small 
variations in the loading coils and cables as manufactured, 
the accuracy of' load coil spacing and the care and methods 
with which the cable is installed. In general, it is due 
wholly to the above variations which may occur in any random 
manner along the line• Structural return loss is expressed 
in db; the higher the structural return loss the better. 

2,032 Structural return loss values· published herein have been 
arrived at on the basis of maximum deviations in cable 
mutual capacitance load coil inductance and load coil spac
ing. These limits on deviations are set forth in PE-22, 
-23, -25, and in REA TE & CM-431, "Voice Frequency wading 
for Trunk Cables,rt respectively. REA TE & CM-445, "How to 
Make Structural Return wss Measurements," provides step-by
step procedures for measuring the actual structural return 
loss of loaded cables. 

2.04 What Factors Determine the Available Repeater Gain 

2.041 The basic factor which controls the amount of repeater gain 
available to a loaded cable is not the repeater itself but 
rather the return loss (the cable attenuation combined on a 
power summation basis as described in paragraph 4.02) of the 
cabl~ plant over which the repeater is designed to operate, 
referred to the repeater location. Repeater gain cannot be 
introduced arbitrarily in a loaded circuit for the purpose 
of achieving transmission objectives without due considera
tion to the line section return loss. Computations will be 
necessary for each particular application for arriving at 
the answer. Once the basic concept is understooo. a firm 
foundation is established for correct repeater application. 

- 3 -
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2.042 Each type of repeater has a maximum gain associated with 
it. For example, the negative impedance type is rated at 
a maximum gain of 9.8 db while the negative resistance type 
is rated at 13.0 db. These values however should not be 
co~fused with available repeater gain. The maximum repeater 
gain is associated with maximum capability much the same way 
a maximum gain is associated with any amplifier. Available 
repeater gain refers to that amount of repeater gain for a 
given repeater location which can actually be applied to the 
loaded cable trunk in question strictly from considerations 
of its return loss. Stated in another way, available repeater 
gain is that gain which the actual return losses of the loaded 
cable pair in question will safely sustain, and for which the 
repeater should be set. For practically all applications the 
available repeater gain is well below maximum repeater gain 
capabilities; however, there may be some cases where the cable 
return loss allows for the repeater to be set (available gain) 
near or at its maximum gain settings. 

2.043 In addition to the return loss considerations outlined in the 
above paragraphs, crosstalk is also a factor that controls 
the maximum gain at which a repeater can operateo This is 
usually in the form of a repeater gain limit and mainly it 
affects terminal repeaters when located at the local office 
where co"'.lrlection is-made to the subscriber.loops. These 
limits are discussed in paragraph 3.14. 

2.0431 Though noise is also of concern in a loaded repeat
ered trunk it is not one of the design factors. 
considered in this section. This is because in the 
repeater itself noise is controlled by proper design 
and in the cable plant it is dealt with by proper 
application and maintenance procedures treated in 
other sections of the engineering manual. 

2.044 In summary then, a repeatered trunk design consists of 
finding: 

a. What is the return loss of the loaded plant for 
the given application. 

b o11 What repeater gain this return loss permits. 
c. Verificatio~ that the available repeater gain 

as obtained in step (b) above does not exceed 
the crosstalk limitation. 

The step-by-step procedure of how this is arrived at is 
discussed in paragraph 4.01. 

- 4 -
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3. APPLICATION CONSIDERATIONS 

3.01 When designing loaded trunks intended for voice frequency repeater 
application, full consideration should be given to each of the 
factors outlined below as they are applicable to each individual 
situation, to insure proper cable facility-repeater coordination 
and thus assure proper repeatered circuit operation. 

3.02 Cable Gauge Uniformity 

3.021 The basic application function of the negative resistance/ 
impedance repeater is to loaded cables. How successful the 
application becomes depends in turn on the impedance regu
larity of the loaded cable over which repeaters will operate. 
When designing trunks over which repeaters are intended to 
operate every effort sho'..lld be made to insure this impedance 
uniformity for the entire trunk. 

3. 022 The importance of cable gauge uniformity in a loaded tru.'1.k 
cannot be overemphasized. From the standpoint of optimum 
repeater and circuit performance, providing uniform gauge 
facilities should be at all times the primary objective. 
For new applications, this objective will be more easily 
attainable. Mixing cable gauges in the same trunk group 
should be avoided to the extent possible. Where this is 
not practicable, the number of dissimilar gauges should 
be held to a minimum, possibly not exceeding t;wo, and 
should be in sequence. For example, layouts having 19 
gauge, fo'llowed by 22 gauge, followed by 19 gauge, fol
lowed by 22 gauge, etc., should be avoided. 

3. 023 Further, gauge II skipping, ,r is not a recommended practice. 
If there is no alternative to providing a uniform gauge, 
the next best approach would be to provide two consecutive 
gauges such as 19 and 22 gauge or 22 and 24 gauge but not 
24 and 19 gauge. The exception to this rule would be where 
short entrance cables have to be provided. 

3,024 Step-by-step computation procedures are provided in this 
section for uniform as well as mixed gauge cable as shown 
in "Application Guides" I and II respectively. 

3.03 Type of Uniformity - Mixed Facilities 

3.031 layouts involving loaded cable and open wire in various 
conftgurations intended for negative resistance/impedance 
repeaters should be avoided. The impedance of such a lay-
out is at best very difficult to determine and in order to 
know its actual characteristics measurements may be necessary. 

- 5 -
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In addition, there is no standard strapping information 
available for negative resistance/impedance type repeaters 
designed to operate over such layouts. Therefore, knowing 
in advance whether transmission objectives and frequency 
response characteristics will not always be possible and, 
in addition, strapping the repeater to this type of facility 
is at best a cut-and-try process and will probably lead to 
a compromise performance. 

3.032 Again every effort should be made to avoid layouts of this 
type. W'nere good reasons render this plan impossible, 
layouts of this type are best dealt with by means of hybrid 
type repeaters (since provision for various strapping 
arrangements can be made in their balancing networks) or 
by engineering these trunks for open wire or cable carrier. 

3.033 In this type of layout it is possible to use the loaded 
cable portion of the mixed facility if it is adjacent to 
a repeater to provide a limited repeater gain. Should 
such a limited gain be adequate, step-by-step pi·ocedures 
are shown in "Application Guide" III. Several examples 
are also shown for accomplishing this. 

3.034 The overwhelming majority of applications involving voice 
frequency repeaters will be in trunk cables which are 
loaded. Other layouts, however, may arise whose con
figuration is predominantly: 

a. waded and non-loaded cables. 

b. Open wire with incidental entrance cables where 
carrier systems may or may not be superimposed. 

Application of repeaters on trunks composed of a combi
nation of loaded and no~-loaded cable should be avoided. 
The procedure should be to load the non-loaded portion 
of the trunk to the same type of loading system (assuming 
the nominal mutual capacitance of the two to be' the same) 
as the loaded portion and then apply repeaters if required 
according to paragraphs 3,022 and 3.023. Similarly, where 
cables exist that are non-loaded in their entirety, load
ing should be applied before repeater application. Item 
(b) above normally calls for hybrid type repeater appli
cation. If, in addition, a voice channel is provided by 
the physical circuit associated with a carrier-derived 
system, it will be necessary to provide the hybrid repeater 
of the physical circuit with the line treatment (line 
filters, etc.,) of the same type as the carrier system 
superimposed-on it. 

- 6 -
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3.035 Facility layouts which contain a mixture of loaded cflble, 
non-loaded cable, open wire conductors, rural distribution 
wires, etc., render the engineering of the repeater complex 
since the resulting impedance is a nonstandard one • .Appli
cation of repeaters to such layouts is not readily predict
able and should be avoided. 

3.036 Repeaters should not be used on loaded trunks consisting 
wholly or partially of the former type rural distribution 
wire. Sufficient experience on the Figure 8 type di1;1tri
bution wire from the repeater application standpoint has 
not yet been gained. Recommendations for repeater use 
for this newer wire will be made once its long term char
acteristics for transmission have been analyzed. 

3.04 Considerations Involving Existing Cable Plant 

3.041 Existing-cable plant which, under former design criteria, 
met objectives by loading the cable may in the future 
require the application of repeaters in order to meet the 
improved transmission objectives. In order to insure 
the realization of this objective it is necessary that 
the impedance regularity characteristics of the existing 
plant also be suitable to repeater apPlication. Existing 
plant which is known to contain or is measured and found 
to qontain major irregularities shoold have these irregu
larities corrected prior to repeater application. This 
will insure stable long term circuit operation. On the 
other hand, application of repeaters on P,lant known to 
contain irregularities or designed on this basis will no~ 
help cure the basic fault and will result in compounding 
maladjustments. It is highly important therefore that the 
causes of irregularities and not just the symptoms be 
cured.. 

3,042 A required procedure for determining that existing plant 
is suitable for repeater application is to determine its 
1000 cps attenuation and structural return loss at the 
critical frequency. The 1000 cps attenuation should be 
measured in accordance with Figure 2 or 3 or REA TE & 
CM-4o8, "Facility Requirements for Voice Frequency Repea.t
ered Trunks", latest issue, and the structural return loss 
at the critical frequency with REA TE & CM-445, la.test 
issue. If the results of the measurements indicate random 
variations onJ.y, facility suitability to repeater applica
tion has been assured. If major irregularities are indi
cated, the detection and location procedures of REA TE & 
CM-4o8 will have to be applied for correcting these 
irregularities prior to repeater insta.lla.tion. 

- 7 -



REA TE & CM-444 

3.05 wading Spacing Deviations 

3.051 The increasing application as well as the successful 
operation of voice repeaters to exchange trWlk plant 
requires attention to the design and uniformity of 
load spacing. These factors are discussed in detail 
in REA TE & CM-431. 

3.06 End Sections 

3.061 The considerations pertaining to the length of end 
sections are discussed fully in REA TE & CM-431. 

3.07 Building-Out Procedures 

3.071 Capacitance building-out (referred to as CBO) as applied 
to loaded cables offers a means of improving the trans
mission irregularity resulting from loading sections 
which depart from standard lengths. REA TE & CM-431 
discusses in detail these capacitance building-out 
procedures. When using building-out capacitors for 
plant of REA borrowers, these capacitors should be 
specified in accordance with PE-30, "Specification for 
Building-Out Capacitors", latest issue. 

3.08 The D-66/H-88 Junction Impedance Compens~tor 

3.081 Where repeaters are to operate over D-66 and H-88 loaded 
cables in the same circuit, an impedance compensator will 
be required at their junction. ~nis impedance compensator 
is known as a "D-66/H88 Junction Compensator" and its 
function is to minimize the reflection loss at the junction 
produced by the two types of loading systems. The compo
nent parts of this compensator and how they are arrived at 
for each particular application are discussed in REA TE 
& CM-431, PE-31 is the applicable specification pertain
ing to the transmission, protection and physical character
istics of the completed assembly and should be used when 
ordering the compensators. 

3.09 Impedance Compensators at Toll Centers 

3.091 Intertoll trWlk:s which are terminated at the toll center 
(Class 4 office) at VNL db on the two-wire switches require 
for proper transmission performance the use of :Lm edance 
compensators on loaded cable toll connecting trunks VNL + 2) 
with cutoff frequencies equal to or lower than H-88 3500 cps). 
The theory of operation and the makeup of the impedance'com
pensator are discussed in REA TE & CM-408 and in "Notes on 
Distance Dialing," A'r&T Company, 1961. 

- 8 -
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Though different names are given to the impedance compen
sator depending on the particular application, the theory 
of operation is nevertheless the same in all cases. 

3.092 To bring forth the role of the impedance compensator refer
ence should be made to Figure 7 which illustrates the 
manner of interconnection at the toll center, the intertoll 
(four-wire, VNL) trunk and the direct-toll connecting 
(two-wire VNL + 2) trunk through a hybrid. The table 
below in conjunction with Figure 7 illustrates the tra...~a
miasion improvement gained by the use of the impedance 
compensator on the toll connecting trunk as reflected by 
the increase in the return loss of the 900 + 2 µf com
promise network and the compensated two-wire loaded toll 
connecting trunk. A 22-H-88 loaded trunk is used as an 
illustration. 

0.5 End Section Impedance Compensated 

FreSl,uenci Im;,eedance Return loss Impedance Return Loss 

300 1230 16 1212 17 
500 1090 19 1072 21 

1000 1050 21 1004 25 
2000 1196 17 1005 23 
3000 1877 9 902 25 

3.093 It should not be in:f'erred that use of the impedance 
compensator will correct poor structural return losses of 
a trunk. For trunks containing irregularities, the con
siderations of paragraph 3.04 are fully applicable. 

3.10 Considerations Affecting Repeater Selection 

3.101 Both the negative impedance and the negative resistance 
repeaters are adaptable to loaded trunk application. The 
negative resistance type however is inherently capable of 
more gain for a given· return loss and will generally provide 
improved performance over the negative impedance for the 
same application. Trunks using negative resistance type 
repeaters can usually be operated at up to 2 db lower net 
losses than trunks equipped with negative impedance types, 
the actual amount depending on the total line return loss 
and repeater location. Thia lower net circuit loss can be 
obtained with equal or improved return losses at the end of 
the trunks. For toll connecting trunks of VNL + 2 applica- • 
tion, this additional gain in many instances becomes a 
sig~ificant design factor especially in the longer lengths 
of trunks usually found in BEA borrowers' systems. other 
characteristics of the negative resistance type are: 

- 9 -
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a. Improved overall circuit performance, since the 
repeaters are placed into service on the basis of 
in-plant return loss measurements thereby optimizing 
the performance of each cable pair to its respective 
repeater. 

b. Greater number of repeater gain steps are available 
thus increasing the possibility of operating nearer 
the required transmission objectives. 

c. Improved method for setting repeaters at the desired 
gain (by eliminating strapping) contributes toward 
simpler placement and maintenance procedures. 

3.102 The higher gains of the negative resistance type repeater 
are made possible through the improved matching now possible 
between the line-building-out (LB0) component of the repeat
er (known as gain-unit). Changes in gain, in the negative 
resistance type repeater are affected by simple adjustment 
of variable resistors only as contrasted to the complex 
impedance networks in the negative impedance type repeaters 
which are required for adjustment of both gain and impedance 
match. Stated in another way, much of the improved perform
iirice"of the negative resistance type can be attributed to 
the range and precision of adjustment available in the LB0 
networks and that the impedance of the repeater converter 
itself is essentially constant with gain setting (900 ohms 
in series with approximately 2 microfarads). 

3.103 For EAS applications sufficient gain will usually be 
realized from the application of either negative resistance 
or impedance repeaters to ~eet the transmission objectives 
for the same facility and repeater configuration, though ' 
the application of the negative resistance type will always 
result in a lower net circuit loss. In other cases a nega
tive resistance ty-pe at one location only mav be ca~able 
of meeting the transmission objective, where with negative imped
ance repeaters at~ locations may be required to accomplish 
this. In addition, toll connecting trunks due to their 
more stringent transmission requirements invariably demand 
higher gains in order to meet object~ves. Where this is 
the case the added gain of the negative resistance type 
should be an important consideration. A last consideration 
concerns circuit capability towards increased transmission 
performance. For example, should it become necessary to 
lower net circuit losses by improved transmission objectives 
or other special considerations and the return loss of the 
plant could be improved, the added gain of the negative 
resistance type would make this objective more readily 
realizable. 

- 10 -
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3.11 Use of Series Type Repeaters 

3.111 Under former transmission objectives the use of the series 
type repeater only was limited to those applications where 
echo considerations were not the controlling factor and in 
addition where a limited amount of gain was sufficient to 
meet transmission objectives. For these reasons the series 
type repeater found use in EAS applications but not on toll 
connecting trunks. Due to the lower net losses which EAS 
trunks are presently required to operate, the use of the 
series unit of the negative impedance or resistance repeater 
is no longer recommended. For these applications both the 
series and the shunt unit of either the negative resistance 
or impedance repeater should be used. 

3.12 Available Repeater Gain Exceeds Gain Required to Meet Objectives 

3.121 In some instances, depending o~ the cable layout, the total 
return loss referred to repeater location will be such that 
it will allow the repeater or repeaters to provide an avail
able gafn greater than that required to meet transmission 
objectives, In such cases the following should be kept in 
mind. 

a. For EAS trunk applications this added gain can be 
taken advantage of by setting the repeater(s) at 
these higher gains 8.l;ld thus resulting in a lower net 
circuit loss, 

b, For VNL + 2 toll connecting trunks set or strap the 
repeater only for the gain required to meet the VNL + 
2 db transmission objectives, but not lower. 

3.13 Repeater Location 

3.131 From the standpoin~ of deriving the maximum possible 
available repeater gain and still provide optimum circuit 
return loss performance the most desirable repeater loca
tion is at or near the electrical mid-point of the facility 
where this is possible. If the resulting gain is not suf
ficient an additional repeater location will be necessary; 
where an intermed:Late location :l.s not available two termi
nal locations may have to be considered. 

3,132 In general, since increasing the number of repeaters by 
two does not generally increase the total repeater gain 
by the same ratio and since no rigid rules can be given 
pertaining to all situations, it is the characteristics 
of the individual layout which will determine where to 
place the repeaters and how many repeater locations will 
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be required. At all t:iJTles the designer should determine 
for the particular application the optimum combination of 
repeater locations which use the minimum number of repeat
ers to ~eet applicable transmission objectives. In order 
to arrive at the repeater configuration best suited to 
the given application, several repeater layout configura
tions will have to be computed during the design stage 
and the optimum one selected. 

3.133 Better return losses are obtained in most instances by 
locating the negative impedanc·e/resistance repeaters 
away from the toll center (Class 4 office), preferably 
at the Class 5 office or at an intermediate point, if 
available. Where the connecting company will furnish 
repeaters at the toll center or other location it is 
important that the type of repeater, the repeater gain 
and the cable layout be known to the designer so that 
the overall repeater design can proceed on a coordinated 
basis. 

3.134 There will be no transmission advantage in using two 
repeaters in the same link, in tandem, rather than a single 
repeater 'in the same location. This condition however 
may occur in tandem co:':lrlections when two links each 
equipped with terminal repeate1·s are switched together. 
In such cases, the resulting total repeater gain will 
be the sum of the individual repeater gains in the 
switched connection. There is an advantage however 
where tandeming is involved, to locate all repeaters in 
the same location for ease of maintenance. 

3.14 Crosstalk Limitations 

3.141 From the croastalk standpoint the most severe location 
of repeaters is at the end of a trilll.k where access is 
made to subscriber loops, that is, at the local office 
end of a toll connecting trilll.k or at either end of a 
direct EAS trunk. The gains of such terminal repeaters 
should not exceed the gains shown below so that a cross
talk index of good should be realized; 

Type of wading 

D-66 
H-88 
D-88 

Terminal Repeater - db 

7 objective 
7 II 

6 

8 maximum 
8 II 

For intermediate repeaters the gains shown in the above 
tabulation may be increased by the amount of the trunk 
loss between the repeater location and the trunk end 
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connecting to the subscriber loop. In all calculations 
involving terminal repeaters, reference should be made 
to the above tabulation to see that the given gains are 
not exceeded. 

3.15 Office losses 

The transmission losses with which the term'bffice loss' is asso
ciated are contributed mainly by: a) the repeating coil in 
the trunk circuit, b) the wiring and capacitance of the trunk 
circuit, and c) office wiring. A representative value for 
office losses is 0.5 to o.6 db at 1000 cps for equipment 
supplied to REA borrowers and this value is used for repeater 
design. In toll center locations where extensive office wiring 
or older type repeating coils may still be in use, office losses 
may be higher. Since these losses are a part of the overall 
loss of a talking connection, the exact value of the office loss 
must be known and accounted for in the repeater design. The 
particular value of office loss for the office in question 
should be obtained from the connecting company during the time 
the repeater·design is carried out. 

3.16 Line Building-Out (LBO) losses and Other Considerations 

3.161 Paragraph 6.04 discusses the number of components which 
a complete line building-out network (LBO) contains for 
building out a natural end section to approximately a 
full loading section. The loss of the LBO network varies 
with the amount of building-out resistance (BOR) used; 
the greater the amount of the end section being built 
out with BOR the greater this loss will be. The BOR 
loss however although additive to the line loss does 
not have any significant effect o~ the final net circuit 
loss. This is because the return loss which the BOR 
presents to the repeater increases at a faster rate 
than the insertion loss it introduces, producing more 
repeater gain which overcomes the BOR insertion loss. 
For this reason, the BOR loss of the LBO need not be 
considered in the repeater computations. 

3.1611 When placing the repeater in service, BOR must 
be used in order to maximize the circuit return 
loss. This is necessary with increasing need as 
the cable gauge decreases. For example, it is 
required for 22- and 24-gauge cables but if used 
for 19 gauge it will not produce marked return 
loss improvement. 

3.162 As outlined in REA TE & CM-431, the natural end section 
(the end section of the physical cable plant) of each 
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trunk portion connecting to a repeater shouJ.d be 0.5 
by design and within o.4 to o.6 (of e. full loading 
section) when staked and built. For the purpose of 
calculating the d-c resistance of the trunk which must 
be known for signaling, each natural end section can be 
considered to be 0.5 withthe remaining 0.5 assumed to 
be built-out by the BOR; there~ore, the B0R will con
tribute approximately 100 ohms for 22 gauge and 155 ohms 

·for 24 gauge cable pairs which must be added to the 
other d-c resistances making up the trunk. 

3.163 Because of the presence of the LBO networks in the nega
tive resistance repeater and the insertion loss which 
these networks add to the line loss, the concept of 
repeater gain is somewhat different fro~ that of the 
negative impedance in that the LBO loss is included with 
the line loss. For this reason, the term gain-unit gain 
is applied to the insertion gain of the negative resist
ance repeater(shown in Gain Chart II), which is the 
insertion gain of the repeater gain unit itself when 
operating between 900 ohm and 2 mfd impedances. Stated 
another way, gain-unit gain is the repeater gain before 
recovery of the LBO loss; if the LB0 loss is subtracted, 
the conventional definition of repeater gain is obtained. 

3.17 Structural Return IDss for D-66 waded Cable 

3,171 The structural return loss for cables furnished under 
applicable REA specifications and built in accordance 
with applicable REA practices is shown in Table IV. 
The 19 and 16 db values shown for 22 and 19 gauge 
respectively D-66 loaded cables (66 mh loading coils 
spaced at 4,500 foot intervals and having 2,250 foot 
nominal end sections) are minimum values. The structural 
return loss of D-66 loaded cables is inherently higher 
than those of H-88 loaded cables having the same gauge. 
However, until such time as the new values become avail
able, the values shown in Table IV may be used with good 
results. 

3.172 Where the co~ecting company furnishes the facilities for 
a portion of the trunk route, it is necessary that the 
structural return loss value for their portion be known 
in advance so that the overall design can be coordinated 
during the repeater design stage. 

3.18 Effect of Temperature on Return IDss 

3.181 Cable attenuation varies with temperature. When repeaters 
are used, singing will be most likely to occur when the 
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cable temperature is the lowest because the attenuation 
is the lowest and consequently the return loss is the 
lowest. 

For buried cables where maximum outdoor temperature 
variation produces but a nominal change in the cable 
temperature, the published values of attenuatio~ 
in Table II at 68°F may be used. 

For aerial cables the cable tempera.ture follows more 
closely the outdoor temperature. For this reason, 
in areas where o°F temperature may be expected to be 
the rule during winter periods, the attenuation values 
of Table II should be reduced by about eight percent 
when carrying out the repeater design. 

3.19 Voice Frequency Extensions 

3.191 Voice frequency extensions are that portion of an overall 
trunk consisting of carrier or radio-derived facilities 
and a voice circuit without switching occurring at the 
point of interconnection. (See Figure 8.) A 4-wire 
terminating set is provided at the location where the 
carrier or radio system is translated to a voice fre
quency basis. To the proper terminals of the 4-wire 
terminating set are connected the "transmit" and "receive" 
legs of the carrier, the "loaded cable" which serves as 
the voice frequency extension and the "precision bal
ancing network" for the loading system used. (For a 
detailed descriptio;n of the 4-wire te:!'Illinating set or 
hybrid, refer to REA TE & CM-445, paragraph 5.) When 
the trunk is operated in this manner, so that no switch
ing takes place at the location where the 4-wire terminat
ing set is located, the carrier derived portion of the 
trW1k is capable of operating at a net gain. That is for 
a given voice frequency power input (say zero dbm at 1000 
cps) to the carrier input terminals at office A, more 
power will be obtained (possibly as much as 3.0 dbat 
1000 cps) on the 2-wire end of the carrier terminal at 
office B. This net gain is made possible as a direct 
result of the following: 

a. No switching takes place at office B (that is, the 
entire trWlk is a direct trunk), and 

b. The precision balancing network impedance matches 
the loaded vf extension. The resulting net gain 
under thls condition can be used to make up some of 
the transmission losses in theJoaded vf extension, 
or it can supplement the gain of a voice frequency 
repeater located at an intermediate or terminal 
location ___ but not adjacent to the 4-wire terminating 
set at office B, 
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3.192 The vf extension mode of transmission operation is not 
exclusive to one side of a carrier system; vf extensions 
can be operated at both ends of the carrier system. 
Whether vf extensionsare applied to one or both sides 
of the carrier system the considerations of paragraph 
3.191 apply. In most carrier or radio syst~"llB, connected 
as voice frequency extensions, the maximum two-wire drop 
to two-wire drop net gain which the equipment can provide 
is limited to approximately 3.5 db from maximum power 
output, distortion and other considerations. In any case, 
where the carrier derived portion is furnished by the 
connecting company it is required that they state in 
advance the two-wire drop to two-wire drop net 1000 cps 
vf gain at which they intend to operate the carrier for 
the application under consideration so that it can be 
considered when carrying out the complete repeater 
design as discussed in Application Guide r:v. In other 
cases the seller of the carrier system should provide 
this information on the basis of the layout information 
of each particular application. 

3.193 When engineer~ng trunks operating as vf extensions, the 
entire trunk should be taken into consideration. For 
example, for toll connecting trunks the VNL+-2 objective 
applies to the vf plus the carrier derived portion. 
Coordination between all parties involved for designing 
and fl.U'nishing the carrier equipment, the vf repeater 
equipment, the 4-wire terminating set equipment, the 
precision balancing network and signaling equipment is 
essential in order to derive proper circuit performance. 
The stability considerations outlined in this section 
are applicable in the design of trunks operating as vf 
extensions. 

3.194 Where switching takes place at the intermediate office, 
operation at a net gain is no longer possible. In 
switched type of operatic~ the precision balancing net
work must be replaced with a compromise type network 
(600 or 900 ohms in series with 2 microfarads). 

4. STEP BY STEP REPEATER DESIGN PROCEDURES 

4.01 Complete Repeater Design Procedure 

The fundamental procedure for carrying out the complete repeater 
design for the cable layout under consideration and for a specific 
repeater configuration is as.follows: 

4.011 Prepare a sketch. of the complete circuit layout of the 
entire trunk (all cable gauges, length of each, type of 
loading, end sections, capacitance building-Qut i'f per
formed at locations other than in the repeater itself, 
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the D-66/H-88 junction impedance coinpensator, if applica
ble, and the structural return loss, etc. If a connecting 
company is involved, the same information will be required 
of the connecting company and the pronosed repeater(s) 
location(s). (If a connecting company is involved, the 
type of repeater(s) used and the repeater(s) location(s) 
is required. ) 

4.012 Calculate the transmission ob,jective for the type of 
service which the trunk group will provide, from the 
information given in paragraph 4.0ll. This is the net 
circuit loss at which the trunk group under consideration 
is to be operated. 

a. For toll connecting trunks the objective is VNLt-2 db. 
This is obtained by multiplying the VNL factor for 
the type of facility involved (see Table I) by the 
length of each type facility in miles, To this is 
added a fixed 2.0 db plus a 0.4 db for maintenance. 
Mathematically this can be expressed: 

VNL + 2 = Length of facility (miles) x VNL db/m:L.+_2.4 

b. For intrasystem EAS trunks, the objective will be 
found in REA TE & CM-415, "Transmission Objectives," 
latest issue. 

c. For other special applications use the transmission 
objective in db, as required. 

4.013 Compute Total Non-Repeatered 1000 cps Circuit Loss 

This is accomplished as follows: 

Total non-repeatered circuit lossz (1000 cps) in db 

= Length (KF or Mi) x attenuation (db)/KF or db/mi 
for each different type facility 

+ Reflection losses (if any) 
+ C.O. losses 
+ LBO losses (for negative resistance repeaters) 

The attenu4tion information is shown in Table II. 
The reflection loss information is shown in Table III. 
The LBO loss information is shown in Table V. 
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4.014 Compute the total required repeater gain as follows: 

4.015 

4.016 

4.017 

4.018 

4.019 

Total Non-Repeatered Circuit loss (Par. 4.013) 
Minus 
The Transmission Objective (Par. 4.012) 

Compute the return loss which the repeater sees at each 
point where a repeater is located. This islrnown as 
"referring the return loss to the repeater location" 
and is the primary purpose of the computation. The 
step-by-step procedure of how this is accomplished is 
shown in paragraph 4.02. 

Enter the losses obtained in paragraph 4.015 in the 
Gain Charts I or II, as applicable, to obtain the 
available repeater gain. This is the maximum gain at 
which the repeater can be safely set. 

Check the available repeater gain(s) obtained in para
graph 4.016 with those of Table VI, to see that the 

, crosstalk limitations are not exceeded. 

Check to see that the sum of all available repeater 
gains as obtained by the step of paragraph 4.016 meet 
the required transmission objective of paragraph 4.012. 

In summary: the task of the repeater designer is, that 
for the cable layout under consideration, the designer 
should consider a number of repeater configurations 
which, when computed in accordance with paragraphs 4.014 
to 4.017, yield sufficient available gain to meet the 
objectives of paragraph 4.012. When several repeater 
configurations will meet the objectives, the optimum 
repeater configuration should be sele~ted. A desirable 
objective during this repeater design phase is for the 
total available repeater gain to be not less than 0.5 db 
from the total required. 

4.02 Computation of Return loss 

4.021 One Terminal Repeater 

a. The attenuation (plus LBO loss if negative resistance 
repeater is used) of the cable section length under 
consideration is computed from the attenuation infor
mation of Table II. Central office losses are not 
included. 
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The terminal return loss f'l.t the end ::>f the furthermost 
cable from the repeater is taken as zero db. 

The zero db terminal ret 1-1:0 n loss of step (b) above is 
referred to the repeater location by adding to it~ 
the attenuation of step (a) above combined with the 
structural return 1mm of the cable section on a power 
sumtnation basis, in acco:r.cl.e,nce with Chart I. This gives 
the return loss referred to the repeater location; that 
is, the return loss which the repeater SP.es when facing 
the cable side. 

The terminal return loss which the repeater sees when 
facing the office side is taken as zero db. 

Entering repeater gain Chart II or III at the return loss 
values of steps (c) and (cl) above yields the available 
repeater gain. 

4.022 Two Terminal Repeaters (Repeaters Facing Each Other) 

a. '.l.1he attenuation (plus both LBO losses if negative resist
ance repeaters are used) of the entire cable section length 
under consideration is computed from the attenuation infor
mation of Table III end then increased by 20o/o if negative 
resistance repeaters are used, and by lOo/, if negative 
impedance repeaters are tmed.. Central Office losses are 
not included.. 

b. The attenuation of step (a) above is combi_hed with the 
structural return loss of the cable section on a power 
summation basis in accordance with Cha.rt I which gives 
the return lo~s referred to each of the repeater locations; 
that is., the return loss which each repeater sees when 
facing the cable side. --

c. The terminal return loss which each repeater sees when 
facing the office side is zero db. 

d. Entering the repeater gain, Che.rt II or III, at the 
return loss values of steps (b) and (c) above yields the 
available repeater gain. 

4.023 One Intermediate Repeater 

a. The attenuation of the cable section length (including 
the LBO loss) on each side of the repeater is computed 
from the attenuationinform,=,tion of Table II. Central 
Office losses are not included. 

b. The termine.l return loss at each cable end furthermost 
from the repeater is ta.ken as zero db, 
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c. The zero db terminal return loss of step (b) above for 
each cable section length is referred to the repeater 
location by addihg to it twice the attenuation of the 
same section length. Thi's'Ts"performed separately for 
each cable section length. 

d. For each cable length, twice the attenuation found in 
step (c) above combined on a power summation basis with 
its corresponding structural return loss gives the return 
loss referred to the repeater location for each cable 
section length. 

e. Entering the repeater gain, Chart II or III, at th~ 
return loss values which the repeater sees facing each 
cable section length as found in step (d) above yields 
the available repeater gain. 

4.024 The repeater configuration of paragraphs 4.02l to 4.023 can 
be considered as basic building blocks. More complex repeater 
configuration such as two intermediate repeaters or repeaters 
at three offices can be adequately covered by the simpler 
layouts since they are essentially combinations of the three 
basic applications shown above. 

4.03 Use of Application Guides for Computing Available Repeater Gain 

4.031 The step-by-step procedures of paragraphs 4.01 and 4.02 have 
been applied to a number of more complex layouts covering a 
large number of different type repeater applications and a 
varied number of repeater configurations. It is anticipated 
that the number and type of applications covered will be 
adequate for the overwhelming majority of applications. 
In each case the step-by-step procedure is shown on a general 
basis so that it may be applied to any repeater situation 
similar to it. It is then supplemented with a large number 
of examples of actual repeater layouts solved on a step-by
step basis. This complete packet for each basica.U.y differ
ent type of application has been called an "application guide"; 
it should enable the repeater designer to apply it to the par
ticular layouts under consideration. Appl:l.cation Guides have 
been prepared covering the following type of repeater appli
cations: 

Application Guide I - Computation of available repeater 
gain of negative resistance and 
negative impedance repeaters 
operating over uniform ga~e loaded 
cables. 

Application Guide II - Computation of available repeater 
gain of negative resistance and 
negative impedance repeaters operat
ing over mixed gauge cables. 
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Application Guide III - Computation of available 
repeater gain of negative 
resistance and negative imped
ance repeaters operating over 
mixed facilities. 

Application Guide IT - Computation of available repeater 
gain of negative resistance and 
negative impedance repeaters over 
loaded cables operating as voice 
frequency extensions off carrier 
or radio multiplex equipment. 

4.04 Gain Charts II and III as They Apply to Other Types of 
wading System 

4.041 Repeater insertion gains as shown in Charts II and III 
are solely a function of return loss; for example, both 
the horizontal and vertical scales are marked in terms 
of db return loss. At any time that the return loss of 
a given loaded cable is known the corresponding repeater 
gain can be found by reference to these Gain Charts. 
From this standpoint they are universal in character, 
that is, their use is not restricted to the D-66, H-88, 
and D-88 loading systems discussed in this section. The 
Gain Charts are equally applicable to all types of loading 
slstems whose return loss is known and for which appropriate 
repeater settings or strappings are available. 

5. COMPARATIVE THEORY OF OPERATION OF THE NEGATIVE RESISTANCE AND 
NEGATIVE IMPEDANCE REPEATER 

5.01 The theory of operation of the negative resistance repeater 
differs from that of the negative impedance. In order to point 
out this difference as well as the principle of operation of 
negative resistance repeaters, the operation of the negative 
impedance repeater is discussed first in paragraph 5.02 below. 

5.02 Theory of o;peration of the Negative Impedance Repeater 

5 .021 Figure 1-a shows the variation e,xperienced by the magni
tude of the mid-section impedJ.ulce of a uniform 22 gauge 
cable H-88 loaded in the frequency range of 200 to 3700 cps. 
The mid-section impedance means that the office end-sections 
of the cable are one-half' the length of the full-sections 
or 3,000 feet in this instance. It may be seen from inspec
tion of Figure 1-a that the mid-section impedance of this 
cable is 1000 ohms and is flat (does not vary) only in a 
very narrow frequency band around 1000 cps. At other 
frequencies below and above 1000 cps, rapid impedance 
variations ta.ke place. A voice repeater operating over 
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such a loaded cable is required to match its network to 
this complex impedance precisely at all frequencies of 
interest. In fact, the negative impedance repeater 
does just that. A considerable a.mount of space in the 
negative impedance repeater is taken up by a number of 
precision inductor, capacitor, and resistor components 
whose sole function is tha,t of matching the complicated 
mid-section impedance of the loaded cable pair over which 
the repeater is to operate. For this reason, strapping 
of different component parts in the repeater network is 
necessary in this type of repeater and in addition, 
these strappings are different fo:r each of the different 
repeater gain steps. 

5.022 If the end-section of the loaded cable is not at mid
section (i.e., 0.5, 0.7 or other) further complications 
arise since the cable impedance is now different at each 
new ~nd-section and the negative impedance repeater 
strapping must be modified accordingly. An idea of the 
rapid change which takes place in the impedance when the 
end-section of the loaded cable varies can be obtained 
by reference to Figure 2. The informa·tion there is shown 
for a 24 gauge cable, H-88 loaded, only to t.llustrate this 
point. In conclusion therefore, the basic principle of. 
operation of the negative impedance repeater is that it 
must provide a good match to a wide range of impedance 
values for the type of loading on which it is operating. 
Even thdugh the loading system remains the s8Jlle, differ
ent components which are frequently dependent, need to 
be shaped in the repeater for different gain steps and 
different end sections. 

5 .023 Figure 3 shows the components required in the network of 
a series unit (shunt unit is similar) of a negative 
impedance repeater and the manner in which the components 
would appear on the repeater terminsl lugs for strapping. 
Figure 4 is a simplified schematic of the repeater unit 
strapped for operation of a typical H-88 loaded cable 
facility. 

5.03 Theory of Operation of the Negative Resistance Repeater 

5.031 If the complex mid-section impedance of a loaded cable, 
Figure 1-a for 22-H-88, for example, is "treated" in some 
manner, it is possible to reduce the complexity of this 
impedance to a type of impedance easier to deal with. Such 
devices which in effect "treat" a complicated loaded cable 
impedance to something less complex, are known under the 
general term of ":l.mpedance compensators •11 
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The impedance compensator consists basically of a variable 
capacitor and an inductor (loading coil). The capacitor 
portion of the unit is bridged across the cable pair at the 
end-section while the inductor is inserted a.:t'terwards in 
series with the cable pair at the end-section. The amount 
of capacitance (known as capacitance'building-out or CBO) 
which is added to the cable end-section is that which now 
makes the end-section approximately 0.8 in electrical -
length while the loading coil required is usually one-half 
the value of the loading coil used to load the nable pair .. 
(For example, £or an H-88 loaded cable the value of the 
inductor unit in the impedance compensator would be one-half 
or 44 millihenries.) 

The "treatment" o:f a loaded cable at mid-section (refer to 
the loaded. cable pair of Figure 1-2), with an "impedance 
compensator" has the effect of flattening out the curve of 
Figure 1-2 and yields the curve shown in Figure 1-b. Tb.is 
curve is.less complicated than the curve of Figure l-2J is 
approximately 1000 obms and ~oes not v9:17 with frequencl• 
From the repeater design standpoin-t, the ":l.mped.s.nce com
pensated" curve of Figure 1-b has desirable characteristics 
which the mid-section curve of Figure 1-a does not; that is, 
it now becomes possible to use less complicated components 
in the repeater network. (The f~cility loss measurements 
in REA rm & CM-408, Figure 2, are inherently based on the 
use of the impedance compensator for simplifying an other
wise complex cable impedance and thus makes possible 
attenuation type measurements. I'aragraph 6 of the same 
section gives a complete discussion on th_e theory of opera
tion of the impedance compensator and should be consulted 
for this purpose.) 

The negative resistance repeater contains an impedance 
compensator device for improving the impedance character
istics of the loaded cable pair over which it will operate. 
For repeater design purposes it is known as a Line Building
Out Network or simply LBO, rather than an impedance compen
sator. For a terminal repeater only, one LEO is required 
to match the cable side whereas an intermediate repeater 
requires~, one on each side of the cable pair. 

Therefore, the application of the repeater LBO units to 
the loaded cable pair produces the following significant 
effects: 

a. It makes the :l.mpedance of the cable easentialJ.y inde
pendent of frequency and approximately 1000 ohms 
through the important voice frequency range, i.e., 
the cable pair impede.nee resembles a 1000 ohm resistor. 
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b. Since the cable pair appears res:l.stive, only resistors 
are required in the repeater network. 

c. More repeater gain is possible as a result of the 
improved cable pair and LBO matching to the repeater 
gain unit as well as repeater gain-step adjustments 
in finer steps. 

5.036 In conclusion therefore, the fundamental difference pertain
ing to the operation of the two types of repeaters is that: 

a. The negative impedance repeater must have its network 
designed to match a complicated loaded cable pair impedance. 

b. In the negative resistance repeater, instead of matching 
the repeater to the line: the line is matched to the 
repeater. Since the line is now a relatively simple 
impedance (made so by the LBO treatment) a simpler repeater 
network is possible. 

c. It is now possible to separate the impedance matching 
functions and gain functions in the negative resistance 
repeater, that is, impedance matching is provided by the 
LBO (which can be thought of as beipg in effect external 
to the repeater) while repeater gain is provided by adjust
ing simple resistors in the repeater amplifier. Figure 5 
is a simplified schematic diagram of the negative resist
ance repeater. A comparison between it and the series 
unit of the negative impedance shown in Figure 4 will 
reveal the apparent simplicity of the former. 

6. DESCRIPTION AND FUNCTION OF THE NEGATIVE RESISTANCE REPEATER COMPONENTS 

6.01 Like the negative impede.nee, the negative resistance type repeater 
must be inserted in series with the cable pair on which it will 
operate. Thus, in this respect it belongs to the negative imped
ance type family as contrasted to a hybrid type repeater. Unlike 
the negative impedance repeater one unit houses the series and 
shunt repeater functions. As in the negative impedance the negative 
resistance repeater co~sists of three basic component parts, the 
Line or Co~pling Transformer, the Converters, and the LBO(s). 
These are discussed in detail below. Tne simplified schematic 
of the negative impedanca type repeaters shown in Figure 5 is 
discussed in paragraphs 7.02 to 7.09, 

6.02 The Coupling Transformer 

6.021 The coupling transformer is used to couple the series and shunt 
repeater units to the cable pair and it is common to both, It 
maintains tip and ring line continuity and passes ringing 
currents but removes direct-current supervisory voltages 
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from the series converter. It also couples speech currents 
from both directions of transmission to the series and 
shunt co~verters;no signal step-up to the shunt converter 
is provided. The line side windings of the coupling trans
former are tapped at the mid-point for connection to the 
shunt repeater unit through d-c blocking capacitors. 

6.03 The Converter Unit 

6.031 The converter unit performs the amplifying and phase 
shifting functions in the repeater as well as maintaining 
a constant image impeda.Lce for purposes of matching the 
cable impedance at approximately 1000 ohms. Amplification 
is acco:nplished by means of' transistorized positive feed
back amplifiers having variable resistance networks as 
loads. Separate converters are used for the series and 
shunt repeater units inside the repeater. The series con
verter presents a negative resistance to the line terminals 
at an"approximate 180° angle while the shunt converter 
presents a negative impedance. The variable resistors uted 
in the series and shunt unit are usually made of precisicn 
resistors. By coordinating the adjustment of the series and 
shunt var~able resistors the gain can be varied in steps of 
0.2 db fro:n 1 to 13 db. Note: The converter unit in con
jtL'1ction with the coupling transformer is often referred to 
as the "gain-unit." 

6. 04 'I'he Complete LBO Unit 

6.041 As pointed out in paragraph 5.036c, in the negative resist
ance type repeater the impedance matching and repeater gain 
functions have been separated. The gain function is provided 
by the converter unit which is non-frequency dependent as 
discussed in paragraph 6.03. The LBO transfbr.ms the cable 
impedance from an impedance which changes with frequency to 
one which is constant with frequency and has a value of 
approximately 1000 olims, thus matching the 1.mpedance into 
which the converter unit of the negative resistance repeater 
has been designed to operate. A different type of LBO is 
required fo~ each type of loading, (i.e., LBO for H-88 will 
be different for D-66, et~.,). The components which go into 
the makeup of a complete LBO unit are shown in Figure 6-A. 

6.042 Building-Out Capacitance Network of LBO .., BOC 

The BOC is used for building out the cable capacitance to 
approximately a full-section. Several capacitors are 
provided, having a total range of approx:lrnately 0.1 uf, 
and shown in Figure 6-a as BOC. 

6.043 Building-Out Resistance Network Unit of LBO - BOR 

Tnese are resistors for building out t~e resistance 
compone~t of the cable to a full-section, where necessary. 
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Several resistors (or a potentiometer) are provided for 
this purpose, usually adjustable in 28 ohm steps and having 
a total range of 196 ohms. The BOR, if used, will be 
effective mostly on 24 and 22 gauge conductors from the 
return loss standpoint. The BOR component of the LBO is 

.shown in Figure 6-a. 

6.044 High Frequency Correction Network Unit of LBO - HFC 

This network as the name implies is used to maintain 
good return loss characteristics at the higher frequencies 
of the voice band, and is shown in Figure 6-a as HF 
corrector. 

6.045 I.Dw Frequency Correction Network Unit of LBO - LFC 

Since the impedance compensating effect of the LBO due 
to the BOC and RFC is effective above 1000 cps, an LFC 
network is used to provide correctio:::i. at lower frequencies 
by adding shunt admittance across the cable pair. The 
amount of LFC to be provided depends on the cable gauge 
and the need for correction increases as the gauge becomes 
finer. Three adjustments are usually provided to accommo
date 19, 22 1 and 24 gauge cables. Figure 6-a shows this 
low frequency corrector. 

6. 046 The ''Dummy LBO 11 

It was pointed out in paragraph 5.034 that for a repeater 
operating in a terminal configuration, only one LBO is 
required located on the cable side. The additional LBO, 
such as is shown in Figure 6-b for the same terminal con
figuration facing the office side, is known as a "dwmny 
LBO." It consists of two shorting jwnpers needed to 
maintain tip and ring continuity respectively between the 
tip and ring repeater terminals facing the office side and 
the office. Durmny LBO is not required for intermediate 
repeater applications, since two regular type LBOs are used. 
Figure 6-c shows the terminal and intermediate repeater 
LBO configuration. 

7. MAJOR CHARACTERISTICS OF NEGATIVE RESISTANCE REPEATERS 

7.01 Some of the major characteristics of negative resistance repeaters 
designed to operate over loaded cable trunks are as follo--..rsz 

~ - Negative resistance, two-wire voice frequency. 

Gain Capabilities - 1 to 13 db adjustable in 0.2 db steps. 

~ - Adjusta.ble, 0 to 5,800 feet. 
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Power Consumption - 48 volt central office battery, 
unfiltered, 30-50 milliamperes. 

Overload - +8 VU for speech or music. 
+16 dbm repeater output, single frequency. 

Maximum Metallic Current in Coupling Transformer 
Windings - 60 ma d-c. 

In-Service Temperature Range - 0°F to 140°F. 

8. TRANSMISSION MEASUREMENTS 

8.01 With increasing usage of electronic equipment dictated by 
improved transmission objectives it becomes necessary that in
creasing attention be paid to the characteristics of the plant 
over which this equipment will operate to insure that a repeat
ered circuit will perform initially and will continue to provide 
its rated performance. Correct maintenance procedures become 
as important as proper circuit design procedures. Therefore, 
the importance of measurements as a transmission maintenance tool 
cannot be overemphasized. This portion of this section provides 
step-by-step measuring procedures and suitable forms for recording 
the results of the measurements needed for accomplishing this ani 
can also be used to cover the following range of functions: 

a. To provide a project with a complete record of circuit 
performance during the initial system line_-up and installa
tion which can be used as a guide during future routine 
testing· . 
. 

b. To establish whether the actual performance of the entire 
system or the performance of any of the constituent parts 
such as the cable plant or the repeater equipment meet 
design or other performance criteria. 

c. Trunk trouble-clearing can be performed on a coordinated 
basis to locate and correct the source of trouble. Com
pensating maladjustments must be avoided. 

8.02 The type of measu-rements which are made for accomplishing the 
above objectives are as follows: 

a. Measurement of non-repeatered, or partially-repeatered 
circuit loss. 

b. Measurement of tota.J..ly-repeatered circuit loss (net 
circuit loss). 
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c. Repeater gain can thus be determined from measurements 
of (a) and (b) above. 

d. Measurement of structural return loss. 

8.03 The step-by-step procedure for calibrating the test equipment, 
and the measurement of the non-repea.tered, partially-repeatered, 
or totally-repeatered trunk loss (from which the repeater gain 
is found) and the form for recording the results of the measure
ments is shown in REA Form 397a. 

8.04 The step-by-step procedure for calibrating test equipment, 
measuring the structural return loss and the form used to record 
the results of the measurements is shown in REA TE & CM-l~45, 
Figures llA, llB and Table I respectively. 
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APPLICATION GUIDE I 

TH!S SECTION SHOWS THE GENERAL STEP-BY-STEP PROCEDURES APPLIED 
TO A NUMBER OF BASIC CABLE LAYOUTS AND REPEATER CONFIGURATIONS 
FOR COMPUTING AVAILABLE REPEATER GAIN(S) OF NEGATIVE RESISTANCE/ 
IMPEDANCE REPEATERS WORiaNG OVER UNIFORM GAUGE LOADED CABLES. 
THESE DESIGN PROCEDURES ARE THEN SHOWN IN REPRESENTATIVE 
SITUATIONS IN EXAMPLES 1 THROUGH 8. 

0( = 
I = 

SRL = 
SRL(T) = 

ABBREVIATIONS USED IN APPLICATION GUIDES 
AND EXAMPLES HEREIN 

Attenuation 
SRL combined on a power summation basis as per Chart I 
Structural return loss 
SRL referred to repeater locations when combining cable 
gauges having different SRL's 

= LBO loss LBOL 
TLBOL = 
COL 

Total LBO loss when more than one LBO is used 
= Central office loss 

TRL 
NRCL 
Rm 
TRRG 

ARG 

TARG 

TO 
CR 
NES 

= Terminal return loss 
= Non-repeatered circuit loss 
= Required repeater gain 
= Total repeater gain when more than one repeater is 

involved 
= Available repeater gain (the repeater gain which the line 

section return loss will allow.) 
= Total available repeater gain when more than one repeater 

is involved 
= Transmission objective 
= Crosstal.k rating 
= Natural end section (cable only) 
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APPLICATION GUIDE I 

UNIVERSAL STEP-BY-STEP PROCEDURE FOR COMPUTIOO AVAILABLE REPEATER GAIN 
OF NIDATIVE RESISTANCE AND NIDATIVE IMPEDANCE REPEATERS WORlCTNG ON 
UNIFORM GAUGE LOADED CABLES FOR THE CONFIGURA'l'IONS SHOWN BELOW: 

CASE I - ONE TERMINAL REPEATER 

OFFICE A 
I . db 

• I 
OFFICE B 

I 
0( ,, . 

TTILi_ = 0~ 

( See NOTE 1) 

B-TR½ = 0 r SRL 

' R½ R½_ 

a. COMBINE RLi_ ,. 2C(_! SRL = N db 
~ = Zero db 

b. REPEATER GAJ'.N 
(NEG. RES ) From RL1 and llli2. Enter Gain Chart II at N and Zero db 
(N.03. IMP.) From RLi and R½ • Enter Gain Chart III at N and Zero db 

CASE II - ONE INTERMEDIATE REPEATER ( O(' l = or f 0\ 2 ) ( SR½_ = or -/, SR12) 

OFFICE A OFFICE B OFFICE C 
I I 

t Q( l db '§] 
0( 

2 
db 

I 

[p ( See NCYrE 1) ~ See NCYI'E 1) 

s:u SR1i ) I Sfil.:? 

TRLi. "' 0 RL1 .R12 TR½= 0 

e.. COMBINE RL1 "' 20<°1l_SRL1 = M db 
R½ = 20C2j_SR½ = N db 

b. REPEATER GAIN 
f NEX}. RES.) From RL1 and R½· Enter Gain Chart II at M and N db 
NOO. DfP.) From RL1 and R½· Enter Ge.in Chart III at Mand N db 

CASE III - TWO TmMINAL REPEATERS 

OFFICE A 
I - o( db 

I 
OFFICE B ~ --, 

I 

&½=0 TRLl ~€] ( See NCYI'E 1) 

I SRL I ' r 
R½ 81i RL

3 Rit+ 

a, COMBINE (Nm. RES.) RLi_ = R!-3 = 1.20( .l_sRL = M db 
R½ = R¼ = ~ro db 

(NEn. IMP,) RLi_ • ~ • 1.10<" _l_SRL • N db 
R12 • R¼, .. ~ro db 

b, REPEATER GAIN (EACH OFFICE) 
(Nm. RES.) From RL1 and RIQ, Enter Ge.in Chart II at M and ~ro db 
(NID. IMP.) From RL1 and 812 , Enter Ga.in Cha.rt III at N & ~ro db 

NOTE l: Include LBO loaa but no office loaaea. 
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APPLICATION GUIDE I, CONT'D. 

CASE T:V - '.l'ERMINAL AND INTERMEDIATE R¥!PEATERS (OC1 = or fC( 2 ) ( SRL1 = or / SRI.e) 

OFFICE A 

~ 

a. 

b. 

OFFICE B 

REPEATER GAIN 
Office A From RL1 and R½· Enter Gain Chart II at N and Zero db 
Office B From RL3 and RI.ii.· Enter Gain Chart II at N and M db 
Office C From It½ and RL(j. Enter Gain Chart II at M and Zero db 

(Nm. IMP. ) COMBINE RL1 = RL3 = 1. l rK 1J..SRL1 = P db 
R½ = R¼. = Zero db 
fil4 = R½, = 1.10(2..l_SR½ = S db 

REPEATER GAIN 
Office A From RL1 and R¼, Enter Gain Chart III at P and Zero db 
Office B From RL3 and RL4. Enter Gain Chart III at P and S db 
Office C From R½ and RL(j, Enter Gain Chart III at Sand 7.~ro db 

CASE V - TWO INI'ERMEDIATE REPEATmS ( 0\ 1 , o( 2 , 0( 3 = or /. each other) 
( SRLi, SR½, SR½ = or ~ each other) 

OFFICE A OFFICE B OFFICE C OFFICE D 
..,.__ __ 0( l db- ---

( See NOTE 1) 
~ ~3 db 

( See NOI'E 1) 
,, l 

TRL1 • 0 

a. 

) 'SR½ ) fSR½ 
R12 RLi ~ ~ 

(Nm. RES. ) COMBINE RL1 =- RL3 • 1. 2 O(' 21..SRie = M db 
RIQ = 2o<1..l_SRL1 = N db 
fil4 = 20( 3.LSR½ =- P db 

REPEATER GAIN 

TRie ,. 0 

Office B FrC111 RL1 and R½• Enter Ge.in Chart II at M and N db 
Office C FrC111 R½ and R¼,, Enter Gain Chart II at M and P db 

b. (Nm. IMP.) COMBINE RLi_ -= ~ • Llo(2j_SRI'.e • R db 
R½ "' 2 O(' 1 l..sRr.ii. = S db 
R¼, = 2 C( 3:..lOOL.3 = T db 

REPEATER GAIN 
Office B Fran RL1 and RI.e, D:lter Ge.in Chart III at R and S db 
Office C Frooi RL3 and fil4. Enter Gain Chart III at R and T db 

NOTE l: Include LBO loss but no office losses. 
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EXAMPLE l 

COL::O~-db---------''--------------- COL=~db _ 9,0 MI. 22-H-88 HC ~ 

~ .~ N.I. 1 . TOLL CONNECTING TRUNK T.C. 
RL2 RLl 

PROCEWRE 
1. TO VNL + 2 = (facility length x VNL factor) 

+ 2.0 (fixed)+ o.4 (ma.int.) 

2, NRCL 

3. RRG 
l~ . RLi 
5. ~ 
6. ARG 
7. NCL 

VNL + 2 = (9.0 x 0.04) + 2,4 = 2.8 db 
(Attenuation) -:- (COL) 
(9.0 x 0,792) + (0,7 + 0,5) = 8.3 db 
8.3 - 2.8 = 5,5 db 
2 x attenuation _j_ SRL 
2 x 7. 1 ..J_ 19 = 13, 0 db 
0 db 
from 13 and o'db = 4.6 db 
8. 3 - 4. 6 = 3. 7 db DOES NOT MEET VNL + 2 OBJECTIVE 

REFERENCE 

Table I 

Table II 

Case I 
Table IV, Chart I 

Chart III 

Since, for the facility length and gauge shown, one repeater at the end office does 
not meet objectives an additional repeater could be considered at the toll center. 
This would be, however, a disadvantageous alternative fron1 the economic standpoint 
and return loss reasons given in para.graph 3,133, The capability of a negative 
resistance repeater is therefore considered next as shown below. 

COL=0.5 db COL=O. 7 db 

§] 
I N.R.r-

_______ __.9c.;.•..;:.o_r_.u"-".~22..:.. __ ..;_H_-8.;;_8;:__H_C _________ ~ 

RL2 RLi 
PROCEWRE 

l. TO 

2. NRCL 

3. RRG 
4. RL1 

5. ~ 6. 
7. NCL 
8. CR 

VNL + 2 = (facility length x VNL factor) 
+ 2.0 (fixed)+ o.4 (ma.int.) 
VNL + 2 = (9.0 x 0.04) + 2.4 = 2.8 db 
(Attenuation) + (COL) + (LOO) 
(9 x 0,792) + (0,7 + 0,5) + 0,4 = 8.7 db 
8.7 - 2.8 ~ 5,9 db 
2 (Att"lnuation + LOO) __L, SRL 
2 (1,1 + 0.4) _L19 = 13,5 db 
0 db 
from 13,5 and O db= 5.9 db 
8.7 - 5.9 = 2.8 db MEETS VNL + 2 OBJECTIVE 
Good 
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REFERENCE 
Table I 

Tables II, V 

Tables II, V 
Table. IV, Chart I 

Chart II 

Table VI 
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EXAi4'LE 2 

COL=O. 5 db LP #1 

~ HES 3,6 KF )( 

LP #lO COI.a<J, 8 db 

s~ >< NES 3.2 KF Cl 
IN.R. r-

RL2 R1i 
PROCEJJJRE 

1. TO 
2. NRCL 

3, RRG 
4. RL1 

5. R½ 
6. ARG 

Two repeaters 

11, 5 MI. TOTAL 22-H-88 HC L:::.1 T,C, 
TOLL CONNECTING TRUNK 

VNL + 2 = (11,5 x 0,04) + 2.4 = 2,9 db 
(Attenuation)+ (COL)+ (LBO) 
(11.5 x 0.792) + (0.5 + o.8) + o.4 = 9.1 + 1.7 
= 10.8 db 
10,8 - 2,9 = 7,9 db 
2 (Attenuation + LOO) _J_ SRL 
2 (9.1 + 0.4) _j_ 19 = 16 db 
0 db 
from 16 and O db 6.8 db 
DOES NOT ME:ET VNL + 2 OBJECTIVES 

a.re therefore required as shown below. 

REFERENCE 
Table I 
Tables II, V 

Case I 
Table IT, Che.rt I 

Che.rt II 

LP (fl LP #10 N.R. 
coqdb 

~,___NE_S._::3_. 6_KF_-¥<)(.,----------17r 
--, r:,- 11. 5 MI. TOTAL 22-H-88 HC I N,R. I 

r;:::;J COL= 
)(NES 3,2 KF ~ 0, 8 d 

~ T.c.r
RL3 RL4 ~ RL1 

PROCEIDRE 
l. TO 
2. NRCL 

3, RRG 
4. RL 1 = RL3: 

5, ~ = RL4: 
6. ARG 
7, TA.RG 
8. NCL 
9, CR 

VNL + 2 = (11,5 x 0.04) + 2.4 2,9 db 
(Attenuation) +(COL)+ (LOO) 
10.8 + 0.4 = 11.2 db 
11,2 - 2,9 = 8.3 db 
l. 2 (Attenuation + LBO) _j_ SRL 
1.2 (9,1 + 2 x 0.4) _Ll9 = 11.l db 
O db 
from 11.1 and O db= 4.9 db 
2 X 4,9 = 9,8 db 
11.2 - 9.8 = 1,4 db MEETS VNL + 2 OBJECTIVE 
Good 

REFERENCE 
Table I 
Tables II, V 

Case II 
Table IV, Chart I 

Che.rt II 

Table VI 

This example is next computed by UBing the OOR component of the LBO. It is intended to 
show that when the OOR is used, in computations to build out the natural end section 
(NES) to 5800~ it does not necessarily increase the overall net circuit loss. This is 
ohown below. -

PROCEJJJRE REFERENCE 
1. TO VNL + 2 = (11,5 x 0.04) + 2,4 = 2,9 db Table I 
2. NRCL (Attenuation) + ( COL) + (LOO) + (BOR) Tables II, V 

11,2 + (5.8 - 3,6) X 0,152 + (5,8 • 3,2) X 0,152 
11,2 + 0,33 + 0,4 = 11,9 db 

3, RRG 11,9 ~ 2,9 = 9,0 db 
4. RL:t. = RL3: 1.2 ~Attenuation + LBO + BOR) _J_ SRL Case II 

1.2 9.1 + 2 x o.4 + 0.33 + o.4) _J_19" 11,9 db Table IV, Cha.rt I 
5, R½ = RL4: 0 db 
6. ARG from 11,9 a.nd O db= 5,2 db Cha.rt II 
7, TARG 2 x 5,2 = 10.4 db 
8. NCL 11,9 - 10.4 = 1,5 tlb MEETS VNL + 2 OBJECTIVE 

'lmls, by comparing steps (2) and (7) of the computations with and without the BOR 
component it can be seen that the incree.se in loss (in NRCL) bas been overcane by 
additional repeater gain (in TARG) so that the net circuit loss bas remained 
essentially the same. -

~: In this example the return losses allow a total available repeater gain which 
is more than required to meet the transmission objective of 2.9 db, Neverthe
less, the repeaters should be set to produce a net circuit loss of 2,9 db but 
not lower. This is regard.less of whether the BOR adjustment is used or not. 
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EXAMPLE 3 
COL=0.5 db 

G 
OFFICE A 

PROCEWRE 
1. 'ro 
2. NRCL 

3. RRG 
4. RL1 

5. RL2 

G. J\RG 
7, NCL 
8. CR 

'roLL CONNECTING TRJNK COL=O, 8 db 

7,0 MI. 22-H-88 HC §]f...------5 ._o_MI_._22_-_H_-8_8_H_c __ ~ 

~ N,R, r
RLJ. R½ 

VNL + 2 = (12 x 0,04) + 2,4 = 2,9 db 
(Atterruation) + (COL) + (LBO) 
(7 x 0,792 + 5 x 0.792) + (0.5 + o.8) + (2 x o.4) 
( 5. 54 ·I· 3, 96) + 2, 1 = 11, 6 db 
11,6 - 2.9 = 8.7 db 
2 (Attenuation -:-LBO) _L SRLi 
2 ( 5. 54 + 0, 4) _L 19 = 11. 1 db 
2 (Attenuation + LBO) _j_ SRL1 
2 (3.96 + o.4) _L 19 = 8.3 
From 11.1 and 8,3 db= 9,0 db 
11,6 - 9,0 = 2.6 db MEETS VNL + 2 OBJECTIVE 
Good 

T.C. 

REFERENCE 
Table I 
Tables II, V 

Case III 
Table rv, Chart I 
Case III 
Table IT, Chart I 
Chart II 

Table VI 

Note: In this example, use of negative impede.nee type repeaters would have 
necessitated repeaters at office A in addition to the office shown, 

EYJ\MPLE !~ 

COL=0,5 db 

G 
PROCEWRE 

1. 'ro 
2. NRCL 

3. IIBG 
4. RLi 
5. RL2 

6. ARG 
7. NCL 

DIRECT EAS TRUNKB 

6 db, maximum 
(Attenuation)+ (COL) 
(9.0 x o.428 + 14 x o.428) + (2 x 0.5) 
== (3.85 + 5,99) + 1.0 = 10.8 db 
10,8 - 6.0 = 4.8 db 
2 (Attenuation) __L s~ 
2 X 3.85 _Ll6 = 7,1 d 
2 (Attenuation) _L SR½ 
2 x 5,99 _L 16 = 10.6 db 
From 7,1 and 10.6 db= 6.9 db 
10.8 - 6.9 = 3.9 db MEETS OBJECTM 

COL=O, 5 db 

EJ 
REFERENCE 

Table II 

Case III 
Table IT, Chart I 
Case III 
Table IT, Chart I 
Chart III 

In this example the negative impedance or the negative resistance repeater can meet 
circuit objectives. (Had a nega~ive resistance type been used the circuit would have 
been capable of Qeing operated at a 2,6 db net loss. 

Note: When placing the repeater in service this trunk can be set to operate at a 
3,9 db net loss (instead of the 6 db of the objective). See pe.ragraph 3,121a. 

- 34 -



Ei'.A14PI£ 5 

COL=□-b---'-----------1-1 ~ 9,8 MI. 22•H-88 HC [§] 12,5 MI. 

'.roLL CONNECTING TRUNK 

"'""-7 N.R. r-- ~ N.R. I 

1. 
2. 

3. 
4. 
5. 
6. 
7, 

RL4 RL3 RL1 RL2 

PROCEOORE 
'1'o 
NRCL 

'.L'RRG 
~ 
fili2 = RL3: 
RL4 
ARG 

VNL + 2 = (22,3 x 0,04) + 2.4 = 3,3 db 
(Attenuation)+ (COL)+ (LBO) 
(9,8 X 0,792 + l~.5 X 0,792) + (0,5 + 0,8) 
+ (3 x o.4) = (7.75 + 9.9) + 2.5 = 20.2 db 
20.2 - 3,3 = 16.9 db_j_ 
1.2 (7.75 + 2 x 0.4) 19 = 9,6 db 
2 (9.9 + 0.4)_L19 = 16.7 db 
0 db 
office A: from 9,6 and O db= 4.2 db 
office B: from 9.6 and 16.7 db= 11.8 db 

REA 'ill & GM 

COL=0.8 db 
22-H-88 HC g 

'T.C. 

REFERENCE 
Table I 
Tables II,, V 

Case II, 'l'able 
Case I, . Table I 

Chart II 
Cha.rtII · 

8. TARG 4. 2 + 11. 8 = 16 db OOES NOT MEE'l' VNL + 2 OBJEC'rIVE 

In order to bring the trunk to within objectives an additional repeater may be 
considered at the toll center. However, before this is done, the repeater at 
office A is relocated at the toll center. This latter approach is shown below: 

1. 
2. 

3, 
4. 
5. 
6. 
7, 

8. 
9, 

10, 

COL=0,5 db 

G-----9_._8_t_rr_._2_2_-H_-_8_8_H_c ___ ,._[§} 12.5 MI. 

~ N.R. r--
PROCEOORE 
ro 
NRCL 

TRRG 
RL1 
R12 = RL3: 
RL4 
ARG 

TARG 
NCL 
CR 

RL1 RL2 

VNL + 2 = (22,3 x 0.04) + 2.4 = 3,3 db 
(Attenuation)+ (COL)+ (LBO) 
(9,8 X 0,792 + 12,5 X 0,792) + (0,5 + 0.8) 
+ (3 x 0,4) = (7,75 + 9,9) + 2,5 = 20,2 db 
20,2 - 3,3 = 16.9 db 
2 (7,75 + 0.4)__L_ 19 = 14.4 db 
1.2 (9.9 + 2 x o.4)_1_19 = u.8 db 
0 db 
Qffice B , from ll.8 and 14.4 db = 12 db 
Toll Center: from 11.8 and O db= 5.1 db 
12 + 5,1 = 17,1 db 
20.2 - 17,1 = 3,1 MEE'ffi VNL + 2 OBJECTIVE 
Good 
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COL=o.8 db 

22-H-88 HC ~ 

~ T,c,'r· 
RL3 RL4 

REFERENCE 
Table I 
Tables II, V 

Case I, Table : 
Case II, Table 

Table vt 
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EXAMPLE 6 - --

OFFICE A OFFICE B OFFICE C COI=O, 8 db G 7 MI. 22-H-88 HC [BJ 10 MI. 22-H-88 HC ~ 8 MI. 22-H-88 HC ~ 

COL=0,5 db I N.R. r-- -<-i N.R. r--- T.C. 

PROCEDURE 
1, 'IO 
2, NRCL 

3. RRG 
!~. RL1 : 
5. R.½ = RL3: 
6. RL4 : 
7. /\RG 

8. TARG 

R½_ RI"-Q RL3 RL4 
'IOLL CONNECTING TRUNK 

VNL + 2 = (25 x 0.04) + 2.l~ = 3,4 db 
(Attenuation)+ (COL)+ (L.BO) 
(7 X 0,792 + 10 X 0,792 + 8 X 0,792) 
+ (0.5 + o.8) + (4 x o.4) = (5.54 + 7,92 
+ 6.34) + 2.9 = 22.7 db 
22,7" 3,4 = 19,3 db 
2 ( 5. 5 + O. 4) l 19 = 11. 1 db 
1.2 (7.9 + 2 X 0.4) _L19 = 9,9 db 
2 ( 6. 3 + 0. 4) _L 19 = 12. 3 db 
Office B: From 11.1 and 9,9 db= 9.7 db 
Office C: From 9,9 and 12,3 db= 10,2 db 
9,7 + 10.2 = 19,9 db 

REFERENCE 
Table I 
Tables II, V 

Case I, Table IV, Chart I 
Case II, Table I, Chart I 
Case I, Table rl, Chart I 
Cha.rt II 
Chart II 

9. NCL 22,7 - 19,9 = 2.8 db l@'IS VNL + 2 OBJECTIVE 

Note: Operate circuit at VNL + 2 (3.4 db) only;~ at a lower loss. 

EXAMPLE 7 
OFFICE A OFFICE B COL=0.8 db 

COL~ 12 MI. 22-H-88 HC §j 15 MI. 
0.5 ----------------
db r,i,- ~ r3'-

N.R. 22-H-88 HC ~ 

~ T,C, r
RL5 R¼, 

~ N.R. I ! N,R. I 
~ R1:L RL3 RL4 

PROCEDURE 
1, 'IO 
2. NRCL 

3, TRRG 
4. RL1 = RL3: 
5. RL4 = RL5: 
6. ~ = RL(;: 
7. ARG 

8. TARG 
9. NCL 

'IOLL CONNECTING TRUNK 

VNL + 2 = (27 x 0.04) + 2.4 = 3,5 db 
(Attenuation)+ (COL)+ (LBO) 
( 12 X O. 792 ·f 15 X O , 792 ) + ( 0, 5 + 0, 8 ) + ( 4 X O . 4) 
:: ( 9. 5 + 11. 9) + 2. 9 == 24. 3 
24,3 - 3,5 = 20.8 db 
1.2 (9,5 + 2 X 0,4) ±19 = 11.5 db 
1.2 (u.9 + 2 x o.4) 19 = 13,7 db 
0 db 
Office A: from ll. 5 and O db = 5.0 db 
Office B: from 11,5 and 13,7 db= 11.6 db 
T.C. : from 13.7 and O db~ 5,9 db 
5, 0 + ll. 6 + 5. 9 = 22. 5 db 
24.3 - 22,5 = 1,8 db MEE'IS VNL + 2 OBJECTIVE 

Note: Operate circuit at VNL + 2 (3.5 db) only; not at a lower loss. 

REFERENCE 
Table I 

Che.rt II 
Che.rt II 
Che.rt II 



REA TE & CM-4 4 

EXAMPLE 8 Tandeming Intrasys tem EAS 'l'runks • ( In this example EAS exists between all 
offices. Switching is performed at Office B.) 

D 

COL= 
0. 5 db 

OFFICE A 

A TO B 

OFFICE B 

(Transmission Objective is 6 db ma;dnnun 
but switched links not to exceed 8 db.) 

DinECT CONNECTIONS 

1. NRCL: ( 5 x O. 792) + ( 2 x O. 5) = 5. 0 db 

B 'ro C 
~CL: 

2. m,1 
3. ARG 
4. NCL 

B TO D 
L NHCL: 

ru..:~ 
3, ARG 
4. NCL 

A TO C 
r:-VcL: 

J\ TO D 
1. NCL: 

C TO D 
1. NCL: 

(Attenuation ~ (COL) + (LBO) 
( 8 X O. 792) + (;-, X O, 5) + ( 0. 4) = 7, 7 db 
2 (6.3 + 0.4)_J_ 19 = l~.4 db fil,2 = 0 db 
from 7,7 and O db~ 5.3 db 
7 , 7 - 5. 3 = 2, lf db 

(Attenuation) + (COL) + (LOO) 
(10 X 0,792) + (2 X 0,5) + (0.4) = 
?. (7,9 + 0.4)_1_ 19 = 14.6 db 
from llL6 and O db = 6. 3 db 
9,3 - 6.3 = J.O db 

9,3 db 
m.11. = 0 db 

SWI'rcHED CONNEC'l'IONS 

NCL (A to B) + NCL (B to c) .. 5.0 ·I 2.!f :: 7,4 db 

NCL (A to B) + NCL (B to D) = 5.0 + :.;.o = 8.o 

NCL (D to c) ~ NCL (B to D) = 2.4 + J.O = 5.!f db 

All direct and switched connect:tonn meet the objectives. 

COL= 
0,5 db 

10 MI. 22-H-88 HC 

(.,'Olr-= 
0,5 db 

OFFICE D 

iJO•m: lt should be evident :,rom the above exam:ple that had the tenninal repeaters, all 
of which are Ghmm loco.te,:. o.~ Cffice n. been ·,,laced at the other terminal 
offices (locations C an<"i. D) the same r~:lleate:.;· gains and therefo1•e the same net 
circuit losses would ha•,e been realized. ':1henever poscible, all rc;,eaters 
chould be located at the same office for ease of maintenance. 
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APPLICATION GUIDE II 

THIS SECTION SHOWS THE GENERAL STEP-Fl-STEP PROQEDURES 
APPLIED TO A NUMBER OF M.SIC CABLE LAYOUTS AND REPEATER 
CONFIGURATIONS FOR COMPUTING AVAil.JillLE REPEATER GAIN(S) 
OF NEGATIVE RESJE'.mNCE/IMPEO\NCE REPFATEffi WORKING OVER 
MIXED GAUGE LOADED CABLES. THESE DESIGN PROCEDURES ARE 
'Il-IEN SHOWN IN REPRESENTATIVE SITUATIONS IN EY.AMPLES 1 
THROUGH 4. 



I 

REA TE & CM-444 

APPLICATION GUIDE II 

UNIVERSAL STEP-BY-STEP PROCEDURE FOR COMPUTING AVAILABLE REPEATER 
GAIN OF NEGATIVE RESISTANCE/IMPEDANCE REPEATERS WORKING ON 

MIXED GAUGE WADED CABLES :roR THE CONFIGURATIONS SHOWN ABOVE 

CASE I - ONE TERMINAL REP:EATER ( 0( l = or ~ o< 2 ) 

I I I 
OFFICE A 

1 
~ 0( l 0(2 __ _,>-1..,.

1 
OFFICE B 

J=-:) (See NOTE l) I (See NOTE 1) Fl 
TR~-; l~-,---SR½_-----1 ______ S_R½___ TRL2 • 0 

RL
2 

RL
1 

a. FIND : SRL ( T) .. ( 2 O(' 1 + Sfl½) I SRL1 
b. COMBINE: RL1 = 2 (0( 1 + 0( 2 )_lSRLl'J') = N db 

R½ = Zero db 
c. REPEATER GAIN 

(NEG. RES. ) From RL1 and R½. Enter Gain Chart II ant N and Zero db 
( NEG. IMP.) From RLi and R¼· Enter Gain Chart III at N and Zero db 

CASE II • ONE INTERMEDIATE REPEATER (o( l' o( 
2

, O(" 
3

, 0( 4, = or ,. each other) 

TR½= 0 

a. F'IND : SRL (T1) = -(2 0( 21" SRL )_LSR[e 
b. COMBINE: RL1 = 2(o<1 +0<'2}_LSRL (T1) = N db 

c. FIND : SRL ( T2) = ( 2 0<"3 + SRI.4)..l_SR1'3 
d. COMBINE: R.¼ = 2(0<'3 +0(4)_LSRL (T2) = M db 

e. REPEATER GAIN: 
(Nm. RES.) From RL1 and ~- Enter Gain Che.rt II at M and N db 
(Nm. :rHP.) From fili and R½· Enter Gain Chart III at M and N db 

NOTE l: Includes LBO Losa but no offices losses 
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APPUCATION GUIDE II, CONT'D. 7; 
CASE J:II = 'NO Tffifil'W. REPEATERS (o(i "' or # o(2) ·~ 

~ 
i-.e------ O(" -------..:;,,.:,<1:--------- 0( 

OFFICE A o ]. ! 2 I OFFICE B 
ri (See Note 1) i! 

~ = Oj ot<!i - I ' It:: !TR½ = 0 
=ti:-,!~~ SR½_ SE½ -E-i Ji~ 

!~ 
l~ 
I:& 

I ~ ~ ~ ~ 

(Nm. RES.) a. COMBTIIB ~ = 1..2 (o( 1 + o( 2 ) .l_SRli = M db 
~ = 0 db 

b. COMBINE RL3 = 1.2 (o(1 + c<2)J...SRie = N db 
RI.4 = 0 db 

c. / .REPEATER GAIN 
0:f:fice A: :from RL1 and RI.e• Enter Gain Chart II et Mend Zero db 
Of'f'ice B: from RL3 and Ril.;.. Enter Ge.in Cha.rt II at N Sll.d Zero db 

(Nm. IMP.) a. COMBINE F½_ = 1.1 (of l + o( 2 )j_SR½_ = ·p db 
~ = 0 db. 

b. COMBINE ~ = 1.1 (0( 1 + o( 2 )_LSR½_ = S db 
fil4 = 0 db • 

c. REPEATER GAIN 
Office A: from RL1 and R½· Enter Gain Chart III at P and Zero db 
Office B: from RL:3 Emd ~- Enter Gain Cha.rt III at 8 and Zero db 

CASE Dl, V - FOR REPEATER CONFIGURATIONS AS SHOWN IN CASE IV Alil""D V OF APFUCA"=':'ION GUIDE I, BUT 
INVOLVING MIXED GAUGES, THE BASIC COMPUTATION PROCEDURES WILL BE 'i'ROSE OF APPLICATION 

. GUIDE I AS MODIFIED .APPLICATION GUIDE II. 

CASE VI - MIXED GAOOES OF GREATER COMPI.EllTY 

FOR MIXED CABLE GAOOES OF GREATEB COMPLEXITY ~~ THOSE COVERED EY CASES I, II AND III ABOVE1 

COMP'U'J:E i.:rnE SECTION RETURN ross AS ;rou.ows: 
a. AT EACH REPEATER LDCATION WERE THE RETOBN LOSS IS BEING DESIRED, USE THE STRUCTURAL RETURN LOSS 

OF THE CABLE GAOOE ADJACENT TO THE REPEATEE WHOSE 1000 C'PS ATTENUATION IS GREATER PHAN 2 DB. 

b. usnm THE SRL AS DETERMINED IN STEP a) ABOVE, PERFOR-1 THE COMPUTATIONS FOR FINDING THE fil,"'Tt,'Rt""i' 
LOSS AS p:m CASES'X, II, III, IV AND V, AS APPUCABLE, OF "APPLICATION GUIDE I." 

~ 

l 
i 

I 



EXAMPLE; 1 

COL,. 
0,5 db 

~ 
R~ 

N.R. 

PROCEDURE 

l. TO 
2. NRCL 

3. RRG 
4. SRL(T2) 
5. R½_ 

6. RIQ 
7. ARG 
8. NCL 
9, CR 

Note: 

EXAMPLE 2 

COL,. 
0,5 db 

PROCEDURE 

l. TO 
2, NRCL 

3, RRG 
4. R½ 

5, RL-, 
6. ~ 
7. NCL 
8. CR 

REA TE & CM-444 

4.2 mi,, 22-H-88 HC 4.0 mi., 19-H-88 HC 

r-- TOLL CONNECTING 

RL]_ 

OL .. 
.8 db 

REFERENCE 

VNL + 2 = (8.2 x 0.4) + 2,4 = 2,73 
(attenuation)+ (refl, loss)+ (COL)+ LBO 
4.2 x 0.792 + 4.o x o.428) + (o) + (0.5 x o.8) + o.4 
(3.33 + 1,71) + 1,7 = 6.74 db 

Table I 
Tables II, 

III 

6.7 - 2,7 = 4.0 db, 
(2 X 3,3 + 16)j_19 = 17.4 
2 ( attenuation + I.BO )..LSRL 
2 (3.33 + 1,7J + 0.4)..L.17,4 = 10 db 
Zero db 
From 10.0 and zero db= 4.4 db 
6.7 - 4.4 = 2.3 Meets VNL + 2 
Good 

Case I 
Chart I 

Chart II 

Table VI 
When placing the repeater into service, ~et the repeater only for gain 
required to meet VNL + 2 objectives, but not lower. (See par. 3,12b,) 

3.6 mi., 22-H-88 HC. 6.4 mi. 1 -H-88 HC 
LP 1/1 

TOLL CONNECTING TC 

OL = 
.8 db 

REFERENCE 

VNL + 2 = (10,3 x 0,04) + 2,4 = 2.8 db Table I 
(attenuation) + (refl. losses) + (COL) + (LBO) + (ooa1 ) Tables II, 
(0.3 X 1.21 + 3,6 X 0,792 + 6.4 x 0,428) + (0) + (0,5 + 8) III 
+ (0.5) + (5.8 - 3.4) 0.235 
= (0.36 + 2.85 + 2.74) + 2.36 = 8.3 db 
8.3 - 2.8 = 5.5 db 
2 (atte1;1.uation + LBO + BOR).LSRL 
2 (0.36 + 2.85 + 2.74 + 0.5 + o.56)_L19 2 = 12.8 db Chart I 
Zero db 
From 12.8 and zero db= 5,5 db Chart II 
8.3 - 5.5 ~ 2.8 db Meets VNL + 2 
Good Table VI 

~: 1, BOR is used for illustrative purposes. 
2. SRL of 22 gauge is used since loss of 24 gauge is less than 

2 db loss and since loss of 22 gauge is greater than 2 db. 
(See Application Guide II, Case VI, par. 2.) 
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EXAMPLE 3 

COL = 0.5 db 

1-=:J 7.0mi. 
LJ 19-H-88 HC 

5.0 mi. ~¾+ 1.1 mi. 
1

8.3 mi.; 
22-H-88 HC 122-H-88 HC 
~ Tri-. 

COL = u.6 db 

19-H-88-HC [:] 

PROCE::OURE 

l. TO 
2. NRCL 
3. 

3. RRG 
4. SRL(T2) 

5. RL1 
6. SRL(T2) 
7. R~ 

8. ARG 
9. CR 

Note 1: 

EXAMPLE 4 

COL= 
0,5 db 

~ 
~ 

PROCEDURE 

1. TO 
2, NRCL 

3, TF.RG 
4. RL1 
5. filQ 
6. A.RG 

7, TARG 
8. NCL 
9. CR 

RL1 R½ 

TOLL CONNECTING 

VNL + 2 = (21.4 x 0.04) + 2.4 = 3.3 db 
(attenuation) + ( refl. losses) + ( COL) + LBO' a 
(7.0 X 0,428 + 5 X 0,792 + 1,1 X 0.'792 + 8,3 X 0.428) 
+ (0.5 + o.6) + (2 x o.4) = (3.0 + 3.96 + 0.87 + 3.55) 
+ 1.9 = 13,3 db 

13.3 - 3,3 = 10 db 
(2 x atten. of 22-~-88 + SRL of 19-H-88)_SRL of 22-H-88 
( 2 X 3, 96 + 16 }._L 19 = 17, 8 db 
2 (3.0 + 3.96 + o.4)J_17.8 = 16.1 
19 db (Note 1) 
2 (attenuation + LB'.) )j_SR½ 
2 (0.87 + 3.55 + 0.4)J...19 = 9.1 db 
from 16.1 and 9.1 db= 11.4 db Meets VNL + 2 
Good 

When placing· repeater into service, set the repeater ~.for 
gain required to meet VNL + 2 (3.3 db) but not lower.-~(see 
paragraph 3 . l2b. ) · 

11.3 mi., 22-H-88 HC 8.o mi., 19-H-88 HC 

~ TOLL CONNECTING 
RL

1 

TC 

REFERENCE 

Table I 
Tables II, 
III, V 

Case I 
Che.rt I 
Chart I 
Table IV 

Chart I 
Chart TI 
Table VI 

REFERENCE 

VNL + 2 "' (19.3 x 0.04) + 2.4 = 3.2 db Table I 
(attenuation)+ (refl. loss)+ (COL)+ (LBO'a) Tables II, 
( 11. 3 x O, 792 + · 8, 0 X O. 428) + ( 0) + ( 0. 5 + 0, 8) + 2 X O. 4) III, V 

= (8.95 + 3,42) + 2.1 = 14.5 db • 
14·. 5 - 3. 2 "' 11. 3 db 
1.2 (8.95 + 3.42 + 2 x 0.4).J...19 = 14.l db Case III, Chart I 
1.2 (8.95 + 3.42 + 2 x 0.4)J...16 = 12,9 db Case III, Cha.rt I 

Office A: from 14.l and zero db m 6.2 db 
Office B: from 12.9 and zero db x 5.6 db 
b.2 + 5.6 ~ 11.8 db 
1lr.5 - 11.8 = 2,7 db Meets VNL + 2 
Good 
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APPLICATION GUIDE III 

THIS SECTION SHOWS 'llIE GENERAL STEP-BY-STEP PROCEDURES 
APPLIED 'ID A NillfilER OF BA.SIC CABLE IAYOUTS AND REPEATER 
CONFIGURATIONS FOR COMPUTING AVAILABLE REPEATER GAIN(S) 
OF NEGATIVE IID3ISTANCE/lMPEDA.NCE REPFA~ WORKING OVER 
MIXED T.i"PE FACILrI1IE3. THESE DESIGN PROCEllJRES ARE THEN 
SHOWN IN REPRESENTATIVE SITUATIONS rn EXAMPLES 1 THROUGH 5. 
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APPLICATION GUIDE III 

Ulf!VERSAL STIIT'-m:-~s•n,;p P.ROCEllllRE FOR COMPUTING AVAUAULE REPEATER GAIN FOR NEGATIVE 
RESJ:STAJ.fr.,'B/D@h'DIINClli Rm'F'.A'El!JPS OPERATING OU MI~ TrPE FACTI,~ FO!l .'ffiE O'.ll'IFIGURAT!ONS SHOWN BEWW 

CASEI-A OllE TERMllW. REPFA'I'fill 

OF'FICE B OJi'PICE A I=.&.--- cf , SRL OF LOADED CAJILE ---

--i a-=-WIU>!ID C"tE , __ i ____ O_PEN~-W-!RE.-O_R_Im_1 __ -EJ 
fil-;?. m,l 

PROCEDURE 
l, Locate repeate1· in office e.djacent to loaded cable. (Do not looe.te repeater in oft'l.ce adjac<mt to 

op~n '1"1:t'o.) 
2, For reixiator ceJ.ci;lat1.ons, aosume the circuit begins at the repeater and ends at the loo.ded cf\ble-open 

w:tre junction. 
3, Now, calC1JlAte the aectl.on return looo for the loaded cable port,i.on only as per Appl.ice.t.lon 0,.1ides I 

01· II. This is shown below, 
~,. RL1 ~ 2 o(" _L SRL ~ N db 

R½ ~ 0 db 
5, Repenter (lain J.a found frolll entering N and zero db in Cb.~rts II and III fo1· the Negative !½sis ta.nee 

a.no. Negative ll!lpedunce repoe.t<'lr types respectively-, 

I 

--1 OFFICE B 7;r---o( l --~-- O,W. OR RJJ,/ -~~- o( 2 

__ LOADJ~_CA_B_LJ_E ___ t---------------tl,--I_JJ_ADl-=EIJ=-CAfl_I_cE_• --EJ 
--. 1 r- sru'l sm,2 

R½ RLi 
PROCEDURE 
1:·- Pln.ce one repea.tel' only 1n office vbooe adjacent. 1011,,led Cll-bl.e hos the most looo, Q2_!!.2:!:J>l.~ce reP£a.te:cs 

in both offices, 
2, For repee.ter ca.J.cul.ation P,Urpooee the circuH begins from the repeater in office A to the loaded 

cable•-open wire junction, 'I'bia is ahmm belO\I", 
3, Now, -~a.lcule.t,e the section return loso fo-r the 10,µ1.,,,1 c;,.bJ.'? portion only- a.s per Application Q1ides I 

or II. Thia :ts obown belmr, 
4, RLi = 2o(l _.1_ SRL ~ N db 

RL2 = 0 db 
5, Repaater gain ta f<T~nd from entering N and zero db l.n Cbarto IJ. o.nd III for tbe Negatl.v~ Resistance 

a11d Negatl.ve Impedl\Jlce type re~o.tera :respectively-. 
6. It' repeater gain obtained from steps 1 through 5 above is not auft'icJ.ent to meet objectives con,sider 

the use of ad.di tional. repeat.er e.t ofl.'J.ce Jl and nspeat cru.culo.tion procedure of steps 2 through 5. 
Thl.a i.s Rhown in step 7 beJ.ow. 

OFl-'ICE A 1
-- o( J ----~:,,.-~- 0,1-1, OR RIM----,~--- o< 2 ---: OFFICr: B 

~] LOADED .CABLE 
1 

' WAD~ CABLE --b'X)-] 
""'7 _ r· SRL:J SRL-,, -·'7 r'"' 

7, 

RJ.'2 RL:J. m,3 RL4 

For rep,,e.ter ceJ.clll.ation (repeater nt off"lce il) purposes the cl.rm,J.t begins from the repeater in 
office B to t.be lo,vle<l cable-open wire (or Rf!-1) junction, 

o.. 
b, 
C, 

RL3 ~ 20\2 j_ Sf!L,1. = M db 
RT.¼ = 0 db 
Re:p<,e.t.er gain Jn found ~om enteri11g M ond z(':ro db in Che.rt.n II or III for the Neg11tive Re.sistRnce 
and. Negl\tiv·a lt!lp<J<llm.ce respectively-. 

8, R~peatero at offices A Md D will g,mll:ra.11.y _provide 6ufficient ,;e.l.n to meet FAS objectives, If, 
howF:ver, more gain l.s required conside1-a.tion should be given to the e.lternatiyes l!Bted br,low: 

e.. Uae of clll'rier (end carrier repeaters, dependiug on carrier frequency losa) for the ent.: re 
trunk, 

b, Ov0rhuJ.lding t.he O,W, or RW portion wi.t.h cable plont (,,,,d loade.<l to the same lo~.ding syst,,,o) 
and uoin~ repeaters at offices A nnd/or B fl.a re<1uJ.~. 

c. \Jae of a hybrid ty'.\)e v.?. repeater, 
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REA. 'IE & CM,.444 
CAS]i) t± ONE INTERMEDIATE REPFA'l!ER 

I 
WADED CABLE Jlir I r=-< 

L+-
I 

OFFICE A o( 1 ~ I-+-- o<2 --, OFFICE C 

B-
I 

... J8Jr"" EJ I OPEN WIRE SRL:i. SRIQ OPEN WIRE 
OR R1M 

RLl ~ 
OR RIM 

PROCEDJRE 
1, Locate repeater between the loaded cable. (Repeater should not be in office 

adjacent to open wire. ) 
2, For repeater calculations assume the circuit begins at and ends at each of 

the loaded cable-open wire junctions. -
3, Now, calculate the section return loss for the loaded portion~ as per 

Application Guides I or II. This is shown below, 
4. RLi = 2 o(l _L SRLi = M db 
~ = 2 o( 2 _;_ S~ = N db 

5. Repeater gain is found from entering Mand N db in Charts II and III for 
Negative Resistance and Negative Impedance repeaters respectively. 



l:E e,, Cl-1-1+1~4 
E.:<AMPLEG: The exrunples shmm below are existing,. non.rcpentered FAS trunks proposed 

for operation to 6 db net loss. Determine if the re:;iee.ter will be able to 
provide enoueh aain to meet the ob,jective. 

~{AMPLE l ..... 
' \ 

COL= ~..,_ __ 8_._2_M_I_._1....::9_11_8_8_HC __ .:.-i·~~----1_o_MI_· _._.1_0...,a9_"_s_1_'E._~_L ___ _,EJ 
0,5 d.b ~ 

1 
-,-, , N.R, ~ / 

RL2 RLl 

PHOCEIJJRE 
l . ro:~6 ~.b 

NnCL: (Attenuation) + (Hefl. Loss) ·1 ( COL) 1 (IJ30) 

mm 
llL1 
RL0 
MG 
HCL 

(8.2 x .428 -: 10 x .31) + (o) ·l (2 ;: 0.5) ·, (o.l~) 
= 3.52 + 3.1 + 1.4 = 8.02 
8.0 - 6 = 2.0 db 
2 X ( 3, 52 I O, 11 ) _l_ 16 ~ 7. 5 db 
0 db 
From 7,5 and zero db• 3.3 db 
8. 02 - 3 ,3 = 4. 7 db 

Illi'FERENCE 

Tables II, III, V 

Chart I 

Chart II 

fJufficient repeater go.in can therefore 'be obtained from thio repeater in tM.s 
particulR.r layout to meet the objective. Actualzy the circuit can operate at the 
IL 7 db net.loss shown. 

EXAMI'LE 2 

cor .... o. 5 db 

\~ 8. 3 ML RIM EJ ·--, ------ 19-H-88 

,,, _,,. 
I 

PROCEIJJTIE 
1. TO 6 db 
2. 1-mcr,: (Atterruation) + (Refl. Loss) + (corJ) •:• (LBO) 

3. RRG 
li, RLJ. 
5. m-'2 
6. AHG 
7. NCL 

(4.1 x. 0.792 + 8.3 x 0.514) + (o) + (:-1 x 0.5) + (o.4) 
= (J,25 + 4,27) ·I 1,11. = 8.92 db 
8.9 - 6.0 = 2,9 db 
2 (3.25 + .lr) _L 19 = 7,0 db 
0 db 
From 7. 0 and zero d'b "' 3. 0 db 
8 • 9 - 3, 0 = 5 , 9 db MEE'Il.3 OBJECTIVE 

- l,6 -

REFJ.~HE,'NCE 

Tables II, III, V 

Cho.rt I 

Chart II 



~{AMPLE 3 

OFFICE A 

COL=;~ 5,2 MI. 

-~1\-.i-1 I 

OFFICE B 

22-H-88 HC I 7. 3 MI. .109" ..STEEL I 3. 9 MI. 22-H-88 HC B 
RIJ2 RL1 

PROCEDURE 
1. '.ro 
2, NRCL 

3, H.RG 
4. RL1 
5. ~ 
6. ARG 
7, NCL 

6 db 
(Attenuation)+ (.Refl, Losses)+ (COL)+ (LBO) 
(5,2 X 0,792 + 7,3 X 0,31 + 3,9 X 0,792) + (0) 
+ (2 X 0,5) + (0,4) = (4,12 + 3,09 + 2,26) 
+ 1.4 = 10,9 db 
10,9 - 6,0 = 4,9 db 
2 ( 4. 12 + O. 4 L.i_ 19 = 8. 6 db 
0 db 
From 8,6 and O db = 3,8 db 
10,9 - 3,8 = J,1 OOES NOT MEET OBJECTIVE 

COL=0,5 db 

REFERENCE 

Tables II, III, V 

Cb.art I 

Chart II 

Since objectives are not met-with one repeater an e.dditiona.l repeater is pl.aced at 
office B. The computations are shown below. 

OFFICE A OFFICE B 
5,2 MI, 22-H-88.HC 7, 3 MI, , 109" ..STEEL ' 3, 9 MI. 22-H-88 HC COL= 

N.R. I 
RL1 

PROCEWRE 
i. ro 
2, NRCL 

3 • .R.RG 
4. RL3 
5, RL4 
6. ARG 
7, TRG 
8. NCL 

6 db 
(Attenuation)+ (.Refl, Losses)+ (COL)+ (LBO) 
(5,2 X 0,792 + 7,3 X 0,3l + 3,9 X 0,792) + (0) 
+ (2 X 0,5) + (0,4) = (4,12 + 3,09 + 2,26) 
+ 1.4 ~ 0,4 = 10,9 + 0.4 = 11,3 db 
11,3 - 6,0 = 5,3 db 
2 (3.09 + 0,4) _L19 = 6, 7 db 
0 db 
From 6.7 and O db = 2.8 db 
2,8 + 3,8 = 6.6 db 
11,3 - 6.6 = 4,7 db ANS, 
MEE'Il3 OBJECTIVE 

- 47 -

0.5 

~ N.R. r--
RL3 RL4 

REFERENCE 

Tables II, III, V 

Chart II 
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EXAMPLE 4 

COL=0,5 db C0ir-=0.2 db N.R. 
- 3. 2 MI. 5. 3 MI. 0. 2 MI. 11. 2 MI, 
o----1-------+------,-----H ~1-------+-------+--o 

19 .. H-88 HC 22-H-88 HC 22 GA.. NL ,080"-30% cs 
OF'FICE A 

rnocEJXJRE 
i. rro 
2, NRCL 

3. mm 
q., SRL (T) 
5, RLi_ 

6. 
Rf,2 
ARG 

'7 NCL , . 

~OFFICE B~ 

RL1 R12 

6 db 
(Attenuation)+ (Refl, Losses)+ (COL)+ (L.BO) 
(3,2 X 0,428 + 5,3 X 0,792 + 0,2 X 1.8 + ll.2 X 0,28) 
+ ( 0 ) + ( 2 X O , 5 ) + ( 0, 4 ) = ( L 37 + 4, 20 + 0 , 36 
+ 3,14) + Ll~ = 10,47 db= 10, 5 db 
10,5 - 6.0 = lJ .• 5 db 
( 2 x 4. 2 + 16) _L 19 = 17. 9 db 
2 ( 1. 37 + 4. 20 + 0. 1~) _I_ 17. 9 = 10. 9 db 
0 db 
From 10,9 and O db= 4.8 db 
10, 5 - 4 • 8 = 5 , 7 db MEE'IE 0BJEC'.rIVE 

OFFICE C 

REFERENCE 

'l'ables I, V 

Case I 
Chart I 

Chart II 

EXAMPLE N,R, COL=EJ0, db 
co·L= I ,,_J~ __ 1_o_MI_. __ ,____;3_,..:_5_MI_. __ +-+ 4. 1 MI_, --1~3:_._o_MI_. _Rru __ _ 

0 • 5 dtL::J , 109" -STEEL 22-H-88 HC 22-J:I-88 HC 19-H-88 

~RLl RL2I 
PROCEDURE 

L 'ID 6 db 
REFERENCE 

2, NRCL (Attenuation) + (Refl.-Losses) + (COL) + (L.BO) Tables II, III, V 
( 10 X 0, 31 + 3, 5 X 0, 792 + 4, l X 0, 792 + J, 0 X 0 • 514) 

3, RRG 
4. RL1 

~ 
5. ARG 
6. NCL 

+ (-0.2) + (2 x 0.5) + (2 x o.4) = (3.1 + 2,TI + 3.25 
+ L 54) + L 6 = 12, 3 db 
12.3 - 6.o = 6,3 db 
2 (2,77 + 0,4)_.l,_ 19 = 6.2 db 
2 (3,25 + 0,4) _L 19 = 7,0 db 
From 6.2 and 7,0 db= 6,2 db 
12,3 - 6,2 = 6.1 MEETS OBJECTIVE 

Cha.rt I 
Cha.rt I 
Cha.rt II 

A□cuming th.at it has been decided to overbuild the 3.0 miles of. 19 RlM with 22-H-88 
cable, the computations s~own below show the resulting transmission. 

N,R, 
00!,,,, f"7 10 MI. j 3. 5 MI. ~ 
0 • 5 dbL.:_]f---.-l-0-9·,.,..., --S-'l!&E.L-,--ii---22-:-;...H.:;..-88 __ H_C _--+-1~ r- 7,1 MI, 

22-H-88 

PROCEDURE 
l. TO 
2. NRCL 

3. R8G 
4. ~ 
5. R¼ 
6. ARG 
7. NC.'L 

~ RL1 R12 

6 db 
(10 X 0,31 + 3,5·x 0,792 + 7,1 X 0,792) + (-0,2) 
+ J..6 = (3,1 + 2. TI + 5,62) + 1.6 = 13,1 db 
13,1 - 6.0 = 7.1 db 
2 (2.24 + 0.4) _L 19 "' 5,1 db 
2 (5,62 + o.4) _L 19 = 11,2 db 
From 5,1 and ll.2 db " 7 .4 db 
13,l - 7,4 = 5.7 db ANS. 
MEE'lB OBJECTIVE 

- 48 -

COI,:.0,5 db 

E] 
REFE:RENCE 

'!ables II, III, V 

Cha.rt I 
Chart I 

tChart II 



APPLICATION GUIDE "N 

' 
__________ __, 

THIS SECTION SHOWS 'lliE GENERA.L STEP-BY-STEP PROCEDURES 
APPLIED TO A NUMBER OF PASIC CABLE LAYOUTS AND REPF.A.'l'ER 
CONFIGUAATIONS FOR COMPUTING AVAILABLE I'.EJ?FATER GAIN(S) 
OF NEGATIVE RESISTANCE/IMPEUll.NCE REPEATERS OPERA.TING AS 
VOICE FREQUENCY EXTENSIONS OFF CARRIER OR l.UCROWAVE 
RA.DIO EQUID'1ENT. 

THESE DESIGN PROCEDURES ARE 'lHEN SHOWN IN REPRESENTATIVE 
SITUATIONS AND ARE SHOHN IN EXAMPLES 1 THROUGH 7, 
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' 
APPLICATION GUIDE "DI 

UNIVERSAL STEP-BY-STEP PROCEOORE FOR COMPUTING AVAIIABLE 
REPEATER GAIN(S) FOR NEGATIVE RESISTANCE/IMPEDANCE REPEATERS OPERATING 

ON V. F. EXTENSIONS OFF CA.RRmR OR MICROWAVE RADIO EQUIPMENT 

CA.SE I 
( SEE FIGURE 8 FOR DETAIL) 

OFFICE A OFFICE B OFFICE C 

Cl V. F •. DE[{~.J) PORTION 

_,_
1 

[~ r LOADl!."D CABLE ~ 
CARRmR DERIVED PORTION ~I _______ _J 

RL2 RL1 0( , SRL RL3 
(NOTE 1) 

1. CONSIDER THE CARRmR V.F, TERMINAL A'l' LOCATION B TO BE ACTING AS A TERMINAL 
NEG/\'rIVE REPEATER AND CAPABLE OF PROVIDING A GAIN OF UP TO 3. 52 DB MAXIMUM, 
WHEN ']}IE HE'IURN LOSS ASGOCIATED wrrn THE LO,\DED CABLE PLANT ALLOWS. (CA.LL 
THE CARRIER V. F. 'l'E:RMINAL AN "APPARENT" REPEi\ TER. ) 

2. THIS NOH REOOCES TO THE CASE OF 'lliO TERMINAL REPEATERS. THE PROCEOORE FOR FIND 
AVAII.ABLE REPEATER GAINS IS AS FOLLOWS: 

FOR NEG. RES. REPEATERS 
fili = RL3 = 1. 2 O'\ _L SRL = M db 
RL2 = RL4 = 0 db 

FOR NEG. IMP. REPEl\.TERS 
1. 1 0( _L SRL = N db 
0 db 

REPEATER GAillS 
V.F. REPEATER AT A: 
"APPARENT" REPEATER AT B: 

FROM fili AND RI.n IN APPLICABLE3 GA.IN CHART 
FROM RL3 AND RL4 IN APPLICABLE3 GAIN CHART 

3. NOTE: THOUGH THE LINE SECTION RE'IURN LOSS FACING THE APPARENT REPEA.TER MAY 
ALWW AN AVAILABLE REPEA.TER GAIN MORE 'lliAN 3. 52 DB; THIS ADDITIONAL 
GAIN (OVER AND ABOVE 3, 52 DB) CANNOT BE PROVIDED BY THE 11APPARENT'1 

REPEATER. ( SEE PARA.GRAPH 3. 192 WHICH DISCUSSF.S 'lli IS. ) 

CASE I-A SAME AS CASE I ABOVE BUT MIXED GAUGE CABLES ARE EMPLOYED 

PROCElJJRE: USE STEP 1 OF CASE I ABOVE AND THEN 'ffiFAT AS PER CASE III OF 
APPLICATION GUIDE III, WHICH SHOWS 'IWO TERMINA.L REPEATERS OPERATING 
ON MIXED GAUGE Ct...BLF.S. 

NOTES 

1. Includes LOO losses but ~ office losses. 

2, The actual maximum will be as recommended by the connecting company or carrier 
ma.nufa.c turer • 

3, Chart II for Negative Resistance. Cha.rt III for Negative Impedance. 
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APPLICATION GUIDE rv - Cont'd 

CASE IX 

(SEE FIGURE 8 FOR DETAIL) 
OFFICE A OFFICE B OFFICE C OFFICE D 

G°'l SR½_ I w I«;: Sfi½ EJ I 0 I 
~ ~ ('"' 

l. 

HL1 RL2 RL3 RL4 

VOICE FHE~JJENCY DERIVED PORTION CARRIER DERIVED PORTION 

CONSIDER THE CARRIER VOICE FREQUENCY TE.'RUINAL AT LOCATION C 'ro BE ACTING AS A 
TEHIHNAL NEGATM P.EPEl\'.rER AND CAPABLE OF PROVIDING A GAIN OF UP 'ro 3, 52 DB 
MAXIlfilJ.1, ·,nIBN 'lllE RF:'IDHN LOSS ASCOCIJ\TIID \-TITH THE LOADED CABLE PLANT ALLOHS. 
(CALL THE CARRIER VOICE FREQlJENCY TEHJ.1IN!\.L AM "APPAREN'r1• nEl'B'\TER.) 

2. REPFA'l'ER AND "APPAREirr" REPEATER GAINS AC FOLLOWS: 

FOH NEG. IID:i. HJI!.'EJ\'filff~ 
A. RL1 = 2 OC l _l_ SRL1 == M DB 

B. RL2 == RL
3 

== 1.2 0( ;~ _l_ SRL2 = N DB 

C. HI14 =_! 0 DB 

FOH NEG JJ.lI'. RL'l•EJ\TEHS 
2 0( l _J_ SRL1 == 11 DB 

l. l 0( 2 _L SRL2 == P DB 

lllil"Er\ TETI GAINS 

V.F. REPEATER AT B: FROM m.,1 Alm PJJ':, TIT A.PPLICABLE3 GAIN CHART. 
"APPARENT" REPEATER AT C: FROM RL., A.ND ZETIO DB, IN I\.PPLICABLE3 GAIN CHART. 

3, NOTE: 

J 

THOUGH TIIE LIIIB SEC'fION RE'lUHH LOSS FJ\.CJJ,;G THE ''A.PP/J'~lrr" REPEATER MAY 
ALLOH AN AVAILA.13LE GAIN MORE Tl.IAH 3. 5,'? DB, THIS ADDITIONAL GAIN ( OVER 
AND A.BOVE 3,5 DB) CANNOT BE PTIOVIDED BY 'IHE "APPARENT'REPEATER, (SEE 
PARAGRAPH 3, 192 vffiICH DISCUSSES THIS. ) 

CASE II-A SAME AS CASE II ABOVE BUT MIXED CABLE GAUGES ARE INVOLVED. 

PROCEOORE: USE STEP 1 OF CASE II ABOVE AND 'iliEN TREAT AS PER EXAMPLES 3 AND 4 IN 
APPLICATION GUIDE II. 

NOTES: 

1. Includes LOO losGes but no office losses 

2, The actual max:l.nn.un will be aG recommended by the connecting company or th!:! 
carrier manufacturer. 

3, Chart II for Negative Resistance. Chart III for Negative Impedance. 
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EXAMPLE 1 

OFFICE A 

~~dbG 
PROCEDURE 

1. TO --- : 
2. NRCL : 

: 
RRG 

4.8 MI. 22-H-88 HC 
OFFICE C 

Oa1-;_,Bf---3_5 _M_I_. _"_0_" _C_ARR_IE_,_R_a 

'roLL CONNECTING 

VNL + 2 = (4.8 X 0.04 + 35 x 0.0017) + (2,4) = 2,7 db 
(attenuat;l.on) + (COL) + (RcL of Note 1) 
(4.8 x 0.792) + (0,5 + 0.8) + (0,5) = 3,8 + 1,8 = 5,6 db 
S.6 - 2.7 = 2,9 db 

COL=0.8 db 

REFERENCE 
Table I 
Table II 

The required gain to meet the above objectives ia 2.9 db a.nd can therefore be provided 
by the carrier equipment. For this reason no voice frequency repeater is required. 
It is e.lso assumed in this example that the connectiUG company which furnishes the 
carrier equipment bas also indicated that a carrier net gain of 2.9 db is possible for 
this type of equipment and are also agreeable in furnishing this gain, 

Note 1: Repeating coiJ loss used at office B for sisnaling purposes only, if required, 
If not required, the above NRCL is reduced by o. 5 db. In the remaining 
~ples shown herein this loss is assumed to appl;y. 

EXAMPLE 2 

OFFICE A OFFICE B OFFICE C 
cot= lo-f><lY~-+---16_M_I. ____ 1;_9~_H_-_88_H_c_+--o--+---2....,.5_1_u_._"o_N'_'_c_ARR __ IE_R __ -+--0-

o. 5 ~ N R r""' SRL1 I - RL~ --~ 

1. 
2. 

3. 
Ji. 

5, 
6. 

7. 

l ' ' I 4 COL=0.8 db R12 RL RL RCL=O. 5 db 
1 3 (See Note 1, Example 1) 

PROCEDURE 
TO : 
NRCL : 

: 
TRRG : 
RT"l = RL3: 

: 
RT-'2 = RL4: 
ARG : 

TA.HG : 

'roLL CONNECTING 

VNL + 2 = (16 x 0,04 + 25 x 0,0019) + (2,4) = 3.1 db 
(attenuation) + (COL) ·1· (RCL) + (LBO) 
(16 x 0.482) + (0,5 + 0.8) + (0.5) + (0.3) = 9.0 db 
9,0 - 3,1 = 5,9 db 
1.2 (attenuation + LBO) ...L SRL 
1. 2 ( 5, 9 + 0, 3) _L 16 = 8. 0, db 

0 db 
v.f. repeater, office A: from 8.0 and O db .. 3.4 db 
carrier, office B : from 8.o and O db = 3.4 db 
2 x 3.4 = 6.8 db MEE'IS VNL + 2 

Rfil,ERENCE 
Table I 
Tables II, V 

Chart I 

Chart II 
Cha.rt II 

For this particular example the total available repeater ~ain is more than that required 
for m.eeting ob,1ecti VEIS. The v. f. repeater therefore and "carrier" should be set to 
provide the gain required only. For exomple, for the gain required the v.f. repeater 
ca.n be set at the 3,4 db while the carrier at 2.5 db net gain for a total of 5.9 db. 
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EXAMPLE 3 

OFFICE A OFFICE B OFFICE C 

COL= 12 MI. 22-H-88 HC _ 37 MI. "ON" CARRIER 

O.~db N.R. ( SRL1 ' 
..._______.-r 

~ RLi RL3 RL!f 
'IOLL CONNECTING 

PROCEWRE 
1. 'IO : VNL + 2 = (12 X 0.04 + 37 X 0,0019) ·l· (2.4) = 3,0 db 
2. NRCL : (attenuation) + (COL) + (RCL) -:- (L130) 

: ( 12 x O. 792) + ( 0, 5 + 0, !3) + ( 0, 5) -:- ( 0 )f) = 11. 7 db 

REFE"RENCE 
Table I 
Tables II, V 

TRRG : 11. 7 - 3, 0 = 8. 7 db 
Chart I RLi = RL3: 1. 2 (attenuation + LBO) _L SRL1 

: 1. 2 ( 9. 5 + 0. 4) _L 19 = 11. 1 db 
5, ~ = nL4: 0 db 
6. ARO : v.f. repeater, office A: from O and 11.1 db= 4.8 db Chart II 

7. 
carrier, office B : from O and 11,1 db= 4.8 db Chart II 

It would appear from step (6) above that more than sufficient gain will be realized 
for meeting the objectives. However, as stated in paragraph 3,192, the carrier or 
"ap1:>arent" repeater cannot provide a gain higher than 3, 5 db even when the return 
loss allows, as in this case, Therefore, the carrier is set at 3,5 db net gain 
(assuming concurrence of the v.f. repeater). This is shown below. 

Carrier : 
V. F. Repeater: 
Total 

3,5 db 3,0 db 
hl db or. Ll db or 
1r.'f db 1r.'f db 

2,5 db 2.0 db 
6.2 db or ~7 db 
"8':7 db 1r.'f db 

NOTE: WHEN 'lliE V, F. REPFA TER IN ADDITION 'IO FURNISHING TI'S OWN SHARE OF GAIN, IS USED 
'IO MAKE-UP FOR SOME OF THE CARRIER GAIN THE FOLLOWING CONDITIONS MUST AT ALL 
TilfilS BE MET: 

1, THE '.roTAL GAIN FOR "\-ffiICH THE V, F, REPEATER AND CARRIER WILL BE SET MJST NOT 
BE GREATER 'lliA.N 'lliE SUM OF THE AVAILAELE GAINS AS ALLOWED BY 'lliE COMPUTATIONE 
OF STEP (6) ABOVE. (In this case, for example, step (6) allows a~ gain 
of 9.6 db in the circuit. In step (7), however, onzy 8.7 db total gain is 
used to meet the objectives, Therefore, the transfer of gains is proper.) 

2. THE 'IOTAL V, F. REPEi\ TER GAIN MUST NOT EXCEED 'lliE CROSSTALK LlMIT OF TABLE VI. 
( In this example the 5. 2 db v. f. terminal repeater gain is well within the 
7 db objective for H-88 facilities.) 
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EXJ\MPLE 4 

PROCJo..'DUHE 
l. 'I'O 

,, NHCL 

·),' ·rtmG 
1 •• !TI,,,., 

r 
)• i-U,3 

0.3 MI. ?4-II-88 HC r.. 6. 2 MI. 22-II-88 HC 1 5, 3 MI. 19-H-88 HC 21 MI.. "O" CARRIER 

TOLL CONNECTING 

VNL I {; 

( 0. 3 x o, 04 : 6. ," x O. o!. + 5. 3 x O. o!. I· ?l x O. 0017) 
+ ( '.->. 4) c.= ; ', ') <:lb 
(J\ttl.)nuation) i (nenection) 1 (COL) + (HCL) + (LBO) 
( (). 3 x 1. n I G . '' x o. 79.-:_> + 5. 3 x o . l.N)) + ( o) 
, (u.5, o.t3) -1 (0.5) + (0.1.) = 7,5, ;;.2 = 9.7 db 
'.), 7 - ~. 9 = 6. 8 db 

TC 
COL=0.8 db 

REFERENCE 
Table I 

Tables II_. V 

Chart I 

Chart I 

G. :rr,1 RL1.: 

l. :' (Att.Pnuation + LBO) _L Sfli,l 
.l.:' (7, 5 + O.lt) _l_ 19 = 9,0 db 
l.:' (/\ttenun.tion -1 LBO) _L SIU,,, 
l.:' (7.5 , o.lt) _L 16 = 8.6 db'· 
1) db 

7, AHG v.f. re}1eo.ter at off'lce A: from 9,0 and O db = 3.9 db 
carrier and location B from 8.6 and O db= 3,7 db 

Chart II 
Che.rt II 

Since step (7) above yields more available gain than that required in step (3) proceed 
us follow:::: 

8. ilCL 

a. Set the v,f. re~eater at: 
b, Set the carrier at 

'l'otal 
9.7 - 6.8 = ;,,9 db .-lEE'IS 

3,9 db gain 
_;;:_~2 db gain 
b:-5db 

VNL + 2 

Therefore, the objectives have been met and in addition the v.f. repeater and carrier 
are set at proper gains 
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E:CJ\MPLE 5 

OF!t'ICE A SRL1 
7,5 MI. 

OFFICE B OFFICE C OFFICE D 

CARRIER 0, 2 MI. l SRL2 29 MI. 

22-H-88 HC - 22-H-!38 HC : 
CO .... L=--0-.-5 .... db ' 

j RLl 

N.R. ( 
5. l MI. 19-H-88 HC - ~ 

\RCL=0,5 db/ 

-~ 
COL=0.8 db 

: 

1. 

/, 

(,. 
I 
I , ( • 

I 
I (.' • 

i 9, 
: 

'l'OLL CONNECTING 
RL3 RL4 

POOCifilJ l1E 
'ro 

NHCL 

RL,2 -· 

'l'/\HG 
NCL 

: VNL ·I 2 
: (7,5 X 0.04 + 0,2 X 0.04 + 5,1 X 0,04 + 29 X 0,0017) 

1 ( 2. !~) = 3. 0 db 
: (Attenuation)+ (Reflection)+ (COL)+ (RCL) + (LBO) 
: (7.5 x 0,792 ~ 0,2 x 0.792 + 5.1 x o.428) + (o) 

·I ( o. 5 ·I O . 13) + ( 0. 5) + ,,., x o. 4) = 10. 9 db 
: 10. 9 - 3. O =. 7. 9 db 
: '.' (Attemmtion ·!· LBO) _J_ SRL1 
; 2 ( 5 . 9 I O. 4) _L 19 "" 11. 7 db 

RL_V 1. ~. (~t~cnuation + LBO) _j_ .. Sfil9-
: 1., (c, , ·I o.h) _J_ 16 = 3,0 db 
: 0 db 
: v.f. repeater. office B: 

carrier, ofrice C : 
: 6 . 6 + 1. 2 ~- 7. 8 db 
: 1-:1.9 - 7.8 == 3,1.db 

from 11,7 and 3,0 db= 6.6 db 
from O and 3. 0 db = 1. 2 db 

REFERENCE 
Table I 

'!'ables II, V 

Chart I 

Chart I 

Chart II 
Ch.a.rt II 

j 'l'bercfore, the VNL + 2 objectives have been exceeded by 0,1 db, 

I 
I 1.. 
! : ~. 
) 

-.. 

COL=0.5 db 

PHOCEDU !ill 
'IX'> : 6 db max. 
'HSL : (Attenuation) 

(:?. 9 X 0. 7r_);: 
+ (0.5 + 0.5) 

h>:i1 : 7,9 - 6 .. 1.9 

OFFICE C 

Cl\rulDlll EJ 
llCL=0.5 db RCLi=0.5 db 

INTHASY.S'ft:1,1 E!V, 

·I (COL) + ( HCl ,; 
: 4.6 X 0,79'.') ( (). 5 : 0.5) 
= 7,9 db 
db 

4.6 MI. 

22-H-88 HC 

OFFICE D 

COL=O. 5 db 

REFERENCE 

Table II 

. . .:.yout, therefore 1 if the carrier can operate at a net go.in of 1.9 db 
·c:rhi.: !'\/.:'. on manufacturer' a actual recommendation::;).• no v. f. repeaters will be 

·••r nt either cfflce A or D. 

ANS. 

I i '[']-.:~ net. 
:,,r•.1u•,, it is also possible to operate the carr1er at a net gain of 3.0 db. 
.-c,. i. 'v lose then bec:or1cr: 

NCL ANS. 

. . ·--·-·-·--··- ------ .. ------------------------
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EXAMPLE 1 

PR9..Cfil2URE 

1. TO 
2, NRCL 

3. TRRG : 
4. ~ = R½= 
5. RL:, = R¼,: 
6. ARfJ : 

VNL + 2 = (7,2 X 0.04 + 5,3 x 0,04) + (2.4) = 2,9 db 
(attenuation)+ (COL)+ (RCL) + (LDO) 
7,2 X 0,'792 + 5,3 X 0,792) + (0,5 + 0,8) + (0,5 + 0,5) 
= ( 5, 7 + 4. 2) + 2. 7 == 12, 6 db . 

REFERENCE 

TABLE I 
TABLES II, V 

+ (o.4) 

12,6 - 2.9 = 9,7 db. 
1.2 (attenuation+ LBO) 
0 db 

SRL1 1,2 (5.7 + 0.4) 19 = 7,0 db CHART I 

N,R, Repeater at Office A: from O and 7.0 = 3,0 db 
Carrier at location B: from O and 7.0 = 3,0 db 

CHARI' II 
CHART II 

Since objectives a.re not m~t with the use of one repeater, an additional repeater 
is considered at the toll center, '!be computations are shown below. 

COL= 0.5 db 

PROCEDURE 

1, 'l'O 
2, NRCL 
3, RRG 
4. R¼ = ~: 

5. 
6. ~=me; 
7. TARG 

8. 'l'ARG 

RCL = 0.5 db 

TOLL CONNECTING 

IR¼ ~ 
Same as above= 2,9 db 
Sa.me as above+ o.4 (LBO) = 13 db 
13 - 2,9 = 10,1 db 
1.2 (attenuation+ LBO)..LSR~ 
1,2 (4.2 + 0.4)..l.19 = 5.3 db 
Zero db 
From 5. 3 and O db = 2. 3 db 
N.R. Repeater (T.C.) = 2.3 db 
Carrier neg gain= 2,3 db 
N.R. Repeaters: 3,0 + 2.3 = 5.3 db 
Carrier 3.0 + 2,3 = 5,3 db 

CoL"' O,Br/1;, 

22-H-88 HC 

REFERENCE 

CHART I 

CHART I 

'l'he total gain of 10.6 db, if available, is sufficient to meet objectives. How
ever, the carrier can only provide a net gain of up to 3,5 db only. (See para. 
3,192,) Since the return loss is adequate, the N.R. repeaters can make up the 
difference. The gain transfttr is shown below: 

Carrier Net Ge.in: 2,5 3,0 3,5 
N.R, Rei)eater (Office A): 4.5 3,0 3,5 

N,R, Repeater (T.C.): 4.1 _l;2:, .i:.l 
10.1 db 10,1 db 10,1 db 

NOTE: THE ABOVE TRANS.FER OF GAINS HAS BEEN MADE POSSIBLE ONLY BECAUSE CONDITIONS 
1 AND 2 (DISCUSSED IN BOTTOM OF EXAMPLE 3, "APPLICATION GUIDE IV") HAVE 
BEEN MET IN THIS EX.AMPLE. 
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TABLE I 

VIA NET LOSS FAC'roRS FOR TYPICAL TELEPHONE FACILITIES 

Type of Facility 

H-88 HC Loaded (any gauge) 
H-88 LC Loaded 

Two-Wire Factor Four-Wire Factor 

Open Wire - v.f. 
Open Wire - Carrier (all types) 
Type Kor N Carrier 
Carrier Circuits on Radio 

TABLE II 

0.04 
0.03 
0.01 

''. _\ 

ATI'ENUATION OF TYPICAL FACIU,TIES .. · 
@ 1000 cps and 68°F 

1. Loaded Trunk Cable 

Attenuation 
Type of Facility 

24-D-66 HC 
22-D-66 HC 
19-D-66 HC 

db/Mi.: db/KF 

26-H-88 HC 
24-H-88 HC 
22-H-88 HC 
19-H-88 HC 

19-H-88 LC (quadded) 
19-D-88 HC 

1.21 
0,792 
o.428 

1.79 
·1.21· 
0.792 

·· · o.428 

0.375 
0.375 

Note: For buried cables use information shown, 

0.23 
0.15 
0.081 

0.34 
0.23 
0.15 
0.081 

0.071 
0.071 

0.0017 
,,0.0.019 
·o.'0014 

For aerial cable, use information shown, modified where. pecessary, 
by paragraph 3.18. 

2. OJ>en Wire Conductor - Bare, Wet 

.104 11-cu1 0.078 0.0145 
.104 11-40i c-s 1 0.16 0.0303 
.080"-30~ c-s 1 0.28 0.0530 
.109" -steel 2 o. 31 0.0587 

Notes: 1. 811 spacing and number and type of insulators shown in REA 
TE & CM-406, Table III. 

2. 12" spacing and number and type.insulators shown in, REA 
TE & CM-4o6, Table IV, 

For other open conductors and configurations, use applicable 
loss in REA TE & CM-4o6. 



G, •m t!c CM-444 

TABLE III 
' 

REFLECTION LOSS OF TYPICAL FACILITIES@ 1000 cps 
,.,,, ,. 

Facility Combination 

22-H-88' HC and .10411 
- CU 

19-H,.~~ HC and .104" - CU 
• i I , . 

22-H~88 HC and .104"-40% c-s 
19-H-88 HC and ,104"-40% c-s 

· ·22-:a: ;;.88 HC and .-o8o" -30% ·c -s 
19-H-88 HC and ,08o"-30% c-s 

22-H-88 HC and ,109".steel 
19-H-88 HC and .109" Steel 

22-H-88 HC and 24-H-88 HC 
22-H-88 HC and 19-H-88 HC 

22-D-66 HC and. 24-n~66 HC 
22-D-66 HC and·l9-D-66 HC ' 

Ii> ' 

Reflection Los·s-db 

+0.2 
+0,1 

0 
0 

.,.0.2 
-0.3 

0 
·o 

0 
0 

0 
0 

TABLE IV 

STRUCTURAL RETURN LOSS 

'.D'.I>e of Facility 

24-D-66i HC 
.22-D-66 HC ' 1· ' 
'19-D-66 HC 

24-H-88 HC 
22-H-88 HC 
19-H-88· HC 

19-H-'88 LC 
19-D-88 HC 

'' 

Structural Return toss-db 

22 
19 
16·· 

22 
19 
16 

15 
14 

Note l. '.l'entative. values. Refer to paragraph 3.171. 
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TABLE V 

LBO LOSS INFORMATION -
NIDATIVE RESISTANCE REPEA'rERS ONLY 

Type of Facility 

24-D-66 HC 
22-D-66 HC 
19-D-66 HC 

24-H-88 HC 
22-H-88 HC 
19-H-88 HC 

19-H-88 LC 
19-D-88 HC 

LBO Loss-db/LBO 

0.5 
o.4 
0.3 

0.5 
o.4 
0.3 

0.3 
0.3 

TABLE VI 

BOR Loss-db/KF 

0.235 
0.152 
0.06 

0.235 
0.152 
0.06 

0.06 
0.06 

CROSSTALK LIMITATIONS FOR TERMINAL REPEATERS 
(ALL TYPES) 

Type of Facility 

D-66 (all gauges) 
H-88 (all gauges) 
D-88 (all gauges) 

Te.nninal Repeater Gain1-db 

7 objective 8 maximum 
7 objective 8 maximum 
6 maximum 

Note 1. For intermediate repeaters see paragraph 3.14. 
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CHART I 

COMBINATION OF RETURN LOSS 
ON ENERGY SUMMATION BA.SIS 

Example: Given: Return Loss of' Quantity #1 = 15 db 
Return Loss of' Quantity #2. = 19 db 

Dif'f'erence is 19 - 15 = 4 db 

! 
$ 

Procedure 1. 
2. Corresponding to 4 db in Column A .. Read 1.44 db EC 

in Column B. (Use 1.4 db) 
Subtract 1.4 db f'rom smaller: 15 - 1.4 = 13.6 db 3. 

4. 15 19 = 13.6 db ANS. 
. ,:i: 

QUICK RULES TO REMEMBER 

1. IF QUANTITIES ARE EQUAL, SUBTRACT 3 DB ANS. 

2. IF DIFFERENCE BETWEEN THE TWO QUANTITIES ARE 
15 DB OR MORE, SMALLER OF TWO QUANrITIES GIVES 
ESSENTIALLY THE ANSWER. 
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TABLE V 

LBO LOSS INFORMATION -
NIDATIVE RESISTANCE REPEA'rERS ONLY 

'I'ype of Facility 

24-D-66 HC 
22-D-66 HC 
19-D-66 HC 

24-H-88 HC 
22-H-88 HC 
19-H-88 HC 

19-H-88 LC 
19-D-88 HC 

LBO Loss-db/LBO 

0.5 
o.4 
0.3 

0.5 
o.4 
0.3 

0.3 
0.3 

TABLE VI 

BOR Loss-db/:KF 

0.235 
0.152 
0.06 

0.235 
0.152 
0.06 

0.06 
0.06 

CROSSTALK LIMITATIONS FOR TERMINAL REPEATERS 
(ALL TYPES) 

Type of Facility 

D-66 (all gauges) 
H-88 (all gauges) 
D-88 (all gauges) 

Tenninal Repeater Gain1-db 

7 objective 8 maximum 
7 objective 8 maximum 
6 maximum 

Note 1. For intermediate repeaters see paragraph 3.14. 
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COMBINATION OF RETURN LOSS 
ON ENERGY SUMMATION BASIS 

Example: Given: Return Loss of Quantity #1 = 15 db 
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