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l.1 Scope of Data

For the types of circuit facilities
listed below, this Section provides the latest
information as to the attenuation losses in db
per unit length at 1000 cycles:

A. Non-quadded exchange area cable facil-
ities.

B. Toll, entrance and intermediate facil-
ities, 1including ecarrier loaded en-

trance and intermediate facilities, in pa-

per-insulated quadded cables.

C. Quadded submarine cadble and quadded
emergency cable facilities,

D. Disc-insulated spiral-four (lé-gauge)

and low capacitance paper-insulated
paired (lo-gaugeg entrance and intermedi-
ate cable facilities for type J ecarrier
systems.

E. Miscellaneous cable and paired condue-
tor facilities.

The miscellaneous cables referred to in (E)
sbove include non-quadded submarine ocables,
service cables and inside wiring cables. The
miscellaneous peaired conductors include the
various types of U wire and drop wire, bridle
wire, AL wire and station wires,

In addition to the foregoing data, this
Section also provides the latest information
as to the following <further transmission con-
stants at 1000 oycles of the types of facili-
ties listed in (A) and in (E) above:

1. Distributed primary constants (resis-
tance, inductance, capacitance and
leskage conductance) per unit length.

2. Secondary constants (propagation con-
stant per unit length and characteris-
tic impedance).

The non-quadded exchange area cable and
the quadded toll cable facilities for which
data are given herein include types at present
standard, such older types as are still in
rether common use, 8and several non-standard
types which have been introduced into the
plant in scattered cases as expedients in
meeting special or temporary conditions. The
data for the non-standard facilities are in
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SECTION 304-160-100

but are deemed
involving short

most cases approximate values,
satisfactory for use in cases
lengths of these facilities or under other
cenditicns where a high degree of accuracy is
not essential. All such approximate values
are indicated in the tables by x.

1.2 Added Data

The data in previous issues of this Sec-~
tion have been confined to attenuation losses
at 1000 cycles, and have covered only -

A. Non-quadded exchange area cable facil-
ities.

B. Toll, entrance and intermediate facil-
ities in paper-insulated quadded ca-
bles.

C. 22-gaugé quadded emergency cable and
17-gauge U wire.

Of the information listed in 1.1, all attenua-
tion loss data for circuit facilities other
than those above, and all of the data on pri-
mary and secondary transmission constants,
have been added in this issue.

The attenuation losses of e number of
types of exchange area cable facilities not
covered in previous issues have also been added.
These include values for oircuits in 26BST
and 2DSM cables, and also for several
loaded 26AST and 24CSM facilities of types or-
dinarily encountered only where lengths of
these finer gauges ocour in a predominately
coarser gauge trunk route. All of these added
values are so indicated ir Table 1.

l.3 Roevised Attenuation Losses

The attenuation 1losses for a few types
of loaded exchange area cable facilities, and
also for Udistribution wire, have been changed
from the values shown in previous issues of
thiséSeotion, and are so indicated in Tables 1
and 6,

1. Data Superseded

The data given herein are based upon the
latest information and, for transmission pur-
poses, supersede all similar data previously
published. In particular, they supersede the
following data in other AB Sections:

l, The primary transmission constants of

exchange area oable facilitiee in Ta-
ble 7 supersede those in Table I, Page 15,
of Section AR;2.026, Issue 1.

2. The secondery transmission oconstants

of exchange area cable facilities in
Table 8 supersede those in Table II, Page
16, of Seotion ARL2.026, Issue 1. Current
values which differ from those superseded
are 3o indicated in Table 8.

b

Fege 2

for non-loaded and loaded U

3. The data
in Tables & and 7

distribution wire
supersede the values for the primary and
secondary transmission constants and for
the 1000-cycle attenuation losses of this
wire given on Page 6 of Section AB22.082,
Issue 1,

1.5 Added and Revised Methods of Computing

Corrections
A method of computing changes in resis-
tance resulting from temperature changes has

been added in this issue. This method is out-

lined in 6.1.

Also added in this issue is a method of
approximating attenuation losses of facilities
which differ in various respects from those
covered by the data herein. This will permit
ready determination of losses in such cases
as, e.g., where average load spacings differ
from standard or special loading arrangements
are employed, or where temperature (and hence
resistance) differs from that at which losses
are given in the attached tables. This method
is believed to be new, and is more accurate
than approximate methods heretofore used. The
more general applications of this method are
discussed and illustrated in 5, and its appli-
cation to determination of changes in losses
resulting from temperature changes is dis-
cussed and illustrated in 6.2,

2. ATTENUATION LOSSES

The attenuation losses given herein for
loaded facilities are based on the type of
loading coils in most general use for each
type of facility. Older or newer types of
coils may result in values which differ
slightly from those with the type most widely
used, but these differences are insufficient
to be of concern in transmission design.

2.1 Non-Quadded Exchange Area Cable Facilities

The attenuation losses of non-quadded
exchange area cable facilities are given in
Table 1., In accordance with current practices
for exchange area transmissior design these
values are for a temperature of 68°F. Where
talues at other temperatures may be required
these can be determined from the values given
by the method in 6.2.

As an aid 1in identifying the wvarious
types of exchange area cables, values of their
distributed resistancer and capacitance per
unit length are shown in the column heedings
of Table 1, immediately below the code desig-
nations.

2.2 Quadded Toll, Entrance and Intermediate
sable Facllities

of quadded toll,
cable facilities,

The attenuation losses
entrance and intermediate



exccps carrier loaded facilities, are given in
Tables 2 and 3. In accordance with current
transmission design practices these values sre
for a temperature of 55°F. Table 2 covers the
types of facilities usually operated with pi-
lot wire regulators; and, in addition to the
attenuation losses at the mean temperature of
55°F, this table &lso shows the variations
from these mean values under the extremes of
temperature changes customarily assumed in en-
gineering aerial and underground circuits. In
Table 2A are given the losses of quadded sub-
marine and emergency cables. Table 3 covers
the types of facilities usually non-regulated,
and also gives values for circuits in 22-gauge
quadded emergency cable. Where the effects of
temperature changes other than those included
in Table 2 are required, these may be determined
from the losses given by the method in 6.2.

The walues for side and non-phantomed
facilities in Tables 2 and 3 are based upon a
distributed capacitance of .062 mf per mile,
and may be applied to facilities in pairs of
this capacitance in cables of other than quad-
ded construction. :

2.3 Carrier Loaded Facilities in Paper-Insu-

lated Quadded Entrance end Intermediate Cables

Attenuation losses for carrier loaded
facilities in paper-insulated quadded entrance
and intermediate cables are given in Table l.
All stendard types of carrier loading are in-
cluded except Type J loading, which is re-
stricted to disc-insulated pairs in shielded
spiral-four quads in cables developed for Type
J carrier systems. Attenuation losses for
these J system facilities are given in Table 5
and discussed in subdivision 2.4.

In general, the attenuation data in Ta-
ble l; recognize two different average geo-
graphical coil spacings for each tyRe of load-

» Viz., for "new" plant and for "old" plant
installations, as discussed in Section
AB45,030. It should be kept in mind in this
connection that in general +the actual spacing
for carrier loading 1is closer than the theo-
retical spacing in ,062 mf/mi ceble, 8o as to
permit precision ocapacitance building out ad-
justrents in ell of the individual 1loading
sections. The larger the capacitance building
out the larger is the ratio of coil resistance
to cable resistance and the greater the aver-
age attenuation per mile, Because of the va-
rious conditions -to which these data apply,
the notes should be carefully consulted in se-
lecting values from Table L.

If desired, attenuation wvalues for aver-
age spacings different from those assumed in
Table L, may be estimated by interpolation or
extrapolation of the attenuation data in Table
L. In such instances, seleot the attenuation
value for the reference spacing that is closer
to the actual average spacing for the facility
involved, and multiply this walue by the ratio

)
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of the selected reference average spacing to
the actual average spacing.

All losses given in Table L, are for a
temperature of 55°F, Values at other tempera-
tures may be determined from those given by
the method in 6.2,

2., Bntrance and Intermediate Cable Facilities
for Type J Carrier Systems

The attenuation data in Table 5 for 16-
gauge disc-insulated quads with side circuit
loading are for theoretical full loading sec-
tions with zero building-out. These theoreti-
cal side circuit loading section lengths are
stated in Note (1) below the table. The total
attenuation in the cable c¢ircuits, sides and
phantoms, may be obteined by multiplying the
theoretical unit wvalues by the number of theo-
retical full loading sections. In many in-
stallations +this numeric multiplier is not a
whole number because of the use of fractional
section loading terminations with F-type load-
ing units at one or both ends of the cable.
An alternative prooedure is to derive the at-
tenuation per mile in terms of the theoretical
loading section lengths, and multiply this by
the cable length in miles.

It is always necessary to build out the
loaded side sircuits in order to conform to
design theory, and consequently the average
coil spacing will be below the theoretiocal
spacing. The building-out apparatus is ad-
justed to provide ths required capacitance in
the side cirouits, but in the voice range it
is deficient in resistance and inductance, and
in oonsequerice the actual attenuation per
loading section is somewhat less than the theo-
retical value given in Table 5. The side
circuit loading coils provide a very light
weight loading for the phantom. In built out
cables the phantom circuit attenuation per
loading seotion is less than the theoretjycal
value, primarily because of capacitance and
resistance deficiencies in the phantom circuit
effects of the side circuit building-out appa-
ratus. Approximate magnitudes of the changes
in attenuation per loading section, sides and
phantoms, are stated in Note (2) under Teble 5
as a function of the amount of side circuit
building-out. These correction factors are
sufficiently exact for praoctical needs since
the disc-insulated cables wusually have only a
few loading sections, and very few loaded ca-
bles are as long as one mile.

The loss of the 10-gauge low capacitance
pairse 1s for +the shielded core group of
four pairs in a cable 1layup having a total
of pairs. Because of their lower mu-
tual capacitance the attenuation loss of the
pairs 3in the outer layer group (located be-
tween the concentric shield and the sheath) is
about 3 per cent. lower <than the wvalue shown
in Table 5. The loss given 1is & preliminary
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value based on the very limited amount >f this
type ol oable thus far manufactured.

All losses given in Table 5 are for a
temperature of 55°F. Values et other tempera-
tures may be determined from those given by
the method in 6‘2.

2.5 Miscellaneous Cable and Paired Conductor
Faoilities

Attenuation losses for other types of
cable and paired conductor facilities covered
in this Section are given in Table 6. With the
exception of non-quadded submarine cable, for
which values are at 55°F, values for these
facilities are at 68°F. Losses shown are per
unit length of one mile or of one kilofoot,
depending upon which is the more convenient unit
for dealing with the most common lengths of the
particular facility., The unit of length and
the temperature for which the loss of each fa-
oility is given, and also, in cases where this
is pertinent, whether the value is for dry or
wet conditions, are specified in the first
three ocolumns of Table 6, Values at other
temperatures may be approximated from the
losses given by the method in 6.2,

3. DISTRIBUTED PRIMARY CONSTANTS

The distributed primary transmission
constants - viz., the loop resistance, induo-
tance, leakage conductance and ocapacitance per
unit length - of all cable and paired conductor
facilities for whichthe attenuation losses are
given in Tables 1 and 6, are shown in Table 7.
These values are, of course, for the line con-
ductors alone, i.e., exclusive of the lumped
constants of loading ocoils. The resistances,
inductances and capacitances are d-o values,
but differences between these and 1000-cycle
values are, for practical purposes, negligible.
Leakage conduotances are specifically 1000-
cycle values.

The unit of length for whioch the wvalues
for each type of facility are given is speci-
fied, and, in cases where this is pertinent,
it is also stated whether the values are for
dry or wet conditions. The resistances vary
with the temperature, and the temperature at
which each value is given is shown. This is,
in every case, the same as the temperature at
which the corresponding attenuation losses are
given in Tables 1 end 6. Resistances at other
temperatures can be determined from those in
Table 7 by the method in 6.1,

l;, SECONDARY TRANSMISSION CONSTANTS

Values at 1000 cycles of the propagation
constant per unit length and of the character-
istic impedance of the various miscellaneous
cable and paired conductor facilities whose
attenuation losses are covered in Table 6 are
also given in that table. The first three
columns specify the unit -of length and the

Y
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temperature for which these secondary trans.
mission oconstants are given, and also, in
cases where +this is pertinent, whether. the
values are for dry or wet condifions.

In Table 8 are given the aecondary
transmission conatants of most of the types of
exchange area oable facilities for which at-
tenuation losses are shown in Table 1. All of
these are 1000-oyole values at 68°F.

5. IMPROVED METHOD OF APPROXIMATING ATTENUA-
TION LOSSES

Due to the effects of temperature varia-
tions upon resistance, or because of loading
arrangements which depart from standard either
in weight of coils or in average load spacing,
or for other reasons, it is frequently re-
quired to determine the attenuation losses of
circuit facilities whose resistance, induo-~
tance or capacitance per unit length (either
singly or severally) depart from those of the
facilities covered in this Section. Attenua-
tion losses at 1000 oycles for such non-loaded
or loaded facilities may be approximated quite
closely from the data herein by the method
outlined below and illustrated in subdivision
5.2 by several examples.

1. Let Ry, Iy and G denote the totals

resistance, inductance and capacitance
per unit length of the facility whose at-
tenuation loss Ax per unit length is to be
determined.,

* Total introduced by line conductors,
loading and building-out.

2. Fram the facilities whose attenuation

losses ware given herein, seleot as a
reference facility the one whose corre-
sponding transmission constants R., L, and
Cr are closest to those of the facility
wnose attenuation loss 1is required. Let
the attenuation loss given for this refer-
ence facility be denoted by A. .

3. In accordance with the further expla-

nation in (3B), compute the re-
quired loss A, by the following formula
after simplifying it as discussed in (3A):-

Ke [T [Cx
A, =22, =X —_— A
* X, L, C- " db/unit length, (1)

where the quantities K, and K, are as ex-
plainec in (3Bb), and all other quantities
are as already designated in (1) and (2)
above.

A. In applying formule (1) it is neec-
essary to evaluate _all thre

the factors K, /K., VL./L, nd YC, /C,

only in cases where R,, L, and C, all

differ fromR,, L, and C, - see Example 3

in 5.2. Under all other conditions one
or more of the foregoing three factors



become unity, as indicated below,
and may, therefore, be ignored.

B.

a. If the reference facility is

80 selec hat Cx = C,, then
the factor YC,/C, = 1 and need not
be considered - see Example L in
5.2,

b. If the reference facility is

50 sele hat L, = L., then
the factor ¥L,/L, = 1 and need not
be considered - see Examples 1 and
2 in 5.2,

o. The factor K,/K, becomes unity

if, and only if, both R, = R,
and L, = L., i.e., 1in cases where
the reference facility selected is
such that it differs from the re-
quired facility only in that C
differs from C, - see Example l in
5020

d. In particular, if Ly = L, apd

Cx = C,, but R, differs from
R,, as will ordinarily be the case
in computing the effect of temper-
ature variations upon attenuation
losses, formula (1 simplifies to

A, - ;: A, db/unit length (2)
r

The use of formula (2) in comput-

ing the effects of temperature va-

riations is discussed in subdivi-

sion 6.2.

The values of L, C and K in formu-
las (1) and (2) may be obtained as

follows from the deata given herein, or
from other Bell System Practices:

a. Values of L and C: - Values of

the distributed inductance and
mutuel capacitance per unit length
of the line conductors of exchange
area cable fecilities, and of va-
rious miscellaneous cable and
paired conductor facilities, may
be obtained from the attached Ta-
ble 7. Similar wvalues for the
line conductors of other types of
circuit facilities are given else-
where in the AB informetion. Load-
ing coil inductences may be taken
to be the nominal wvalues. Build-
ing-out capacitance will either be
known or may be determined from
other AB Sections., In these 1000-
cycle computations mutual capaci-
tance introduced by loading coils
may be neglected. The wvalue of L,
should bYe for the same unit of
length as the walue of L., and the
value of C, should be for the same
unit of length as the wvalue of G, ;
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but values of L need not be for
the same unit of length as values
of C; e.g., values of C, and
may be capacitance per mile, while
L, and L, are induotance per load
section.

b. Values of K: - It will be noted

that, elthough attenuation
losses obviously depend upon re-
sistance, R, and R, do not appear
as such in formulas (1) and %2).
The effects of resistance are,
however, taken into account by the
quantities K, and X,. These quan-
tities depend wupon the ratio of
the total resistance per unit
length to the total inductive re-
actance per unit length, of the
corresponding required and refer-
ence facilities; and the wvalues of
K for a wide range of the values
of this ratio are tabulated in the
attached Table 10. In order to
read values of K, and K, from this
tuble it is first necessary to
compute the corresponding vulues
of the foregoing ratio.

For this purpose values of the
resistance per unit length of the
line conductors of exchange area
cable facilities, and of various
miscellaneous cable and paired
conductor facilities, mey be ob-
tained from Table 7. Similar val-
uwes for the line conductors of
other types of circuit facilities
are given elsewhere in the AB in-
formation. Values of the resist-
ance at 1000 cycles introduced by
loading coils, etec,, may be ob-
tained from Sections of the ARL5
series.

Values of the inductive re-
actance at 1000 cycles for all
loaded facilities covered in Ta-
bles 1 to 6 are given in Table 9.
These values include both the re-
actante of the lumped inductance
of the loading, and that of the
distributed inductance of the line
conductors. The corresponding
values of the inductive reactance
due to the line conductors alone,
i.e., for non-loaded facilities,
are given in Note 2 under Table Q.
Values of inductive reactance for
other non-loaded end loaded facil-
ities may be computed from the
values of distributed inductanrce
given in Table 7 or elsewhere in
the AB information, and from the

nominal inductance of 1loading
coils.

Fage 5
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Where values of the above ra-
tio fall Dbetween those tabulated
in Table 10 the corresponding val-
ues of K may be obtained by linear

interpolation between the tabu-
lated values. To facilitate this,
columns of tabular differences

have been included in Teble 10,

5.1 Accuracy of Results Obtained by New Method

Several examples illustrating the appli-
cation of formula (1) are worked out in subdi-
vision 5.2. The purpose for which this formu-
la as herein presented is intended is, of
ocourse, for use in approximating the attenua-
tion loss at 1000 cycles of cable and paired
conductor facilities which differ in various
respects from those covered in this Seotion.
In the first three of the examples just men-
tioned, however, the losses of AST-B88,

2,,C5M-B8S and 2,,CSM-HBB are determined, using.

26BST-BB8 as the reference facility. Inssmuch
as the losses for all of the foregoing ex-
change area cable circuit facilities are given
in Table 1, these examples not only serve to
illustrate the use of the formula, but they
also demonstrate the accuracy of the approxi-
mations. The fourth example, in which the
loss of 26BST-B88 1is determined by using
26BST-NL as the reference, illustrates the use
and demonstrates <the soccuracy of the formula
in computing the losses of loaded facilities
from the losses of the corresponding non-loaded
facilities,

The exactness with which the losses com-
puted in these examples agree with their kmown
values will likely raise a question as to why
results obtained with formula (1) are referred
to as approximate. They are so called because,
from the theoretical standpoint, the formula
itself is approximate: although it does yield
quite accurate results in dealing with ex-
change area and quadded oable facilities, it
may lead to less accurate results when applied
to other types of facilities; and since a com-
plete discussion of its limitations is beyond
the scope of the present Section, losses com-
puted with it should in all cases be regarded
as approximate. Inasmuch, however, as the
types of cable or paired conductor facilities
for which losses computed by formula (1) may
not be of hizh accuracy are types usually oc-
curring only in relatively short lengths, the
approximations obtained with this formula will
generally be satisfactory for enginecring pur-
poses.

Inasmuch as the form of formula (1) is
that of & product of fuctors, wvalues of losses
satisfactory for most engineering uses cen be
rapidly computed by slide rule, or, where
greater precision 1is desired, by means of
logarithms. The latter means of simplifying
the computations is employed in the examples in
subdivision 5.2. .

v
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It will be noted that in none of the ex-
amples e.:cept Example 1 has the reference fa-
oility been selected in accordance with the
stipulation din Step 2 of the method outlined
in subdivision 5. The purpose of stipulating
that the reference facility should be as simj-
lar to the required facility as it can be se-
lected is primarily to save computing labor,
as the examples will also illustrate. Whether
or not it is complied with will usually have but
little effect upon the accuracy of the results.

5.2 Examples Illustrating Attenuation Loss
Computations
The nature of the following examples,

the features of formula (1) which they illus-
trate, and the computational means employed,
have already been discussed in 5 and 5.1.

Data Required in Examples

For convenience, the data
the solutions of the following examples are
tabulated in Table A. I this table ars
also collected all logarithms used in‘the so-
lutions; and here, too, are determined the
needed wvalues of K.

required in

Examples
Example 1
In this example the loss of 26AST-BS88

will be determined, using 26BST-B88 as the
reference facility. Referring to Table A, it
will be seen that Rx =R, and L, = I,, and
hence, also, K, = K,, so that, as pointed out
in Step (3Ac) of outline of method in 5, for-
mula (1) simplifies to -

C
oV A

The solution, wusing the logarithms
in Table A, is -

collected

log C. = 28.83885-303
log C, o’ 8.89763-10) Subtract
2 i§?§§%532§6
log Vo, /€ = . - )Add
log A, = .14301 )
log A, =~ .113 A, - 1.30 db/mi

This result agrees exactly with the loss for
26AST-BB8 in Table 1.

Example 2

The loss of 25CSM-B88 will be determined,
using 26BST-B88 as the reference facility. In
this case, as may be seen by referring to Ta-
ble A, L, = 1,; but R, and C, differ from R,
and C,. As pointed out in Step (3Ab) of out-

line of method in 5, formula (1) therefore
simplifies to -

K, . /c,'
A, ¥ VT A,
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TABLE A

Cirouit Faoilities

BBST 26AST CSM Data
XL ____553 B88 Bog H88 From
A (db per mi) 2,86 1.39 - - - Table 1
(Code No,. - 622 622 622 622 )
Load Coil (Nom. L (heng - .088 .088 . 088 .088 ; ABLS series
(Rat 1000 oycles (ohms - 9.6 9.6 9.6 9.6
Cond. R/mi (ohms ) Lho ufg ul;g 21/2 27)5 'r:gge 7
Coil R/mi n - . . . . ve
Total R/mi " pn] n;y% Ii%‘g E"go. 282, Add
Cond., ymi (hen) .001 .001 .001 .001 .001 Table 7
Coil L/mi n - o1 .1 .1 .0 Above
Total L/mi " . 001 1%3 1%‘3 T%g ‘U;% Add
C/mi (mf) .O79 .079 +069 .072 .072 Table 7
wl/mi (ohms ) 6.3 979 - 979 L93 Table 9

log(R/mi) ) 2;&3&; 12.6538%—10
1 (wL i . QEE ?
lgg(RKE) L] » - -

12,463 74-10 12.45086 10 Above
078

_%._25_85_ Above
7580110 Sultract

R/wl 69.8; L667 - .2971 .5728 Above
K 8.31, Jahb - .2108 3933 Tablel0
log K .91981 9.51135-10 - 9.32387-10 9,59472-10
log(L/mi) 7.00000-10 9 19285-10 8.89454-10) Apove
log(C/m) 8.89763-10 8. 83885 10 8, 85733-10 8. 85733 10

log(A/mi) -15637

The solutlon, carried out with logarithms given
in Table A, is as follows -

log K. = 19,32387-20 log C. = 28. 85733-30
log K, = _9.51135-10 1log C, = 8. -10
log (K, /K ) = ~G.B1o50- 2 -
log ¥G. /C, = 9.,97985-10 *—— O, -
log A, = . 01
log A, = 9.9353B-10 A, = ,862 db/mi

Rounded off to two significant figures, this,
result is .85, whereas the loss for 2,CSM-B88
is given as .87 in Table 1. The latter value,
however, is .867 rounded off.

Example

Again using 26BST-B88 as the reference
facility, the loss of 2,,CSM-H88 will be deter-
mined. As may be seen by referring to Table 4,
Ry, L, and Cx all differ from R,, L, and C,..
50 that, as discussed in Step (3A) oi‘ outline
of method in5, no simplificationof formula (1)

.14301 -

occurs in this ocase. The required solution
by logarithms is -

log L, = 28.89454-30
log L, = .19285-10

log K, = 9.59472-10 2)19.701

1o§ K, = 9.511 -10 _3.5_62‘50 5-10
log (K /K. ) = .0 /105 Cx 28 85733 30
log VL = g, 85085—1 log C. = _B8.89763-10
log VC. =9, 97985-10 0-20

log A, = 01 . 79 5-10

log Ay = .05 A, = 1.1, db/mi

This result agrees exactly with the loss for
2l,CSM-HB8 in Table 1,

Example

In this example the loss of 26BST-B88 is
determined, using the ocorresponding non-loaded
facility, i.e., 26BST-NL, as the reference fa-
cility. Since C, = C,, then, as pointed out
in Step (3Aa) of outline of method in 5, for-
mula (1) simplifies to -

K L.,
Ac= 2\ A

Page 7
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The solution by logarithms is

log K, = 9.51135-10  log L. = 9.19285-10
log XK, = .91981 log L, = 7.00000-10
log (K = B, - 2)2.
log Vi /I, = 1.096[3 = .
log A, = .
log Ay = . A, = 1.39 db/mi

This result agrees exaotly with the loas for
26BST-B8B given in Table 1.

6. VARIATIONS WITH TEMPERATURE

Resistances and attenuation losses at
temperatures other than tlose for which values
are given herein may be determined from the
data in this Seotion by the methods explained
below.

6.1 Resistance Changes

The resistance K, at any Fahrenheit tem-
perature T may be determined from the values
given herein for the resistance R, at 68°F or
for the resistance R, at 55°F by the following
formulas:

R'r - 2%-52—'{ . R“ ohma (3)
or
R, » 2227 g, ohms (L)
150

6.2 Changes in Attenuation Losses

The 1000-cycle attenuation 1loss A, at
any Pahrenheit temperature T, may be approxi-
matead from the values given herein by the fol-
lowing method:

1. In acocordance with the discussion un-
der item (3Bb) of the outline in sub-
division 5, determine -

A, The value of the total® resistance

in ohms per mile for the given fa-
cility at the temperature T, (68° or
55°) at whioch its attenuation loss A,
is given herein.

B. The wvalue of the totale inductive
reactance of the given facility in
ohms per mile,

* Total introduced by line oonductors,
loading and building-out.

C. The ratio of the total resistance

ottained in (A) to the total in-
ductive reactance found in (B).

Page 8

2. Multiply the ratio obtained in (1C)
above by the factor

3% + T,
3% + T,

thus obtaining the value of the ocorre-
sponding ratio at the required temperaturs

T

3. From Table 10 obtain the two following
values of the quantity K:

A. The wvalue K, corresponding to the
ratio found in (1C) above.

B. The wvalue K, corresponding to the
ratio found in (2) above.

L. The required attenuation loss A, at

temperature T, 1is then determined by
substituting into formula (2) - see Step
(3Ad) of outline of method in 5 . the
known loss A, at temperature T,, and the
values of K. and K, obtained in (3A) and
(3B) ubove.

In several cases the temperature varia-
tion corrections shown in Table 2 differ
slightly from values ocomputed for those cases
by the foregoing method. This is due to tlre
fact that the figures in Table 2 are averages
of the positive and negative variations deter-
mined by more exac: methods.

Example

To illustrate the foregoing m3thod of
determining attenuation losses at temperatures
other than those for which wvalues eare giver
herein, the loss of 26BST-B88 at 110°F will be
ocmputed from the value at 68°F given in Table
1. The required daca are shown in Table A,

l. From Table A -

A. The total resistance of 26BST-B88

at T, = 6B°F at whick the 1loss
A. » 1.39 db per mile is given in Ta-
ble A, is 456.9 ohms per mile.

B. The total inductive reactance of
26BST-B88 is 979 ohms per mile.

C. Carrying out this step by loga-
rithms, as in Table A,

log R, = 12.65982-10
log wl, = 2,99078 gSubtract
log (R, /wLl,) = 9.29&-10
R, fol, = 667
2. The reference temperature T, = 68°

and the requirec temperature T, = 110°,
so that

395+ 1T, 39 + 10 505
LR A R TS



Completing this step by logarithms

1o 05 = 2,70329
1°§ Eé} - 566 83 Subtract

i (i) - S

Rufls = .5090

3, From Table 10, the needed values of K
are -

A, The value of K correspond to
the 68° ratio, R,ALes L4667,
obtained in (1C) is K, = .32L46.

ISS 4, SECTION 304-160-100

B. The value of K ocorresponding to
the 110° ratio, R,Alx = .5090,
found in (2) is K, = .3528.

4. The known loss at temperature T, =

68°F is A, = 1.39 db per mile. The
value of K, = .32,46, from BAz; and the
walue of K, = .3528, from (3B) above.
Carrying out the solution of formula (2)
by logarithms -

log K, = 9-5&753-103
}05 x: = 9.51135-10 Subtract
log (K,/ &) = .
log A, . 0l Add
log AL .
Ag= 1.51 db/mi
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TABLE '

ATTENUATION LOSSES OF NON=-QUADDED EXCHANGE .AREA CABLE FACILITIES
AT 1000 CYCLES

GAUGE CABLE 26 2l 22 19 16 I3
e M SA 8
TYPE OF CABLE a1 BST# | aom DSM# | NM BoA ANA A Ts e ANB ™ T
CSM CSA : ONB
R, Oums Per MiLe AT 68°F Llo Lo 27l 27h 27h 171 71 171 7 85 85 L2 21
C, MF PER MILE .069 .079 .072 .08l 065 .082 .073 062 .068 .08l 066 .066 .066
LOAD
LOADING SPAC I NG DECIBELS PER MILE AT 68° F
(FEET)
B-175 3,000 O | 1.01% .63 .68+ - Lo - - - 25 .22 NN -
B-125 " 1.05% | 1.12% 69 J75% - L8 - - - 26 2h ol -
B- 88 " 1.30% | 1,39 874 Olw - .60 - - - .3 «30 .18 -
D-17% L,s500 1.12% | 1,20% STl L80% - 5l L9 - - .28 25 .15 -
D-135 " 1.25% | 1,33 .82% .88+ - 56 - - - .30 27 - -
D- 88 " 1.52% | 1,62% | 1,01 1,09 - .70 - - - .38 .34 - -
H-250 6,000 - - - - - - - - - - .26 A7 ol
HetT5 [ - - - - - - - - - o34 27 15 .10
H-135 " tiow | 1.50% .92+ | 1,00 - .63 .60 - - .3l «30 .16 -
H- 88 " 1,69 | 1.80% | 1.14d | 1.,23# - .79 - - - L2 .38 .21 -
H- Ll " 2.06 2.21% | 1.46 t.58% - .04 - - - .56 .50 27 -
. M=IT5 9,000 - - - - - - .65 .60 .63 - .33 o7 ol
;S M=1325 " 1.6%% | 1.75% | 1.09¢ | 1.18% | 1.1k 56 o713 - - oy .36 .20 -
M= 88 " | 09'* 200‘-‘-* | 03' | 0!-‘-2* [ 025 092 .87 - - oh9 ohb- 02!‘- 0”-'-
R-133 11,600 - - - - - - - .76 .80 - At 21 .12
NON=LOADED - 2.67 2.86% | 2.1l 2.31# | 2.0 1.79 1.69 1.55 1.63 1.26 o .75 50

% ADDED VALUES NOT INCLUDED IN PREVIOUS ISSUES, ‘ VALUE CHANGED FROM PREVICUS [SSVUE.

e e |
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TABLE 2

ATTENUATION LOSSES OF QUADDED TOLL CABLE CIRCU!TS AT 1000 CYCLES
FACILITIES USUALLY REGULATED #

GAUGE CABLE 19 | e
- DECIBELS PER MILE
SPAC ING VARIATIONS FROM VARIATIONS FROM
LOADING FT LOSS AT 55° MEAN LOSS AT 55° MEAN

55° F. AERIAL U.G. 55° F. AER 1AL U, G,
CABLE = | CABLE#: CABLE # | CABLE#

B- 88- 50-5 3000 .28 * .03 + .01 .16 +.018 + .006
B- 88- 50-p 3000 «23 ¥ .026 * .009 ol ¥ .015 ¥ .005
B- 22-N 3000 .Ls + .052 + .017 o2 + .028 + .009
H= |74~ 106-5 6000 .28 + .0%32 + .0t .16 + .017 + .006
H= 1T~ 106-P 6000 .22 ¥ .025 ¥ .008 .13 ¥ .013 T .00L
H=172- 63-5 6000 2 + 031 + .010 .16 + 4018 + 006
H- 172~ 63-P 6000 o2 * .032 T .0l .16 * .018 ¥ .006

H- 88- 50-s 6000 35 + 0Lt + .014 .19 + 022 + .00

H- 88- 50-p 6000 .30 ¥ .035 ¥ .012 16 ¥ .019 ¥ .00
H- Ll- 25-s 6000 A7 + .032 +.018 .25 + .02 + 4010
H~ Lli- 25-p 6000 «39 ¥ .0 ¥ 015 .21 ¥ .0 ¥ .008
H- 22-0-S 6000 62 x | + .071 x| * .02} x .32 + .037 + .012

% TEMPERATURE RANGE, + SU° F.; RESISTANCE VARIATION, + 124,
#%  TEMPERATURE RANGE, + 18° F.; RESISTANCE VARIATION, + L%,

X APPROXIMATE PaLuEes.

ﬂf SEE TABLE 3 FOR QUADDED TOLL AND INCIDENTAL CABLE CIRCUIT FACILITIES
USUALLY NON-REGULATED, AND SEE TABLE )4 FOR CARRIER LOADED ENTRANCE
AND INTERMEDIATE QUAODDED CIRCUIT FACILITIES,

TABLE 2A#

ATTENUATION LOSSES OF QUADDED SUBMARINE AND EMERGENCY CABLES

AT 1000 CYCLES

TYPE OF FACILITY

VALUES SHOWN ARE

ATTENUATION LOSS

Per UNiT Tézp DRY or
LeneTH OF oF F° VET

DEciBELS
PEr UNIT
LENGTH

SUBMARINE CABLES - QUADDED

SAME AS FOR QUADDED

TotL CABLES

EMERGENCY CABLES - QUADDED

KiLoFooOT 55¢ - 29
. S1DE

22 GAUGE = {PHANTOM " " - .26
rDRY .28

StpE n "
lusT 32

t9 Gauee CL TvyrPe

Dry «30

PHANTOM " "
Wer 32

)
# ALL DATA IN THIS TABLE, EXCEPT LOSSES OF 22-GAUGE EMERGENCY CABLE,
ARE ADDED INFORMATION NOT INCLUDED IN PREVIOUS 1SSUE

SECT!ION.

8§ OF THIS

# SEE TABLE 3 FOR LOSSES OF LOADED 22-GAUQE EMERGENCY CABLE ?iblLl?lss
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TABLE 3

~TTENUATICN LOSSES OF QUADDED TOLL AND

INCIDENTAL CABLE CIRCUITS AT 1000 CYCLES
FACILITIES USUALLY NON-REGULATED

GAUGE OF CABLE 226 | 19 | 16 | kg | 13 | o
LOADING SPACING " DECIBELS PER MILE AT 55° F.

B- 88~ 505 3000 .EO S P
g- 88- g 3000 A2 ) it a4
E- 28~ 16=S 5575 . .2 W6 .081
E- 28~ 16-P 5575 .Eg o2 b .068
He 28~ 16-5 6000 .39 +30 W17 .086
He 28« 16-P 6000 019 .25 Al 073
H- 2|~ 18-S 6000 i.08 .Bs .28 W46
He 31- 18-P 6000 .90 L6 2L 3
H- Lli- 25-S 6000 .92 #nus P
He lh- 25-P 6000 77 e PP
H- 88~ 50-S 6000 .66 B e
H- 88- §0-P 6000 .56 o P
: :;ﬁ: 2; } -S 6000 19 ) HHL
: :;E: g; } -P 6000 .51 P e
He17h=106-5 6000 .50 e B L1014
Hel7l=106-P 6000 .EO it . .08
Ha2l BN & 6000 27 o7 .2 Al

'Zhg"5 -s 6000 AN .26 a6 .10 .079

:gﬁg_:g }-p 6000 .35 .20 2 .083 .062
K=200-N # 7400 .080x
K=200-130-9 7hoo .B| .083% .oL9
K-200-130-P 7hoo0 i 067 .039
M- Lli- 255 8770 55 .28 148 .079
M- Ll- 25-P 8770 .E? 23 .126 .068
Mel135N %3 8770 L6l
M=1T7L=106-S 8770 .22 .7 09N .059
M=1Th=106-P 8770 .25 .15 .078 .050
Sa Lhe 25- 12000 1,26

S Lh- 22 P 12000 1.06
NON=LOADED S - .54 1.07 .72 S . «30
NCN-LOADED P - ..27 .95 .Zs ’ i .2&

% SEE TABLE 2 FOR QUADDED TOLL CIRCUIT FACILITIES USUALLY REGULATED, AND
SE€e TABLE I FOR CARRIER LOADED ENTRANCE AND INTERMEDIATE QUADDED CABLE

CIRCUIT FACILITIES,
% NON=PHANTOM OR SIDE CIRCUITS OF GROUPS HAVING NON-LOADED PHANTOMS,
1N Tasre 2.

wrax VALUES FOR THESE FACILITIES ARE GIVEN
f 22-GAUGE QUADDED EMERGENCY CABLE.
#¢ NON-QUADDED CABLE.

X APPROXIMATE VALUE SATISFACTORY “OR SHORT LENGTH OF FACILITY,
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TABLE L
ATTENUATION LOSSES OF CARRIER LOADED FACILITIES IN PAPER=INSULATED QUADDED ENTRANCE AND INTERMEDIATE CABLES AT 1000 CYCLES

GAUGE CABLE 19 | 6 | a3
FOR coiL .
LOADING SYSTEM CIRCUIT CONNECT 10N SPACING SEE NOTES DECIBELS PER MILE AT §5° F.,
s - 800 (1-A) .66 . -
| C-4.8-0 ox 685 {1-8) +68 j? 27 x
s 800 1-4) - - .
Ceb.t-0 s 685 1-8) T x 43 x 2
w
S [ 800 +68 ] -
{ £ (1-4)
P 00 . . -
oFL.8-7.1 {3 2 85 (1-8) 3 % :
P S 2055 - 5% 52 -
{5 oo (1) : : 23
CFelioi=6,% s = 5 - - .
{P z 2055 (1-8) - - s
s a 800 .68 RN -
CE-.8-12.8 { g o Lego (14 -0 :ﬁs 28
¢ * . . ¥
{® 8 it (1-8) ¥ 38 25 x
s & 800 - - .27
{ S (1-4) - - 23
CE-b.1-12.8 4 ' koo .72 . .
{P & hng (1-8) Zz i “5 : 2?
BH=15=1 } {E gg’%@g 3) :gi :26 :Zh
-lfe 'y . . X
BH-15-1 {% 5600 (1=4) sk 3 20 x
N 600 (1=A) R oA -
A-3.0 N @ 500 (1-8) ;2 17 32 x
N > 600 {1=-A) - .
A-2.7 N 3§ 500 (1-8) oTT x ﬁa §§
N <35 800 (1=n) 67 - - -
c-L.8 N S 685 (1-p) (2=A) 70 b ox .28 x
N ' 800 l=A - I -
N e 685 |.33 2 x .Jltb -
-l N ®F 800 (1-A) (55) - - .28
. N g 285 (1=8)* (2:8) - :h? «30
N - 2
N 68; (1-8), (2-C) - - -Bh
OFF ICE CABLE
X-2,7=0 {2 LOADING SYSTEMS 680 (3) :812‘ X :Zg X :‘5“3 x
ENTRANCE AND ]
v-9-0 {5 INTERMED ATE % 3) 8 4 13
NOTES t =

# VALUELS FOR PHANTOMS OF THESE SYSTEMS MAY SE TAKEN TO SC THE SAME AS THOSE GIVEN IN TABLE 3 rFom
PHANTOMS OF NON=LOADED GROUPS, THE ATTENUATIOM LOSSES AT 1000 CYCLES 1N THE NON=LOADED PHANTOMS
OF CARRIER LOADED SIDE CIRCUITS DO MOT DIFFER FROM THOSE IN THE PHANTOMS OF NON=LOADED SI1DES OF
LIKE GAUGE BY AMOUNTS WHICH, FOR THE LENGTHS OF CARRICR LOADED ENTRANOE AND INTERMEDIATE CABLE
CIRCUITS ORDINARILY ENCOUNTERED, ARE SUFFICIENT TO JUSTIFY THE USE OF SEPARATE VALUES, SiDE
CIRCUIT COILS INCREASE THE RESISTANCE AND THEIR LEAKAGE INOUCTANGE ADDS INOUCTANCE TO THE PHANTOM
CIRCUIT, IR THE CASE OF THE 19 AND 16-GAUGE PNANTOMS TKIS ADDED INDUCTANCE TENDS TO SOMEWHAY
MORE THAN OFFSET THE INCREASCD RESISTANCE, BUT IN THE CASE OF COARSER GAUGE PHANTOMS THE INCRLASE
IN RESISTANCE TENDS TO BE THE DOMINANT FPACTOR,

X APPROXIMATE VALUES SATISFACTORY FOR THE SHORT LENGTHS OF THMESE NON-STANDARD FACILITIES NORMALLY.
CNCOUNTERED ON A SINGLE CONNECTION.

(') N ORDER TO PERMIT OF CAPACITANCE ADJUSTMENTS, EITHER FOR THE PURPOSE OF CORRECTING FOR MANUFACTUR!NG
DEVIATIONS 1IN CABLE CAPACITANCT OR BECAUSE OF GEOGRAPHICAL IARCZGULARITIES IR MANKOLE SPAOINGS,
LOADING COILS N CARRIER LOADING IASTALLATIONS ARE USUALLY SPACED AT QTOGRAPHICAL (INTIRVALS SHORTER
THAN THE THEORETICAL SPAOINGS, THE ATTENUATION LOSSES GIVEIN ABOYE FOR THESE SHORTEIR SPACINGS ARES

(A) THESE VALUES ARE FOR THE APPROXIMATE AVERAGE SPACINGS ENCOUNTERED 1M INSTALLATIONS WHERE
CORRECTION FOR MANUFACTURING DEVIATIONS IR CABLE CAPACITANGCE I8 TME PRINCIPAL PRODLEM,

{B) TMESE YALUES ARE FOR THE APPROXIMATE AVERAGE SPACING OBTAINING IN INSTALLATIONS 1N OLD
UNDERGROUND PLANT WHERE RELATIVELY LARGE GEOGRAPHICAL IRREGULARITIES 1N MANHOLE SPACINeS
MAY BL ENCOUNTERED,

(2) THESE ATTENUATION LOSSES APPLY 70O ENTRANCE CABLES WITH THE "C-8PACED™ LOADING ARRANGEMENTS, DESCRIBED
tw SecTicw ABLS.030, rom usE IN CONMECTION WITH ScINCH SPACED, NON=PHANTOMED, OPEN=WIRE LINES
PROVIDILG O~3] XKO. TRANSMISSION,

(A) THESE VALUES INCLUDE THE EFFECT OF MODIPIED CAPACITANOE BUILDING=OUT,
(B) Twis vALUE INCLUDES THL CFFECT OF OPTINUM RESISTANCE BUILDING=OUT,

{(C) THis YALUE INOLUBES THE CFFECTS OF MODIFILD OCAPACITANCE BUILDING=OUT AND OPTINMUM
RESISTANCE BUILBING-OUT,

(}) THESE LOSSES BASED ON THEORETICAL LOAD SPACINGS IN TERMS OF CABLE PAIRS HAVING .062 MF. PER MILE,
ALL OTHER VALUES IN TaABLE h ARE BASED ON SPACINGS SHORTER THAN THEORETICAL =~ SEE PARAGRAPHKH laoh
OoF TEXT.

e .
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TABLE 5#

ATTENUATION LOSSES AT 1000 CYCLES OF
CABLE FACILITIES DEVELOPED FOR USE AS INCIDENTAL CABLES
IN TYPE J OPEN=WIRE CARRIER SYSTEMS

ATTENUATION
55° F
SI1DE 0,083 (1)
NONE
PHANTOM 0.091 (1)
et J=0,72 Stoe 0.04t1 (1),(2)
-GAUGE, ON S1DES
SHIELDED PHANTOM 0,055 (1),(2)
SPIRAL
FOUR, D1SC
INSULATED J=0.85 Sioe , 0.0t (1),(2)
On SioEs PHANTOM 0,056 (1),(2)
J=0,9L Stoe 0,01 (1),(2)
On Stoes PHANTOM 0,056 (1), (2)
10=GAUGE
PAPER NoNEe N°";§$::°ED 0,052 (1) =
INSULATED

NoteEs: (1) THESE ATTENUATION LOSSES ARE FOR 1000=FT, LENGTHS OF
NON=LOADED CABLE, AND FOR (S1DE CIRCUIT) FULL=LOADING
SECTION LENGTHS WITH ZERO BUILDING=OUT IN THE CARRIER
LOADED Dele CABLEese THESE THEORETICAL LENGTHS ARE 633
FTe FOR J=0,72 LOADING AND 6U8 FTe FOR U=0.85 anD
J=0.9l; LoaDING,

(2) EFFECTS OF BUILDING OUT: THE ATTENUATION PER BUILT=
OUT SIDE CIRCUIT LOADING SECTION IS APPROXIMATELY
O.5P PER CENTe BELOW THE THEORETICAL ATTENUATION,
WHERE P IS THE SIDE CIRCUIT BUILDING=OUT PERCENTAGE.
IN THE PHANTOM CIRCUITS THE ATTENUATION PER LOADING
SECTION IS APPROXIMATELY O0.8P BELOW THE THEORETICAL
VALUE FOR ZERO BUILDING OUT.

i PRELIMINARY VALUE BASED ON THE VERY LIMITED LENGTH OF THIS
TYPE OF CABLE THUS FAR MANUFACTURED,

# ALL DATA IN THIS TABLE ARE ADDED INFORMATION NOT INCLUDED
IN PREVIOUS ISSUES OF THIS SECTION, ’
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TaBLE &

ATTENUATION LOSSES AND SECONDARY CONSTANTS OF
MISCELLANEOUS CABLE AND PAIRED CONDUCTOR FACILITIES

AT 1000 CYCLES

VALUES SHOWN ARE ATTENUA=
> mom | e | fob G
TYPE OF FACILITY AT ECIBEL
E::.:':r i Teur, D';::" PER UNIT LENOTH 'MPEDANCE PE:"L.}:;‘I’
SUBMAR INE CABLES = NON=-QUADDED E !
2l Gavee MiLe 55° - 02326 + J 2372 801 \4h.2° 2,02
SINSLE PAPER [NSULATION 22 ® " " - 1945 + J 2012 594 Kh}.8° 1,69
19 " " " - 376+ 3 L1478 w12 V2.7° 1.20
2l Gavae " " - 212+ 5 L2460 772 \Wko2° 2.10
2 . " - .2009 + 5 .2078 575 \L3.8° 1.75
DousLE PAPER INsULATION . o
19 " " " - S 4+ 9 41525 399 §h2-7 1.23
16 " " - L0856l + 3 .09939 | 316 \L0.5° oTh
17 GAUGE U WIRE
U BrioLe WiRre KiLoroor 68° ! wer .0257 + 3 03104 260 \39° 22
i .
3T 4+ 3 155 (a)] 265 \39° (a) | 1e19we(a)
NON=LOADED MiLE " " . 0
A3+ o L1601 ()] 255 \39° () | 1.25 (w)
u DigTrisuTion Wire
v (Buntro) Lonote 4 . . . L0667 + 3 .391 (a)| 530 \ 7% (a) | .5Bw(a)
L0692 + 3 J412 (e)] 510\ 7#(s) | .60 (»)
—]
DROP WIRES
TP Trre KiLoFoor 68° Wer .0809 + 3 0831 w0 {hh° .70
18 Gavse .
™ " " " " 0749 + 9 .07T70 475 \Lk° 65
B8P Tyer " " " L0579 + J .0608 335 (L0 .50
17 Gaver
BR L L n n " " "
1 Gaver HC Tvrx . " " L0218 + 4 .0292 140 K;sa .19
MISCELLANEOUS WIRES AND CABLES
Insioe WiriNg CABLE 22 Gavet KtLoroot €8° - .05299 + 5 .0548L | 485 Kbh.o° L6
(CR Tvee " n - 04708 + 5 .0u938 | 543 \43.7° it
K L] n " - " n L]
Service CamLes - 22 Gavee
LR " " " - n " "
TR " L] n - L] n "
AL Wing 1 Gavee | " " Wer L0191 + 4 .0272  |160 \35° 7
BrisLe WIRE 20 " " " n .0&67 +J .0508 305 ih}o At
Duct W " ‘ .
BT wne Z .} " to ek s Jloo W [
GN STATION WiRE 22 n ; " " " L0686 + 4 0725 ia;o \43° .60

£ L=l Loabing, 800O=rooT sPACING,
% MID=8EOTION ITERATIVE IMPEDANCE.
#% VALUE CHANGED FROM PREVIOUS 1SSUE.
(A) INITIAL VALUES AFTER ONE DAY SOAKING IN WATER.
(8) ESTIMATED VALUES AFTER FIVE TO TEN YEARS IN GROUND,

OEPENDING UPON MOISTURE CONDITIONS IN SOIlL.

-

ALL DATA IN THIS TABLE, EXCEPT ATTENUATION LOSSES OF

U DISTRIBUTION WIRE UNDER CONDITION (A), ARE ADDED
INFORMATION NOT INCLUDED IN PREVIOUS I1SSUES OF

THIS SECTION,



PRIMARY DISTRIBUTED CONSTANTS OF CABLE AND MISCELLANEOUS PAIRED CONDUCTOR FACILITIES
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TABLE

#

VALUES SHOWN ARE A L a [ _g_‘
TYPE OF FACILITY AT (Loor) uwos
£ E::.g:'sr Tewp Da;:gn OHNS HENRYS (1000 FARADS
_ or F (oc) CyoLes)
x1078) | (x1076)
NON=-QUADDED EXCHANGE AREA CABLES
o
- 0 .00 .8 +06 26
26 Gaver { 5T ég} M':t 6§ - h& ﬂ' é.l .073 -
M SM ASM CSM n " - 27 " o9 . "
2l Gaver DSM " " - " " 2.2 .ggﬁ "
b n " - " " 1.7 » 065 .
SA ASA BSA CSA : : - 7 : ?.I »082 :
22 Gavet NA A#: " " - n " I:Z 2023 "
s : : Dol " | tods "
BNB CNB " " - 85 " 2.2 . .
19 Gaver { T8  ANB  ONB " " - " " 17 .82% .
16 Gavet TH NH " n - L2 " # " .
13 Gause TJ " " - 2.k " " " n
SUBMARINE CABLES = NON QUADDED
2 Gavee MiLe 55° - 266 .001 1.7 «066 26
SINGLE PAPER INSULATION 2 " n n - 166 n 1.9 « 07 "
19 * . - 83 " 2.0 «07 "
?J+ GAg.E : : - 266 : |08 .%l :
DousLE PAPER INSULATION |2 n n " - 'gg . g:é :ogg "
| " " " - I " 17 «06 "
17 GAUGE U WIRE
U BRIDLE WiRE KiLorooT 68° wey 1043 + 00033 - 025 -
Ki1LoFooT " n n 00027 Teb { 'gz (a) | 328(x)
u 02 ‘.) 296(')
U DistrisuTi1ON Wire (BumiEo) 122(a) 328(a)
Mite " " sk <0014 40,0 :'35(.) 296(s )
DROP WIRES
TP Tvee KiLoFooT 68° wEY 51 . 00021 » . -
18 Gaver {TR " " . " " « 00023 » .g%i -
n L] " -
17 Gaves {g: Tree " " . 28 +00022 . -040 -
1 Gaver HC Tree L " " 5 +00025 » Ol t -
MISCELLANEOUS WIRES AND CABLES
INSIDE WirING CABLE =~ 22 GAvaee Kitoroot 68° - 37 « 00020 * 025 -
CR TY:E
SERVICE CABLES = 22 GavsE fﬁ n " " - 37 #» | ,0002Ten . « 02044 -
TR "
AL Wine i Gavse n " (3 5 « 00029 - » 033 -
BrioLe Wine 20 Gavee " " . 21 + 00028 - «0%6 -
Duer Wime 22 GAuGE -
DU STATION WIRE 22 GAuct:> " " " 33 « 000304 * <033 4
GN STATION WIRE 22 GAVGE " " " " " * 048 4 -

# LEAKAGE CONDUCTANCE AT 1000 CYCLES 18 NEGLIGIDLE AS
CAPACITIVE SUSCEPTANCE,

‘ THESE VALUES ARE SATISFACTORY FOR PAIRS, TRIPLES OR

COMPARED WITH

QUADS.

#% THESE VALUES MaY BE APPLIED TO BOTHM ONE AND TWO PAIR OABLES.

(A} INITIAL VALUES AFTER ONE DAY SOAKING IK WATER.

4
N (B) EBTIMATED VALUES AFTER FIVE TO TEN YEARS 1N GROUND, OEPENDING UPON
MOTSTURE CONDITIONS IN SOjL,

# ALL DATA IN THIS TABLE ARE ADDED INFORMATION NOT 1NOLUDED IN
PREVIOUS

1SSUES OF THIS SECTION.
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TABLE 8'

SECONDARY CONSTANTS OF EXCHANGE AREA CABLE FACILITIES

AT 1000 CYCLES

CABLE PROPAGATION CONSTANT AT 68°F CHARACTERISTIC 1WPEDANCE ®
Gaver Coot LoKDING Pga MiLE - Per KiLorootv AY 68°%F
NL S0T2 ¢ 0 3105 ,05818 + J .05881 718 - 5706 = ;007 \[Lh.5° e
B-175 1084 ¢ J .9354 202053 ¢ § L1772 220l ~ j 251 = 2218 | 6.:3
B-135 1207 ¢ J .822% 02286 ¢+ J L1557 1929 - J 281 = 1949 8.3
8-88 JUh92 ¢+ 0 L6713 202826 + J .1271 1567 « J 3hly = 160 \:2.
0-17% L1286 + J 199 L0236 + 5 L1466 1848 ~ 3299 = 1872 |\ 9.2°
26 ST D-135 o3k + i L6824 OR2T16 + J L1292 1618 - i 332 = 1652 (17,60
AST 0-88 JATUT + J S6LL «03309 + J ,1069 1325 - j 4o3 = 1385 V16,9°
He135 1615 ¢ 53,6030 203059 + J 1142 1440 - J 383 = 1490 (14.9"
H-88 1940 + 5 L5049 03670 + i 09563 1492 - 453 = 1275 \20.8°
Halily 2375 ¢ J Lo 0498 + 3 ,07693 %9 - 552 = 1098 130.2°
M-135 .1880 + J ,.515% 03561 + J§ ,09759 1257 - J 460 = 1338 {2019
n-88 2196 + & L2l 0h159 + J ,08379 1057 - 5 525 = 1180 126.4°
NL J3287 + 0 L3322 06225 + § 06292 672 - 5 660 = 942 \hk.s°
B-17% 1160 + 5 1.0009 02197 + § 1896 2060 - J 235 = 2073 \ 6.5
B-135 H292 + 5 8799 02T + J L1666 1802 - J 263 = 1821 { 8.15
B-88 1596 + § 7183 .03023 + J 1360 thél - § 322 = 1499 \i12.y
0175 376 + 5,828 .02606 + J .1568 1727 - 3 280 = 1750 \ 9.2°
26 BT D-135 A58 + L7302 .02905 + 4 ,1383 1512 - J 310 = 5Ly Ti.6®
D-88 1869 + i .60%29 03540 + J .14k 1238 - J 376 = 129 (16.9ls
He135 1728 + 5 L6452 03273 + J 1222 1346 - J 358 = 1393 hy.g"
H-88 L2076 + i L5403 .03932 + J§ 1023 1 - 3423 = 1192 120.8°
Helily 2541 ¢ 4 JL3h6 0UB13 + 0823 887 - J 516 = 1026 130,2°
M-135 2012 + 5514 03811 ¢ J .10l HTh - 3 430 = 1250 \20.!
M-88 2350 + § 4734 Oll5t ¢ § 08966 988 - j 490 = 1103 1267
NL 2U67 + 5 2513 Oh672 + 5 04759 558 - iSh2 = 778 VLL.2° o
8-I175 0722 + 5 L9504 .01367 + J ,1800 2165 « j 155 = 2160 | L.1° |
B-135 o790 + 0 L83l 01504 + J .1580 1880 ~ 5 171 = 1888 V 5,25
B-88 0998 + 4 L6757 # 01890 + J .1280 1515 - j 216 = 1530 {8.%
" D-175 L0849 + J .784L 01608 + J .i4B6 1800 - J 186 = 1810 | 5.9°
M D-135 09 + § 6887 01782 + J L1304 1566 - 5 209 = 1580 | 7.6°
2 AsM 0-88 165 ¢ i 5613 02206 + J .1063 126 - J 257 = 1290 V11.5°
csM H-135 1063 + 5 .6035 L0203 + J L1143 1386 - J 239 = 14o7 \ 9.8
H-88 4309 + 5 495 e 02479 + i 09366 1123 - j 292 = 1160 \i.6°
H-4l 682 + 3763 L0385 + j ,07127 8 - i372= 922 (23.8°
M-135 254 ¢+ i 5066 02375 + J .09595 1187 - 4 294 = 1223 \13.9
u-88 513 + § 212 .02866 + J 07977 968 ~ J 345 = 1028 \19.6°% »
NL 266l + § 2715 <05045 + J 05142 517 - i 503 = 721 \LL,2°
B~I75 L0780 + J 1,0266 01477 + J J194L 1996 - J 143 = 2001 \ .10
B-135 .0858 + o .9013% 201625 + 3 1707 14t - i 158 = 1748 | 2°
B-88 L1078 + i .7298 02042 + J L1382 o2 - 5200 = 1416 \ 8.1°
0-175 0917 + 4§ 8473 01757 + § .1605 1667 - 3 172 = 1676 \ 5.9°
2 DSM D-135 016 + 5 L7439 0192l + J .140s S0 - 1935 = 1463 | 7.6°
0-88 1258 + § ,6063 02383 + J L1148 170 - 5 238 = 119 Vi1.5°
H=135 148 + 4 L6519 02174 + J 1235 128 - j 222 = 1303 { 9.8°
<88 NN Y L02678 + 4 .1012 1039 = J 271 = 107k \1L.6°
Hll JBIT + J 4065 3Ll + i 07699 71 - iss = 8s, 123,87
M-135 354 ¢ 5 ,sy72 0258l + J .1036 199 - 3272 = 1132 \13,9°
¥-88 63 + i MS50 03095 + j .08617 897 - i 319 = 952 V19.6%
2 ™ NL 232 ¢+ L2388 OLL36 + § L0522 588 - 5572 = 820 \4h4.2°% @
THIS TABLE CONTINUED ON NEXT SHEET.
% VaLUC OHANGED FROM THAT 1n ABL2.026, issve I,

, Mio-sEcTiON tTERATIVE INPEDANCE 1IN CASEw OF LOADED FACILITIES,
' ALL DATA IN THIS TASLE ARC ADODCO INFORMATION NOY INOLVOES IN

PREVIOUS I188UCE OF THID Sgevien,
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TABLE

8# (Convludzo)

SECONDARY CONSTANTS OF EXCHANGE AREA CABLE FACILITIES

AT 1000 CYCLES

CABLE PROPAGATION CONSTANT AT 68°F CHARACTERISTIC iMPEOANCE ¥
LOAD I NG o
Gavae Coot Per MiLE ¥ Per Kitoroor Ay 68°F
NL L2065 + 213 03914 + § .ohoh2 L16 - 399 = 576 (43.8°
B-175 .050% + j 1,0155 .0095% + J ,1923 2025 - j 92 = 2027 | 2,6°
B-135 L0549 + J  .8900 = L01040 + 5 .1686 1762 - 102 = 1765 | 3,30
8-88 0689 + 4 7177 01305 + § ,1359 » il - 3 130 = 1420 § 5,3°
SA 0-175 L0583 + j 8365 010l + 5 .158, 169 - 4 113 = 1698 | 3,8° »
22 ASA D-135 L0647 + 5 .7%25 » L01225 + § .1387 » 1465 - i 125 = 1470V L.9%
BSA D-88 L0808 + J .5922 01530 + J 1122 1170 = J 156 = 1180 | 7.6°
CSA H-135 L0729 + 5 6402 01381 + § 1213 1298 « 4 il = 1306 [ §,3°
H-88 L0907 + 4 .5185 01718 + j 09820 # 1036 - 4 177 = 1051 \ 9,7°
Helly 199 + 5 .3796 ,02271 + § ,07189 » W8 - j233= 783 (17.3% &
M-135 L0863 + i 5333 01634 + § L1010 1109 - 4 178 = 1123 | 9,10
M-88 060 + J L3l .02008 + J .08222 879 - 21 = 905 V(3,79
22 e NL 946 + i L2012 .03686 + J 03811 W2 - b2l = 612 (13.8% »
22 TA NL 792 + J L1853 L0334 + § 03509 479 - J Léo = 664 \L3,8°
22 TS NL L1882 + J L1945 L0356l + J ,03684 Ls7 - J 438 = 633 Vﬂ}.si -
NL JLLE + 0 L1551 02739 + § ,02938 295 - 273 = Lo2 Vl2,8°
B-1325 L0304 + 5 .900 00576 + 4 L1705 » 1Tt - J 52 = 1742 i 1.7° »
8-88 L0386 +'J  .725 L00731 + § LI37% 1393 - 5 69 = 1395 \ 218°
CD-175 | L0321+ 8457 | .00608 + j .1602 1676 - i 58 = 1677 | 2.0°
19 BNB D-135 039 + 5 L7ho 00661 + g L1402 » W8 -« § 63 = 1449 V~2.52_¢
CNB D-88 OL39 + 5 5957 00831 + § ,1128 11855 - 4 81 = 1188 Th.0%
H-135 0388 + i .6L5S 00735 + § L1223 1281 -5 7= 1283 | 3,30
H-88 | .0LB7 + i 5194 | .00922 + J .098%7 1013 - j 92 = 1047 | 5,2°
H-bl L0645 + § L3701 01222 + j ,07009 * 713 - g 122 = 723 ¥ 9,70
M-88 L0568 + § 302 .01076 + 5 0BILB # 85L - g 111 = 861 V 7.4% »
NL 1282 + 5 L1375 .0228 + J .0260L 333 - J 308 = 53 (l2.8°
B-175 L0254 + § .908 .00L81 + J .1720 2237 - J sh=2238 | 1.°%.
B-135 L0270 + § 795 L00511 + § L1506 1950 - J 61 =195z [ 1.8° «
8-88 022 + 5 L6l 00648 + J o121 | 1563 - § 76 = 1565 | 2,87 &
w | O-175 | L0282+ U6l L0053 + 5 JLi3 1862 - 4 65 = 1863 | 2.0°
19 ANB D-135 L0310 + 5 .653 .00587 + J .1237 1618 « 5 71 = 1620 | 2,5% &
ONB 0-88 £0390 + J  .5269 00739 + J .09979 1292 - 3 91 = 1295 | L.0%
H=175 0315 + § 6507 00597 + § L1232 # 16b3 « 5 75 = 1645 T 2,67 »
H-135 | L0345 + § .569L 00653 + i L1078 123 - § 82 = 125 | 3.3° 4
H-88 OU32 + 5 L4590 .00818 + j ,0869% 1432 = j 103 = 1137 | 5,20
H=Lly 0571+ § 3282 01081 + j 06216 # 799 - J 138 = 811 9.8° »
M-88 0505 + § 3796 00956 + i 07189 948 ~ J 123 = 956 74°
NL L0868 + § 1004 JO6UL + 5 .01902 # 243 - 5 208 = 320 140.6°
B-175 L0156 + 5,908 .00295 + § 1720 2238 - j 30 = 2238 [ 0,8°
B-1325 L0158 + J .795 .00299 + 5 1506 | 1951 - 5 31 = 1951 | 0.9°
T B-88 | .0203 + 5 .61 L0038 + § 121k 564 - 5 Lh = i565 | 1,6°
6 TH D-175 L0168 + J 765 " L00318 + 4 Lilh9 182, - J 6L = 1825 1 2,0°
NN H=175 L0178 + J  .6503 00337 ¢ § 1232 1648 - i Li o= 1649 V1.0
Hel35 L0188 + J .5687 00356 + J L1077 # 119 - 0 k2 = ih2o V1.7%
O H-88 | L0238 + 5 JUSTT - .00LSI + J 08669 | 1129 - 3 55 = 1130 1 2.8°
Hall 0307 + 0 320 .00581 + J 06153 » 9t -3 12= 794 V 5,2°
M-88 0271+ § L3773 { 00513 + 5 07146 9% -5 75 = 937 | L.6% «

# VALUE CHANGED FROM THAT 1IN ABL2.026, Issue |.

¥ MID-SECTION ITERATIVE IMPEDANCE IN CASE OF LOADED FACILITIES.
# ALL DATA

PREVIOUS 1SSUES OF THIS SECTION,

IN THIS TABLE ARE ADDED INFORMATION NOT INCLUDED N
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TABLE 9#

INDUCTIVE REACTANCE OF LOADED FACILITIES
OHMS PER MILE AT 1000 CYCLES

L DL
TYPE TYPE | gpronn. oHMS PER | - TYPE I TYPE | gphoing | OHMS PER
LOADING | CKT. MILE AT LOADING | CKT. MILE AT
FEET 11000 CYCLES 1 FEET 11000 CYCLES
(n (2) Co(n (2)
H-15 P 6,000 861
A S 00# 205 H=15 S " 856
-3 { 00% 172 H-13 s " '5(38
00+ ! H=1 ! "
A- 2.7 | 8 { 2008 15 H- 88 S " 193
e %g 2 3,000 :, 1;3 :- Eé ; 2
S " ’ Ha | 5
B- 2 P ? gg?( H= 31 s
8- 22 s 250 H- 28 | s
s 5 ggg" 17 i R
B- 15 {P 2.800% 15 Ho 18P
°°° ——'1—2' 0 H- 16 | P
#* i
c- L. S { 803# 176 H= 15 {,,
5-175 5 I, 500 1,296 |
D-132 s 1,002 J- 0.9 S
D- s " 655 J= 0.8 S
E- 28 S 5,575 193 J= 0.7 S
E- 16 P —1 93.6 K-208 %
;1107 T K-1
E- 12.8 P {g,goo«» ,52+9 L- g{g s
,055% il M-1
F-12.8 i {g,hgga 181 M-I';h 2
055% 0 M-l
Fa 7.1 P {2:1;8(5)4 |og I m-10 P 395
e 6 p {2,055* 106 M-_88 s " L 33]
- 3 2.L00% 91.5. M= L S| " ; |62 p
::Ehg : ©»200 ' 388 M52 | : 11,600 335
H=2 S " i Sa S 12,000 i2
Ao 11s S T s-25 T ° o | B
H-17 S " X= 2.7 s 480 ‘ Ii
H-172 S " 957 Y- 9 S 2,130 ‘ 16

# THESE ARE MODIFIED SPACINGS ON CARRIER LOADED ENTRANCE AND INTERMEDIATE
QUADDED CABLE CIRCUITS = SEE TABLE L AND NoTes (1) anNo (2) THEREUNDER,

#% THESE ARE THEORETICAL SPACINGS ON CARRIER LOADED ENTRANCE AND INTERMEDIATE
16~GAUGE DISC~INSULATED SPIRAL=FOUR CABLE CIRCUITS = SEE TABLE 5 AND
NoTte (1) THEREUNDER.

{1) THE LETTER O 15 USED TO DESIGNATC BOTH PHYSICAL C{®AU'~3 AND SIDE CIRCUITS,
THE LETTEx P DESIGNATES PKAIITOM CIRCULTS,

(2) THESE VALUES [INCLUDE THE FOLLOWING REACTANCES INTRODUCED BY THE DISTRIBUTED
INDUCTANNE OF THE CONDUCTORS?

(A) FOR ALLL CIRCUITS DESIGNATED S - EXCEPT J~-0.94, J-0.85 ano J=0.72
wHICH ARE COVERED B8Y (C) BELOW, AND L=~ WhilH 1S COVERED BY
(D) BELOW -, AN INDUCTIVE REACTANCE OF 0.5 OHMS PER MILE.

(B) FOR ALL CIRCUITS DESIGNATED P, AN INDUCTIVE REACTANCE OF Loy omHus
. PER MILE,

(C) THe vaLues fFor J-0. 9Ly, J-0.85 anp J=0,72. THESE VALUES ARE FOR
Y 6=GAUGE DISC-INSULATED SPIRAL=FOUR CABLY AND INCLUDE AN
INDUCTIVE REACTANCE OF 12,2 OHMS PER MILE.

(D} THe vaLue ForR L=llj, THtS VALUE 1S FOR LOADED U WIRE AND INCLUDES
AN INDUCTIVE REACTANCE OF B.B oHMS PER MILE, BN ~

# ALL DATA IN TH1S TABLE ARE ADOED INFORMATION NOT INCLUOED IN PREVIOUS “|SSUES
OF THIS SECTION,




TABLE 104
ATTENUATION CORRECTION FACTORS

Rém K nK* /L K AK¥ RGL K AK* R@L K AK* R4ﬂ K AK*

.001 ,00215) .01 ,00956 A 0735 | 64T 10 3,015
.C01052 .00725 .0701 1,68 1.356

.002 .003206 02 L0168 2 JI43%6 2  1.115 20 L.371
.000906 .00715 .0692 .360 1 .027

.03  ,00L112 .03  ,02396 .2 L2128 3 1LL75 30 5,398
.0008L3 00711 0677 297 .861

o0 .00L955 Ol .0x107 A L2805 L 1.772 Lo .6.259
.C00806 .00709 0661 .258 756

005 ,005761| .05 .03816 5 366 5 2.0%0 50 7.015
.00078% .00708 .06l 230 .683

006 ,0065UL 06 .ohs2l 6 WLio7 6 2.260 60 7.698
.000768 .00707 0621 210 626

007 .0073i2 07 05231 7 WL728 7 2.470 70 8.324
.000756 .00707 0601 .194 .58%

.008 ,008068 .08 .05938 L 5229 8 2.664 80 8.907
.0007L9 .00706 0579 .182 .S47

.209 .008817 .09 .066lLL 9 5908 9 2.846 90  9.4sh
‘ .co07h2 .00705 .0560 ,169 517

.0)C  .009559 0 07349 1.0 .6L68 10 3.015 100 9.97i

% THE VALUES OF AK ARE TABULAR ODIFFERENCES, AND HAVE BEEN PROVIDED TO FACILITATE INTERPOLATION
BETWEEN THE TABULATED VALUES OF THE CORRECTICN FACTOR K,

# THIS TABLE PROVIDES ADOED DATA MOT INCLUDED (N PREVIOUS 1SSUES OF TH1S SECTION,

il 8 4



