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SECTION AB22,152.1

1. GENERAL

1.01 This practice amplifies the informa-

tion given in Section AB22.151 relat-
ing to the selection of networks for series
type negative impedance repeaters using the
standard strapping charts included in Sec-
tion A30L.486.

1.02 1In addition, the following supplementary

information, which will be particularly
useful for special service line design, is
provided:

(a) Methods for determining the effective
gain of the repeater from loss-frequency
measurements. . :
(b) Methods for shaping. the loss-frequency
characteristic of the repeater by adjust-
ment - of the network.

(c) Methods for determining the network -

required to provide specific gains when
the repeater is. inserted between loaded and
nonloaded line sections.

(d) Information on network selection to pro-
vide specific gains when terminal return
losses are better than O db.

(e) 'Information on the addition of components

in the network to account for equipment
between the repeater and a nonloaded line
section.

(f) Procedures for selecting the network
building-out capacitor when loaded facil-
ities are involved.

(g) Formulas from which may be computed the

network constants required to produce
specific gains when the repeater is used
between unusual types of loaded facilities
for which no networks have been provided in
the standard charts,

1.03 As covered in Section AB22,151, the .
general design method for circuits with

- series type negative impedance is based on. .

the fact that the most critical circuit condi-
tion from a stability standpoint is the idle
condition and, therefore, in determining the
maximum insertion gain that can be obtained,
the terminal return losses are taken as O db.
However, as also pointed out under the part

of Section AB22,151 dealing with special serv-
ices, it is frequently possible with these
kinds of lines to provide idle circuit termi-
nations which may increase the terminal return
losses in the idle condition to a point where
they are no longer controlling.

1.0l When the circuits are designed on the
basis of 0 db terminal return losses,
and the repeater is to be inserted between
two loaded line sections or between two non-
loaded line sections, the network strappings
required to produce the gain determined from
the information in Section AB22,151 can be
obtained directly from the standard strapping
charts of Section A30L.LB6. "This is also
true when the terminal return losses are.
better than O db and loaded facilities are
involved on each side of the repeater.

1.05 For the case of a repeater inserted

between loaded and nonloaded facilities
for any terminal return loss condition and
when the repeater is inserted between non-
loaded facilities and the terminal return .
losses are not O, the networks required must
be determined by the methods given in this
practice.

1.06 For quick reference, the following table

shows the source of the network strap-
pings for the various combinations discussed
above:

Repeater Inserted Between:

Loaded and
Loaded Nonloaded Nonloaded
Facilities Facilities Facilities
Terminal RL = 0 db Standard Standard This
Charts Charts Practice
Terminal RL Standard This This
Greater than 0 db Charts Practice Practice
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“1.07 For convenience in following the network
design and selection procédures given

in this practice, the standard strapping charts

of Section A30L4.L86 are discussed briefly

in Part 2.

2. DISCUSSION OF STANDARD NETWORK STRAPPING
CHARTS

(A) General

2.01 The standard strapping charts for loaded

facilities given in Section A30L.L86 were
determined by computing the values of the net-
work elements required by means of the formula
given in Part 7 of this practice and then work-
ing out the strappings that would provide them
as accurately as possible. In some cases the
theoretical values could not be obtained
exactly in the network and this, along with
the fact that certain compromises were made in
the interest of reducing the number of charts
required for similar facilities, explains any
differences that may be noted between theoreti-
cal values and those provided by the strappings
given in the charts. The networks for nonloaded
facilities are not readily susceptible to com-
putation and the strappings given in the -charts
are based largely on empirical data.

(B) X Networks for Loaded Facilities

2,02 For loaded facilities (¥-type network),
Section A30L.l;86 gives one chart for
each group of facilities in general use having
similar impedance and cutoff characteristics.
For convenience in use and in order to minimigze
the number of network strapping charts required,
the strappings on each chart are given as a
function of nominal gain. This nominal gain
is defined as the insertion gain which would
be obtained between two uniform line sections
of the same type of facility and end section.
Methods for converting the desired inserticn
gain into nominal gain are discussed later in
this section.

2.03 The strapping information is given for
nominal gains of 1 to 8 db in0.5 db steps.
There are a few facilities for which networks
are not shown for gains greater than 6 or 7 db.
In these cases, the required network impedance
is extreme and critical, and the network does
not provide the elements which would be needed.

2,0y In the case of repeaters at the junctions
of loaded and nonloaded facilities, as
discussed later in this section, strappings are
selected on the basis of return loss of the
loaded line at the repeater and the resistance
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and gauge of the nonloaded line; therefore,
corresponding values of return loss are also
included along with the nominal gain steps.

(C) Y Networks for Nonloaded Facilities

2,05 The networks for use with nonloaded

facilities are given on chart 1Y of Sec-
tion A30L.L86. The setup differs from.the
loaded case in that no gain figures are associ-
ated with the networks and their constants are
determined only by the dc loop resistance ahd
gauge of the facilities. When the repeater is
inserted between nonloaded lines, the networks
will provide effective gains equal to the
"maximum obtainable gain".given by Fig. 1 of
Section AB22.151 when the return losses in the
two directions (RL, and RLg) are taken as twice
the effective line losses between the repeater
and the circuit terminals, which is equivalent
to 0 db terminal return losses. Methods for
determining the network when the terminal
return losses are not O and for the case where
the repeater is inserted between loaded and
nonloaded facilities are given later in this
practice.

3. GAIN CONSIDERATIONS AND ME ASUREMENTS

(A) General Considerations

3.01 - When the repeatered circuit is designed

on the basis of O db terminal return
losses, following the methods given in Sec-
tion AB22.151 and the proper networks are
selected from the standard charts, the computed
effective insertion gains will be closely ap-
proached. Also, as long as the circuits are
free from important irregularities, they should
be stable under all terminal conditions sc that
it is generally not necessary to make special
gain tests or network adjustments. When other
than standard networks are used or where the
circuits are designed on the basis of higher
than O db terminal return losses, gain and
stability tests should be made to be sure that
the expected gain is obtained and that the .
circuit is stable. The stability tests -should
be made with the terminations that were assumed
in determining the terminal return losses used
for the circuit design.

3.02 It will generally be found, with loaded
circuits particularly, that the insertion
gain-frequency characteristic will vary by
several db or more in the voice-frequency range,
due to circuit impedance variations. When
special gain tests as described above are made
on a single repeater, the maximum insertion
gain at any frequency between 200 cycles and
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the cutoff frequency of the higher cutoff
facility (3500 cycles for the nonloaded case)
should not be allowed to exceed 26 db in order
to assure stability. Where a group of circuits
using the same facility layouts are involved,
it is usually only necessary to test, and if

" necessary adjust, one and apply the same net-
work strappings to the others. In this case,
however, the 26 db maximum gain figure should
be reduced to 20 db to allow for inherent vari-
ations between repeaters and networks.

3.03 " Detailed methods for making insertion

gain tests are given in Section ‘A30L.L87,
and procodures for adjusting the over-all gain
or. the gain in particular frequency ranges are
given elsewhere in thls section.

3.0y In some unusual circumstances where net-
works are adjusted to produce maximum
gains with irregular facility layouts, singing
may occur at some point beyond cutoff frequency.
This condition will adversely .affect the per-
formance of the repeater with respect to over-
loading and may not always be detected by moni-
toring tests at the repeater or at the circuit
terminals because it may be outside of the
audible range or not transmitted over the cir-
cuit. It can be detected, however, during gain
measurements by disconnecting the test oscil-
lator and checking to see if a deflection still
exists on the instrument used as a detector.
If such a condition is found it will be neces-
sary to reduce the gain at the higher frequen-
cies within the voice band.

3,05 Where multifrequency or single-frequency

signaiing pulses must pass over E repeat-
ered trunks, the gain should be checked at and
near the pulsing frequencies to insure that the
limitation of the signal receiving equipment
with respect to differences in level between
the various tones is met. This gain check
should be made with the signaling terminations
on the trunk.

(B) Effective Gain

3.06 Although the existence of alternate gain

peaks and valleys in the gain-frequency
characteristic make it difficult to judge the
effective gain of a repeater where it is oper-
ating with loaded facilities on one or both
sides, it has been found: reasonable to take the
average of the value of the peak and valley
above and below 1400 cps, measured between nor-
mal talking circuit terminations, as the effec-
tive gain., If, however, no well defined peaks
and valleys exist between 900 and 1900 cps, the
gain at 1400 cps may be taken as the effective
gain,.
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3.07 In the case of repeaters between loaded
and nonloaded line sections, the measured
insertion gain frequency response with normal

_talking circuit terminations should have a

rising characteristic to at least 2000 cps, in
order to partially compensate for the frequency
characteristic of the nonloaded line section.
On this rising characteristic there will be
superimposed small variations caused by varia-
tions in the impedance of the loaded facility
particularly, as seen at the repeater. The
effective gain may be approximated, however, in
the same manner as.covered in Paragraph 3.06
above.

3,08 For the case of repeaters between non-

' loaded facilities, or.at the end of a
nonloaded facility, provided ‘that the gain-fre-
quency characteristic is free from pronounced
peaks and valleys, as is to be expected, the
effective gain may be taken as the average of
values measured every 500 cps from 500 to
3500 cps. Normal talking circuit terminations
are assumed.

i, NETWORKS FOR REPEATER BETWEEN LOADED
FACILITIES

(A) Type of Network

;.01 For loaded facilities the network is of

the X type shown in Fig. 1. The complete
specification for strapping consists of a basic
strapping (column 3 of strapping charts) and a
supplemental strapping (column Y of strapping
charts) for providing the appropriate value of
Co to correspond to the end sections of the
facilities at the repeater.

;.02 The procedure for specifying network

strapping to give the desired insertion
gains with the types of facilities used is
described in the following paragraphs. If a
chart is not available for the facility or
combination of facilities in question, the net-
work constants can be computed as described in
Part 7 and the strapping selected to provide
these constants.

(B) Facilities of Similar Impedance on Opposite

Sides of the Repeater

;.03 Where the repeater is to be inserted .

» between two facilities of the same dype
or between facilities of types which fall into
the same group as indicated on the master chart

" (Section A30L.LB6), the gain provided will be

the nominal gain shown opposite the strapping
on the appropriate chart,
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(C) Facilities of Dissimilar Impedance on
Opposite Sides of the Repeater

L0l When the repeater is to be operated
between two different types of loaded
facilities and these facilities do not fall in
the same group on the master chart, the inser-
tion gain provided by the network strapoing
obtained from the charts will not be the nomi-
nal gain shown in the chart. The true inser-
tion gain can be taken from Fig. 2, in which
Zy equals the characteristic impedance of the
facility for which the network is selected
(usually the lower cutoff facility) and Zp
equals the impedance of the other facility.
If, for example, 22/21 = 1.3 and the desired
insertion gain is 6.4 db, the proper network
will be tabulated opposite a nominal gain
of 8 db.-

(D) Terminal Repeater on Loaded Facilities

L.05 1In the case of terminal repeaters on
loaded facilities, the nominal gain may

be assumed as an approximation to be the inser-
tion gain and Fig., 2 need not be consulted.
This approximation is necessary because the
terminal side of the repeater may connect to a
variety of facilities, resulting in a different
insertion gain.

(E) Supplemental Strapping for Loading End
Sections

L.06 If the end sections of the line facili-

ties on the two sides of the repeater are
equal in terms of tenths of full section, the
end section for strapping purposes is the same
as the cable end section onone side. Likewise,
if only one end section is involved, as in the
case of a terminal repeater, the end section
for strapping purposes is the same as the cable
end section.

L.,07 If the end sections of the line facili-

ties on the two sides of the repeater are
different, but both their characteristic imped-
ances and ‘their cutoff frequencies are within
13 per cent of the smaller value, Table 1
should be used to determine the required end
section for network selection. Table 1 is also
to be used when the loading systems are the
same regardless of gauges.

L,,08 When the repeater is inserted between
facilities having either cuteff frequen-
cies o:i characteristic impedances which differ
by more than 13 per cent, the longer end sec-
tion (in terms of tenths of full section) adja-
cent to the repeater should be taken as the end
section for the network. In this case, the

SECTION AB22,152.1

gain of the repeater is likely to differ sig-
nificantly from the nominal value making it
necessary to check the gain and perhaps to
adjust the network. Table 2 provides a con-
venient means for determining whether or not
a case falls into this category.

Li,09 If one of the end sections is less than

C.3 of a full section in length, it is
necessary to build it out as discussed in Sec-
tion AB22,151. For the purpose of building
out, a 0.0l MF or 0.02 MF tubular, pigtail-type
capacitor may be connected across the appropri-
ate line terminals of the repeater, or equiva-
lent building out applied at some other point
in the central office.

(F) Equipment between Repeaters and Line
Facilities

L4.10 Where central office equipment including
inductive elements such as retard or
repeating coils is placed at the repeater loca-

tion on the side facing a loaded facility, or
in the loaded facility section some distance
from the repeater, it is not possible to com-
pensate for this inductance by adding an ele-
ment in the network. 1In either case the effect

" of this equipment on obtainable gain should be

reflected in the computation of the return loss
of the loaded line by referring the 10 to 15 db
return loss of the coil back to the repeater
(see Section AB22,151). In some cases the
added loss of the equipment in this path will
approximately compensate for the decrease in
over-all return loss caused by the coil. Where
equipment of this type is placed between a
repeater and a nonloaded line, however, compen-
sation in the network for this inductance is
possible and this condition should be treated
as covered in Paragraph 6.12.

(G) Network Adjustment

L.11 In the usual case the only adjustment to

X-type networks that need be made in the
field may be a change in the value of the net-
work building-out capacitance, Cp. The .supple-

" mental strappings tabulated for various end

sections provide values of capacitance Cp which
are convenient for adjustment purposes. Strap-
pings are tabulated on the charts for 0.3 to
1.2 section, which will generally provide small
enough steps for any adjustments that need be
made, so it is not usually necessary to deter-
mine new strappings from the network wiring
diagram.

4.12 If the measured gain of the repeater
falls off at the higher voice frequen-

‘cies, this gain may be increased by decreasing
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the value of Co (i.e., reducing the capacitance
of the supplementary strapping by 0.1 section
steps).

L.,13 TIf the measured gain of the repeater is

too high at high frequencies, or if the
repeater sings at high frequencies, the gain
can be decreased by increasing the value of Cp
by 0.1 section steps.

L.1ly If the repeater sings at frequencies of

0.6 of cutoff or below, with any circuit
condition, the network should be changed to one
having the next lower nominal gain.

5. NETWORKS FOR REPEATER BETWEEN LOADED AND
~ NONLOADED FACILITIES

(A) Type of Network

5.0 When the series type repeater is con-
nected between loaded and nonloaded
facilities the network consists of two parts
connected in series, one for the loaded and one
for the nonloaded facility. For the loaded
facility the same X networks as covered above
for the case of a repeater between loaded
facilities are used. For the nonloaded side,
Z networks are used, making a combination known
as the XZ network., The Z networks are similar
in confipuration to the Y networks used when
the repeater is inserted between nonloaded
facilities (see Part 6), but the constants are
not determined in the same way and must be com-
puted as covered in Paragraph 5.02. Since two
networks are involved, the gain of the repeater
becomes a function of the sum of the two net-
work impedances and the gain figures associated
with the X network charts in Section A30L.L8E
therefore have no significance as far as total
gain is concerned, and this must be determined
as discussed in Paragraph 5.11.

The Z-type network has either two or
three elements, depending on the end sec-
tion of the loaded lire on the other side of
the repeater and the circuits used, along with
information for selecting their constants, are
shown on Figs. 3A and 3B. To show the manner
in which the X and Z networks are connected
together to form the complete X7 network, the
X network is also shown within a dashed box.
Generally, the three-element 7 network will
result in more gain than provided by the two-
element arrangement. For some instances, this
added gain may be sufficient to more than off-
set the loss occasioned by building out the
short end section to permit the use of a three-
element network and this possibility should be
considered. The added gain provided may be
determined from Fig. 3 of Section AB22,151.

5.02
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5.03 Because of the many combinations of
loaded and nonloaded facilities that may
exist on either side of the repeater, it has
not been practicable to set up standard charts
for this case, and the required networks must
therefore be worked out and specified by the
engineer. This involves the selection of a
standard X network based on the return loss i
looking into the loaded facility and its end -
section and the computation of a Z network
based on the dc resistance and gauge of the
nonloaded section in accordance with Fig. 3.

(B) Selection of X Part of the XZ Network

S.0L4 The X part of the XZ network is deter-

mined by the return loss on the loaded
side of the repeater and by the end section of
the loaded facility facing the repeater. The
same standard charts as for the loaded-loaded
case are used, the only difference being that
the appropriate network is selected on the
basis of return loss instead of gain., For this
use, the standard charts are tabulated in terms
of return loss as well as gain and the network
may be specified from the charts using the
return loss column. When the return loss falls
between values given on the chart, the next
lower return loss should be used.

(C) Selection of Z Part of XZ Network

5.05 The 7 part of the XZ network is deter- }
mined fromthe information given on Fig. 3.

After the constants have been determined, the

strappings required to produce the network,

bearing in mind that the X network elements can

not be used, must be worked out and specified,

5.06 As indicated on Fig. 3, two forms of
Z network are used, depending on the end
section of the loaded facility involved. When
the end section is less than 0.9, a two-element
network is used and when the end section is 0.9
or greater, a three-element network is used.
To aid in the selection of available values of
resistance and capacitance, Paragraphs 5.07 and
5.08 discuss the make-up of the resistor and /)
capacitor strings provided in the network. *

5.07 The components for the X part of the com-

bination have been selected so as to make
available for the Z network the resistor string
ending in the 510-ohm resistor (terminal No. 22).
Thus, for the case of the two-element Z network,
the resistance can be adjusted .to the nearest
510 ohms when the resistors are taken in series;
also, the combinations in Table L can be used
to give finer steps, For the case of the three-
element Z network, however, two resistances are
required, one of which is fixed at 510 ohms;
the other resistance can then only be adjusted
to the nearest 1000 ohms.,
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5.08 The capacitance used in the Z part of the

XZ network can be made up of parts of the
two-capacitor banks which are not used to make
up the X network. When the return loss of the
loaded line isless than 7 db, and a two-element
Z network is desired; it may be found that the
values of capacitance required becomes so large
that insufficient caracitance is available.
Wnere this is the case, the two-element Z net-
work must be used, regardless of end section
with some sacrifice in gain.

5,09 If the nonloaded facility has one bridged

tap of less than a mile in length, lo-
cated more than one mile from the repeater, the
tap can be disregarded in the network design.
For other bridged tap combinations on the non-
loaded facility the network should be selected
as if they did not exist. This will result in
lower gain, but it may be possible to increase
the gain by cut-and-try adjustment of the
capacitance in the Z portion following the pro-
cedure given in Paragraph 5.15.

(D) The Comrlete XZ Network

5,10 Having selected the X and Y portions of
the network as described above, it is
necessary to connect them inseries as indicated
on Fig. 3. This is done by opening the strap
normally shown between terminals 7 and 36 for
the X networks and inserting the selected Z net-
work in the circuit between these terminals.

(E) Gain

5,11 When the XZ network has been selected as

described above, the insertion gain ob-
tained will be closely the same as the allowable
gain indicated by Fig. 3 of Section AB22,151,
which gives the highest gain that can be ob-
tained with adequate stability margins plotted
against return loss of the loaded line section
and the effective loss of the nonloaded line
section. In this it is assumed that the ter-
minal return loss on the nonloaded facility is
0, which.is the usual design assumption, as
covered in Section AB22.151. However, in some
cases, and particularly on special service
lines, terminations which give better return
losses may exist, and it is therefore possible
to obtain higher gains.

5,12 When this is the case, and the improved
return loss is on the loaded side, Fig. 3
may be used to obtain the gain since return
loss on the loaded side is one of coordinates
and the X part of the network is selected, as
described above, on the basis of this return
loss. When the return loss on the nonloaded

'side is better than O db, the gain can not be
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read directly from Fig. 3 of Section AB22,151,
but must be estimated as described therein,
using the actual return losses on each side of
the repeater. -

5,13 To find the Z part of the XZ network that

will produce this estimated gain, it is
necessary todetermine a "fictitious" resistance
for the nonloaded line section. This is done by
finding from Fig. 3A or 3B of Section AB22,151,. -
as appropriate, an effective line loss for non-
loaded line section corresponding to the actual
return loss of the loaded line section involved
and the estimated gain. From this information
a "fictitious" line resistance, based on the
predominant gauge of the nonloaded cable, can
be computed. This "fictitious'" resistance is
then used to compute Z network as described _
in Part 5(C).

5.1y The network selected on this basis should

give an effective gain closely approach-
ing that estimated if the nonloaded facilities
are reasonably uniform with respect to gauge.
In any case, however, it is advisable to check
the gain by measurement and to make adjustments
as described in Part 5(F) to insure stability.

(F) Network Adjustment

5.15 The adjustments given here are primarily

intended for use when networks have been
computed as described in Paragraph 5,13, but
may be applied in other cases if gain adjust-
ment is necessary. The adjustments and associ-
ated gain checks should be carried out with the
circuit in the condition under which the termi-
nal return losses used for estimating the gain
exist. (See Part 3(A).)

5.16 If the insertion gain-frequency character-
istic with the XZ network selected falls
within the general objectives given inPart 3(4),
it may be possible to obtain higher gain. Con-
versely, if the objectives are not met, the
gain must be reduced. The over-all gain can be
changed by using the next higher or lower gain
X network selected from the standard chatrts .
which provides approximately 0.5 db.steps. The
gain in particular frequency ranges may be
adjusted by the same changes as given for
Y networks in Part 6(E).

(G) Equipment between Repeater and Line
Facilities

5.17 If equipment, such as long line circuits,
is connecteéd in the circuit at points
remote from the repeater on either the loaded
or nonloaded side, the return losses arising
from its use must be included when the maximum

] i
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permissible gain figure is determined. This is
true also when the equipment is immediately
adjacent to the repeater on the loaded side.
When the equipment is on the nonloaded side and
immediately adjacent to the repeater, its-
return loss can be neglected if an element to
account for is included in the 7 network. This
may be done in the same manner as described in
Part 6(F), except that the inductive element must
be connected across the 7 portion of the XZnet-
work. (Terminals 7 and 36.)

5,18 From the above, it is apparent that more
gain can usually be obtained when the
long line equipment is placed immediately
adjacent to the repeater and on the nonloaded
facility side. If the equipment involved is
. substantially open circuited at voice frequen-
cies on one side in the idle condition, the
open side should face the repeater to insure
stability in the idle circuit condition.

6. NETWORKS FOR REPEATER BETWEEN NONLOADED
FACILITIES

(A) Type of Network

6.01 As inthe case of a repeater between loaded

and nonloaded facilities, covered in
Paragraph 5.01, the network used when the
repeater is connected between nonloaded facili-
ties consists of two parts connected in series,
each of which takes care of the facility on one
side of the repeater. These parts are known as
Y networks and the complete network is called
a YY network. The Y networks may consist of
two or three elements, depending upon the gauge
of cable involved, as indicated on Fig. 5,
which shows the circuit used. The 2000-ohm re-
sistor shown in series with the two Y networks
is included to compensate for losses in the
repeater and is fixed' for all cases.

{B) Selection of Y Networks

6,02 Chart 1Y of Section A30L4.L486 gives strap-

ping information for Y networks, based on
the gauges and the dc resistance ranges of the
nonloaded cables involved. Since two Y net-
works are required to make the complete YY net-
work, Chart 1Y contains two strapping columns
(2 and 3) for each gauge and resistance range
which give strappings that have been chosen to
provide two independent networks. Thus, if"
the strapping for a Y network for a particular
facility on one side of the repeater is selected
from column 2, the strapping for the Y network
for the facility on the other side, must be
taken from column 3. The 2000-ohm fixed resis-
tor is always included in the strapping given
in column 3.
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6,03 In some cases it may be that the line

resistance in one direction is lower than
provided for in the standard charts. When this
occurs, special strappingsusinga lower resist-
ance for Ry (or Rh) may be worked out. This is
best done by adjustment of the network after
the repeater has been placed in service and
found to be stable with the lowest resistance
strapping provided in the charts.

6.0l For cases involving mixed gauges, the pre-

dominant facility nearest to the repeater
should be used as the basis for determining the
network from the charts. The resistance, how-
ever, should be taken for the entire length of
line. For cases where gauges are about equally
divided, the coarsest gauge should be .used for
network determination., For example, for a mix-
ture of 22- and 2lj~-gauge cable where the gauges
have about equal dc resistance, the table for
22 gauge should be used and a network chosen on
the basis of the total dc resistance.

(C) The Complete YY Network

6.05 When the strappings for two Y networks

are selected from columns 2 and 3 of
the standard charts, as described in (B), the
resulting network consists of two Y networks
and a 2000-ohm resistor in series which forms
the complete YY network.

(@) cain

6,06 When the YY network is selected as de-
scribed above, the insertion gain will
closely approach the maximum obtainable gain
given on Fig. 1 of Section AB22,151 if the
return losses of the two line sections (RLA and
RLy) are obtained by assuming the terminal
return losses to be 0 db, which, as mentioned
earlier, is the usual design procedure. When
this is the case, the circuits should be stable
under all terminal conditions and the repeater
can generally be placed in service without tests.

6.07 When the terminal return losses are

not 0, as may be the case, particularly
for some special service lines (see Para-
graph 1.03), the maximum stable gain may be
estimated by the method given for special serv-
ice lines in Section AB22,151. To obtain this
higher gain, it is necessary to select the
YY network as described in Paragraph 6.02, but
using "fictitious" resistances for the cable
pairs. These "fictitious" resistances may be

- determined as described in Paragraph 6.08.

6,08 Determine the maximum stable gain by the
method given in Section AB22,151, which
involves the determination of the combined
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;eturn losses on the two sides of the repeater,
using actual expected terminal return losses,
and with this gain figure, find from Fig. 1 of
Section AB22,151, a combination of two return
losses (RLA and RLB) that correspond to this
gain. The return losses chosen should be in
the same general region as the ac’ual return
losses. Divide these return losses by two to-
obtain fictitious circuit losses on each side
of the repeater and from this information,
using the predominant type of facility, compute
the dc resistances for equivalent circuits on
the two sides of the repeater. Using these
"fictitious" resistances, select a YY network
from the standard charts as covered in Para-

graph 6,02.

6,09 The YY network selected by this pro-

cedure should give an effective gain
closely approaching the gain estimated from-
Section AB22.151, if the line sections are
reasonably uniform and are free from repeating
coils, Where this is not the case, it is usu-
ally necessary to make adjustments and addi-
tions to the networks after the repeater has
been placed in service as described inPart 6(E)
and (F), if the maximum gain is to be obtained.
In any case, gain measurements should be made
to see that the general objectives for maximum
gain given in Paragraph 3.0l are met.

(E) Network Adjustment

6.10 The following adjustments may be made to
change the gain in particular frequency
ranges: !

(a) To reduce the gain at frequencies above

1500 cycles, increase the value of the
capacitance (Cl or C?) in the YY network.
This may be done in either Y section or in
both. Conversely, to increase the gain,
decrease the capacitances.

(b) To reduce the gain at frequencies below

1500 cycles, decrease the value of the
resistances shunted by the capacitances ‘in
the YY network (R, and R)). Conversely, to
increase the gain, increase the value of
these resistances.

6.11 1In the above, it is assumed that the

measurements and adjustments are made
with the circuit in the condition for which the
terminal return losses used for estimating the
maximum gain exist. (See Part 3(4).)

(F) Equipment between Repeater and Nonloaded
Line Section

6.12 When equipment, such as long line cir-
cuits as used on some special service
lines, is placed between a series type repeater

SECTION AB22,152,1

and a nonloaded line section, the network
selected as described in Part 6(B) must be
modified to include an element to account for
the voice-frequency impedance of the coil. 1In
the usual case, this modification amounts to
the addition of an inductance in parallel with
the Y section rerresenting the facility on the
side of the repeater to which the equipment is
comnected. Tha connection points are therefore
between network terminal 36 and either 22 or35S.
When a 9L4¥ coil is involved, an inductance of
1.25H (terminals 8 and 16) has been found sat-
isfactory. For higher inductance coils, such
as the 94FE, 120CS, or 120C, 3H may be used.
Terminals h and 8 w1th‘straps between 5-20

and 28-16.) An example of the use of this
modification is included in the illustrative_
example given in Part 6(H).

(G) Hetwork Strapping for Terminal Repeater on
Nonloaded Facilities

6.13 In the case of a terminal repeater, only
one Y section is required and this is
selected in the same way as described for the
intermediate repeater. It is necessary, of
course, to place a strap between terminals 35
and 36 which would otherwise connect to a
Y section for the facility on the other side of
the repeater.

(H) Nlustrative Example for Series Repeater
between Nonloaded Facilities

6.1y Fig. 6 shows a series type repeater con-
nected between two nonloaded line sec-
tions. On one side the facilities are of mixed
gauges while the other side is entirely 19 gauge.
The dc resistances and effective losses are
indicated for the facilities on each side of
the repeater. The nonrepeatered loss of the
facilities is 13.67 db. '

6.15 Assume first that the circuit is to be
used for an interoffice trunk. In this
case, to find the maximm obtainable gain, the
termlnal return losses are taken as O and Fig, 1
of Section AB22,151 is entered with twice the
effective line losses on each side of the
repeater as RLp and RLg. These are 18.36 and
13.7k, respectively. Using these figures,
Fig. 1 gives the maximum obtainable gain as
slightly over 9.0 db., Since the predominant
facility nearest the repeater on the mixed
gauge side is 2L gauge, the 1Y Chart of Sec-
tion A30L.L486 for 2l gauge is used to find the
Y network for this side. The total dc resist-
ance is 943 ohms which falls in the range of
8l1 to 1200 ohms given on the chart., For the
19-gauge side, where the resistance is 386 otms,
the Y network is taken from column 3 of Chartl1lY
for 19 gauge for the resistance range of
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351-480 olms. The circuit of the resulting

YY network is shown on Fig. 6 as Net 1. Fig. 7
shows the insertion gain-frequency characteris-
tic of the repeater using this network, meas-
ured with a subset termination at one end and a
900-ohm termination at the other. The equiva-
lent effective gain, using the method covered
in Paragraph 3.05, is 8.5 db which is close to
that expected.

6,16 To illustrate the effect of network

adjustment, the adjustment procedure
given in Paragraph 6.10 was carried out in the
idle circuit condition. The resulting network
and the gain-frequency characteristic after
adjustment are also shown on Fig. 7. It will
be noted that the effective gain was increased
to 10 db, an increase of 1,5 db.

6,17 Fig. 8 shows the same circuit layout with

the exception that a 9UE repeating coil
is inserted between the repeater and the non-
loaded line. The selection of the YY network
is carried out exactly as before, but as cov-
ered in Paragraph 6.12, an inductance of 3H
must be added to the network on the 19-gauge
side to account for the repeating coil. The
resulting network, after adjustment for maximum
gain, as covered in Paragraph 6,10, is also
shown on Fig. 8. TFig. 9 shows the measured
insertion gain-frequency characteristic from
which the effective gain is found to be close
to 8.5 db, which checks with that obtained with
the original circuit without a coil, illustrat-
ing that the coil can be compensated for by
network modification and adjustment.

7. DETERMINATION OF NETWORK COMPONENTS BY
COMPUTATION

7.01 In some cases where unusual combinations
of loaded facilities are involved it may
be necessary to compute the values of the net-
work components by the methods given in the
following paragraphs. These apply to the case
of loaded facilities on each side of the re-
peater and to the case of loaded facilities on
one side and nonloaded facilities on the other.

(A) Loaded Facilities on Each Side of Repeater

7.02 The following formulas give the values

of the network elements R, Ly, Lop, Cq,
and Co in terms of the characteristicmidsection
impedance of the facility at 1000 cycles, the
cutoff frequency of the facility and the nomi-
nal insertion gain required:
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R =19 &F z 1)
_1.16 R i

L, = %58 (F, = 750) (2)
B 1

%2 T T3 E (5, - T50) )

C = 0.55 c, . (L)

L, = L (5)

toc, [1es (1, - 750)7]

(The effect of end section is covered in Para-
graph 7.06)

Where:
G = voltage ratio corresponding torequired
gain in db.
ZO = characteristic midsection impedance of

facility at 1000 cycles.

fc = cutoff frequency of facility.

R is in ohms, L; and Lo in henries and Cy
and C, in farads.

7.03 For convenience the following table gives

G and gél for values of gain from one
to 10 db.

Gain (db) G gél
1.0 1,122 0.1087
1.5 1,189 0.1590
2.0 1,259 0.2057
2.5 1.334 0.250L
3.0 1.413 0.2923
3.5 1.L96 0.3316
L.0 1,585 0.3691
L.S 1.679 0. Lolk
5.0 1.778 0.4376
5.5 1.88L 0.L4692
6.0 1.995 0.L987
6.5 2,113 0.5267
7.0 2.239 0.553l
7.5 2,371 0.5782
8.0 2,512 0,6019
8.5 2,661 0.6242
9.0 2.818 0.6451
9.5 2,985 0.6650

10.0 3.162 0.6837
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“7.0, In general it will not be possible to
select network strappings that will )
exactly match the computed values. The values
selected, however, should conform as closely
as practicable to the following check ratios:

1
() 758 Vi, ¢,

f - 900 and £ - 600
(¢ [¢]

should lie between

T~
(b) % Vﬁg should lie between 1.12 and 1,20 -
2

o ~ .
(¢) El should lie between .48 and .62
2

(d)\’Ll o should lie between 1.75 and 2.1

7.05 If the selected values do not meet these
objectives, the elements should be
changed until compromise values are found that

are satisfactory.

7.06 The formulas in Paragraph 7.02 are for
0.5 end sections. Where the actual end
sections are not half sections, Table 1 should
be consulted to determine the equivalent end
section and the value of Cp multiplied by the
ratio of the equivalent end section to 0.5.

7.07 When the loaded facilities on each side
of the repeater are not the same, the
computations should be made using the constants
of the facility having the lower cutoff fre-
quency. If the characteristic impedances are

SECTION AB22.152.1

not the same, the network thus determined will
not provide the asSigned nominal gain corre-
sponding to the ratio G in formula (1). The
insertion gain can be determined, however,
from Fig. 2.

(B) Loaded Facilities on One Side of Repeater,
Nonloaded on the Other

7.08 TFor this combination an XZ networl is™ "~
required. The constants of the Z part
of the network can be determined readily by the
procedures given in Paragraph 5.05. To find
the constants of the X position the formulas of
Paragraph 7,01 may be used but, since the
insertion gain is now a function of both parts
of the network, it is necessary first to find
an appropriate gain figure on which to base ‘the
value of G.

7.09 Assuming that the network to be designed

is to provide the maximum gain that the
return losses on each side of the repeater will
support, find from any X-type network chart a
gain figure corresponding to the return loss on
the loaded side of the repeater. For instance,
if the return loss on the loaded side is 15 db,
the nearest corresponding gain figure from any
of the standard charts is 3.5 db. Use the gain
figure found in this manner to determine G and
compute the network constants for the X portion
of the network from the formulas. As before,
the value of Co should be corrected if the end
section of the loaded facility differs from 0.5.
(See Paragraph 7.06.)

7.10 When the ZX network is designed as

described above, the insertion gain
should be close to that indicated by Fig. 3
of Section AB22,151.

Fixed 35 - L2
39 o— ANV LOVY —
T C2 R
Cy
T o —I_

Fig.1-'X" Type Network for Loaded Facilities.
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Nominal Gain - db
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TABLE 1

NETWORK END SECTION FOR LOADED LINES

End Section of oo End Section of Line B

Line 4 .2 L1 1.0 0.9 0.8 0.7 0.6 0.5 0.h 0.3
0.3 - - - - - - - 0.L 0.4 0.3
0.L 0.9 0,8 0.8 0.7 0.7 0.6 0.5 0.5 0.4 0.k
0.5 0.9 0.8 0.8 0.7 0.7 0.6 0.6 0.5 0.5 0.L
0.6 0.9 0.9 0.8 0.7 0.7 0.7 0.6 0.6 0.5 =
0.7 0.9 0.9 0.8 0.8 0.8 0.7 06 0.6 0.5 -
2.8 1.0 0.9 0.9 0.9 0.8 0.8 0.7 0.7 0.7 -
0.9 1.1 1.0 1.0 0.9 0.9 0.8 0.7 0.7 0.7 -
1.0 .1 11 1.0 .0 0.9 0.8 0.8 0.8 0.8 -
1.1 .2 1.1 1.1 1.0 0.9 0.9 0.9 0.8 0.8 -
1.2 1.2 1.2 1,1 1.1 1.0 0.9 0.9 0.9 0.9 -

Equivalent end section for the network of the E-type series repeater
when it is between two loaded lines (A and B) fulfilling one of the
following conditions:

(a) Both lines having the same type of loading regardless of gauge.
(b) The characteristic impedance and- cutoff frequency of one line

within 13% of the characteristic impedance and cutoff of the
other. (The 13% being applied to the lesser value.)
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TABLE 2

SIMILARITY OF EXCHANGE FACILITIES

"Y" indicates that both midsection characteristic impedance and
nominal cutoff frequency are within 13% of the lesser value. -

Yo

v

FACILITY BES. D88 H88 Me8 HL3S B35 o o -
22 FF B2 BZ B2 57 B2 37 282 5B 28 22
oA oA oA oA oA oA oA oA oA oA oA (=) =
oo\ T O\O\C\I.:T-:T o.ON N I ONON N ot [0, NI Q¥ ey e N O NN [e,8 [0)N
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2L DSM - - - - - ¥XXXX -X=-X- =-=-=-=- ----- --— - -
19CNB - === = = - - -« XXX-X -=--= o= -- - - -
19 DNB - - - - - X¥-X-X XXXXX ----- -« - --—- - -
H88 220 @ - - - = - - - - - - XXXXX =-=--- -o---- -- - - -
2 csM - - - - - ¥-X-X -XXXX -+ <o -- --— - -
2 DSM - - - - = - - - - - XXXXX - === - <= --— - -
19 CNB == === === == == - - = ¥X-X-X ----- -- - - -
19 DNB - = === = = == =« - = ~XXX- ----- --— - -
MBB 22 @ - - - - - - - oo oo - XXXXX - ---- --— - -
2L CSM - - - - = - - - - - - e e - -XXXX - ---- - - -
2L DSM - = - == - - - - - - - - - - X-XXX ----- --— - -

19 CNB = - = = = = = = = = == === - - oo XXXXX --- -

19 DNB = = = = = = = = = = = = === - m = - - ¥XXXXX --- - .
HL35 22 = - e s - = e e e e e e e e e e e - - XXXXX --- - =
2 CSM = = m - - - e e - e e e e e e e e a XXXXX =-=-~ - =
2L DSM = = = = = o - - e e e e e e - - == ¥XXXX <-- - -
19 CNB = = = = = = = = = = o - e e e e e e oo e e o XXx - -
Bl35 19 DNB = = = = = = = = = = = = = = = - = - m = - e - - = XXx - -
g T XXx - -
H75 19 DNB - - - == = = o= = oo ooeoeao —ooa- - - X" -
Bl75 19 DNB - - - == === == =-o oo oeae oo aa- -=-=- - X

Note: 2l ASM and 2l CSM may be assumed identical for network computations.
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SECTION AB22,152.1

TABLE 3

CHARACTERISTIC IMPEDANCES AT 1000 CYCLES AND NOMINAL CUTOFF
FREQUENCY OF EXCHANGE AREA LOADED FACILITIES
AT MIDSECTION TERMINATION

C C Half-section
GA MF/Mile  MF/1000 Ft  Loading Char Imp Cutoff Frequency
26 AST . 069 .0131 - - -
25 BST - .079 .0150 - - -
2l; ASM) .072 .0136 H-Ll 923 ohms 5250 cps
CSM) M-88 1028 3060 "
ESML) H-88 1159 3725 ™
, : D-88 1290 v L3300
H-135" k07 v 3030 "
B-88 1530 5300
B-135 1888 L280 "
2l DSM .08l L0159 H-LL 857 L850
M-88 960 M 2800
H-88 1080 3450
D-88 1199 Looo
H-135 1303 2800
B-88 g6 v Lhoio
B-135 1748 n 3970
22 BSA) 082 .0155 H-LbL 783 0 Lgoo
CSA) M-88 905 " - 2850 M
H-88 1050 3500 "
D-88 118y v Los0 n
H-135 1308 2825
B-88 119 Loso
B-135 1767 Looo
H-175 1512 " 2475 ¢
19 CNB .08l .0159 H-Lh 723 " L4850
) M-88 860 . 2800 "
H-88 1017 - 3500 ™
D-88 1157 Looo m
H-135 1283 2800
B-88 1395 Leoo
B-135 1743 v 3950
19 DNB - .066 .0125 H-Ll 811 sh75
M-88 955 375
H-88 1137 * 3920 "
D-88 129, L4510 n
H-135 el = 3150
B-88 1565 v 5525 n
H-175 1645 o 2780
B-135 1952 ¢ Lh70
B-175 2238 v 3930. "
16 TH .066 ,0125 B-88 1565 5520 "
H-175 1649 o 2760
B-135 1951 Lo
B-175 2238 3910 "
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N

R,
338
106
436
451
L62

L69

L80
ho1
500

510
667
796
860
891

911
92l
93l

952
960
1000
1089
1202
1275

1322
1342
1380
1393
1Lol

wonononon oo onn wonononon wonononon wonononon

wnouwonon

Ry
510
510
510
510
510

510
510
510
510
510

510
1000
1000
1510
1000

1000
1000
1000
1000
1000

1000
1000
1510
1510
1510

2000
1510
1510
1510
1510

P

‘v "w9dd'y ‘9'd‘u'dy ‘J'o'dw'd *9'ddg

vy g'ud ‘d'd'o

Ry
1000
2000
3000
3900
Lisoo
5900
6900
8200
13100
25200

2000
3900
2000
8200

10200
12100
14100

16000 -

19900
214200

3900
5900
8200

3900

12100
16000
18000
19900

TABLE L

Available Values of Resistance in Network
Using Resistor String Including 16,000 Ohms
Terminals 22, 26, 27, 3L, 36, 37, 38

Suitable for X-Type Networks

“Sheet 1
In Series In Parallel
Ra  Rg
. = AAANAN O
Ro =Ra +Rg Ro = Ry in Parallel withRg

= RA PRB

_Ra-Rg

RA + RB
R, Ry
510 1000
510° 2000
510 1000
510 3900
510 1000
510 2000
510 1000
510 8200
510 2000
510 1000

510
1000 2000
1000 3900
510 + 1000 2000
1000 8200
1000 2000
1000 3900
1000 2000
1000 16000
1000 3900
1000 8200
1000

510 + 1000 3900
510 + 1000 2000
510 + 1000 8200
2000 3900
510 + 1000 3900
510 + 1000 16000
510 + 1000 2000
510 + 1000 3900

- SECTION AB22,152.1

+ 2000

+ 3900
+ 3900
+ 2000 + 3900

+ 3900 + 8200
+ 8200 + 16000

+ 8200
+ 8200
+ 3900 + 8200

+ 16000
+ 16000

+ 3900

+ 8200

+ 16000
+ 16000
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SECTION AB22.152.1

113

1h21-

1510
1608
1696

1716
1778
1817
1847
1867

1922
2000
2079
2170
2196

2229
227k
2304
2338
2ok

21458
2510
2526
2607
2613

2669
2711
2720
2868
298l

3000
3067
3120
3136
3259

3359
3431
3457
3510
3598

Page 2l

U | | A LI I I | I 1} LI I | B [ N I | B Wouwon o n wonowonon

L I 1}

won

Ry

1510
1510

510
2000
3000

2000
2000
2000
3510
2000

2510
2000
2510
2510
3000

2510
2510
2510

338
3000

3510

510
3000
3000
3900

3000
3000
3510

"

21900
211200
1000
8200
3900

‘o' +d*d

12100
16000
19900
3900

28100

‘g Yd 'd *du *d

P 8200

12100
16000
8200

s~ Baviiev]

19900
24200
28100
2000

12100

U +*d*dd

8200
2000
16000
19900
8200

‘urd g + o

P 211200
P 28100
P 12100

410 P 8200

3510

P 19900

1000 + 2000

8200
3510
3900

8200 P 5410 -

3900
8200
o
510
8200

P 14900
P 28100
P 16000

P 2200
P 5900
P 16000
+ 3000
P 6110

Available Values of Resistance in Network

TARLE L

Using Resistor String Including 16,000 Ohms

Terminals 22, 26, 27, 3L, 36, 37, 38

Suitable for X-Type Networks

Ry

510
510
510
2000
1000

2000
2000
2000

510
2000

510
2000
510
510
1000

510
510
510
510
1000

510
510
1000
1000
3900

1000
1000
510
510
510

1000
8200

510
3900
8200

3900
8200
510
510
8200

Sheet 2

+ 1000
+ 1000

+ 2000

+ 1000

+ 2000

+ 2000
+ 2000
+ 2000

+ 2000
+ 2000
+ 2000
P 1000
+ 2000

+ 1000
+ 2000
+ 2000

+ 2000
+ 2000
+ 1000
+ 3900
+ 1000

+ 1000

+ 3900

+ 2000

+ 2000

+ 2000

+ 2000

+ 2000

2000
8200
1000
8200
3900

3900
16000
3900
3%00
3900

8200

3900
16000
8200

3900
8200

3900.

2000
3900

8200
2000
16000
3900
8200

8200
3900
3900
8200
3900

2000
1000
3900
16000
510

8200
2000
16000
1000
510

+ 3900 + 16000
+ 16000

+ 8200
+ 16000

+ 8200 + 16000
+ 8200

+ 16000
+ 16000
+ 8200 + 16000

+ 8200

+ 16000

+ 16000

+ 8200 + 16000
+ 8200

+ 16000

+ 3900

+ 8200 + 16000
+ 1000 + 3900

+ 16000
+ 3900

+ 2000
+ 2000 + 3900



3730
3751
3893
3900
Loh3

Lo75

4238
1306
311
4336

Lo
LL22
L567
L577
L7l

1760
L1821
1,900
5065
5369

slao
VAl
5640
5673
S8l

5900
6043
6229
6l1o
6lné

6588
6890
6900
7052
7203

7354
7410
7h95

n.nwonowon o on oo nnouwonon nunouonon wnwononon

[ I T

oo

A
Llao
16000
8200

3900
16000

244200
3900
3900

16000
3900

510
21,200
3900
16000
211200

3900
16000

1000
16000
21,200

510
16000
16000
211200
16000

2000
16000
16000

510
16000

16000
16000

1000
16000
16000

16000
510
16000

TABLE L
Available Values of Resistance in Network
Using Resistor String Including 16,000 Ohms
Terminals 22, 26, 27, 3L, 36, 37, 38

Suitable for X-Type Networks

SECTION AB22,152.1

+ 3900

+ 3900

+ 8200

“ Sheet 3
Ry By Ry
P 211200 510 + 3900 8200 + 16000
P L4900 16000 1000 + 3900
P 7410 . 8200 _ 510 + 1000 + 2000 + 3900
3900 -
P 5410 16000 510 + 1000 + 3900
P 1900 8200 + 16000 1000 + 3900
+ 338 3900 510 P 1000
+ 106 3900 510 P 2000
P 5900 16000 2000 + 3900
+ 136 3900 510 P (1000 + 2000)
+ 3900 510 3900
P 5l10 8200 + 16000 . 510 + 1000 + 3900
+ 667 3900 _ 1000 P 2000
P 6410 16000 510 + 2000 + 3900
+ 5900 8200 + 16000 2000 + 3900
+ 860 3900 (510 + 1000) P 2000
P 6900 16000 1000 + 2000 + 3900
+ 3900 1000 3900
P 7110 16000 510 + 1000 + 2000
P 6900 - 8200 + 16000 1000 + 2000 + 3900
+ 1900 510 1000 + 3900
P 8200 16000 8200
P 8710 16000 510 + 8200
P 7110 8200 + 16000 510 + 1000 + 2000
P 9200 16000 1000 + 8200
+ 3900 2000 3900
P 9710 16000 510 + 1000 + 8200
P 10200 16000 2000 + 8200
+ 5900 : 510 . - 2000 + 3900
P 10710 16000 ) 510 + 2000 + 8200
P 11200 16000 3000 + 8200
P 12100 16000 3900 + 8200
+ 5900 1000 2000 + 3900
P 12610 16000 510 + 3900 + 8200
P 13100 16000 1000 + 3900 + 8200
P 13610 16000 510 + 1000 + 3900
+ 6900 510 ) 1000 + 2000 + 3900
P 14100 16000 2000 + 3900 + 8200
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SECTION AB22.152.1

7637
7768

7901
8200

8538
8606

8636

8662
8675
8710

8867
8996
9060
9200
9289

5Lo2
9522
9710
9896
10047

10200
10710
11200
11710
12100

12610
13100
13610
11100
14610

15100
15610
16000
16510
17000

17510
18000
18510
19000
19510

19900
20110
20900
21410
21900

22100

Page 26
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nowononou

]

nonouon

Wwnonooon onoaonnu L S N SN TN (NN S (AN A N I N 1}

wowonounonow

RA
16000
16000
16000

8200
8200

8200
8200
8200
8200

10

8200
8200
8200
8200
8200

8200
8200

510
8200
8200

2000
510
1000
510
3900

Lh1o
L1900
5410
2000
2510
3000
1510
16000
510
1000

510
2000
510
1000

510

3900
510
1000
510
2000
510

RB
P 11610
P 15100
P 15610

338

L06
L36
L62
L75
8200

667
796
860
1000
1089

1202
1322
9200
1696
18h7

8200
10200
10200
11200

8200

8200
8200
8200
12100
12100

12100
1100

+ 16000
+ 16000

+ 17000
+ 16000
+ 18000
+ 18000
+ 19000

+ 16000
+ 19900
+ 19900
+ 20900
+ 19900
+ 21900

+ 4+ 4+ ++ A+ F A+ A A+ o+

TABLE L4

Available Values of Resistance in Network
Using Resistor String Including 16,000 Ohms
Terminals 22, 26, 27, 3L, 36, 37, 38

Suitable for X-Type Networks

16000
16000
16000

8200

8200
8200
8200
8200

510

8200
8200
8200
8200
8200

8200
8200

510
8200

Sheet L

8200 .

8200

2000
510
1000
510
3900
510
1000
510
2000
510

1000
510
16000
510
1000

510
2000
510
1000
510

3900
510
1000
510
2000
510

+ 3900
+ 3900
+ 1000 + 3900

+ 2000

+ 2000
+ 1000

B

510 + 2000 + 3900 + 8200
1000 + 2000 + 3900 + 8200
510 +1000 + 2000 + 3900 + 8200

510 P 1000

510 P 2000
510 P 3000
510 P 14900
510 P 6900
8200

1000 P 2000

1000 P 3900

(510 + 1000) P 2000
1000 .
(510 + 1000) P 3900

(510 + 1000) P 5900

2000 P 3900

1000 + 8200

(1000 + 2000) P 3900
{510 +1000 +2000) P 3900

8200

2000 + 8200

2000 + 8200

1000 + 2000 + 8200
8200

8200

8200

8200

3900 + 8200

3900 + 8200

3900 + 8200

2000 + 3900 + 8200
16000
16000
16000 + 1000
16000

2000 + 16000

2000 + 16000

1000 + 2000 + 16000
16000

3900 + 16000
3900 + 16000
1000 + 3900 + 16000
3900 + 16000
2000 + 3900 + 16000



——

(0]

338
L06
L36
k51
L62

L69
L75
180
L1
510

667
796
860
891

92l
93k
1000
1089
1202

1275
1322
1342
1510
1608

1696
1716
1847
1922
2000

mrononon L T A I ) TN R onon nwoaonon nmuwononn

nuwononon

By

510
510
510
‘510
510

510
510
510
£10
510

1000
1000
1510
1000
1000

1000
1000
1000
1510
1510

1510
2000
1510

510
2000

3000
2000
3510
2510
2000

Ry

P 1000
P 2000
P 3000
P 3900
P 1,900

P 5900
P 6900
P 8200
P 13100

P 2000
P 3900
P 2000
P 8200
P 10200

P 12100
P 14100

P 3900
P 5900

P 8200
P 3900
P 12100
+ 1000
P 8200
P 3900
P 12100
‘P 3900
P 8200

TABLE 5

SECTION AB22.152.1

Avéilable Values of Resistance in Network
Using Resistor String Without 16,000wW
Terminals 1k, 19, 23; 25, 32 and 36

Suitable for X-Type Networks

Sheet 1

In Series

510
510
510
510
510

510
510
510
510
510

1000
1000

510
1000
1000

1000
1000
1000
510
510

510
2000
510
510
2000

1000
2000
510
510
2000

+ 1000

+ 1000
+ 1000

+ 1000

+ 1000

+ 2000

+ 1000
+ 2000

In Parallel

Rn | Re

Rgo = Rp in Parallel with Rg

+ 2000

= RA PRB
_Ra-Rg
Ra +Rg

RB.

1000
2000
1000
3900
1000

2000
1000
8200
1000

2000
3900
2000
8200
2000

3900
2000

3900
2000

8200
3900
3900
1000
8200

3900
3900
3900
8200

+ 2000
+ 3900

+ 3900
+ 2000 + 3900

+ 3900 + 8200

+ 8200

+ 8200
+ 3900 + 8200

+ 3900

+ 8200

+ 8200
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SECTION AB22,152.1

%o

2079
2196
2,04
258
2510

26L3.
2720
2868
3000
3067

3259
3431
3510
3598
3893

3900
Llno
4900
slno
5900

élao
6900
7410
8200
8710

9200
9710
10200
10710
11200

11710
12100
12610
13100
13610

14100
14610
15100
15610

Page 28
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monouou

2510
3000
3000
3510

510

3900
3510
Lh1o
1000
8200

8200
8200

510
8200
8200

3900
510
1000
510
2000

510
1000
510
8200
510

1000
510
2000
510
1000

1510
3900

11900
5410

2000
2510

3000

1510

Ay

P 12100
P 8200
P 12100
P 8200
+ 2000

P 8200
P 12100
P 8200
+ 2000
P 11500

P 5410
P 5900
+ 3000
P 6410
P 7110

+ 3900
+ 3900
+ 1900
+ 3900

+ 5900
+ 5900
+ 6900

+ 8200

+ 8200
+ 9200
+ 8200
+ 10200
+ 10200

+ 10200
+ 8200
+ 8200
+ 8200
+

8200 -

+ 12100
+ 12100
+ 12100
+ 14100

TABLE 5

Available Values of Resistance in Network
Using Resistor String Without 16,000wW
Terminals 1k, 19, 23, 25, 32 and 36

Suitable for X-Type Networks

Sheet 2

Ry

2000
2000
2000
1000 + 2000

510
1000
1000

510

510

4+ 4

3900

510 + 1000 + 2000
510 + 3900

1000

1000 + 3900

8200
8200

510
8200
8200

3900
510
1000
510
2000

510
1000
510
8200
510

1000
510
2000
510
1000

510 + 1000

3900

510 + 3900

1000 + 3900 .
510 + 1000 + 3900

2000
510 + 2000
1000 + 2000
510 + 1000

3900
8200
3900
8200
2000

8200
3900
8200
2000
8200

510
2000
1000

510

510

3900
3900
1000
3900

2000
2000
1000

8200

8200
1000
8200
2000
2000

2000
8200
8200
8200
8200

3900
3900
3900
2000

+ 4+ + + +

8200

8200

8200

1000 + 3960

3900

2000 )

2000 + 3900

1000 + 2000 + 3900

3900

3900
3900
2000 + 3900

8200

8200
8200

8200

8200
8200
8200
3900 + 8200



N

- Where CA

0.

.00067
.00080

. 00086

<013

.00160
.0016)
.00171
.00171
.00178

.00218
.oozéo
.00253
.00261
.00267
.00277
.00286
.00293
.00308
.00320
.0032L
.00327

.003
0003

3
0

.00L87

.00533
.005],2

.00703
.00710
00717
.00720
.007L7
.00755

.00768
.0077L

.003%0

TABLE 6

SECTION AB22,152,1

Available Values of Capacitance with Network Units in Series#
(Using Detached String which does not include .0005 MF
Terminals 17, 29, 30, 31, 33 with common 21)

Suitable for X-Type Networks

. 001

.001
.00

.o0oL
.00L

.001
.002
.001

.001
. 002
.001

.001
.001

.001

.008

. +001

.001
.00L

.001
.00L

.002

.002
.001

c, -C
. . . _ A B
in series with CB = CO = E;—;—Eg
and where CA may be CA in parallel with CA" P ete.
and where Cy may be Cy P Cg, P ete.
Cy Cg Cy
.002 .00L -
ooo 3 OOl -
.00 .001 .002 P .00L
.002 .00 -
.002 .00 -
.002 .008 -
.002 .009 -
.002 ,012 -
.003 .00 .002 P .001
.002 .01 -
.003 .008 .002 P .00
.003 .012 .002 P ,001
.003 .016 .002 P ,001
.00 .020 .002 P .001
.00 .008 -
.00l .009 -
.ool .010 -
.00 .011 -
.00 .008 .001 P .00L
.00l ,016 - -
.00l .017 -
.00k .018 -
.00 .019 -
.00 .008 .002 P .00k
.006 . 009 .002 P .00k
.008 .007 .002 P .00,
.005 .016 .001 P .00l
.006 .016 .002 P .00
. 006 .017 .002 P .00l
.007 .016 .001 P .002 P ,00L
.008 .016 -
.007 .02L .00l P .002 P .004
.009 .016 ,001 P .008
.008 023 -
,010 - .016 .002" P .008
.010 .017 .002 P .008
L011 .016 .001 P .002 P .008
.010 .020 ,002 P ,008
.012 .016 .00 P 008
.012 .017 .00 P .008
.011 .020 .001 P .002 P ,008
.013 .015 .001 P .00L P .008
.012 .018 .00, P .008
.01l .016 .002 P .00L4 P .008
.013 .018 .001 P ,004 P ,008
Mol .017 .002 P .00, P ,008
Noil 016 ,001 P .002 P .00k
’ P .008

§

1YY Ol OrgtY ! L Y 1t g O

o]

[ e ole I

lav il |

1 g

W rg g g Ygt kgt d

IR

Term
21

€A | Ce

1t

CA’ ' CB'
1 it

P

.00k

.008
.008

.008
016

.008
. 008
.002

.016
.016
.002

.008
,002

L 016

. QL€

«002

.016
.016

.016
.016

.016

.016
.016

L} L

P .008

P .016

P ,00L

P .00, P .016

% This string of condensers may also be connected in parallel giving
values from .001 MF to .031 MF in steps of .00l
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SECTION AB22.152.1

TABLE 7

Available Values of Inductance
with Network Units in Series and Parallel

Suitable for X-Type Networks Requiring 2 Inductances

Series

La orbp Le
ST oI TTTT o>

Lo *lat* L

Where L and Lcare
separate coils.

L Single
0 Component

.0857
.0938
L1111
.1125
.12

.12
1339
136l
L1373
.15

.15
1607
.1628
.178
.18

L1949
.20

.2083
.29

025
.2516
22571
.2971
.30

‘35

3522
.3558
Lo
.Losl

Page 30

Sheet 1

Parallel Combination
Lo
Laorlp ] La Le

Le . ) Lc
La -L Lo -L Lp= Induct
O‘JL——S o=—9-——S %ngﬁﬁﬁﬁg
Cltatte : Letlc on same core
Combination
Series Parallel Ly Ly Lo Ly

.15 .20

.15 .25

.20 .25

.15 U5

-lS 060

.20 .30

.15 1,25

.25 .30

.15 1.62

.20 .60

.25 .,-LS

.20 .87

.20 1.62

.30 L5

+25 .87k

.30 .60

.25 1.25

.30 1.25

.30 1.62

L5 .60

U5 .87k

.15 .20 - -

- 0)45 1.62

- - .60 874

.15 .25 - -

- .60 1.25



SECTION AB22,152.1

TABLE 7

Available Values of Inductance
with Network Units in Series and Parallel

Sﬁitable for X-Type Networks Requiring 2 Inductances

Sheet 2
Single _ ) Combination
- Component Series Parallel Eé EQ Eg EQ
s - - - - -
- .20 .25 - - - v
- - - - - 030 -15 '20 08711
- .20 .30 - - -
- - - 874 1,25 -
- - - - = 015 c30 0)-15 087)4
- - - ~ .30 .15 .25 L87L
- '25 .30 - - -
- - - .87k 1.62 -
- - - - .15 .30 .6 .87k
.60 - - - - -
- 015 o’-ls = - -
- - - - - .30 .15 .h5 .87k
- - - - L5 .20 .25 1.25
- - - - - .30 .15 .60 .87k
- .25 LS - - - - - -
- - - - - .15 .30 1.25 .87h
- - - 1.25 1.62 - - - -
- - - - - .20 U5 J60 1,25
- - - - 15 .30 1.62  .87h
- 15 .60 - - - - -
- - - = o)-!vs 020 ¢30 1.25
- 030 ‘)45 - - - - -
- - - - .30 .15 1.25 .87h
- - - - .30 .15 1.62  .87h
- 020 .60 - - - - - i
- - - .20 b5 .87L 1.25
.87h - = - - - - -
- - - - 60 .25 .30 1.62
- .30 .60 - - - - -
- - - - l}-'-s 020 060 1.25
- - - - .25 .60 .87L 1.62
- - - - .20 L5 1.62 1.25
- - - - .LLE 020 087)4 1325
- - - - .60 .25 LL5 1.62
- ohs '60 -
- .20 L87h -
- - - .25 60 1.25 1.62
- - - A5 .20 1,62 1,25
- 125 QB?LI. - .
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TABLE 7

. Available Values of Inductance
with Network Units in Series and Parallel

Suitable for X-Type Networks Requiring 2 Inductances

Sheet 3
' Single Combination

I_"Q Component Series Parallel _I:'_A_ I‘_’]g _I_’_(_)_ I_’_Q
1.25 1.25 - - _ - - - -
1.2597 - - - . .60 .25 ,87L 1.62
1.32} - NICEEN N - - - -
1.35 - - - 60 .25 1.25 1.62
1.k - .15 1.2% : - - - -
10117!-1 - 060 -87}4
1.5 - .25 1.25
1.55 - .30 1.25
1.62 1,62 - -
1.77 - .15 1.62
1.82 - .20 1.62
1.85 - 60 1.25
1.92 - .30 1.62
2,07 - L5 1,62
2.12) - .87h 1.25
20&9)4 - 087)—1 1062
2,87 - 1,25 1.62



