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1. GENERAL

l.l Soope of Data

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

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

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

trance and intermediate facilities, in pa-
per-insulated quadded oables.

c. Quadded submarine cable and quadded
emergency cable facilities.

D. Disc-insulated spiral-four (16-gauge)
and low ca acitance paper-insulated

paired (lo-gauge1’ entrance and intermedi-
ate cable facilities for type J carrier
systems.

E. Miscellaneous cable and paired oonduc-
tor facilities.

The miscellaneous cables referred to in (E)
above include non-quadded submarine oables,
service cables and hide wiring oables. The
miscellaneous paired conductors include the
various types of U wire and drop wire, bridle
wire, AL wire and station wires.

In addition to the foregying data, chia
Section also protides the latest information
as to the following further transmission oon-
stants at 1000 oycles of the ~pes of facili-
ties listed in (A) and in (E) above:

1. Distributed primary constants (resis-
tance, inductance, oapacit~ce and

leakage conductance) per unit length.

2. Seoondary const=ts (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
ra”ther cmmmon use, and 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

most cases approximate values, but are deemed
satisfactory for use in cases involving short
lengths of-these facilities or under- other
conditions 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-gauge 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 constant8,
have been added in this issue.

The attenuation losses of a number of
types of exchange area cable facilities not
covered inpretious issueshavealso been added.
These include values for circuite in 26BST
and 2@SM cables, and also for several
loaded 26AST and ~CSM facilities cf ~pes or-
dinarily encountered only where lengths of
these finer gauges occur in a predominately
coarser gauge trunk route. All of these added
values are so indioated in Table 1.

1.5 Revised Attenuation Losses

The attenuation losses for a few Qpes
of leaded exchange area cable facilities, and
also for Udistribution wire, have been changed
from the values shown in pretious issues of
this Section, and are so indicated in Tables 1
and 6.

1.4 Data Su~rseded

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

1. The primary transmission eonatantu cf
exchange area sable facilities in Ta-

ble 7 supersede tkse in Table I, l%ge 15,
of Section AE!&?.0%, Issue 1.

2. The secondary transmission eonatants
cf exchange uea cable facilities in

Table 8 supersede those ti Table II, Fkge
16, of Section A&2.026, Issue 1. Current
values which differ frcm those superseded
are ao indicated in Table 8.

Rige 2

3* The data for non-loaded and loaded U
distribution wire in Tables 6 and 7

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 Comput~
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 methcd
is believed to be new, and is mere accurate
than approximate methods heretofore used. The
more general applications of this method are
discussed and illustrated in 5, and its appli-
cation b determination of changes in losses
resulting from temperature changes is dis-
oussed and illustrated in 6.2.

2. ATTENUATION LOSSES

The attenuation losses given herein fcr
loaded facilities are based cn the type of
loading coils in mst general use for each
type cf 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 noz-quadded
exchange area cable facilities are given in
Table 1. In accordance with current practices
for exchange area tranamissior design these
values are fbr a temperature Of 680F. Where
~alues at other temperatures may be required
these can be determined from the values given
by the method in6.2.

As an aid in identi~ing the various
types of exchange area ‘cables,values of their
distributed resistance and capacitance per
unit length are shown in the column headings
of Table 1, inanediatelybelow the code desig-
nations.

2.2 @added Toll, Sntrance and Intermediate
.a e Facllltles

The attenuation losses of quadded toll,
entrance and intermediate cable facilities,
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1SS 4, SECTION 304-160-100

excc?i carrier loaded facilities, are given in
Tables 2 and 3. In accordance with current
transmission design practices these values ar-
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 also shews 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 cirouits in 22-gauge
quadded emergency cable. Where the effects of
temperature changes other than those included
in Table2are required,thesemay be determined
from the losses given by the method in 6.2.

The values for side and non-phantmmed
facilities in Tables 2 and 3 are based upon a
distributed capacitance of .~2 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 and Intermediate Cables

Attenuation losses for carrier loaded
facilities in paper-insulated quadded entrance
ad intermediatecables are given in Table A.
All standard types of carrier loading are in-
cluded except Type J loading, which is re-
stricted ta 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 ciiscussedin subdivision 2.4.

In general, the attenuation data in Ta-
ble A recognize two different average geo-
graphical coil spacings for each t~e of load-
ing, tiz., for ‘new” plant qnd for old” plant
installations, as discussed in Section
AM5.030. It should be kept in mind in this
connection that in general the actual spaoing
for carrier loading is oloser than the theo-
retical spacing in .062 m.f/micable, so as to
permit precision capacitance building out ad-
justments in all of the individual loading
sections. The larger the aapacitanoe building
out the larger is the ratio of coil reaistanoe
to cable resistance and the greater the aver-
age attenuation per mile. Secause of the va-
rious conditions “to whioh these data apply,
the notes should be carefilly consulted in se-
lecting values from Table A.

If desired, attenuation values for aver-
age spacings different from those asaunmd in
Table A may be estimated by interpolationor
extrapolationof the attenuation data in Table
k. In such instances, seleot the attenuation
value for the reference spacing that is closer
to t}teactual average spaoing fir th faoility
involved, and multiply this value by the ratio

of the seleoted reference average spacing to
the actual average spacing.

All losses given in Table A 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.h Entranoe and Intermediate Cable Facilities
for Type JC arrier Systems

The ~ttenuation 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 seotion lengths are
stated in Note (1) below the table. The total
attenuation in the cable oircuits, sides and
phantoma, may be obtained by multiplying the
theoretical unit values 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 oable.
An alternative prooedure is ta derive the at-
tenuation per mile in terms of the theoretical
loading seotion lengths, and multiply this by
the cable length in miles.

It is always necessary to build out the
loaded aide oircuits in order to conform to
design theory, and consequently the average
Ooil spacing will be below the theoretical
spacing. The building-out apparatus is ad-
justed to provide the required capacitance in
the side circuits, but in the voice range it
is deficient in resistance and inductance, and
in consequbrice the actual attenuation per
loading seotionis somewhat less than the theo-
retical value given in Table 5. The side
ci~uit lo’adingcoils provide a very light
weight loading for the phantom. In built out
cables the phantom circuit attenuation per
loading section is less than the cheoret+cal
value, primarily because of capacitance and
resistance defioienoies in the phantom circuit
effects of the side circuit building-out appa-
ratus. Approximate magnitudes of the ohanges
in attenuation per loading section, sides and
phantoms, are stated in Note (2) under Table 5
as a function of the amount of side circuit
building-out. These correction factors are
sufficiently exact fir praotioal needs since
the diao-insulated cables usually have only a
few loading sections, and very few loaded ca-
bles are as long as one mile.

lTM loss of the 10-gauge low capacitance
pairs is for the shielded core group of
four

r
irs in a oable layup having a total

of pairs. Because of their lower mu-
tual oapaoitanoe the attenuation loss of the
pirs in the outer layer group (located be-
tween the oonoentrio shield and the sheath) is
about 3 per oamt. lower than the value sbwn
in Table 5. The loss given is a preliminary

Rge 3

.,.



SECTION 304-160-100

value based on the very limited amount >f this
type of onble thus far manufactured.

All losses given in Table 5 are for a
temperature of 55°F. Values titother tempera-
tures may be determined from thoes given by
the method in 6.2.

2.5 Miscellaneous Cable and Paired Conduotor
~aoilities

Attenuation losses for other types of
cable and paired conduotor faoiltties covered
in this Section are given inTable 6. Uith the
exception of non-quadded submarine cable, for
which values are at 55°F, values for these
facilities are at 6&F. Lo8ses shown are per
unit length of one mile or of one kilofoot,
depending upon whiohia themoreoonvenient unit
for dealing with the most oonsnonlengthsof the
particular faoili~. The unit of length and
the temperature “forwhich the loss of eaoh fa-
oility is given, aridalso, in cases where this
is pertinent, whether the value is for dry or
wet conditions, are speoified in the first
three oolumns of Table 6. Values at other
temperatures may be approximated from the
losses given by the method in 6.2.

~STR13UTED PRIMARY CONSTANTS

The distributed primary transmission
constants - viz., the loop resistance, tiduo-
tance, leakage conductance and oapaoitance per
unit length- of all cable and paired oonduator
facilities for which the attenuation loeses 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
oonstants of loading 00i1.a. The resistances,
inductances and capacitances are d-o values,
but differences between these and 1000-cycle
values are, forpractioal purposes, negligible.
Lea!cage oonduotanoes are specifically 1000-
oycle values.

The unit of length for whioh the values
for each Qpe of facility are given is speoi-
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 ease, the same as the temperature at
which the corresponding

%.
attenuation losses are

given in Tables 1 and Resistances at other
temperatures can be determined from those in
Table 7 by the method in 6.1.

4. SECONDARY TFULNSMISSIONCONSTANTS

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

temperature for whioh them seoondary trans-
mission oonstants ● re givan, and ●lso, in
oases where this ie pertinent, whether. the
values are for dry or wet oondi$ions.

In Table 8 are given the ●eoondary
transmissionoonatanto of most of the ~pes of
exchange area oable facilities for whioh a~
tenuation losses are shown in Table 1. All of
these are 1000-oyole values at 6eF.

5 IMPROVED METHOD OF APPROXIMATING ATTENUA-
kOX LOSSES

Due to the effeots of temperature varia-
tions upon res.i8tanoe, or beoause of loading
arrangements whioh depart from stax+rd either
in weight of coils or in average load epaoing,
or for other reaaona, It is frequently re-
quired to determine the ●ttenuation losses of
oirouit faoilitles whose resistance, induo-
tanoe or oapaoitanoe per unit length (either
singly or se~erally) depart from those of the
facilities oovered in ttiisSeotion. Attenua-
tion losses at 1000 eyoles fir suoh non-loaded
or loaded facilities my be approxinmted quite
closely from the data herein by the method
outlined below and illustrated in subdivision
5.2 by several examples.

1. Let ~, ~ and & denote the totala
resistance, induotenoe and oapacitanoe

per unit length of the faoility whose at-
tenuation loss Ax per unit length is to be
determined.

● Total introduced by line bonduotors,
loading and building-out.

2. From the facilities whose attenuation
losses are given herein, seleot as a

reference facility the one whose corre-
sponding transmission constants F&, ~ and
& are closest to those of the facility
wnose attenuatiofiloss is required. Let
the attenuation loss given for this refer-
enoe facili~ be denoted by & .

3* In accordance with the further expla-
nation in (3B), compute the re-

quired loss Ax by the following fonuula
after simplifying it as di’scussedin(3A)~-

where tke quantities K= and K, are as ex-
plaine? in (3Bb), and all other quantities
are as already @designated in (1) and (2)
above.

A. In applying formula (1) it is nec-

‘Sswy ‘0 ‘mluml::&&the factors K=/K,,
only in cases where R:, ~ and C, all
differfromR,, L, endC, - see Example 3
k 5.2. Under another conditions one
or more of the foregoing three factors

Rbge It
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beoome unity, as indioated below,
and may, therefore, be ignored.

a. If the referenoe faoility is

P
so aelec hat C% . C,, then

the factor C= C, = 1 and need not
be oofisidered - see Example L in
5.2.

b. If the referenoe f&Cility i8

w
so sele hat L= = L,, then

the factor L= L,,= 1 and need not
be considered - see Examples 1 and
2 in 5.2.

0. The factcr F#K, becomes unity
if, and only if, both RX = h

and L= = Lr, i.e., in cases where
the reference facility selected is
such that it differs from the re-
quired facility only in that L
differs from C* - see Example 1 in
5.2.

d. In particular, if L= = L, aqd
c,= c,, but R= differs from

R as will ordinarily be the case
i;’computing the effect of temper-
ature variations u

Y
n attenuation

losses, formula (1 simplifies to

A= = & A, db/unit length (2)
r

The use of formula (2) in ccmput-
ing the effects of temperature va-
riations is discussed in subdivi-
sion 6.2.

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

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

a. Values of L and C: - Values of
~e distributed inductance and

mutual capacitance per unit length
of the line conductors of exchange
area cable facilities, and cf va-
rious miscellaneous cable and
paired conductor facilities, may
be obtained from the attached Ta-
ble 7. Similar values for the
line conductors of ether types of
circuit facilities are given else-
wherein the AB information. Lead-
ing coil inductances may be taken
to be the nominal values. Build-
ing-out capaoitanoe will either be
lmown or may be determined from
other AB Sections. In these 1000-
cycle computations mutual capaci-
tance introduced by loading coils
may be neglected. The value of L,
should be for the same unit of
length as the value of L,, and the
value cf C= should be for the same
unit of length as the value of C,;

but values of L need net be for
the same unit of length as values
of c; etg., values,of C= and C,
nmy be capacitance per mile, while
L* and L, are inductance per load
section.

b. Values of K: - It will benoted
that, although attenuation

losses obviously depend upon re-
sistance, R= and R, do not ap ear
as such in formulas 7)(l) and 2 .
The effects of resistance are,
however, taken intc aowunt by the
quantities K= and K,, These quan-
tities depend upon the ratio cf
the total resistance per unit
length b the tctal inductive re-

aokance per unit length, of the
corresponding required and refer-
enoe facilities; and the values of
K fcr 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
table it is first necessary to
compute the corresponding values
of the foregoing ratio.

For this purpose values of the
resistance per unit length of the
line conductors of exchange u ea
cable facilities, and of various
miscellaneous cable and paired
conductor facilities, may be ob-
tained from Table 7. Similar val-
ues 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, etc., may be ob-
tained from Sections of the AB45
series.

Values of the inductive re-
aotance at 1000 cycles for all
loaded facilities co~ered in Ta-
bles 1 to 6 are given in Table 9.
These values include bcth the re-
actanbe 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 tn the line conductors alone,
i.e., fcr non-loaded facilities,
are giwn in Note 2 under Table g.
Values of inductive reactance for
other non-loaded and loadedfacil-
ities may be computed frcm the
values of distributed inductar.ce
given in Table 7 or elsewhere in
the AB information, and from the
ncminal induct~nce of loading
coils.

..\\



SECTION 304-160-100

Uhere values of the above ra-
tio fall between 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,
Oolumns of tabular differences
have been include? in Table 10.

5.1 Accuraoy of’Results Obtained by New Method

Several exam les 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
oourse, for use in approximating the attenua-
tion loss at 1000 oyoles of cable and patied
conduotor facilities whioh differ in wsrious
respects froIuthose covered in this Seotion.
In the first three of the examples

&
ust ment-

ioned, however, the losses of AST-B88,
&CSM-BG9 and &CSM-H8t3 are determined, using.
&BST-B88 as the reference facility. Imsmuch
as the losses for all of the foregoing ex-
ohange area cable circuit fnoilities are given
in Table 1, these examples not only serve tQ
illustrate the use of the formula, but they
also demonstrate the aocuracy of the approxi-
mations. ‘Thefourth O_Ples in which the
loss of 26BST-B88 is determined by using
26BST-NL as the ref’erenoe,illustrates the use
and demonstrates the aocuraoy of the formula
in computing the losses of lwaded facilities
from the lossesof the eorrespondh.g non-loaded
facilities.

The exactness with which the losses oom-
puted in these examples agree with their known
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 sinoe a com-
plete discussion of’its limitations is beyond
the scope of the present Section, losses com-
puted with it should in all oas.ssbe regarded
as approximate. Imsmuch, however, as the
types of oable or paired oonduator facilities
for which losses ccauputedby formula (l) may
not be of high accuracy are types usually 0%
curring only in relatimly short lengths, the
approximationsobtained with this formula will
generaliy be satisfactory !’orengineering p_n--
pose$.

Inasmuch as the form of formula (1) is
that of a product of fwctors, values of losses
satisfactory fo- most engineering uses oan be
rapidIy computed by slide rule, or, where
greater precision is desired, by means of
logarithms. The latter means of simplifying
the computations is employedinthe examples in
subdivision5.Z.

It will be noted that in none of the ex-
amples e.:oeptExample 1 has the referenoe fa-
Oility been selected in accordance with the
stipulation in Step 2 of the method outlined
in subdivision 5. The purpose of stipulating
that the referenoe faoility should be as simi-
lar to the required faoility as it can be se-
lected is primarily b save computing labor,
as the examples will also illustrate. Whether
or not it is complied with will usually have but
little effeot upon the aocuracyofthe results.

5.2 Exsunples Illustrating Attenuation LQSS
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 iu 5 and 5.1.

Data Required in Examples

For convenience, the data required in
the solutions of the following examples are
tabulated in Table A. IL this table are
also collected all logarithms used in’the so-
lutions; and here, too, are determined the
needed val~~esof K.

Examples

Example 1

In this example the
will be determined, using

10SS Of 26A5T-B88
26BST-B88 as the

reference facility. Refe&ing to Table A, it
will be seen that RX = RF and L, = 1., ~d
hence, also, K= = K,, so that, as pointed out
in Step (3Ac) of outline of method in 5, for-
mula (1) simplifies to -

The solution, using the logarithms collected
in Table A, is -

log

log c=
log c,

m
log A,
log AX

= 28.83885-30
Subtraot

Add

A= ~ 1.30 db/mi

This result agrees exactly with the 10SS for
26AST-B88 in Table 1.

Example 2

The lossof 2$CSM-B88 will be determined,
using E6BST-B88 as the reference i’aoility. in
this case, as may be seen by referring to Ta-
ble A, L= = L,; but R= and CX differ from R,
and C,. As pointed OUT in Step (3Ab) of out-
line of method in ~, f~rmula (1) therefore
simplifies to -

dKx C,-
A= = ~’ ~’ Ar

, ,
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TABLE A

Clrouit Faoilitiea
=33 T 26AST 2J+CSM Data

~ Em B88 B88 E8a Worn

A (db per mi) 2.* “ 1.39

(Code No. 622
Load Coil (Nom. L (hen ~

1
.088

(Rat 1000 oycles,(ohms - 9.6

/
Cond, R mi (Ohy) 440 440
Coil R mi

d
16.

Total R/mi n
* ●

/
Cond. L mi
Coil L mi
Total I/mi

(h~n) .001 .001

n
-ii!!%m5r :1

c/cli (mf) .079 .079

wL/mi (OhCL9) 6.3 979

log(R/mi)

/

log(wL mi)
log(RwL)

2,6434

did 9669Q4-MS

12.65982-10
● 2.99078
. ●

622
.088
9.6

440

&
16.

.

●001

+$?
.1
.

.069

Table 1

622 622 )
.Q88 ● 088

1
AE!+5seriee

9.6 9.6

274 271+ Table 7

+&aAE

.07’2 .072 Table 7

979 L93 Table 9

12.~3’&10 12.L5086-10 Above

** d%.

.2971 .5728 Above

.2108 ●3933 Teble10
R/iL 69.81+ .4667
K 8.31.4 ●3246

log K .91981 9.51135-10 9.32387-10 9.5~72-10
10g(L\~i) 7.00000-10 9.19285-10

-1

6*W~54_lo Above
log(c/mi) 8.89763-10 8.83885-10 8.85~33-10 8.85733-10
10g(A/~i) .UG7 .14301 -

The solution, oarriedoutwith logarithms given
in Table A, is as follows -

Rounded off to two significant figures, this,
result is .E’6, whereas the loss for &CSM-B88
is given as .87 in Table 1. The latter value,
however, is .@67 rounded off.

Example 3

Again using 26BST-B88 as the referenoe
facility, the loss of 24CSM-H88 will be deter-
mined. As may be seen by referringto Table A,
R LX and & all differ from R., L, and C,,
S:’that, as discussed in Step (3A) of outline
of method in5, no simplificationofformula (1)

oocurs in this ease. The required solutior.
by logarithms is -

log K. =
log K, =

#

log (K K =
log L
log c= c, :

log ~ =
log A= =

This result
~csrn-H88 b

10I?L. = 28.89~5&-30

agrees exactly with the loss for
Table 1.

Z?s!wk4

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

—

Page 7
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SECTION 304-160-l CO

The solution by logarithms ia

log K= - 9.51135-lo log L. * 9.19285-1o
log K, = .91981

M ‘53-16
log (K

‘“’L’ ‘wlog L,:l: 3~.

%E!it
log~= ●

log Am = . Am . 1.39 db/id

This result agrees exaotly with the loan for
26BST-B88 g’.venin Table 1.

$. VARIATIONS WITH TBMI%RATURB

Resistances and attenuation losses ●t
temperatures other than tl.osefor whioh valws
are given herein nmy be determined from the
data in this SeotScm by the methods explained
below.

6.1 Resistance Changes

The resistance & at any Fahrenheit tem-
perature T my be determined- from the v@ues
~iven herein for the reaietanoe
for the resistance R- at 55°Fby
formula81

“=%&”R”

or

~,= 395+T R

~“”

~ ●t 6tY’For
the foll~dnc

Ohms (3)

olur@ O+)

6.2 Changes in Attenuation Losses

The 1000-cyole attenuation loss A. fit
any Fahrenheit temperature T= nmy be ●pprGzi-
matnd from the values gi~en herein by the fol-
lowing methodt

1. In eooordance with the disouaaion 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 giren fa-

cility at the temperature T, (6N or
55°) at whioh its attenuation loss A,
ie given herein.

B. The value of the total* induotive
reaotance of the given facility in

ohms per mile.

● Total introduced by line oonduotora,
ioading and building-out.

c* The ratio of the total resistance
ottained in (A) to the total in-

ductive reactance found in (B).

2. ?Fdtiply the ratio obtained in (lC)
●bove by the faotor

395 +%

395 + ‘f,

thus obtaining the value of the oorre-
a@nding ratio ●t the required temperature
T=

3. Rom Table 10 obtain the two following
-lues of the quantity K:

A. The value ~ corresponding to the
ratio fomd in (lC) above.

B. The value K. oorreaponding to the
ratio found in (2) above.

~. The required ●ttenuation loss A= at
temperature T= is then determined by

substituting into Ibmula (2) - see Step
(3Ad) of outline of method in5 - the
hewn loss A, at temperature T., and the
-lWS of K- and Kz obtained in (3A) and
(3B) hbove.

In several oases tlm temperature varia-
tion correotiona ahown h Table 2 differ
slightly from valuea oomputed for those casea
by the foregoing xkhod. This is due to tke
fad that the figures in Table 2 are averages
of the positive and negative variations deter-
mined by more exao: methods.

-

To illustrate tlw foregoing m?thod of
determining attenuation losses at temperatures
other than those for whioh values are given
herein, tha loss of 26BST-B88 at llO°F will be
ocmputed from the value at 6*F given in Table
1. The required data are shown in Table A.

1. Prom Table A -

A. The total resiqtanoe of 26BST-B88
at T, = 6@F at which the loss

A. = 1.39 db ~ex mile in given in Ta-
ble A, is &6.9 ohms per mile.

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

r.. Carrying outthis
rithms, as in ‘J’able

10E R. = 12.659EW1O)

step by loga-
A.

Subtract

2.

so

10:”’“%?%%)10g (R,/UL,) = 9. 9
%A+ = .4667

The referenoe temperature T. = 6P
andths require? temperature Tz”= 110°,
that

395 + % 395+110 505

?J3!Tr-??v--B=m

Page 0
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1SS 4, SECTION 304-160-100

Completing this step by logarithms B. The value of K oorreaponding to

fom:hetil~y) :tg*. R& “ ●5090’.

J+. T& p~ loeJa at te~rra~a~ T~h;
= 1.39 db

value of lt~-’.32146,
‘!)

from 3A ; and the
-lue of & - .3528, from 3B ●t-e.

carrying out the solution of fOrMula (2)
by logarithm -

1log K. “ 9.%75?J-10 Subtraot
log K+ * 9.51135-10

%7

log (K,/ IE,) = .
log&= , 01

Add

log Am= .
A=> 1.51 db/il

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

A. The value of K correspond to
%the 680 ratio, R,~LP . ’78

obtained in (lC) is ~ - .3U.

INDKX OF ATTACHED TABLBS

Attentistion Tranamhsion Constants
Losses

~able

1(101) 7(107)
H

~ 108
109

Type of Facilities

Non-Quadded Exohange ~ea Cable

hper-Insulated Quadded Cable

Toll, Bntranoe and Intermediate

2(102
3(103 {

Facilities Usually Regulated
Facilities Usually Non-Regulated

Curier Loaded Entranoe and Inter-
mediate 4(104)

3(103)

2A(102)

Emergumoy Cable (22-gauge)

Quadded Subnmrine and Emargenoy Cables

Xntranoe and Intermediate Cable Facilities
for Type J Curier Syatema 5(W)

6(106) 7(107) 6(1o6)Hisoellaneous Cable and Paired Conductors

Inductive Reaotance of Cable Facilities
●nd of U Hire Table 9, Page 110

Taple 10, I@e 111Attenuation Correot+on Faotors

Attaohed#

Tables 1 to 10.

F&ge 9
9 Pages and Attaokents
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TABLE I

ATTENUATION LOSSES OF NON-GUADDED EXCHANGE.AREA CABLE FACILITIES

AT 1000 CYCLES

GAUGE CABLE 26 24 22 19 16 1~

.- SA

TYPE OF CABLE ST
BSTS

SI DShW NM
ASA NA

1A TS BNB A‘g TH
AST ASM BSA ANA CNB NH TJ

C SM CSA DNB

R, mm PER MILE AT 68°F MO I&o 27t+ 274 274 171 171 171 171 85 85 @ 21.4

C, MF PER MILE .069 .079 .072 .084 .065 .082 .073 .062 .068 .084 .066 .066 .066

LOAD
LOAD I NG SPhC I NG

(FEET)
DECIBELS PER MILE AT 68° F

B-175 ~,ooo .94* I.01* .63 .6&& - .444 - - .25 .22 .14 -
B-135 m I .05* 1.12+? .69iI ,75* - .k8 - - :“ .26 .24 .14 -
B- 88 n

I . yo* I*!5W ●@b .94* - .60 - - - .34 .30 ‘ .18 -

D-175 4,500 1.12* I.20* .74* .8(M - .51 .49 - - .28 .25 .15 -

D-135 n I .25* I .Y5* .82+ .8& - .56 - - - ● TO .27 - -

D- 88 n I .52* I .62+ 1.01 I .094$ - .70 - - - .38 .% - -

H-250 6,000 - - - - - - - - - - .26 .17 .11

H-175 v . a .~l .27 .15 .10

H-1 35 w I .LO* 1 .50* .92+ I . 00* - .63 .60 - - .34 .30 .16 -

H- 88 n I. 696 I .80~, 1.144 I .25* - ●79 - - - J@ .38 .21 -

H- ~
n 2.06 2.21* 1.46 t .58+ - I .04 - - - .56 .50 .27 -

M-175 9,000 - - - - - - .65 .60 .63 - ●33 .17 .11

M-135 n
f’ 1.63* I .75* 1.09$ 1.18~ 1.14 9754 .73 - - .41 .36 .20 -

M- 88 n 1.91% 2. 04* l.~1 I J@ I .25 .92 .87 - - .49 .44 .24 .14
,

R-133 I I ,600 - - - - - - - .76 .80 - .41 .2 i .12

NON-LOADCO - 2.67 2 .86+ 2.I4 2.31* 2.o4 I .79 1.69 I ●55 1.63 1.26 1.11 ●75 .50

~ ADDED VALUES NOT INCLUDEO IN PREVIOUS ISSUES. +VALUE C“ANOfD FROM PRCVICUS ISSUE.
—
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TABLE 2

ATTENUATION LOSSES OF QUADDED TOLL CABLE CIRCUITS AT 100o CYCLES
FACILITIES USUALLY REGULATED ~

GAUGE CABLE 19 16 —..—
DECIBELS PER MILE ——

SPACING VARIATIONS FROM
LOAD I NG

VARIATIONS FROM

FT. LOSS AT 55° MEAN LOSS AT 55° MEAN

55° F. AERIAL U.G. 55° F. AER IAL U.G.
CABLE + CABLEH CABLE * CABLE+4++

B- 88- 50-S 3000 .28 + .011 .16 + .018 + .006
B- 88- 50-P 3000 .23 ~ ::;: ~ .009 .14 : .015 ~ .005

B- 22-N ~ooo J$5 ~ .052 : .017 ●’24 ~ .028 ~ .009

H-174-!06-s 6000 .28 + .032 + .011 16 + .017
H-174-106-P 6000 .22

+ .006
~ .025 ~ .008 :13 ~ .013 : .004

H-172- 63-s 6000 .2
1

+ .010 .16 + .018 + .006
H-172- 63-P 6000 .2 ~ :;;; : .011 .16 ~ .018 ~ .006

H- 88- 50-s 6000
● 35 + .041 + .014 .19 + .022 + .00

H- 88- 50-P 6000 .30 1~ ,035 ~ .012 ● 16 ~ .019 ~ .00

H- 44- 25-s 6000 ● 47 + .0
I?z

+ .018 .25
2?

+ .02 + .010
H- & 25-P 6000 ● 39 ~ .0 :.015 .21 ~ .0 I .008

H- 22-0-S 6000 .62 X : .071 x : .024 x .32 ~ .037 ~ .012

..#
~EMPERATURE RANGE, + 54° Fe; REsISTANCE vARIATION, ~ 127&

-H TEMPERATURE RANGE, _ _ 4%.+ 180 F.; RESISTANCE vARIATION, +

x APPROXIMATE VALUES.

# SIZE TABLE 3 FOR QUADDED TOLL AND lNclOENTAL CABLE CIRCUIT FACILITIES
USUALLY NON-REGULATED, ANO SEE TABLE 4 FOR CARRIER LOAOEO ENTRANCE

AND INTERMEDIATE QUAOOEO CIROUIT FACILITIES.

TABLE 2A#

ATTENUATION LOSSES OF QUADDED SUBMARINE AND EMERGENCY CABLES
AT 1000 CYCLES

-JmH--J ‘~~~~~~‘F;‘R:R~~R‘TTE!:,
SUBrlARINE CABLES - QUADDED SAME AS FOR QUAODEO TOLL CABLES

E1lERGENCY CABLES - QUADDED
—

{

KILOFOOT 550 - .29
22 GAUGE -A-

SIDE

PHANTOM If 11
.26

{

(DRY .28
SIDE

71 It

1
;/El .32

19 GAUGC CL TYPE

{

DRY .30

PHANTOM 11 !!

WET .32

J

# ~LL oATA IN THIS TABLE, EXCEPT LOSSES OF 22-GAUGE EMERGENCY CABLE,

ARE AOOEO INFORMATION NOT INCLUDEO IN PREVIOUS ISSUES OF THIS

SECTION.

+. SEE TABLE 3 FOR LOSSES OF LOADED 22-GAUGE EMERGENCY CABLE ‘;”ihILI+IES
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TABLE 3

.TTENUATICIN LOSSES OF QUIIDDED TOLL AND lNCIDEtJTAL CABLE CIRCUITS AT 1000 CYCLES
FACILITIES USUALLY NON-REGULATED+I

GAUGE W CABLE

LOADING
SPACING

FT.

a- 88- o-s
?

yooo
B- 88- O-P ~ooo

E- 28- 16-s 5575
E- 28- 16-P 5575

H- 28- 16-s I 6000
H- 28- 16-P 6000

H- ~1- 18-s 6000
H- 51- 18-P 6000

H- ~- 25-s 6000
H- ~. 25-P 6000

H- /38- 50-S 6000
H- 88- 50-P 6000

)H-172- 65 -s
H-174- 65 6000

)

H-172- 65 -p
H-174- 63

6000

H-174-106-S 6000
H-174-106-P 6000

H-.245-N ** I 6000

H-24 -15 -s
i ?}H-* -15

6000

H-245-15 -p
H-248-15 u

6000

K-200-N ** I 7400

K-200-130-S 7400
K-200-170-P 7400

M- ~- 25.s 8770
M. 4)1- 25-P 8770

M-135-N *+ 8770

M-174-106-s 8770
M-174-106-P 8770

S. ~.25-s I 2000
s- I&- 25-P I 2000

NON-LOADED S
NON-LOADED P I

22d -19 16 14$$ [ 1~ 10

I .08 ●5
?

.28 .16
.9(I .6 .24 . 15

.92

.77

.66

.$j6

●49

.51

.0
z.0

.1
.?.1

.64

I .26
I .06

I ●54
I ●37

*.!+**

iw+w

*W2*

**W

.27x

.26

.20

.32

.25

I .07
●95

+%++
****

.17

.16

.12

.28

.23

.12

.101

.084

.11

. I 04

.083

.080X

.17 .094

.15 .078

.2
1 I ●5[ I .48

●3 .41

.081

.068

.086

.073

.079

.062

.049

.039

.079

.068

.05~

.050

% SEC TABLE 2 FOR QUADDED TOLL CIRCUIT FACILITIES USUALLY RfOULATED, AMD

SEE TABLE 4 FOR CARRIER LOADED ENTRANCE ANO INTERMEDIATE QUADDEO CA9LE

CIRCUIT FACILITIES.

%% NON-PH$NTOM OR SIOC CIRCUITS OF GROUPS HAVING NON-LOADED PHANTOMS,

*Y.*% VALUES FOR THESE FACII.ITIEC ARE GIVEN IN TAELE 2.

~ 22-QAuQE QUAOOEO EMERGENCY CABLE.

64 NON-QUAODEO CABLE.

..,,

x APPR0XlMA7t VALUE SA71SFAC70RY ‘OR SHORT LENGTH OF FACILITY.
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TABLE i+

ATTENUATION LOSSES OF CARRIER LOADED FACI LITIES IN PA PER- I’JSLLATED OUAODED ENTRANCE AND INTERMEDIATE CABLES AT 1000 CYCLE:

QAUGECABLE 19 16 13

COIL
LOAD I NG SYSTEM CIRCUIT CON~E~TION SPAC I NQ SEE NOTES

TO
OECIBELS PER MILE AT 55° F.

?1 .

c-4.8-o s+ -800 (l-A) .66
S* 685 (l-B)

f?
:27%.

C-4.1-O S* 800
685 [;:1 :: x &y x :3

{; g
~~ (l-A) .68 J$I -

cr-L.8-7.1
{$ :

.57
(l-B) .7I

2055 ●59 9 :

{$ : +$ (l-A)
. ●n

CF-4.I-6.5
{:

.25
(l-B)

. -
2055 . :g

{; ~ i .68
4:% (I-A)

CE-1+.8-12.8 0
{: ~

$

4:72 (14) :; .
;28x
.25x_

{: 1‘: 800 (l-A)
.

CE-JL. I-12.8
499;

{:
c
N 4110 (l-B) ;g ; ;4J ;

2

:;:;;:;2 ) [~ -

go
(5)

.65 .56 -

:! .57
. yo

28OO (I-A) ;$ :
5600 .31

A-~.O N (l-A) =45
N 20

.72
: (l-B) .76 :p a

A-2.7 N 5
Ov

600 (I-A)
N WCC 500 (l-B) :77 x ; :$

c-4.8 N :Z 800 (I-A) (2-A)

-.
.67

N Vlu 685 (I-B)’ .70 ;41 x :28 X

N 8= 800
N 685

{~~]
&# :72x $ :28

C-4.1 ~ (I-A) ~2-A) : .
: 0 (I-B)’
N

:$
L9

●P

N 685 (l-B),[::] :
:7+

{

OFFICE CABLE
x-2 .’/-0 LOAOING SYSTEMS 680

(3)
:$ ;

:?! :
.44 x

ON SNIMT
.50 x

{:

ENTRANCE Am 2150 ;%Y-9-O INTERMEDIATE (5)
CABLES

.
:g & -

NOTES :-

● VALUES foR ● HA NTOMS of TMfsc DYSTCMS MAT sc TAXCN TO sc Tttc 8AMC A8 Tnosc aIVCAI IW TAOLE ~ roa
?IAAAATOMS Or SAON-LOAOCO OR OUPS. Tmr A1lCNUATIOM LOSDCS AT 1000 CYOLCS IN 7HC AION-LOAOCO ● HANTOMS
OV CAR RICR LOAOCD SIOC CIRCUITS 00 SS01 OIFFCR ~ROM 7HOSC IN WC ●HAN TOMS O* MOM-L OAOCO XIDC8 Or
LIKC OAUaC lY AMOUNTS WHICH, rOR WC LENGTHS Or OARR#CR LOAOCO CIATRAAAOE ASAO IAs11RMCOIA7C OADLC
CIROUITS OR 0111 ARILY CASCOUNICRCO, ARC SUT~l CICNT TO JUSTl~V TMC USC Or SC PARAIC vALUCS. slot
CIROUI? COILS lNCn CASC 7MC RCSISIANOC AXIO TIICIR LCAMAGC IN OUCTAMOE AODS INOUOTAMOC 10 VW PHANTOM
CIROUIT. IAI lIAC CASC OF 7HC 19 A~O 16-a Auac ● HA NTOMS TIIIS AOOCO IAAOUCTAWCC TcAAOS TO SOMCWUAT
UORC THAW O~~SCT lHC IAAORCASCO RCSIC7ANC[, BUT IN THC CASC OF 00 ARSCR GAUGC ● HAN1OMS WC INORCASC
Ill nCSISTAWCC TCMOS TO BE THE 00 MI WANT FACTOR.

x APPROXIMATE VA LUCS OAT18r AC TORV rOR 7wC SHORT LENOTHS Or THCSC MOti-SIANDARb facilities SIORMALLY.
CmOOUUTERCO On A SINGLE COMNCCT IOU.

(t) In oROtn 70 PERMIT OF OAPACITAMOC AoJUSTMCNTS, CITMCR rm TNC ● URPOSC Or CORRC071U0 POn MA WU?ACTUnl W9
OBVIATIONS IW OAn LC OAPACITAASCC OR ~CCAUSC Of GCOORAP$IICAL la RCGULAR ITICS I@ MAtilAOLC SPAOINCS,
LOAOIAIG COILS IN OARRICR LOAOl~G lkSTALLATIOWS ARC USUALLY SPACCO AT OCOaRAPMIOAL lMTCm VAL8 SWORTCI
TIVASI WC TN CORCT!CAL SPA OINGS. TMC A7TCOUATIOU LOSSCS OIVCXA ABOVC ?OR THC8C SMORTCR SPAOINGS ARC:

(A) T!ACSX VALUCS ARC FOR TNC APPROXIMATE AVCRAtIC 8PAOl*a8 CIACOUMICIiCSJ IN IIA9TALLATIOIAS WCRC
00 RR CC TION VOR UAAAUFACTURING OCVIATIOWS la OABLC CA* AC IT ANOC It TNC ●RI NC IPAL PROOLCM.

(B) TNESC VA LUCS ARC ron 71AC APPROxt MA7c AvcnAac SPAOINO 0B7AIWItI13 In IA187h LLAl101ts ISI OLD
UNDCROROUNO ● LANT WtCRC RCLATIVCLT LAROC GCOGn APM ICAL IRREGULAR ITICS lW MA RWOLC SPACIN9S
MAY DC cNCOUIITCRCO.

(2) TMCSC A7TCRUATIOM LOSSCS APPLY TO CNTRAIACC CABLCS WITN TNC “C-CI?ACCO’ LOAOIAIS ARRANGCUCNT8, DC SCnl BCO
IN SCCTIGN A645e050, FOR uSC IN COAJMCCIION FITM 8- Iaom S? AC CD, AAON-P14AMTOMC0, OPCIA-CIRC LISICS
PRO VI 01 ia th~l KO. TRANSMISSION.

(A) THCSC VALUc S IAACLUOC THE C~FCOT OF MOO IPICO OAPAOITAWOC OUILOIAAG-OU?.

(B) TmIs VALUt INOLUOC8 WC CrFCCT Of OPTIMUM RC$ISTAXACC BUILOlkG-OUT.

(c) TM!* VALUC IN OLUDCS TMC CPr CC7S OF AAOOIFICO OAPACITAAACC WI LO IS~-OUT AAAO ● PTIIAW
RCSIOl%R~C ● UILOIAIO-OUT.

(3) TMC8C LOSSES OASCO ON 7MEORCTICAL LOAO SPACIIAWA Iti TERMS OF OAELC PAIRS HAVINO .& Mr. ● CR MILC.
ALL 071Ac R VALUES IN TABLf 4 ARC 8ASE0 ON SPACIAW3S SHORrCR THAN TUCORC71CAL - occ PAnAanAPm l.OIJ
OF TEXT.

... ,
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TABLE ~#

ATTENUATION LOSSES AT 1000 CYCLES OF

CABLE FACILITIES DEVELOPED FOR USE AS INCIDENTAL CABLES

IN TYPE J OPEN-WIRE CARRIER SYSTEMS

—

ATTENUATION

TYPE CABLE TYPE LOADING TYPE CIRCUIT
Loss De

PER SECTION AT
55° F

SIDE 0.083 (I)
NONE

PHANTOM 0.091 (1)

SIDE 0.041 (l),(2)
J-o.72

16-GAuGE, ON SIDES
PHANTOM 0.055 (I),(2)

SHIELDED

sPIRAL

FOUR, DISC
SIDE 0.041 (I),(2)

INSULATED J-o.85
ON SIDES PHANTOM 0.056 (I),(2)

SIDE 0.041 (I),(2)
J-O.94

ON SIDES PHANTOM 0.056 (I),(2)

IO-GAUGE

PAPER NONE
NON-QUADDED

PAtRS
0.052 (1) ++

INSULATED

NOTES: (1) THESE ATTENUATION LOSSES ARE FOR 1000-FT. LENGTHS or

NON-LOADED CABLE, AND FOR (SIDE CIRCUIT) FULL-LOADING

SECTION LENGTHS WITH ZERO BUILDING-OUT IN THE CARRIER

LOADED DO1O CABLEO THESE THEORETICAL LENGTHS ARE 633
FT. FOR J-o.72 LOADING AND 648 FT. FOR J-o.85 AND

+0.94 LOADING.

(2) EFFECTS OF BUILDINS OUT: THE ATTENUATION PER BUILT-.——
OUT SIDE CIRCUIT LOADING SECTION IS APPROXIMATELY

0.5p PER CENT. BELOW THE THEORETICAL ATTENUATION,

WHERE P IS THE SIDE CIRCUIT BuILDING-OUT PERCENTAGE.

[N THE PHANTOM CIRCUITS THE ATTENUATION PER LOADING

SECTION IS APPROXIMATELY 0.8P BELOW THE THEORETICAL

VALIJE FOR ZERO BUII.DINQ OUT.

* PRELIMINARY VALUE BASED ON THE VERY LIMITED LENGTH OF THIS

TYPE OF CABLE THUS FAR MANUFACTUREC)O

# ALL DATA IN THIS TABLE ARE ADDED INFORMATION NOT l. N~LUPEO

IN PREVIOUS ISSUES OF THIS SECTION.
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TABLE d

ATTENuATION LOSSES Am SECONDARY CONSTANTS OF
MISCELLANEOUS CABLE ANO PA IREO CO!K)UCTOR FACILITIES

AT 1000 CTCLES

II
VALUES SHOWN ARE

r

PROPAGATION
ATTENI

P.. IM,, ‘T~:, 0,;,;”
CHARACTER- TION I

TYPE OF FACILITY CONSTANT ISTIC Dcols
PER UNIT LHSQTII IMPEDANCE Pm u

,! ‘cMa7” “_ [ y FO

--r

LC?SO
— .—

SUGUAR INE CABLES - Nffl-QUADDEO
I

{

4 GAuac ‘i MtLc 550 - .2326 + ; .2372 801 ~ 2.02

SIH~Lr PAPcn ttA8uLAT10M 22” n m .1945 + j .2012 594 w 1.69

19 w n w .1376 + ; .1478 412 m 1.20

{ }- ‘:-

.—

24 QAU.C “n - .2412 + J .2460 772 ~ 2.10

22’ w n .2009 + ; .2078 575 v 1.75
OOu DLc PAmn lIS*ULATfi ON

19 m w n - . [419 + ; .1525 399 w 1.23

16 w n “ . .08564 + i .09939 316 ~ .74

1? GAUGEu WIRE

U BRIOLC WInc KILOFOOT 680 1 Wlrr .0257 + ; .0314 260 ~ .22

I

{

{

.137 + : .153 (A) 265 W(A) 1.1*
NOIA-LOAOCO MILE

:A1’

DISTRIBUTION WIRC
“i” .143+ : .161 (t) 2% ~(~) 1.25

(BLImco)

{

.0667 + : .391 (A) 530 -(A )

LOAISCO ~ w m a
. 58*

.0692 + ~ .4I2 (B) 510 ~(B) .60
—

OROPWIRES

{

TP T?PC ‘ KILOFOOT 680 WET .0809 + ; .0831 I+l+o~ .70
18 GAUCE

TR” w n “ .0749 + ; .q70 475 w .65

{

6P TY~C n n n .0579 + ; .0608
17 QAU@t

335 w .50

OR “ n n w . m n

‘-
14 QAutc HC TVPC ‘H w N .0218 + ; .0292 140 ~ .19

MISCELLANEOUSWIRES AKI CABLES

IMSIOC WIm Me CABLE 22 GAUCC KI LOrOOT 68° - .05299 + : .05484 J@5 w .46

f CR TYPE ,fi “ - .01+708 + ; .4938 543 Fx?

L ~

.41
1“m“ , “ n II

SCRV ICI CAm LCS - 22 GAuac

n

LR “ ~’ “ . “ w B

TR “ In “ . “ n w
—

AL WIRC 14 GAUCC i. “ wIIT .0191 + ; .0272 160 ~ ● 17

BRIDLC WIRr 20 “ “ “ n . oi67 + ; .0508 305 w .41

Ducr WIRE 22 ;’
OU STATIOM WIRC 22 n 1 1“!” “ ~ “0569 + : “060’ ~400 w

.49

GN STATION WIRE 22 n n
~ “ ; “ I ●0686 + J ●0725 I 330 w .60

I
1

# L-w LOADIN,, 8000-,.., SPACING.

● ~lO-scOTl ON IT ERATIv C IMPEDANCE.

* VALUC CHANSED FROU PREVIOUS ISSUE.
(A) INITIAL VALUES AFTER ONE DAY SOAKING IN WATER.

(D) EaTIAIATCO VALUES AFTCR rlvz TO TCN YEARS IN EROUNO,
OF.PC N0!N6 UPON UOISTURE CONDITIONS IN SOIL.

# ALL DATA IN ruts TA#LE, CXCCPT ATTENUATION LOSSES OF
U DISTRIOUTl ON ulnc uNocn c0f4017t0N (A), ARE ADOEO
INFORMATION NOT lSi CL UDCO IN PREVIOUS ISSUES OF
7! 411 SC OTIOM. ... ,
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TABLE +

PRIMARY D ISTRIBUTEO CONSTANTS OF CABLE ANO MISCELLANEOUS PA IREO CONOUCTOR FACILITIES

VALUES SHOWN ARE R L Q c

TYPE OF FACILITY AT (LOOP) +
PER UNIT Onv OR

MIS08

LCAIa TH Or TEMP ~1 WCT
OMMS ncNR?8 ( I 000 fARA08

OF F (00) cYOLCS )

(xlO+) (xl O-A)

iON-QUADDED EXCHANGE AREA CABLES

26 GAuac
{

ST AST

}

Ml~c 680 - 440 .0:1 1.8 .069 2$
BST n n 2. I . W9

{

M W AW CSM n n

24 GAUQC
* ;

DSM n n k! g :
NM n n n n 1.7 m

{

SA ASA 85A CSA n n Ill n 2* I .082 “
NA ANA II n

22 GAutt
n 1.9

1A n “ n n 1.6 :3; :
TS w n . n n I .7 .068 “

{

BNB CNB n m
19 QAllOE f5 :

TB ,.7 ‘:2 :
2.2

ANB DNB n n

16 GAUOC TH NH w n . 42 “ s m n

13 GAUCE TJ “ n 21.4 “ n n 8

;UBMAR INE CABLES - NON QUADDEO

{

~ QAL#E MILC 5~o - ~; .0:1 1.7 .066
SISi SLC PAPER IIAOULATIOM n 1.9

19 m w w 83 “
●W

. 2.0

[

.07 3 :

~ GA:QE n m . 266 ‘ 1.8
00U8LC PAPCR ISASULATION

:% ~

ii ~ : : : ‘1! :

2. I
2.2
I*7 %2 :

17 GAuGEU WIRE

U BRIDLE WIRC KILO?OOT 68° w17 lo.~ .00033 ● .0.25

Q’
{

KILO FOOT n n “ .00027 7.6 { ::52[:1 %%
DISTRIBUTION WIRC (BURIEO)

MILC n n 54 .Ooll+ 40.0 . 122(A)
● 135(D) %[:1

)ROP WIRES

18 GAUe K
{

TP TY:C KILO$OOT +0 w :7 5: .0002 I ●

TR .00023 ● :% :

{

BP TY:C n
17 GAUmC

n n 2: .00022 ●

BR m m 1! n
●

.0$0
.

14 GAIME HC TTPC n n * 5 ●00025 ● .041 -

IAISCELLANEOUS WIRES AMI CABLES

INSIDE WI RINS CASLC - 22 GAUOt KILOFOOT 68” - 37 .00020 ● .o~ .

{ 1
CR TYPE

n
SCRVICE CABLES - 22 GAuac

z“
n n 37w .0003* ● .0- -

TR n

AL WIRE 14 GAL16C n n WET 5 .00029 ● .033 -

BRIOLE WIRE 20 GAIJa E n w m 2! .00028 ● .036 -

Duel WIRE 22 GAUGE
OU STATION WIRE 22 GAuat ) “ “ “ 33 ‘0003@ ● “033 $ -

GN STATION WIRC 22 GAIJ6E n u w s n ● .W b -

● LCAKACC CONDUCTANCE A? 1000 CYCLCS IS SSE@LIGIDLC AD 00 AtPARCO WITM
CapaCitiVe SUSCEPTANCE.

b T“,,, V&LUES *“, S& T, SFACTORY FoR PAIRs, TRIPLES OR QUAOS.

A+ THCS. E VALUES MAY DE APPLICO YO BOTH ONE AND TWO PAIR 0ADLC8.

(A) INITIAL VALUCS Arl CR ONE OAV SOAKINO IN mAYtR.

‘ (c!) EBTILiATEO VALUrS AFTER Flvt TO rcN YEARS IN SIROUND, OEPcMDINe UPON
LSOISTURE cONDITIONS IN SOIL.

# ALL DATA IN THIS TABLE ARE ADOCO INFORMATION NOT INOLUOCD tsI
● REV1OUS IsSUES OF THIS StQtl ON.

... .

F
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TABLE L#

SECONOARYC@ STANTS ~ EXCHAN2E AUEA CABLE FACILITIES

AT 1000 CWLES

CABLE PROPAQATI ~ CONSTANTAT 68°F
LOADI ND

CHARACTERI STIC IUWDME 4

QAUOC Coot pCa MILK - Pc~ KILOrOOT AT 68°F

ML .~ + J .5105 .05818 + J .05881 71g. J706-:oo7 ~o

B-175 .Ioel$ + J .9354 .0205~ + ~ .ln2 22@ -

+
J 25 I . 2218 P

9-155 .12V + J .@2Y .02286 + J . I 557 1929 -

B-88 .4
J 281 - 1949 8.

.l@2 + J .bl~ .02826+ J .I~I 1567 - J5111$=l :2

0-175 .1286 + J .7739 .024* + J .IIJ66 lm@ - i299= l&72 \9.26

26 ST D- 155 .14* + J .a?l$ .02716 + j .1292 1618 - i5p=1452m

AST D-88 .1747 + J .5644 .o~~09 + J .1069 1325 . J403 =1385 v
H-lfi .1615 + J .6030 .05059 + j ,1 I@ 1440 - J y3~ = 1490 w

H-88 .19!!0 + J .5*9 .05674 + i .09563 – 1192. J IJ53 = 1275 ~20.8r

H* .2f15 + J .&o62 .@498 + 3 .q69~ %9- J552-I098W
u- I 55 .1880 + J .5153 .05561 + J .m59 1257 - J46D-1~* ~

M-88 .2I96 + ; .I@& .(IIJ 159 + J .08779 I 057 - i525. l180w

NL .y@ + j .5322 .06225 + ; .062y2 672 -

0-175 +

i660.942v

.I160+J 1.0009 .D21~ + J .1896 2060 - J 235 . 2qy 6.5
B-155 .1292 + j .~~ .02447+ J .1666 Iw - J 26z = 1821 ~
B-88 .1596 + .i .7183 .03023 + .i .1360 1464 - ; y%? = 1499 + 12.4

D- 175 .1376+ J .828! .02606 + J .1568 1727 - ; 280 = 1750 \ 9.2°

26 BST D- 135 .15* + j .7302 .02905 + J .1*5 1512 - J310=l~~

D-88 .1869 + .i .6039 .03540 + J .1144 1258 - J376=12%~

H- 135 .1728 + ; .6@j2 .O~~ + J .1222 I* - .i 558 = 1395 ~
—r .2q6 + J .~~ .05952 + J .102J— 1114 - J423= 1192 \20,8K

Ha .2*I + J .4W .O/@l~ + .i .08231 lw-J516=loe6m
u- I 35 .2012 + J .5514 .O*II + J .l~ 1174 - J 430 = 1250 +20.1

U-88 .2350 + ~ .4734 .D4451 + j .98966 988- J490=l105~

NL .&67 + .i .2513 .04672 + j .*759 558-

B-175
j5@=778w*

.q22 + j .*& .01567 + .i .1800 2155 - j 155 = 2161 ~

B-135 .w~ + j .8% .01W4 + .i .1580 1880 - J 171 = 1888 =26

B-88 .0998 + j .6757 ● .01890 + J .1280 1515 -
u D-175

J 216 = 1530 W*
.~9 + J .7t344 .01608 + J .I&86 1800 - J 186 = 1810 \ 5.,jr

Su 0-135 .09& I + j .6w
24

.01782 + .i .l@J 1566 - J209 =1580 ~
ASM o-88 .I 165 + j .5615 ● .02206 + j . 106~ 1264 -

CSM .+

i 257 = 1290 v
H-IX .I065 + J .6055 .0201J + J .1143 1386 -J 239=14 .8

--ii—sr——— .l~ + J .4*5* .02479 + j .09~66 1125 - j?~. l\60 \ 14.6r
Ha .1682 + J .3763 .03!85 + J .q127 ~-.i~2=922~
lA.1~ .1254 + J .5066 .02375 + j .09595 Ii@. j 294 = 1223 ~
U-88 .1513 + j .4212 .02866 + .i .q~ 968- j 345= 1028 w.

NL .2~ + j .2715 .05045 + i .05142 517 - i 503 = 721 w
B-175 .q80 + J 1.0266 .01477 + J .l~ 1996 - J 143-2001 r
0-135 .0858 + J .90 I J .01625 + J .17q 1741 - Jl*.171@~

B-88 . I W8 + J .7298 .02042 + j .1* I@ - J 200 = 1416 + 8.1°
D-l~ .0917 + .i .8473 .01737 + J .1605 1667 - J 1~ = 1676 \ 5.9°

24 Osm D- 135 .IO16 + j .7439 .OI* + j .1409
D-88 .1258 + j .6063

IIJ50 - J 193 - 1463 w

.02383 + J .I 148 1170 - J2*= II* ~
H-155 .II~8 + J .65I9 .0217& + J .1235 1284 - J222-150~ ~
M-88 .l&14 + ; .5541 .02678 + J .1012 I 059 - J~l=l U74 \ —14.6°
M* .1817 + J .4065 .O~( + J .W699 781 - J!45-%4~
M-155 . I @ + J .5472 .0254 + J lo* 1099 -
u-88

J~2=ll* ~
.1634 + J .455o .05095 + j .08617 897 - j~19=* ~

24 m NL ~ .2342 + J .2588 .044% + J .04522 588- j 572 - 820 IG’*
-., - -. . ..- ---------- -.. . .. ... -..---

VALUC OMaIlOCO~~OM TMA? Ill @2.026, ISOUC I .

MI O-SCOT IOU tTc~A71wC IMPCOANOC Ill 0A8C0 0? LOAOCO ~Ao IL IT ICS,

ALL BATA IIA THIS TADLC ARC AOOCO IIWORMATIOU NOT !IIOLUOKS Im -... .

● mcvlous ICDUCO or TWOS Ocoylom.



CABLE

GAUOC

22

22

22

22

19

19

16

COOII

SA

ASA

BSA

CSA

NA
ANA

TA

TS

B NB

C Ni3

TB

A NB

DNB

TH

NN

-1o9-

TABLE 8# (Coslltiruco)

SECONDARY CONSTANTS OF EXCHANE3E AREA CABLE FAC i LI TIES

LOAD I NG

NL

B-175

B-135

B -88

D-175

D-135

D-88

H-1 j5

H-88

H -~

M-1 35

M-88

NL

NL

NL

NL

B-155

B -88

D-175

D-1 35

D-88

H-1 55

i -88

H -~

M-88

NL

B-175

B-155

B-88—
D-175

D-155

D-88

H-175

H-155

H-88

H -~

M-88

NL

B-175

B-1 35

B-88

D-175

H-175

H-135

H-88 —

H -M
M-88

AT 1000 CYOLES

PROPAGATION CCWTANT AT 68°F

PCR MILC

.2065 A ~ .2I34

.0503 + J 1.0155

,0549 + j .8900 ●

.0689 + j .7177

.0583 + .i .8Y65

.0647 + j .73.25 ●

.0808 + j .5922

.0729 + j .64o2

.0907 + J .5185 ●

.I 199 + j .5796

.0865 + j .5335

.I060+ .i .4341

.1946 + j .2012

.1792 + j .1853

.1982 + J .1945

.1446 + j

.0504 + i

.0586 +’.i

.0521 + j-

.0349 + .i

.o1139 + j

.0588 + .i

.01@7 + j

.0645 + j

.0568 + .i

.1282 + .i

.0254 + .i

.0270 + j

.O~ + j

.0282 + j

.0310 + .i

.0590 + j

.0315 + j

.0345 + j

.0432 + J

.0571 + j

.0505 + j

.1551

.900

.725

.S.457

.71!0

.5957

>~~5_
.5194

.3701

.!/ 502

.1375

.9o8

.795

.6LI

.746 I -

.653

.5269

.6507

.5694

.b590

.~82

.5796

.0668 + j . I Oo11

.0156 + .i .908

.0158 + i .795

.0205 + .i .6141

Pcn KILOFOOT

.05911 + .i .04042

.00953 + .i .1923

.01040 + .i .1686

.01505 + .i .1559*

.01104 + ; .l~fl+ ●

.01225 + j .im ●

.01530 + .i .1122

.01%1 + .i .1215

.01718 + .i .098z0 ●–

.02271 + j .07189 ●

.01634 + j .1010

.02008 + .i .08222

.05686 + .i .05811

.05394 + j .03509

.05564 + .i .03684

.027~9 + j .02958

.00576 + j .1705 ●

.00751 + j .1373

.00608 + j .1602

.00661 + j .1402 4

.!)0851 + j .I 128

.00735 + i .1223—

.00922 + .i .09837

.01222 + .i .07009 *

.01076 + .i ,08148 *

.02428 + .i .02604

.00481 + J .1720

.00511 + J .1506

.00648 + .i .1214

.00534 + i .1415

.00587 + .i .1237

.Oqy) + i .09979

.00597+ j .1232●

.0D65Y~-j .1078

.00818+ .i.08695

.01081+ i .06216●

.00956+ i .07189●

.016~ + .i.01902w

.00295+ .i.1720

.0C299+ .i.1506

.0C384 + j .1214
.0168 + .i .765 ‘ .00318 + j .1449
.0178 + j .6503

~_
.00337 + .i .1232

.0188 + j .5687 .00556 + i .IW7 ●

~0258 + j .4577 .0045 I + .i .08669

.0p7 + j .%? .00581 + j .06155 *

.0271 + j .57’;3 I .00513 + j .07146
—

,* VALUE CHANOEO FROM TI<AT IN AB4.2.026, ISSUE I.

Ck iRACTER ISTIC IMPEDAFCE 4

AT 68°F

416- ~599=576~

2025 - j 92 = 2027 ~

1762 - J 102 = 1765 W*

11+14 - j 130= 1420 ~

1694 - j 113 = 1698 7.8° +

1465 - .i 125 = 1470 ~,

1170 - .iiS6=l180 =

1448 - .i 63 = 1449 T2.5° ,

1155-; 81 = 1158 ~or~

1281 -
+F

J 7L = 1283 fi~
10lj -- .i 92 = 1017 .

14,2~-j & = 1425 \ 3.50 ●

22~8 - j so = 2238 \ 0.80

1951- .i ~1= 1951 \ 0.90 _
i564- .iw = 1565 \ 1.6°
182L- j 64 = 182s ~
1648- .j~1 = 1649 ~

_ 42=1420m*1419- .i
1129-.i 55 = 1130 \ 2.8°
791 - i 72 = 794 ~

9~-i75=9~7~e

‘y M, O-SEC, ION ,,,,,,, ”, IIJPCDANCC IN CASE or LOAOCO rACIL ITICS.

# ALL OATA IN THIS TABLc ARE ADDED ,NFORUAT,~N “~~ ,M~~~OEO ,N
PREVIOUS ISSUES OF THIS Srcr IoN.

... \



TYPE
LOADING

A- 3

A- 2.7

B-175
B- I
B- 23
B- O

zB- 2

B- 15

C- 4.8

c- L* I

0-175
o- I
D- 83
E- 28
E- 16

E- 12.8

F- 12.8

F- 7.1

F- 6.3

?

H-a o
H-2 8
*

H:!7 t
H-172

-11o-

TABLE @

INDuCTIVE REACTANCE OF LOADED FACILITIES

OHMS PER MILE AT 1000 CYCLES

LOAD
UJL

TYPE
SPACING

OHMS PER
CKT . FEET

MILE AT
1000 CYCLES

(1) (2)

I I

mTYPE TYPE
LOAD

LOAD ING CKT .
SPACING

FEET

~ (1)

L:

H-15
z

P’ 6,:00
H-15 P
H-15

2
s 11

H-10 11

c
I ~: 65 ~ P lr——11

P’
H- O It

H- :1
11

H-31 1 ~-
IH-28 :,

UIL
OHMS PER
MILE AT

1000 CYCLES

(2)

86 I
856
753

+
;~:

+
II

1 9Y- ‘“
I

s
I

2,130 i 11+6

● THE.SE ARE MODIFIED SPACIKGS ON CARRIER LOAOELJ ENTRANCE ANO INIERMCOIATC
QuADOEO CABLE 01RCU17s - SEE TABLE 4 ANO NOTES (1) ANO (2) THEREUNDER.

- THESE ARE THEORETICAL SPACINGS ON CARRIER LOAOED ENTRANCE AND INTERMEDIATE
16-GAUGE OISC-INSULATED SPIRAL-FOUR CABLE CIRCUITS - SEE TABLE 5 AND

NOTE (1) 7HSRFUNDER0

(1) THE LETTER 3 IS usEo TO DESIGIIATC BOTH PMYSIC4L c~ncu!-~ ANO SIDE CIRCUITS.
THE LETTiZ P OESIGNATZS PHA:!TOM OIRCIJITS.

(2) THESE VALUES INCLUOE THE FOLLOWING REAC7ANCES INTROOUCEO BY THE OISTRISUTED

INOUCTANCF OF THE CONDUCTORS:

(A) FOR PI.I. CIRCUITS OESIGNATEO S - EXCEPT J-O.94, J-o.~5 ANO J-o.72
WHICH ARE COVEREO BY (C) BELOW, AND L-

(D) BELOW Y

Whi?.H IS COVEREO BY

-, AN INOUCTIVE REACTANCE OF .5 OHMS PER MILE.

(B) FOR ALL CIRCUITS DESIGNATED P, AN INDUCTIVE REACTANCE Or 4.4 OHMS
PER MILE.

(C) TH~ VALUES FOR J-O.94, J-O.85 ANO J-O.72. TH~SE vALuE9 ARE FOR
‘i6-GAuGE OISC-INSULAIEO SPIRAL-FOUR CA81-& ANO INCLUOE AN
INDuCTIVE RllACIANCE Or 1202 OI+IJS PE.Q MILE.

(D) THIZ VALUE FOR L-U. THIS VALUE IS FOR LOAUEO U WIRf ANO INCLUDES
AN INOUCTIVE REACTANCE OF 8.8 OHMS PER MILE.

..,.

# ALL DATA IN THIS TABLE ARE ADOEO lt4FoRMAT10t4 NOT lNcl.uoco IN PREVIOUS’ (SSUEW

OF THIS SECTION.
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TABLE I o#

ATTENUATION CORRECTION FACTORS

‘/tiL“- K

.002 I 54

‘~L

.01

K

.00956

.016E!I

.02396

,()~lq

.05816

.0b524

.05231

.05958

.06644

.07349

AK* ‘~L

.1

.2

●5

.4

●5

.6

●7

.e

●9

I .0

K ‘&

I

2

3

4

5

6

7

8

9

10

K

.647

1.115

1●b75

I .772

2.050

2.260

2.470

2.66J+

2.46

5.015

AK* AK*K

3.015

4.371

5.398

6.259

7.015

7.698

8.524

8.9q

9.454

9.971

.0735

.1436

.2128

.2805

.3466

.~l 07

.4728

●599

.5Y08

.6468

10

20

~o

40

50

60

70

80

90

I00

.001

.468

.560

.297

.258

.230

.210

.194

.182

,169

1.556

I.Oq

.861

.756 ,
zH

.687 ‘

.626

●585

.547

.517

.coI052

.000906

.00084J

.CO0806

.000783

.000768

.000756

.@0725

.00715

.Oq II

.00709

.00708

.@q’q

.Oqq

.00706

.00705

.0701

.0692

.0677

.066I

.0641

.062t

.060I

.0579

.0560

.002 .003206 .02

.004112

.C04 .004955 .04

.005 .00576I .05

.006 .oo65& .06

.007 .007312 .07

.C08068 .08.008

.000749

.CO0742
.0088I7.30,9 .09

,0,1c .009559 .Ic

M THE VALUES OF AK ARE TABULAR DIFFERENCES, AND tiAVE BEEN PROVIDED TO FACILITATE INTERPOLATION

BETWEEN THE TABULATED VALUES OF THE CORRECTION FACTOR K.

# THIS TABLE PROVIDEs ADOED OATA PJCT INcLuDED IN PREvious ISSUES OF THIS SECTION.


