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prevent echo and near-singing effects. Line
section return losses computed by methods de-
scribed in this practice are used to determine
maximum usable gains by methods described in
the practice covering each type of repeater.
In estimating the line section return losses,
terminal return losses which are typical of an
idle condition, without terminations, are used
at the end of each line section furthest from
the repeater, as discussed in Parts 3 and L of
this section.

(B) Singing Margin Method Based on Talking
Condition Return losses

2.03 The singing margin basis of circuit de-

sign is used for special service lines
and other applications which require the high-
est gains obtainable with satisfactory freedom
from hollowness and other near-singing effects.
In this method of design, terminal return losses
typical of those likely to be controlling in
the talking condition are used at the end of
each line section furthest from the repeater.
This design approach usually requires that sing-
ing in the idle condition be avoided by the use
of idle line terminations, by opening the cir-
cuit at a series repeater, or by other means.
In the case of the series repeater, as a means
for avoiding excessive gains, each line section
return loss is combined with a return loss of
26 db on a current or in a phase basis. The
results of these combinations are the return
losses to be used in the margin formula to de-
termine the repeater gain. A computed margin
of at least 10.0 db is considered to be a rea-
sonable minimum for the difference between (1)
the sum of the two return loss values and (2)
the 2-way gain of the repeater. A margin as
large as 10 db is considered necessary to allow
for expected differences between the computed
and actual results and for variations from the
assumed line conditions.

2.0L4 The design method described in Para-

graph 2.03 is intended for use only for
the design of exchange area special service
lines and similar applications. It is based
largely on the assumption of fixed layouts and
a limited range of terminal conditions.

(C) Via Net Loss Method - Idle Line Terminations

3. LINE SECTION CONSIDERATIONS

3.01 The first step in the usual repeater ap-

plication is the selection of a facility
layout and a location for each repeater. The
sections dealing with the arious types of re-
peaters give general rules for the selection of
favorable layouts. At each repeater location
there will be two line sections, one on either
side, for which the line return losses must be
estimated as a preliminary to determining the
maximum usable gain of the repeater. Fora line
with a single intermediate repeater each line
section extends from the repeater location to
the end of the circuit, except when special
considerations apply as discussed in Para-
graph 4.03. For a terminal repeater one line
section is of negligible length, hence its
return loss is identical with the terminal
return loss.

3.02 A special method is used to determine the

maximum usable gain in the case where a
nonloaded line section is associated with a
series type repeater if the other line section
is loaded. In Section AB22.151.1 a chart is
provided whereby, for convenience, the effec-
tive facility loss of the nonloaded line sec-
tion, rather than the return loss, determines
the maximum usable gain.

3.03 When using the stability design method,

if two or more repeaters are used in tan-
dem, the line section on the side of any re-
peater which faces another repeater will be
considered to terminate at a point located be-
tween the two repeaters inaccordance with rules
developed to simplify the over-all design. These
rules are discussed in Sections AB22.151.1 and
AB22.151.3.

3.04 For the singing margin method or for checks

of stability on via net loss trunks, the
loss of the line between two repeaters should
ordinarily be divided into two equal line sec-
tions. If a major irregularity exists in the
line between repeaters the maximum combined
gain will generally result if the point of di-
vision between line sections is taken at the
irregularity.

L. COMPONENTS OF LINE SECTION RETURN LOSS

2.05 The basic design of via net loss trunks

is based primarily on echo considerations
and hence does not fall within the scope of
this section. To determine whether the design,
once established, will require idle line termi-
nations at only one or at both circuit termi-
nals is a singing problem and a procedure is
covered in this section.
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L.01 Each line section return loss associated

with a repeater is obtained by combining
the effect of such of the following items (A)
to (F) as are applicable to the particular
facility layout.



(A) Terminal Return loss

L.02 1In Part 2 of this section the concept of

terminal return losses based on either
idle line or talking conditions were discussed
as distinguishing features of the different de-
sign methods. The following discussion will be
of value in applying the principles invqlved to
specific cases.

L.03 Stability Design Method: In the stability

design method the idle circuit condition
is used as a design basis and 0 db, which is
typical of an open or short, is used as the
terminal return loss. The location of the re-
mote end of each line section is selected as
the nearest point at which an open or short
circuit or the equivalent may occur, usually at
the end of the circuit. A line section, how-
ever, should not extend beyond the location of
equipment which effectively opens the line in
the idle condition. This rule unnecessarily
restricts the gain in the special case when the
open is located immediately adjacent to a se-
ries type repeater. In this case, because of
the resulting line stability, the open may be
disregarded or, as an alternative, the singing
margin design method may be used. Similarly,
if advantage is to be taken of the preserice of
idle line terminations, the singing margin
design method should be used.

Li.Ol Singing Margin Method: The singing mar-
gin type of design is concerned primarily
with the talking condition of the line for the
various types of connections which may occur.
A terminal return loss of 6.0 db is used as a
typical controlling value for established con-
nections. The 6.0 db terminal return loss may
be considered to occur at:

(1) A PBX or central office switching point.

(2) A telephone instrument or a nonloaded
loop terminated by a telephone instrument.

L4.05 Via Net Ioss Method: For some trunks,
such as 2-wire links between two crossbar
tandem offices or other 2-wire toll switching
centers in the same metropolitan area, the fa-
cility layout and ET repeater gain requirements
are based on via net loss (VNL) considerations.
Idle line terminations may be needed at either
one or at both ends of such links to prevent
singing in the idle condition. In such cases
line return losses may be computed by assuming
a 9 db terminal return loss at a circuit termi-
nal where an idle line termination is provided
and O db where none is provided. Any combina-
tion of these terminal arrangements, based on
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the preceding assumptions, for which the "maximum
usable gain, " as discussed in Section AB22.151.3,
is as great as or greater than the gain pro- '
posed on the VNL basis will be considered sat-
isfactory with respect to idle line stability.
This procedure is illustrated by Example 7,
Paragraph 6.07.

(B) Structural Return Loss -

L.06 A length of loaded facility has a struc-

tural return loss which results from the
small irregularities distributed along the line.
The structural return loss is treated as though
it occurred at the end of the facility at,or
nearest to, the repeater location. It summarizes
the effect of random variations in (1) spacing
between loading coils, (2) loading coil in-
ductance and (3) cable pair capacitance. Struc-
tural return losses for exchange-type loaded
facilities are given in Section ABL2.050.01 for
values of the reference deviation of a partic-
ular loading system. The reference deviation
is obtained as described in Part 5(A).

.07 The structural return losses for loaded

facilities given in Section ABL2.050.01
are based on infinite length lines. If the
loss of a loaded facilityis less than about 8 db
the structural return loss as obtained from
Section ABL2.050.01 may be increased by a cor-
rection obtained from Section ABL2.050.02. If
a line sectionismade up of two or more lengths
of loaded facilities of the same type which have
appreciably different structural return losses
the following procedure may be applied. The
structural return loss of each section as found
in Section ABL2.050.01 is corrected for the fi-
hite loss of the particular facility length by
the use of Section ABL2.050.02. The structural
return losses for the remote lengths are then
referred to the repeater location as described
in Part 5(B). The final values are combined on
the power basis as described in Part 5(C). 1In
practice it will be found that in many cases
the structural return losses of circuits de-
signed on the stability design basis have too
small an effect on the maximum usable gain to
justify the refinement just described. However,
for cases involving the use of the higher gain
steps and for the singing margin method, the
more refined method may be very helpful.

L.08 Deviation Test Splicing: 1In some cases
higher structural return losses may be
required than are ordinarily obtained with loaded
exchange type facilities. Little improvement
can be obtained by taking extreme measures to
obtain exact load spacings because of the rather
wide variations between the capacitances of
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individual cable pairs. A further degree of
improvement with reasonably good load spacings
may be obtained by deviation test splicing,
which is described in some detail in Sec-

tion AB23.191. In nonquadded cable, the pairs
between adjacent loading peints are kept open
at the coils and at a splice near the middle.
By making tests with a capacitance bridge the
pairs of each half-section are sorted into a
number of groups, based on their measured capac-
itances. At the middle splice, pairs from high
groups on one side are spliced to pairs from
low groups on the other side and vice versa.
This reduces the spread of the capacitances of
the pairs in the loading section. The chart of
Section ABL2.050.10 gives the improvements over
the structural return losses of Section
ABL2.050.01 which can be expected for B, D, H,
or M load spacing by the application of devia-
tion test splicing to a 50-pair group.

L.09 For nonloaded facilities the structural
return losses are so high that they may
be ignored.

(C) Return Loss Due to Load Spacing Irregularity

L4.10 Load spacings which are longer or shorter

than those typical of the remainder of a
loading system are likely to occur, for exam-
ple, when loaded facilities are cross-connected
at intermediate offices. Such irregularities
may be treated as specific irregularities. To
do this requires determining the percentage
deviation from average spacing of each irregu-
lar load spacing. For layouts which include
lengths of both high and low capacitance pairs,
the spacings should be figured on a capacitance
basis, rather than on actual sheath lengths..
Pair capacitances per unit length may be found
in the appropriate sections of the ABL2 Series.
Specifically, it is proper to treat a load sec-
tionasan irregularity if its per cent deviation
from the nominal standard spacing for the system
is greater than about three times the reference
deviation of the system remaining if the irregular
spacing is removed from the reference deviation
calculation. Deviations of this magnitude can
usually be identified by inspection to avoid
making repeated calculations of the reference
deviation. Return losses for loading irregu-
larities are given in Section ABL2.050.03. The
irregularity return losses in Section ABL2.050.03
are based on the per ¢ent deviation of the ir-
regular spacing from the average spacing for
the balance of the loading system. For prac-
tical purposes the irregularity may be assumed
to be at the middle of the irregular section.
Each irregularity return loss should be re-
ferred to the repeater location as described
in Part 5(B).
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(D) Junction Return Ioss

.11 In some cases line sections will neces-
sarily be made up of more than one type
of facility. At a junction between two unlike
facilities a junction return loss occurs be-
cause of the discontinuity in line impedance.
The juncétion section between the two loaded
facilities is described as being "normal" if the
total capacitance between the two adjoining
coils is equal to the sum of the half-section
capacitances for the two systems, based on the
system average values in 'each case. The table
of Section ABL2.050.04 gives junction return
losses for normal junction sections between
various types of loaded exchange facilities.

L.12 If a junction section is longer or shorter
than "normal" the junction return loss
tends to become lower, at least for part of the
frequency band. The chart of Section ABL2.050.0k4
has been developed to provide an approximate
solution for this effect. In order to read
this chart the total junction section capaci-
tance is expressed as a per cent of the '"nor-
mal" junction capacitance and considered as a
junction section "length."™ A "™normal" junction
section return loss for the joined types of
facilities is obtained from the table of Sec-
tion ABL2.050.0L and spotted on the 100 per
cent vertical line of the chart. From this
point the contours drawn on the chart are used

‘as a guide to locate a point above the actual

per cent "length" of the junction section. The
junction section return loss is then read by
referring this point to the vertical scale.
For example, consider a 50 per cent junction
section between H88 and B88 high capacitance
facilities which have a "normal® junction sec-
tion return loss from the table of Section
ABL2.050.0L of 15.7 db. The 15.7 db value
falls just below the contour which crosses the
100 per cent line of the chart of Section
ABL2.050.0L at 16.0 db. By following along
Jjust under this contour to the 50 per cent
line find a point which in this case is lo-
cated at about 8.2 db on the vertical scale.
The junction return loss for the 50 per cent
junction section is then 8.2 db.

L.13 Junction return losses between loaded and
nonloaded facilities are given in Sec-
tion ABL2.050.05.

L.l If a nonloaded line section is made up of
mixed gauges, an impedance irregularity
occurs at each change of gauge. From a return
loss viewpoint this effect may be of some im-
portance when a section of cable near the re-
peater differs in gauge from the predominating
or typical gauge on which the repeater network
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design is based. This situation may be recog-
nized by considering the solid gauge lines shown
on the chart of Section ABL2.050.11. From the
length and resistance of the nonloaded line
section locate a point on the chart and select
the nearest solid gauge line based on the ver-
tical spacing. If the section of cable nearest
the repeater differs in gauge from the typical
gauge so determined a Jjunction return loss from
Section ABL2.050.06 should be considered to
occur at the repeater end of this section. If
the 1000-cycle loss of this section is less
than 4.0 db the junction return loss may be in-
creased by a correction also given in Sec-

tion ABL2.050.06. The procedure is illustrated
by Example 6, Paragraph 6.06. In order to
avoid undue complexity this type of junction
return loss may be disregarded for lengths of
the adjacent gauge which do not exceed the
values given in the following table:

Typical Gauge Adjacent to Repeater

Gauge 26 2l 22 19
26 - 640" 390! 300!
2L . Lo - 770 L30!
22 20t 620! - 770"
19 130" 2ho' 530! -

L.15 Junction return losses, other than those

which occur at the repeater, should be
referred to the repeater location as described
in Part 5(B).

(E) Intermediate Equipment Return loss

.16 The presence of intermediate equipment

which includes repeating coils or bridged
retard coils may be a significant factor in the
design of a repeatered line. The maximum ef-
fect on line return losses tends to be in the
lower frequency range. At the higher frequen-
cies, the effects will be small except for the
possible case of an inequality ratio repeating
coil. The following rules which are a compro-
mise between the high- and low-frequency ef-
fects should provide a satisfactory design ba-
sis without necessitating return loss computa-
tions at two frequencies.

L.17 A repeating coil may be treated as caus-
ing an irregularity return loss of either
(1) about 15.0 db for the higher inductance ex-
change coils such as the 9LE and 120 types or
(2) about 10.0 db for the lower inductance coils
used in dial pulse repeating circuits such as
the 9LN or the older 101A types. In general,
bridged retard coil type circuits have shunt
inductances of at least 0.5 henry. Such coils
may be treated as causing irregularity return
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losses of about 15.0 db at a similar location.
Irregularity return losses caused by equipment
are referred to the repeater location as de-
scribed in Part 5(B).

L.18 The irregularity return losses for inter-
mediate equipment described in Para-
graph L.17 also apply in the case of a location

adjacent to a repeater if the line section is
loaded. This rule holds also for nonloaded
line sections except when two such sections are
associated with a series-type repeater. 1In the
latter case an available inductor in the re-
peater network may be used to compensate for
the adverse effect of the equipment located be-
tween the repeater and a nonloaded line section.
As a result the return loss effect of the coil
can be disregarded in estimating the line re-
turn loss. Further details are covered in Sec-
tion AB22.152.1.

L.19 For use in making return loss calcula-
tions the following transmission losses
for intermediate equipment are suggested:

Type of Equipment Loss

Repeating coil with permalloy core such

as 120C 0.3 db
Repeating coil with silicon steel core

such as 120CS 0.6 "
Repeating coil of the older general

purpose type such as 9LE 0.6 "
Repeating coil used in dial pulse cir-

cuit 101A, 9LN 0.3 "
Bridged retard coil (0.5 henry or

higher) o.o "

Note: Additional information on repeating
coils will be found in Sections AB22.277 and
ABl7.006. Information on currentl  manu-
factured equipment may be obtained from the
Western Electric Co. card catalog.

L4.20 Margin is provided in the stability de-

sign method to take care of the effect of
equipment at the remote end of a line section.
For this reason the presence of such equipment
can ordinarily be disregarded in computing the
line return loss. In applying the singing mar-
gin method to special service lines the 2.0 db
terminal return loss at a nonloaded loop is
considered to include the effect of a battery
supply coil. As a result the effect of a coil
associated with a loop does not appear directly
in the return loss calculation.

(F) Bridged Taps on nonloaded Facilities

L.21 In applying the singing margin method to
nonloaded line sections the effect of
bridged taps may be disregarded in making the
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return loss calculations. The presence -of such
taps may, however, require network adjustments
based on tests at the time of installation. If
such tests are made the permissible gain deter-
mined by the computed return losses may be in-
creased by an amount sufficient to overcome the
bridged tap loss. This credit is somewhat high-
er than that given in Section AB22.151.1 for
use with the stability design method. The more
liberal treatment is permitted because, when
the singing margin method is used, the line by
itself does not necessarily need to meet the
requirements for idle line stability as dis-
cussed in Paragraph 2.03.

5. OPERATIONS REQUIRED TO COMPUTE LINE SECTION
RETURN LOSSES

(A) Determining- the Reference Deviation of a
Ioading System

5.01 In SectionABL2.050.01, which covers struc-

tural return losses for exchange type
loaded facilities, the column headings are for
reference deviations ranging from 1 to 15 per
cent. The process by which the reference devi-
ation of a particular loading system is obtained
is discussed in Paragraph 5.02.

5.02 The reference deviation of a loading sys-
tem is a measure of the combined effect
of two types of spacing deviation which are:

(1) The departure of the average spacing of
the system from the nominal standard
spacing for the type of system.

(2) The average of the differences, with signs
disregarded, between the individual spac-
ings and the system average spacing.

The two types of deviation (1) and (2) are used
to read the reference deviation value from the
chart of Section ABL2.050.09. The average de-
viation is used in (2) to avoid the more diffi-
cult calculation required to obtain the root
mean square deviation. The chart is constructed
in such a way that with a normal distribution
of spacing deviations the reference deviation
is correctly obtained by this simplified pro-
cedure. The elimination of large deviations
which are not within the probable spread of a
normal distribution was discussed in Para-
graph L.10. The separate treatment of such
irregularities as individual spacing irregu-
larities has the advantage of taking into ac-
count the actual location of the irregularities
in the line. As an example of the procedure,
consider the following loading system:
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Spacings Sign of  Leviavic . com
between Coils Dev. Avg. Spac:iuig

5990! - 130!
6290 + 170!
5910° 210!
6270" + 150!
6220 + 100"
60L0" - 80!

Sum 36,720 8Lo!

Avg. (6) 6120 1ho!

Std. 6000 140/6120 = 0.023 = 2.3%

Dev. 120! (2.3% on vertical scale

of the chart of Section
ABL2.050.09)

120/6000 = 0.02 = 2%
(2% on horizontal scale of ABL2.090.09)
Reference Deviation from ABL2.050.09 = 3.5%

Three times Reference Deviation
(Paragraph L.10)
3 x 0.035 x 6000' = 630!

5.03 In the above example, a deviation from
standard spacing of three times the ref-
erence deviation is about 630'. Since the larg-
est actual deviation from 6000' is 290' there
is no reason to consider any of the spacings as
individual load spacing irregularities.

(B) Referring Return Losses to a Repeater Loca-
tion ’

5.0L4 In order to refer each of the intermedi-

ate and terminal irregularity return
losses to the repeater location it is necessary
to add to each twice the loss between the ir-
regularity and the repeater. For loaded ex-
change grade facilities of the types currently
in use the effective facility losses are suit-
able for use in referring return losses, except
that for aerial cable the losses are adjusted as
discussed in Paragraph 5.06.

5.05 In using the stability design method for
certain cases) as noted inParagraph 3.02,
the effective facility loss of a nonloaded line
section associated with a series repeater is
used directly in reading a chart to determine
the maximum usable .gain. 1In using the singing
margin design method nonloaded loops, whether
adjacent to the repealter or at a remote loca-
tion, are treated as causing a 6.0 db return
loss without detailed calculations based on the




actual make-up. In other cases the return loss
of a nonloaded line section should be computed
for use in the design procedure. In referring
return losses to the repeater location, twice
the 1000-cycle loss of nonloaded facilities
should be used rather than twice the effective
loss. For nonloaded circuits, when the effec-
tive facility loss is known, the 1000-cycle
loss can be found with sufficient accuracy by
dividing the effective facility loss by 1.2.
Adjustments of aerial cable losses for tempera-
ture variation effects are discussed in Para-
graph 5.06. For convenience the approximate
1000-cycle loss of a nonloaded underground loop,
for which the length and resistance are known,
can be read fromthe chart of Section ABL2.050.11.

5.06 The transmission losses of facilities
vary with the temperature of the conduc-
tors and, when telephone repeaters are used,
singing will be most likely to occur when the
cable temperature is lowest. In the case of
underground cable, winter conditions with mini-
mum outdoor temperatures of about 0° F may re-
sult in cable temperatures which lower the trans-
mission losses below the 680 F values by about 7
per cent. The design and installation proce-
dures, however, include some margin which, in
general, will be adequate to prevent winter
singing for layouts in underground cable. Par-
ticular care should be used, of course, to ob-
tain an adequate margin against singing when
circuits are installed during warm weather.
For aerial cable the temperature of the conduc-
tors follows more closely the daily outdoor
temperatures and under similar weather condi-
tions the losses may reach values about 15 per
cent below the 68° F values. The greater range
of variation should be taken into account in
referring return losses to the repeater loca-
tion. In order to provide additional margin,
not needed for underground cable, the facility
losses for aerial cable, should be reduced be-
low the 680 F values by about 8 per cent for
areas where 00 F temperatures may be expected.
Some variation of the per cent adjustment may
be desirable to suit local conditions in areas
with unusually large or small temperature changes.

5.07 In order to consolidate the information

needed for computing line return losses,
Section ABL2.050.07 for underground and Section
ABl2.050.08 for aerial cable have been prepared
to include facility losses for exchange type
facilities.

(C) Combining Return losses

Power Basis of Combination

5.08 The various referred return losses and
the structural return loss applicable to
a line section are combined on the power or
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energy summation basis. Section ABL7.872 in-
cludes data in the upper table to aid in this
process.

5.09 In combining a number of return loss val-
ues, they are selected by pairs usually,
as a matter of convenience, starting with the
two highest values. From the difference be-
tween the two values of the pair a combining
termis found in Section ABL7.872. The combin-
ing term is then subtracted from the lower of
the two return loss values of the pair. The
result is then treated as a return loss value
in continuing the process. The result for the
last remaining pair is the line return loss.

5.10 As an example, consider the following
group of four return losses all being
values referred to the repeater location:

12.8 db
17‘,4 "
18.6
13oh "

(a) 18.6 - 17.L = 1.2 db Difference
Comb. term = 2.5 db (Section ABL7.872)
17.h - 2.5 = 1L.9 db

(b) 149 - 13.L4 = 1.5 db Difference
Comb. term = 2.3 db (Section ABL7.872)
13.4 - 2.3 = 11.1 db

(c¢) 12.8 - 11.1 = 1.7 db Difference

Comb. term = 2.2 db (Section ABL7.872)
11.1 - 2.2 = 8.9 db (Power Combination for
the Group)
Line Return Loss = 8.9 db

Current Basis of Combination

5.11 Although the current or in-phase basis of

combination is not normally used in ob-
taining the line return loss, it is used in
some associated processes. The lower table of
Section ABL7.872 provides data for making this
type of combination.

5.12 Suppose, for example, that a line return
loss of 14.6 db is to be combined on a
current basis with 26.0 db (Paragraph 2.03):

26.0 - 1L4.6 = 11.L db Difference
Comb. term = 2.1 db (Section ABL7.872)
1.6 - 2.1 = 12.5 db (Current Combination)

Junction Return Loss at ET Repeaters

5.13 In Section AB22.151.3 the current basis
is recommended for combining junction re-

turn losses at ET repeaters with line return

losses. This method of computation provides an
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SECTION AB22.150.L

approximation of the minimum values of the com-
bined return loss when the repeater impedance

is not matched to that of the line. The neces-
sary data may be obtained fromSection ABL7.872.

5.1l Suppose thata line return loss of 13.9 db
is to be combined with a junction return
loss of 15.7 db at an ET repeater.

15.7 - 13.9 = 1.8 db Difference
Comb. term = 5.2 db (Section ABL7.872)
13.9 - 5.2 = 8.7 db (Combined Value)

6. EXAMPLES

(A) Stability Design Method

6.01 Example 1: Find the Line Section Return
Loss RL, for the layout shown in Example 1.

A
3.4M1. 19HC H88 (U.G)
D& REF.DEV= 2% e,
1.5db A
{AB 42.050.07) ;}A

EXAMPLE 1

Term RL at (4)

0 + 2(1.5) = 3.0 db (L.03, 5.0L)

Structural RL = 23.L db (2% Reference Devia-
tion) (Section ABL2.050.01)

Add correction for 1.5 db

23.4 + 2.8 = 26.2 db (ABL2.050.02)

Power Combination of RL's at (B) (5.08)

26.2 - 3.0 = 23.2 db Difference (5.09)

3.0 - 0.0 = 3.0 db (Section ABL7.872)

RLA = 3.0 db

6.02 Example 2: Find the Line Section Return
Loss RLB for the layout shown in Example 2.

s7M.22H88(.6) () 10000" 24HC(UG)
(A) (B) ~ "REFDEV=3% Q& NONLOADED o)

A

TTTTA o~ 4ed Je 4.4db
4. (AB4205007) 94N  (AB42.050.07)
8
EXAMPLE 2

Term RL at (D)

0 + 2(L.6 + 0.3 + L.l) = 18.6 db (L.03,
.19, 5.0L)

Repeating Coil (9LN)

10.0 + 2(L.6) = 19.2 db (L.17, 5.0L)
Junction RL at (C)

bl + 2(4.6 + 0.3) = 1Lh.2 db (ABL2.050.05,
L.19, 5.0L)

Structural RL = 23.7 db (3% Reference Devi-
ation) (Section ABL2.050.01)
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Add éorrection for 4.6 db

23.7 + 0.5 = 2.2 db (Section ABL2.050.02)
Power combination of RL's at (B) (5.08)
2.2 = 19.2 = 5.0 db Difference (5.09)
19.2 - 1.2 = 18.0 db (Section ABL7.872)
18.6 - 18.0 = 0.6 db Difference (5.09)
18.0 - 2.7 = 15.3 db (Section ABL7.872)
15.3 - 1L.2 = 1.1 db Difference (5.09)
14.2 - 2.5 = 11.7 db (Section ABL7.872)

RLB = 11.7 db

6.03 Example 3: Find the Line Section Return

Loss RLA for the layout shown in Example 3.

22H88(U.G) 22 H 88 (U.G.)
(A) . 8 . (B)m(C) . . " . (% ‘
30000 (6) ~ (5) 3000'—4500' (3)" (2)" (1) " 3000'®
(4) “~
EXAMPLE 3 RL,

Loading System Deviations and Irregularities

(5.02)
Load Deviation
Spacings from Avg.
(1) 6200 170"
(2)  5%00" 130"
(3) 6100" 70°
(L) 7500 (Omit)
(5)- 6050! 20!
(6) _5900" 130"
Sum  30,150' 520"
Omitting (L) by inspection
Avg. (5) 6030 1ok
Std. 6000! 10L4/6030 = 0.017k =
1.7% Approx.
Dev. 30!

Locate 1.7% on ver-
tical scale of Sec-
tion ABL2.050.09.

30/6000 = 0.005 = 0.5%
(Locate 0.5% on horizontal scale of Section

ABLI2.050.09) ' :

Reference Deviation from Section ABL2.050.09
= 2.0% Approx.

Structural Return Loss = 25.6 db (Section
ABlL12.050.01)

Three times Reference Deviation (L.10)
3.0 x 0.02 x 6000' = 360"
7500 - 6000 = 1500' (greater than 360')



Loading Irregularity at (L)

7500 - 6030 = 1L70'

1470/6030 = 2h.L% (L.10)

Irregularity Return Loss = 12.6 db (Section
ABL2.050.03)

Facility Loss (A)-(D) (L3,650' = 8.3 miles)
= 6.6 db (Section ABL2.050.07)
Facility Loss (C)-(D) (2L,950' = L.7 miles)

= 3.8 db (Section ABL2.050.07)

Return Loss‘RLA at (D) Example 3
Term RL at (&)
0 + 2(6.6) = 13.2 db
Irregularity RL at (C)
12.6 + 2(3.8) = 20.2 db
Structural RL 25.6 db
Add correction for 6.6 db

- 25.6 + 0.2 = 25.8 db (Section ABL2.050.02)

Power Combination at RL's at (D) (5.08)
25.8 - 20.2 = 5.6 db (5.09)
20.2 - 1.1 = 19.1 db (Section ABL7.872)
19.1 - 13.2 = 5.9 db (5.09)
13.2 - 1.0 = 12.2 db (Section ABL7.872)
RLA = 12,2 db

6.0L Example L: Find the Line Section Return

Loss RLB for the layout shown inExample L.

) 29Mi 22888(U.G) (8) 4.1MI 22H88 (U.G)
i;ladb(eB E950.07) 3.3db(AB 42.0500

_ AVG.= 3100’
rl.  REF.DEV.=5%
STR. RL- 16.3db

T 6. 5900"
2250 REF. DEV.= 3%
STRRL= 23.7db

EXAMPLE 4

Junction Return Loss at (B)

Normal Junction Section

0.5 (3100 + 5900) = L500!

2250/L500 = 0.5 (50%)

Normal Junction Return Loss (HC H88 vs HC
B88) = 15.7 db (Section ABL2.050.0L)

50% Junction Section RL = 8.2 db (Section
ABL2.050.0L)

Structural Return Loss

22B88 16.3 + 2.5 = 18.8 db (Section
ABL2.050.02)

22H88 23.7 + 1.1 = 2L4.8 db (Section
ABL2.050.02)

2L4.8 + (2 x 1.8) = 28.L4 db

Combination at (A)

28.4 - 18.8 = 9.6 db

18.8 - 0.5 = 18.3 db (Section ABL7.872)

SECTION AB22.150.L

Line Section Return Loss

Term RL

0+ 2(1.8 + 3.3) = 10.2 db

Junction RL

8.2 + 2(1.8) = 11.8 db

Structural RL = 18.3 db

Power Combination of RL's at (A)

18.3 - 11.8 = 6.5 db

11.8 -~ 0.9 = 10.9 d (Section ABL7.872)
10.9 - 10.2 = 0.7 db

10.2 - 2.7 = 7.5 db (Section ABL7.872)
RLB = 7.5 db

(B) Singing Margin Method Based on'Talking Con-

dition Return Losses

6.05 Example 5: Find the Line Section Return

Toss RL N for the layout shown in Example 5

for use in the Singing Margin Method.

8.0MI19HC HB88 (U.G)"

(A) REF.DEV=2% B

“~N 3.44b(AB42.050.07~ ZA)

TERM. RL= 6 RLp
EXAMPLE 5

Term RL at (A)

6.0 + 2(3.4) = 12.8 db (2.03, L.oL)
Structural RL 23.4 (Section ABL2.050.01)
Add correction for 3.L db

23,4 + 1.0 = 24.Ly db (Section ABL2.050.02)
Power Combination of RL's at (B)

2Ly - 12.8 = 11.6 db

12.8 - 0.3 = 12.5 db (Section ABLT7.872)
RL, = 12.5 db

Current Combination of RL, with 26.0 db
(2.03)

26.0 - 12.5 = 13.5 db

12.5 - 1.7 = 10.8 db (Section ABLT7.872)
RL, term for margin formula = 10.8 db

6.06 Example 6: Find the Line Section Return
Toss RL, for the layout shown inExample 6

for use in the Singing Margin Method.

_ el %g NON_LOADED @,
—-% X
3000' 26HC U.G.
RL/. 94N 4000 24HC AERIAL  TERM.RL6
8 8000' 22 AERIAL
EXAMPLE 6
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SECTION AB22.150.L

Facility Losses for Line ILioss Corrections
26HC 3.000 x 0.5L2 = 1.63 = 1.6 db

(ABL2.050.07)
2L4HC L.000 x 0.L403 = 1.61 = 1.6 db
(ABL2.050.08)
32  8.000 x 0.312 = 2.50 = 2.5 db
(ABL42.050.08)
Total 5.7 = 5.7 db
Typical Gauge
Total Loop Length = 15,000
n n n =

717 ohms (ABL3.521)
Typical gauge = 2LHC (Section ABL2.050.11)

Junction Return Losses

26HC vs 2LHC
17.5 db (Section ABHZ.050.06)

Correction for 1.6 db is L.5 db (Section
AB)2.050.06)
17.5 + .5 =
22.0 + 2(0.3) =

22.0 db (L.1h)
22.6 & (L.19)
Tefminal Return loss

Term RL at (C)

6.0 + 2(5.7 + 0.3) = 18.0 db (L.19)

Equipment Return loss

9LN Repeating Coil at (B)
10.0 db (L.17)

Power Combination of RL's at (B)

22.6 - 18.0 = L.6 db
18.0 - 1.3 = 16.7 db (Section ABL7.872)
16.7 - 10.0 = 6.7 db

10.0 - 0.8 = 9.2 db (Section ABL7.872)
RLy = 9.2 d

Current Combination of RLB with 26.0 db (2.03)

26.0 - 9.2 = 16.8 db _
9.2 - 1.2 = 8.0 db (Section ABLT7.872)
RLB term for margin formula = 8.0 db

(C) Check of Need for Idle Line Terminations on
a Via Net Loss 2-Wire Trunk

6.07 Fxample 7: Check the adequacy of an idle
line termination at the incoming end only
of the trunk covered in Example 7.

10.0MI.19HC H88(U.G) me?

REF. DEV=1% (D)

X BAR 6OMII9HC HBB(UG)

(A) REF. DEV=1% )

2.6db
gg,';) (AB42.050. 07) RLg (AB42 050 a7) TERM
RL=0 RL=9
(1.0db VNL)

EXAMPLE 7

Page 10

Term RL at (4)

0 + 2(2.6) = 5.2 d (L4.05)
Structural RL
25.0 + 1.5 = 26.5 db (Sections ABL2.050.01

and ABL2.050.02)

Power Combination of RL's at (B)
26.5 - 5.2 = 21.3

5 2 - 0.0 = 5.2 db (Section AB47.872)
RL, = 5.2 db

Term RL at (D)

9.0 + 2(L.3) = 17.6 db (L.05)

Structural RL
25.0 + 0.6 = 25.6 db (Sections ABL2.050.01
and ABL2.050.02)

Power Combination of RL's at (C)
25.6 - 17.6 = 8.0
17.6 - 0.6 = 17.0 (Section ABL7.872)

RLB = 17.0 dd

Maximum Usable Gain with ET Repeater from

AB22.151.3, Fig. 1, (RL, = 5.2, RL = 17.0)
is 8.3 &
Assigned gain (2.6 + L.3) - 1.0 = 5.9 db

Since the assigned gain is lower than the
computed idle line stable gain the use of
an idle line terminating circuit at (D) on-
1y will be sufficient to prevent singing in
the idle condition.

7. LIST OF REFERENCES TO SOURCES OF DATA

Section ABL2.050.01 - Structural Return Losses
for Stability and Singing
Margin Design Purposes -
Exchange Area Facilities

Section AB42.050.02 - Structural Return Loss
Adjustments for Short
Lengths of Loaded Facility

Section ABL2.050.03 - Loading Irregularity Re-
turn Losses

Section ABL2.050.0L - Junction Return Losses -
Between loaded Facilities

Section ABL2.050.05 - Junction Return Losses
Between Loaded and Non-
loaded Facilities

Section ABL2.050.06 - Junction Return Losses and
Loss Corrections - Mixed
Gauge Nonloaded Facilities

Section ABL2.050.07 - Facility Losses at 68° F
for Referring Return Loss-
es In Computing Line Sec-
tion Return losses - Loaded
and Nonloaded Exchange
Type Underground Cable



Section ABL2.050.08 -

Section ABL2.050.09 -

Facility Losses Adjusted
to Allow for Temperature
Variations of Aerial
Cable for Referring Re-
turn Losses in Computing
Line Section Return
Losses - Loaded and Non-
loaded Exchange Type
Aerial Cable

Chart for Obtaining Ref-
erence Deviation of a
Loading System

Section ABL2.050.10

Section ABL2.050.11

Section ABL7.872

Section ABL47.872

SECTION AB22.150.L

Typical Improvement in
Structural Return loss
Obtainable with Deviation
Test Splicing on Exchange
Area Facilities

1000-Cycle Loss of Non-
loaded Facilities from
Length and Resistance

Combination of Return
Losses on Power
(Quadrature) Basis

Combination of Return
losses on Current (in
Phase) Basis
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