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l. GENERAL

1.01 This section is intended to provide REA borrowers, consulting
engineers, contractors and other interested perties with in-
formation for use in the design end construction of REA borrowers®
telephone systems. It discusses in particular the engineering
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and transmission conviderstions involved 1n the selection,
layout and construction of trunk cable loading systems which,
in combination with voice-frequency repeaters; are required
in order to meet transmission objectives. This section also
provides technical informstion for the correct intercomnec-
tion of different types of loading systems when necessary.
Quantitative information is also given in the tables con-
tained herein for carrying out the required transmission
computations. Though this section assumes the use of cable
having twisted pairs insulated with polyethylene, informa-
tion on peper insulated cables is included in Table I.

1.02 This section is reissued to reflect verious changes in trsns-
mission practices necessitated by the conversion to direct
distance dialing,l the operation of EAS trunks at lower
losses, and the general trepnd toward ilmproved transmission
objectives. Economically priced trensistorized voice fre-
quency repeaters capable of high galn, more economical facll-
ities and the improved cheracteristics of D-66 loeding sys-
tems allow fuller utilizatiop of flner gauge cables to mske
these objectives economically rvealizabla. This section
supersedes Section 431, Issue No. 1, dated May 1955 snd all
addenda thereto,

1.03 Importance of Loading System Uniformity

1.031 The successful operation of voice frequency repeaters
in both extended ares and toll trunk plant, requires
that close attention be paid in design and comstruce
tion to obtaln neerly uniform spacing of loading
points. DNon-uniformity in the loading spacing lowers
the structural return loss,? vhich in turn reduces
the gain capaebility of the repeater. Non-uniformity
in cable mutual capacitance in different cable reels
also lowers the structural return loss. Cable mutusl
capacitance and loeding coil uniformity are obtained
in REA borrowers' plant by suitable cable and loading
coil specifications.

1. Refer to "Notes on Distance Dialing" 1961, Ly the American
Telephone and Telegraph Company, Engineering Department.

2. For the definition of "structural return loss” and a full discussion
refer to REA TE & CM-Ml5, "How to Meke Structural Return Loss
Measurements.”
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Over the past years the transmission losses to which
trunk plant has been engineered have been constantly de-
creasing due to the prowing trend toward improved aend ex-
panded services. Operation of trunks at increasingly
lower net losses requires that voice frequency repeaters
with increased gain capability be available and thet the
cable plant, including the type of loading system used,
over vwhich such equipment will operate be capable of ef-
fectively utilizing this increased gein. In turn, the
ability of the cable plant to utilize to advantage the
gain capability of the repeaters depends among other fac-
tors, not only on the type of loadlng system selected but
on the care and methods used in spacing the loading points
during the design, staking, and comstruction of the plant.

Because of the necessity for dealing with practical plant
layout conditions due to conditions of terrain or other
local factors, precise .loeding spacing is not usually at-
tainable. Paragraphs 3.04 and 3.05 give the maximum load-
ing spacing deviations which are considered tolerable. It
should be kept in mind that the deviations discussed in
these paragraphs are not design or target values, but the
maximum which are allowable. For new construction where
the terrain and other local factors permit, every effort
should be made not only during the design stage but es-
pecially during staking and construction to improve the
deviation limits of these paragraphs. Where these steps
are taken the benefits of higher repeater gains, reduced
repeater and plant maintepance and future flexibility
should improvements or special services become necessary
are more easily attainable.

Impedance -irregularities with accompanying low return
losses resulting from errors in loading spacing deviations,
missing, reversed winding or doubled-up coils, incorrect
value loading coil inductance, bridged taps or other
causes, adversely affect the performance of repeaters oper-
ating over the cable. Of the different faults listed
above, the irregularities resulting from incorrect load
spacing may be the most difficult to correct due to the
fact that they become manifest as minor or finite irregu-
larities whereas the effect of the others is to produce
major irregularities which totally disrupt the performance
of voice frequency repeaters. Major irregularities as a
result of missing, reversed, doubled-up or incorrect value
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1.035

loading coils or long bridged taps can be detected
and located by using the messuring procedures set
forth in REA TE & CM-408, "Facility Requirements for
Voice Frequency Repeatered Truaks," paragraphs 10 and
11. This assumes that an impedance irregularity heas

& -single-cause. ~Where several-causes are involved the
detection procedures become more complex. However,
once the major irregularities have been found and cor-
rected, the final structural return loss will be re-.
duced by the loading spacing deviations present. In
general, detection and locatlion of smaller impedance
irregularities requires personnel skilled in the art
and equipped with highly specialized test egulipment.
In addition, the procedures are invariably time con-
suming and for these reasons not readily adaptable to
REA borrowers' plant. In buried plant construction

- the correction of load spacing deviations may not al-

ways be practical or economical due to the limited
number of pedestal locations. For these reasons it is
again to be emphasized that, due.to the complexity,
cost and highly specialized nadure of the work in-
volved in detecting, locating and correcting impedance
irregularities the approach sbould be to prevent these
irregularities from occurring rather than in trying to
correct them afterwards. During the ACD¥and construe-
tion stages this may be accomplished as follows:

(a) Consider the importance of uniform losd
spacing.

(b) Make the design somewhat more conservative
than the maximum allowed.

(c) Use qualified personnel for staking plant.

(d) Provide proper and adequate supervision dur-
ing construction.

(e) Utilize effectively the sequential marking
of cables,

Since voice frequency repesters are purchased oo a
guaranteed performance basis Jrom contractors other
than those which construct the outside plant facili-
ties, measurements prior to repeater instellation are

* Area Coverage Design
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required on the as-built plant to determine its suita-
bility to repeater application. REA Bulletin 383-2,
"Acceptance Tests--Outside Plant," establishes the extent
of required testing, and REA TE & CM-408, Figure 2, and
REA TE & CM-445, Figures 1l1A and 11B, provide step-by-
step procedures for making the actual measurements.

2. LOADING AND LOADING SYSTEMS

- 2.01 Theory of Loading

2.011

2.012.

The prmaryl purpose of inductance coll loading is to im-
prove the transmission of intelligence by substantially
reducing the circuit attenuation, and by making the cir-
cuit attenuation approximately uwniform throughout & pre-
determined frequency-band. These transmission benefits

are obtained by serially inserting coils having uniform
inductance values at regularly recurring intervals elong
the circuit, but are limited to a frequency-band below the
loading cutoff frequency. Above the loading cutoff fre-
quency, there is a substantial suppression of transmission.

The a.tt'.ermation2 improvement obtainable with loading cor-
responds somevhat to the increasse in impedance that re-
sults from the increase in inductance. This can be under-
stood from the fact that in the (low-impedance) non-loaded
circulit, the series dissipation losses which are propor-
tional to the square of the line current are ordinarily
very large relative to the dielectric dissipation (i.e.
shunt) losses which are proportional to the square of the
line potential. When the line impedance is increased a
suitable amount by the loading, the decrease in series
losses is much greater than the increase in shunt losses.
Economic considerations usually prevent the use of high
loading impedances which would result in shunt losses be- .
coming as great or greater than the series losses. As an
illustration, an exchange type 22-gauge cable results in
less loss when, for example, D-66 or H-88 loaded (approxi-
mately 0.8 db per mile at 1000 cps) than a similar

1, 2.

"Inductive Loading for Bell System Telephone Circuits” by T. Shaw,

Bell System Technical Journal, January 1951.

-5 -
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2.013

2.014

2.015

capacitance 19-gauge cable which is non-loaded (ap-
proximately 1.3 db per mile at 1000 cps). Therefore
it becomes more econcmical to use loaded 22-gauge
cable pairs than 19-gauge pairs non-loaded.

The inductance also offsets the effect of the cable
capacitance which is always present between the wires
of a cable. This results in & more natural sounding
circuit since the effect of capacltance between wires
is to cause more loss for the higher voice frequencies.
The combination of the value of coil inductance, the
spacing between loading coils and the mutusl capaci-

tance of the cable between loading points determine
the attenuation, impedance and band pass character-
istics of the particular loading system.

Another way of viewing inductive losding is by compar-
ing it to a simple low pass filter where the inductance
of the loading coil comprises the series arm while the
cable mutuel capacitance comprises the shunt arm. In
a simple low pass filter and further, one where com-
ponents have no losses, there is a frequency beund where
the attenuation is zero (passbend) and another band
vhere it is infinite (rejection band). The point

vhere the two bands cross is termed "cutoff frequency."
Unlike & simple one section low pass filter, a loaded
cable behaves like a group of such filters in cascade
with the capacitance and inductance of each loading
section making up one filter section. The individual
filters (loading sections) must be uniform in order to
accomplish the purpose intended, that is, each loading
section must look ressonably close to the others in
spacing, capacitanée and inductance.

If the above uniformity characteristics in any section
in the multisection low pass filter (loeded cable) are
altered, the performance characteristics of the filter
are changed and the results are reflected in the entire
loaded cable. Therefore, a change in the inductance

or the capacitance of only one loading section de-
grades the band vess performance of the low pass filter
action. Some common plant itews which may bring this
about are:

(a) Reversed, missing, doubled-up or incorrect
value loading coils.

-6 -
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(b) PBridged taps between coils, doubled-up cable
pairs or extre long or short loading sections.

(¢) Irregular (non-uniform) loeding spacing.

In summary, in oxdexr to effectively utilize the trans-
misslon advantages of loeding, the losding must be proper-
ly designed, installed, end maintained.

2.016 A non-phentomed loading coil has two separate balanced
windings coupled to the same magnetic core. The ipduc-
tance of each winding of the loeding coil, when the other
winding is open circuited, has epproximately the same
value. The totel inductance of a loading coil vwhen both
of its windings erve comnected series-aiding (this is the
normal inductence which results when the coil is correctly
vired to the cable peir). 1is approximately four times the
inductance of the individual windings. Obviously, there-
fore, the edditicnal. lnductance contribution of the in-
dividual windings by virtus of being coupled to a common
core is approximately £ifty percent of the total induc-

 tance. This edditiomal inductence is lmown as "mutual
inductance” and it acts to aid or negate the remaining

-, inductance contributed by the individusl windings. For
: this reason, reversing one winding with respect to the

other must be avoided since this greatly reduces the total

serles lpductance provided by the loading coil.

2.02 Designation of Loading Systems

2.021 Ioeding systems are desigpated by a letter signifying the
full section length between loading points followed Ly a
numexrel depoting the inductance of the coil in milli-
henries. In voice frequency loading systems the full sec-
tion lengths generally used are 6000 and 4500 feet with
coil inductances of 88 and 66 millihenvies. The following
table covers soms of these loadlng systems:

Designation Coll Spacing-feet Coil Inductance-mh

D-66 4500 66
H-88 6000 88
D-88 4500 88
B-88 3000 as
B-lik 3000 Wl
Ho4d 6000 a8
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2.022

The cable mutual capacitance associasted with the above
loading systems usually has a ncminal capacitance of
0.083 microfarads per mile. Such cable is referred

to as "exchange type" and esbbreviated "HC" in sections
for convenience. Ioading systems, however, may also
be used with "low capacitence" (toll-gradej cable
which has a capacitance of 0.062 or 0.066 microfarads
per mile. To distinguish the application between
loading systems of the exchange and the toll type, the
designation of "IC" is usually attached after the load-
ing system designation for the latter application.

For example, the designation 19-H-88-IC refers to the
application of H-88 loading on 19-gauge low capacitance
cable.

The above designations refer to circults from which no
additional or "phantom" circuits are being derived.

In situations where phantom circuits are being derived
there is an additionsal designation of the loading sys-
tem to denote the value of coil inductance for the
phantom circuit. For example, the designation H-88-50
indicates that the side 'circuit is being loaded with
88 millihenry coils at every 6000' while the phantom
circuit utilizes 50 millibenry coils spaced at the
same intervals. Over the past years the practice of
"phantoming” has graduslly been discontinued.

2.03 Transmission Characteristics of Loading Systems

2.031

The most significant transmission characteristics of
loaeding systems are:

(a) In the passband region, there is a reduction
in the magnitude of the abttenuation.

(b) The attenuation is reduced but not eliminated
due to the cable and coil resistance and
some cable conductance dissipation.

(¢) There is a cutoff frequency by virtue of the
lumped losding. (Distributed loading does
not display this characteristic. )

() The impedance has been raised.
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(e) At the cutoff frequency and beyond, the attenu-
ation of the loaded cable is higher than that of
non-loaded cable.

(£) Increasing the loading coil inductance or load-
ing section cable mutual capacitance, or both,
lowers the cutoff frequency.

(g) For a given loading spacing, increasing the load-
ing coil inductence decresses the attenuvation
per mile while increasing the cable mutual capac-
itance increases this attenuation. '

2.032 Quantitatively, the attenuation, impedance énd cutoff fre-

quency characteristics of loaded cable are given by the
following simple expressions for the passband reglion where
the loaded cable behaves almost exsctly like a correspond-
ing smooth line. The precise formulas for attenuvation and
impedance are much more complex then the ones shown. For
1000 cps computations, however, formulas (a) and (b) can

be used to a very good approximstion. In fact, formulas
(a) and (b) are reasonably good up to 0.6 of the cutoff
frequency. (See formmla (c) and Figures 2 to 6.) The

umits are resigtance in chme, capecitapnce in fareds and in-
ductance in henries, and they must be expressed for the
same uwnit length. A mile basis is normally used for formu-
las (a) and (b).

(a) The attenuation in db per mile is:

a= h.3&R\l-%%-:]

R includes both the cable and loading coil
registance.

(b) The magpitude of impedance in chms is:
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(c) The cutoff frequency in cps is:

In formula (c) both L and C must be expressed
on a full loading section basis end in ad-
dition L includes the cable pair inductance
of approximetely one millihenry per mile.

For an 0.083 microfarad per mile cable the
cutoff frequency is about 3500 cps for H-88
and 4600 cps for D-66 loading.

2.033 Representative line constants for 19 gauge and 22 gauge
exchange type and low capacitance plastic-insulated
cable pairs are tabulated below. The unit of length
is taken as one statute mile. These constants are
practically Iindependent of frequency in the passbands
of D-66 and H-88 loading systems. The resistance per
mile of the soft copper wires of the cable varies with
temperature and the tabuleted resistances are for 68°F.
(20°c). 1In the voice frequency renge, the resistance
is about R (1 ¥ .0022 ¢) vhere R is the resistance at
68°F. and t 1s the chapge in temperature in degrees
Fahrenheit. For t + t 50 degrees, the resistance is
R(1L*.1). ¥

Line Constants per Mile @ 68°F.

HC Nominal
or Resistance Inductance Conductance Cepacitance in
Gauge IC Ohms Millihenries Micromhos Microfarads
19 HC 85 1.0 1.0 .083
22 HC 171 1.0 1.0 .083
19 Ic 85 1.0 1.0 .066

2.0331 Ioading coils not only add series inductance
in the cable pairs but series resistance as
well. These resistances are tabulated below
for a temperature of 6CCF.

= 10 =
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Typical Resistance of & Loeding Coil in Ohms

Frequency-cps Loading Coil Millihenries

6 88

100 6.2 7.9
300 6.4 8.1
500 6.6 8.3
1000 7.1 8.7
1500 7.5 9.2
2000 8.0 9.8
2500 8.6 10.6
3000 9.5 11.5
3500 10.4 12.6
4000 1.7 k.2

The above line constants were used to calculate the trans-
mission loss in db per mile for the passbands of D-66,
H-88 and other loeding systems. These losses are plotted

 against frequency on attached Pigures 2 to 6. For a given

loading system such as 22 gauge D-66, the losses in db per
mile vary approximately directly with the resistance per
mile which, in twn, varies with temperature as discussed

under Paragrapbh 2.033.

The characteristic impedence of & loaded circuit is theo-
retically the impedance as measured at & terminal of the
circuit when it stretches to infinity. However, a circuit
of finite length may be terminated in a proper precision
balancing network at one end and then the characteristic
impedance will almost be exactly as measured at the other
end. The characteristic impedance depends upon the frac-
tion of & loeding section vhich the measuring instrument
faces. As a reference, characteristic impedances for mid-
section are quoted. Figure 6 shows mid-section character-
istic impedances plotted against frequency for 22 and 19
gauge exchange type cables D-66 and H-88 loaded. It should
be noticed that for exchange type cables the impedance for
H-88 loading rises much more rapidly with increasing fre-
quency than that for D-66 loading. A repid rise with fre-
quency is undesirable from both trupk and subscriber loop
transmission considerations since this rise reduces aveil-
able repeater geine and degrades voice frequency response
characteristics. ' '
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2.0k Applications of Losding Systems

2.041

2.042

2.043

The D-66 loading system is the type of loading gener-
ally recommended for use in REA borrowers' plant with
trunks over non-quadded cable pairs. This recommend-
ation applies to repeatered and non-repeatered circuits.

For new construction where the facilities are com-
pletely within the REA borrower's territory, they
should be D-66 loaded for the entire trunk length.
The load spacing and end section requirements are
discussed in Paragraphs 3 and %, respectively. No
Junction impedance compensator is required where the
entire facility is D-66 loaded.

For new construction where the REA borrower's facilities
connect with those of ancother company, it is desirable
that the entire trunk be D-66 loaded, for exchange type
cables. Where the D-66 loeding is used for such ap-
plications for the entire facility it results in certain
advanteges for the companies involved. Some of the ad-
vantages for trunk applications are:

(a) Greater ease in meeting transmission obji-~
tives.

(b) Improvement in the circuit structural return
loss.

(c) Elimination of impedesnce compensators at the
toll center where toll trunks are involved.

() Elimination of junction impedance compen-
sators.

(e) Tmproved circuit frequency response character-
istics.

(£) More adaptable to some forms of dats trans-
mission or other special services.

(g) TImproved crosstalk lcss characteristics.
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In addition to the above factors D-66 is compatible with
H-88 loading inasmuch as their nominal 1000 cps attenuation
and impedance for same gauge cables have been made to be
the same by design. Therefore the use of D-66 loading does
not introduce new or non-standard impedances in the tele-
phone plant.

2.0431 Requests to connecting companies should be made at
the earliest possible date during the ACD stage
and all required technical informetion on D-66
loading requested by the connecting company should
be provided.

For nev construction where the REA borrower's facilities
connect with those of another company which has existing
H-88 loaded exchange type cable, it may not be practical
for the connecting company to furnish D-66 loaded cables
for its portion so as to meet the REA borrower's D-66
portion. Where the connecting compeny has so indicated,
the resulting facility makeup will consist of D-66 loading
for the REA borrower's portion and H-88 loading for the
connecting company's portion. In order to minimize the
reflection (low return loss at higher voice frequencies)
which would exist at the Junction of the two loading sys-
tems if the two were connected directly, an impedance com-
pensator is required at the junction. The purpose of the
Junction compensator end how 1t is applied is further dis-
cussed in paragraph T7.0.

Existing cables which are H-88 loaded and are being ex-
tended ‘'may utilize D-66 loading for the extension portion.
This ftreatment, however, will not improve the overall cir-
cuit due to the more restrictive cutoff characteristics of
the existing H-88 loading, which will be controlling.
Where, nevertheless, H-88 circuits are being extended with
D-66 a junction compensator as discussed in parsgraph 7.0
will be required.

From the transmission stendpolnt it is desirsble to losd
additional circuits on a D-66 loeding basis in a cable
which contains H-88 loaded working cable pairs under the
same sheath. However, this may not be attractive from the
standpoint of having two different coil locations and two
different values of loading coil inductence. The decision,
therefore, whether the additions in the same cable sheath

- 13 -
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2.047

2.048

should be D-66 loaded should depend on such factors as:

a ether normel or special transmission ob-

(a) Wheth 1 ial t missi
jectives can be met by the continustion of
the existing type of loading.

(b) Availability of suitable pole, ready-access
case or pedestal locations for 66 mh loading
coil placementi.

(c) Maintenance considerations.
(d) Other factors.

It is not generally recommended that H-88 working trunk
routes which are H-88 loaded in their entirety be changed
out to D-66 loading. In applications, however, where
transmission objectives are not being met, or where it
is necessary to meet speclal transmission objectives
and where loading coil locations are or can be econom-
ically made available the use of D-66 loading should

be considered. In situations where design changes sare
proposed affecting the entire system in a major way
considerstion should be given also to the feasibility
of converting to D-66 loading.

As discussed in the above paragraphs the recommended
loading system for REA borrowers' plant is D-66 for new
construction and also for extensions or additions to
existing plant which is H-88 loaded, where applicable.
The D-66 loading will be adequate for all applications
normally found in REA borrowers' plant. For this reason
and also from the standpoints of plant flexibility and
simplicity it is desirable to keep the number of load-
ing systems to a minimum. Use should be made of other
types of loading systems when:

(a) Normal transmission requirements cannot be
met by the use of D-66 loading.

(b) Special applications where the use of D-66
loading is not suitable.

(¢) Circumstances where existing situations may
Pose maintenance or other special problems.

- 1h -
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3. LOAD SPACING REQUIREMENTS

3.01 As discussed in peragraph 1.03 the increasing application of elec-
tronic instrumentalities to voice frequency trunk plant as well
as its successful operation requires that close attention be given
to the design, staking and construction methods to obtain uniform
loading spacing. Because of the necessity, however, of dealing
with practical plant considerations precise loading spacings are
not usually attainable. The paragraphs below discuss the extent
of the loading spacing deviations which are permissible and also

~ the type of deviations which are least objectionable from the

transmission standpoint. '

3.02 loading spacing irregularities in trunk cables can be generally
divided into two categories:

(a) The amount by which the average of all full loading
sections depart from the standard spacing.

(b) The amount by which each full section length departs
from the arithmetic average computed for all full

sections.
(M 5 Paragraphs 3.021 and 3.022 below discuss the specific effect which
- . these deviations have on transmission.

3.021 Maintaining the average spacing close to the standard spac-
ing (Paragraph 3.02 a) minimizes the chance of departure
from standard attenuation, lmpedance characteristics and
cutoff frequency. In addition when the different cable
pairs in the same trunk group are also uniform in their
capacitance characteristics this also results in uniform
attenuation, impedance and cutoff frequency for all the
circuits which ie highly desirable. The reasons for main-
taining the average spacing close to the standexd are:

(a) To keep the meesured losses close to the expected
losses. For example, thls is important during
acceptance testing of plant and on a routine
basis thereafter.

(b) To avoid special engineering of voice frequency
repeaters which use standard network configurations.

(c) To avoid transmission contrasts between circuits
in the same trunk group.

- 15 -
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When the average spaciug departs from the steandard
spacing, the structural return loss is also affected

in addition to the factors discussed above. Tae

amount of this impalrment depends solely oo the nominsl
frequency cutoff characteristics of the loadlpng system
in question. The lowver the cutoff frequency of the

loeding system the greater will be the impairment (lower
structural return loss). In & losding system such as
H-88 this impairment is considerable, whereas in the
D-66 loeding system it is of less practical importance
due to its naturally higher cutoff frequency.

3.022 Mainteining the individual sections close to the average
spacing (Paragraph 3.02 b) reduces the amount of imped-
ance Iirregulerities which unequal sections introduce
and results in good structural return losses. Since
this item affects the structural return loss in & major
way all efforts should be mede to achieve uniform spac-
ing to the greatest extent possible. To illustrate,
consider & loaded trunk ceble (A) whose average spacing
length exceeds the standerd spacing by 2% and in which,
in addition; all individual sectlons are equal in their
lengths. A cable bhaving 1ts loading points thus spaced
will bhave substantlally better structural return loss
characteristics (actually the structural return loss
theoretically will be infinite) than a loaded cable (B)
vhere the average spacing length is the standard spacing
but with individual sections lopnger and shorter than
the average.

3.03 In sumary, controlling the average spacing so it is close to
the standard spacing results in attenuation, impedance and
cutoff frequency wniformity, while controlling the individual
spacing so it is close to the aversge spacing results in good
structural return loss. However, it is not as important to
adhere to standard spacing with D-66 loading as with H-0O0
Toading. Therefore, with D-00 the aversge spacing may deviate
Irom the standard spacing tO the extent permitted in Parsgraph
3.041 and the malin erfort to improve structural return loss
should be in keeping che dilierence of whe individual gpeclngs
from their average spacing Lo a value &8 Low as practicable.

3.031 Exasmples 1 to U which are given in this section illus-
trate the procedure used for computing loading spacing

- 16 -
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deviations. A short analysis which is presented with each
example on the relative importance of the type of spacing

deviation in question will be found helpful in complement-
ing the discussion of Parsgraphs 3.02 and 3.03 above.

Where capacitance building-out is used to build out loading
sections to normal the computation of the spacing deviation
discussed in Paragraphs 3.04 and 3.05 below should include
the equivalent of the amount of CBO used. The procedure for
doing this is shown in Illustrative Example No. 6.

Loading Spacing Regquirements - R.M.S. Method

3.041

3.04k2

3.043

3“.olm

The deviation of the avergge spacing from the standerd
spacing should be within - 3%.

The R.M.S. value of all the deviations of the individual
spacing lengths from the average spacing should not be more
than 2%.

The loading spacing deviations outlined im Paragraph 3.042
above using the R.M.8. method of computation is not at this
time a requirement. It is nevertheless recommended as an
objective. From the transmission standpoint, control of
spacing deviations on an R.M.S. basis is highly desirable

as 1t results in the best possible utilization of the trans-
mission capability of the loading system. It should also
be noted that control limits on individual sections are not
necessary by this method, due to the self-protecting char-
acteristics of the method on maximum individual deviations.

—e 1 O B . o, e

e
s A TR W

Where it is possible to use the R. M.S. method of Paragraph
3.042 the computations should be made in accordance with
the procedure shown in the Illustrative Examples 1 to k4
herein.

Loading Spacing Requirements - Arithmetic Method

3.051

3.052

3.053

Where the application of the R.M.S. method for determining
specing deviation requirements is not practical due to stak-
ing and/or construction or other local factors the method
discussed below is considered acceptable.

The deviation of the saverage spacing from the standard
spacing should be within * 3%,

The average of the differences, with signs disregarded, be-

tween the individual spacings and the average spacing should
be within 2.0%.

- 17 =
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3.054 The deviation of the length of the longest individual
sections from the average spacing should be within + 39,

3.055 Procedures for computing the above devietions when it
becomes necessary to use the arithmetic method of this
paragraph are shown in the Illustrative Examples 5 and

4. END SECTION REQUIREMENTS

4.01 The objective for office end section length is one-half the
length (0.5) of the normsl full section. In cases where it is
not practical to meet this objective, an end section length
within 0.4 to 0.6 can be considered. The cholce of the 0.4
length is preferable to the 0.6 end section. The published
transmission information contained herein on loaded cables
assumes 0.5 end sections.

-

4,02 The "end section" in loaded trunk cables refers to the length
of cable between the central office and the first loading coll,
including any cable in the central office leading to the main
as well as intermediate distributing frame if existing. It
is, however, the amount of cspecitance aessociated with the
.end section which to & large extent determines, for a given
type of loading, the degree of impedance variation across the
voice frequency range. This variation is significant for dif-
ferent length end sections. REA TE & CM-44l, Issue No. 2,
Figure 2, illustrates the effect which the length of an end
section has on impedance at various frequencies. In REA
borrowers' projects, end section "length" and "capacitance"
‘become synonymous since the same nominal capecitance cable is
used for the entire trunk and since the wiring capacitance
associated with the local office 1s not normally significant.
For class four offices (toll centers) in REA borrowers' proj-
ects or for those of connecting companies the total end section
should be considered. The total end section includes not only
the physical length of the cable from the first loading point
to the central office mainframe but any Iintervening cable in-
side the office up to the point of access to the switching

equipment.

5. STAKING AND CONSTRUCTION CONSIDERATIONS

5.01 To make possible the realization of the end section objectives
outlined in Paragraph 4.02 above, the staking of the plant

- 18 -
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should start from each of the offices involvea and proceei in the

direction of the opposite office to the junction point. The re-
sulting loading section, at the junction point, which in most
instances will be shorter than the normal full section should be
built-out to a full section by the use of building-out capacitors
which are discussed in Paragraph 6.0. It is not necessary that

the junction point (building-out point) be the geographical center

between the two offices in question. From the standpoint of re-
peater application, it is preferable that the built-out section

" be as far away electrically as practicable from the repeater loca-

tions. Example 13 is illustrative of the building-out procedures
used for new constru.tion at the junction point.

5.012 It is recommended.that at no time the plant be staked and/
or constructed in & manner whose purpose is to eliminate
the building-out capacitors at the junction, when doing
this upsets the regularity of the loed spaging which is
possible when using building-out capacitors.

Where more than two offices.are involved the procedures for stak-
ing are the same as those of Paragraph 5.01 by considering the

. trunk groups between offices separately. In cases where a portion

of the cable facility trunk route is provided by a connecting com-
pany, staking should commence from the borrower's central office

.and proceed toward the boundary point. Example\ll is illustrative

of the building-out procedures used for new consbtruction at the

o Junction point.

The requirements for loading subscriber loops are different from
those for loading trunks and are outlined in REA TE & CM-430
"Subscriber Line Ioading." In situations where both trunk and
subscriber circuits are contained in the same cable sheath for a
distance from the central office the plant should be staked to
meet the applicable trunk spacing requirements, up to the point
where they separate.

Normally, the construction of aerial cable plant should follow the
staking sheet instructions falrly closely and the spacing of load-
ing coils can be relatively precise. However, the lengths of bur-
ied cable during placement can vary substantially from those shown
on the staking sheets. Additional footage of buried cable may be
required to plow around culverts, install aerial inserts, etc.,
all of which will affect the location of the terminal housings
planned for loading coils. For this reasoun, buried cable plant
should be constructed from the central office out toward the ex-
tremities of the lead. This is especially important: for loaded
trunk circuits between two offices, in which case the cable should
be installed starting at each office and proceeding toward the
other. Construction of these leads should not commence until all

‘of the mate;ia.l is on hand to permit the plowing of cable in the
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proper sequence. Plowing the cable in the proper sequence
and using the sequential marking on the outside of the cable
Jacket is the most effective way to insure that the loading
coils will be accurately spaced.

6. CAPACITANCE BUILDING-OUT (CBO) PROCEDURES

6.01

6.02

6.03

Capacitance building-out (referred to as CBO) as applied to
loaded trunk cables offers a means of improving the trans-
mission irregularities resulting from loading sections which
depart from standard lengths. This may come about from ab-
normally short or long loading sections in comparison to
standard. In new comstruction capacitance building-out will
normally be necessary at the junction point in order to meet
the end section objectives of Paragraph 4.0l and using the
staking procedures of Paragraphs 5.0l and 5.02 above for making
this possible.

Building-out proced'wes are particularly useful in applications
involving existing loaded cable plant. Properly engineered
new plant should not require their use, since building-out is
essentially corrective in nature, and it is not a recommended
practice when laying out the design of new systems. Correct
staking and construction practices should be followed, thus
entirely eliminating the need for building-out in all loading
sections, except at the junction point as discussed in Para-
ggaphs 5.01 and 5.02 and shown in Tllustrative Examples 13, 1k

and 15.

6.021 Another exception to the above procedure involves new
plant in special applications such as vhen jolning two
dissimilar loading systems. This special case is de-
scribed in Paragraph 8.

6.022 The method by which the attenuation of a loaded trunk
cable using CBO is computed is discussed in Paragraph
9.023. The method for computing the spacing deviation
when using CBO has been discussed in Paragraph 3.032.

Individual loading sections in existing cables having less
than the standard length may be built-out by:

(a) Bridging capacitors (CBO) (without the need of open-
ing up the cable pair).

(v) Bridging stub cable of the proper length.
(c) Series insertion of additional building-out cable

(cable is physically opened and additional building-
out cable inserted).
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The use of building out capacitors of item (a) is usually the
most economical procedure. Cases may arise, however, in which
the series insertion of building-out cable of item (c) would pro-

_ vide a better solution, especially if the conductor involved is

2k gauge or finer in which case the resistance component must be
also accounted for, and/or where the length of cable to be built-
out is significant and where the particular application requires
this added improvement on return loss. An illustration of the
treatment of short sections with CBO and the method used to com-
pute the amount required is shown in Illustrative Example 16.

Individual loading sections in existing plant which are longer
than the standard length require, in addition, the use of a load-
ing coil. This loading coil inserted in the section in question
at a standard distance from its adjacent loading coil results in
a standard loading section. The remaining short loading section
is then treated as described in Paragraph 6.03. An example illus-
trative of the treatment of a long section with CBO and the method
used to campute the amount required is shown in Illustrative

Example 16.

End sections in existing plant which are shorter than normal may
be built-out to their required value with CBO located at the of-
fice. Illustrative Example 16 shows how this is accomplished.
End sections in existing plant which are longer than normal may
be built-out to their required value by a loading coil and CBO
treatment located at the office. Illustrative Example 16 shows
how this is accomplished.

Building-out capacitors may be installed for both new or existing
plant at loading coil locations. When installing the building-out
capacitors at such loading coil terminal locations, it is imperative

that steps be taken during installation to insure that the build-
ing-out capacitors are located on the correct side of the loading
coil of the loading section which they will build-out. A good
method for insuring this is by making actual continuity measure-
ments with a d-c ohmmeter at the point of installation to the cen-
tral office, rather than relying on cable directions, cable color
markings or other such physical markings. If this is not done,

the possibility exists that the building-out capacitors may be con-
nected to the wrongrloading section which will augment the irregu-
larities and compound the difficulties. It will be found that des-
ignating the location for building-out to be consistent on either
the office side of the loading coil or its field side for the en-
tire route of the trunk, but not both,.will reduce the possibility
of errors.
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6.061 From the transmission standpoint, the building-out y
- capacitors can be installed at any point in the ir- ~—
regular section which they build-out. An installation
point which does not entail the risks outlined in
Paragraph 6.06 is to locate the building-out capacitors
at a pedestal or pole where no loading coils are pres-
ent.

6.07 When using capacitance building-out techniques for the pur-
pose of treating the situations outlined above, the capacitors
should be specified as per REA PE-30 Specification,*latest
issue, thus assuring the required transmission, protection and
physical construction performsance.

7. THE D-66/H-88 JUNCTION IMPEDANCE COMPENSATOR AND APPLICATIONS

T7.01 The device used to match the impedance of the H-88 loading
system to that of the D-66 loading system when it is inserted
at a point of interconnection (junction) of the two loading
systems is termed a "D-66/H-88 junction impedance compensator,"
or simply "junction compensator.”

7.02 The H-88 and D-66 loaded cables have, by design, the same
nominal 1000 cps impedance, but as the cutoff frequency of the
H-88 loaded cable is approached the impedances of the H-88
loaded trunk facilities increase in magnitude more rapidly ,
than do the impedances of the D-66 loaded cables. Therefore, —
at frequencies higher than approximately 2500 cps the imped-
ance match between the D-66 and H-88 loaded cable facilities
becomes progressively poorer if the two systems are directly
interconnected. Operation of voice frequency repeaters may be
expected to be impaired due to the resulting poor return loss
at the point of such direct interconnection. To obtain adequate
return losses at these higher frequencies, it is necessary that
the rising impedance of the H-88 be modified to match the flat-
ter impedance of the D-66. The device which makes possible
this matching, thereby improving the return loes, is the Jjunc-
tion compensator.

T7.03 The junction compensator consists of two capacitors in shunt
with the tip and ring conductors of the cable pair, an inter-
vening loading coil and two additional capacitors, each shunt-

ing one winding of the loading coil. For purposes of differ-
entiation only, the former type capacitors are termed "shunt"

# PE-30 Specification, Building-Out Capacitors
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while the latter are termed "series." The shunt capacitors each
build-out the D-66 and H-88 natural cable end sections, respec-
tively, to 0.8. This results in a 3600' effective end section
for the D-66 and 4L800' for the H-88 loading system. The charac-
teristic impedances of both D-66 and H-83 loaded cables at 0.8
end-sections have nearly constant and approximately equal resistive
components and negative reactive components non-linear with fre-
quency. Since the desired result is to annul the non-linear neg-
ative reactances, the positive linear reactance of a simple load-
ing coil in the compensator is not sufficient to annul the total
of the negative reactances. Addition of the “"series" capacitors
to the loading coil helps in reducing this reactance disparity
and the impedances of the D-66 and H-88 loaded systems become
better matched.

The component makeup of the D-66/H-88 junction impedance compen-
sator is shown in Figure 1. It should be noted that the loading
coil and series capacitor components (capacitors Cq and Cy in
Figure 1) are somewhat different for 19 and 22 gauge cables. The
shunt or building-out capacitors, however, (capacitors Cj and C2
in Figure 1) are the same for either 19 or 22 gauge, since their
value depends solely on the length of the cable at the end section.
One or both shunt capacitors may be omitted if the natural cable
end section on one or both sides of the compensator is 0.8 of its
respective full section.

7.041 Where mixed gauges such as 19 and 22 gauge are used at the
Junction point, the configuration of the junction compen-
sator should be computed for the gauge having the greater
1000 cps loss.

Illustrative examples pertaining to the application layouts of the
junction compensator for various D-66 and H-88 natural end sections
are shown in Illustrative Examples 17 to 20. It should be noted
that it is not always necessary to place the junction compensator
at the point where the D-66 and H-88 cable meet (boundary). From
the transmission standpoint, the junction compensator may be
physically located at any point within the cable section between
the last H-88 and D-66 loading points, which results in reduction
in the capacitance of the shunt capacitors in the compensator or
in their partial or total elimination.

Junction compensators should be installed on both repeatered and
non-repeatered trunk plant. When ordering the compensators, a
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T.07

7.08

7.09

sufficient number of compensator units should be specified for
spares as part of the normal circuit requirements.

The D-66/H-88 junction impedance compensators and all applice-
tion examples shown herein require the use of exchange type
cables for both the connecting company and-the REA borrovers'
portions. It is the exchange type cable which makes inter-
connection of D-66 and H-88 loaded cables possible and further,
for the reason discussed in Paragraph 7.03, requires the use
of the impedance compensator. Where the connecting company
provides 19 gauge H-88 loaded cable facilities using low
capacitance cable, it is not possible for the REA borrower to
use D-66 for connecting to it. In this situation the REA
borrowers' portion must consist of D-88 loading This special
case is discussed in Pareasgraph 8.0.

To insure proper voice freguency repeater operation, it is im-
perative that the following steps be taken during the engineer-
ing, comstruction and installetion of the Jjunction compensator:

(a) Compute the building-out capecitance required
(capacitors C; and Co in the compensator) only when
the lengths of the natural D-66 and H-88 end sections
at the junction are firmly known. Changes, if any,
in the end sections due to re-staking, re-location
or other factors which entail a change in shunt
capacitors C) and Cp should also be reflected in
the REA PE-31 Specification,* latest issue.

(b) Ascertain through the color code of the completed
assembly unit that it is spliced correctly, that
is, the D-66 side of the unit is connected to the
D-66 portion of the trunk and the H-88 side is con-
nected to the H-88 portion of the trunk. A reversed
compensator may adversely affect the performance of
voice frequency repeaters operating over the circuit
in question.

To assure proper compensator performance, the units should be
ordered in accordance with REA Specification PE-31, latest
issue, which covers all pertinent transmission, protection and
physical characteristics. External protection for the com-
pensator is not required.

#REA Specification PE-31, D66-HE8 Junction Impedance Compensators
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'8. SPECIAL LOADING APPLICATIONS

Circumstances may arise in trunk applications where it may not be
practical to maintain the same type of loading for the entire
length of the trunk. This may come about as a result of the con-
necting company providing 19 gauge low capacitance cable, either
paired or quadded and H-88 loading for its portion of the trunk
route. In order to maintain the same mutual capacitance between
loading points in the entire trunk, two approaches are technically
possible:

(a) For the REA borrower to also provide low capacitance
cable for his portion of the trumk so that the entire
trunk is H-88 loaded on a low capacitance cable basis.

(b) For the REA borrower to provide exchange type cable and
88 mbh loading coils for his portion of the trunk. Since
the desired objective is to maintain the same capacitance
between loading coils in the entire trunk, obviously the
spacing between loading coils for the borrowver's portion
has to be shortened. This spacing is 4500 feet. This
portion now becomes loaded every 4500 feet with 88 mh
loading coils (D-88). Thus, the H-88 IC portion of
trunk is matched to the D-88 HC portion for impedance
and repeaters can properly operate over it.

Of the approaches (a) and (b) above, approach (b) is usually pref-
erable for the REA borrower from the cost standpoint.

At the point of interconnection of H-88 IC and D-88 HC loading
systems, the end section of each system must be 0.5; that is, tne
H-88 IC must have a 3000' end section and the D-88 HC a 2250!
making the total full section at a junction 5250'. Where physical
or staking considerations result in a junction section which is
less than 5250', or greater than 6000', the building out pro-
cedures as outlined in Paragraph 6.0 must be used to maintain the
total capacitance required for that Jjunction section. Illustrative
Example 21 shows how such a special case is handled.

8.021 low capacitance 22 gauge cable is not manufactured as a

standard cable. Therefore, the aspect of interconnection
of the two loading systems applies only to 19 gauge cables.
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PROCEDURE FOR COMPUTING LOADED TRUNK ATTENUATION

9.01. For purposes of transmission computations the attenuation of a

9 002

loaded. trunk cable is normally calculated at 1000 cps and 680F.
Table I provides. attenuation information at 1000 cps and 68°F
for various types of loading systems and cable gauges for both
exchange and . low capacitance type of cables for carrying out.
the required computations. The attenuation of the loaded cable
must also include the transmission loss caused by reflections
at the junction of facilities having dissimilar 1000 cps im-
pedances and other incidental losses en route, such as the loss
of junction impedance compensators. Table II provides the re-
flection: loss information at 1000 cps; the loss of the junction
compensator should be computed as discussed in Paragreph 9.022.

9.011 In cases where 1t becomes necessary to know the at-
tenuation of a loaded trunk cable at frequencies other
than 1000 cps, the information in Figures 2 through 5
can be used.

In general,. the attenuation of a circuit consisting of various

. lengths of facility having conductors of the same or different

gauges, with the same or dissimilar capacitance between con-
ductors and. having the same type of loading throughout or con-
sisting of two dissimilar loading systems, 1s cbtained by
multiplying the applicable db loss per unit length for each
type of facility in Table I by the corresponding length (in
the same unit of length) of that facility and sumuing up all
individual attenuations and adding to this reflections, losses
of junction compensators or other incidental losses en route,
where applicable.

9.021 The attenuation information of Table I is based on the
mid-section impedance of the loading system for the
particular gauge and mutual capacitance shown. At-
tenuation computations, therefore, involving circuits
which consist of mixed gauges, dissimiler loading sys-
tems and dissimilar mutual caepacitance will be rigor-
ously correct only when computed on the. basis that a
change of gauge occurs at mid-section only. Due, how-
ever, mainly to the complexity in computation which the
above procedure would entail in actual loading layouts,
it will be sufficient to a first good approximation at
1000 cps to consider each gauge by simply multiplying
its applicable db loss per unit length by the actual
length, with no regard whether the change of gauge oc-
curs at mid-section.
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In computing the attenuation of a circuit consisting of
D-66 and B-88 loading the loss of the D-66/H-88 junction
compensator must be included in the computation. This
loss, at 1000 cps, should be taken as 0.3 db regardless of
the amount of CBO used in the compensator to build out the
D-66 and H-88 sides for either 19 or 22 gauge cables.

As discussed in Paragraphs 6.01 and 6.02 capacitance ouild-
ing-out will be required to build out loading sections
vhich are shorter than normal. The amount of building-out
capacitance required will of course vary with the length
of the section being built out. For purposes of trans-
mission computations at 1000 cps it will not be necessary
to consider the small dissipation loss caused by these
capacitors as part of the circuit attenuation but only the
amount of physical cable present as discussed in Paragraph
9.021 above. The above simplification in computation pro-
cedure is predicated on two conditions:

(a) That no resistance building-out (BOR) is used in the
building-out capacitors. ’

(b) The capacitors are specified in accordance with REA
Specification PE-30, which limits the amount of capac-
itor dissipation permissible.

All illustrative examples shown herein, using building-out
capacitors assume no corresponding BOR.

In cases where, for return loss reasons, it becomes neces~-
sary to use resistance in addition to the capacitance of

the building-out unit, for applications to cables consisting
primacily of 24 geuge or finer, the 1000 cps attenuation
should be computed to include the amount of capacitance
building-out by converting this capacitance to an equivalent
length of. a physical cable having the same gauge as the
section being built out and multiplying this equivalent
length by the corresponding db loss per unit length for thet
gauge in Table I.

Regarding incidental entrance cables which are loaded, when
the length of the loaded portion of the cable is such that
the end section exceeds & half section, the length of the
cable affected by the loading is multiplied by the appli-
cable db loss per unit length for the gauge and the loading
system used and the remainder of the cable is multiplied by
the corresponding db loss per unit length for the nonloaded
ceble. The total loss for this portion of the circuit is
obtained by adding together the loaded and nonloaded at-
tenuations.
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9.03 Examples T - 12 will be helpful in illustrating the computation

In connection with existing trunk plant, need will
arise for computing the expected attenuation of trunk
circuits consisting of combinations of loaded nonjack-
eted (older type) and nonloaded multipair shielded
cables, -loaded- former type rural distribution wire and
steel or copper-steel open wire conductors. The at-
tenuation of nonloaded cable pairs and open wire con-
ductors will be found in REA TE & CM-406, "Attenustion
Data." The attenuation of loaded rural distribution
types of cables, both for the former type and the
Figure 8 type, is included in Table I herein. The re-
flection loss information pertaining to all dissimilar
facilities, normally to be encountered, is given in
Table II herein.

procedures discussed in the above paragraphs.
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Illustrative Example 1 .

To show how to compute the RMS spacing deviation of a D-66»10acied
trunk c¢able, staked and constructed with the- spacing shown belowe:

Deviation of
Loading Section Average Loading Section Deviation
Length Spacing from Average Squared

L365 4365 0 0
L365 L365 0 0
4365 4365 0 0
4365 4365 0 0
4365 1365 0 0
4365 4365 0 0

Total 26,1590 0

Avg. 26,190/6 = L4365t
RS 1-:2- = zero feet

(a) Deviation of Average Spacing from Standard:s [365 - 4500 = =3%

(b) RMS Dev:l.a’hiﬁa fram Average Spacing s - 0 « 0%
L35

Conformance to Requirementss The deviation requirements of
paragraphs 3,041 and 3.042 are met
in (a) and (b) above.

Analysiss Since the deviations of the loading spacings from the
average spacing are zero (coluwmn 3), i.e., all the
1 gections are alike, this load spacing
reoﬁgin practically TofTnite structural return
loss (assuming the cable capacitance also to be
equally uniform).
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Illustrative Example 2

To show how to campute the RMS spacing deviation of a D=66 loaded
trunk cable, staked and constructed with the spacing shown belows

Deviation of
Loading Section Average Loading Section Deviation

Length Spacing from Average Squared
1635 L635 0 0
1639 4635 0 0
L635 4635 0 0
1635 L635 0 0
L635 L635 0 0
1635 1635 0 0
L635 L635 0 0
14635 1635 0 o
Total 37,080 . 0
Avg. 37,080/8 = L,635¢ RMS\j 0 = gero feet

(a) Deviation of Average Spacing from Standards L4635 - 4500 = +3%

(v) RMS Deviation from Average Spacing : 0 -

1635

Conformance to Requirements: The deviation requirements of
paragraphs 3,041 and 3.0L2 are met,

Analysis: (a) Since the deviations of the loading spacings from the
average spacing are zero (column 3), i.e., all the
loading sections are alike, this loading spac
will result in practically infinite structural return
loss (assuming the cable capacitance also to be
equally uniform).

(b) The spacings in this example and Example 1 will both
result in equally good structural return loss,
However, the spacing of Example 1 will result in
somewhat lower attemuation and higher impedance and
slightly higher cutoff frequency, since its average
spacing is less than the standards (L5007).
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Illustrative Example 3

To show how to campute the RMS spacing deviation of a D=66 loaded
trunk cable, staked and constructed with the spacing shown below:

Deviation of
Loading Section Average Loading Section Deviation
Length Spacing from Average Squared
L4590 14500 + 90 8100
LLél L500 - 36 1296
4680 L4500 +180 32,400
1,518 L5500 +18 324
Lo L4500 = 90 8100
LL,28 L500 - 72 5184
LL6L L4500 - 36 1296
L572 L4500 + 72 5184
4320 - L4500 <180 32,L00
L4536 , k500 + 36 1296
L2 L4500 - 18 32l
L4536 500 + 36 1296
Total 54,000 97,200

Avg. 54,000/12 = L500¢ MS = I 97,200 = 90 feet
12

(a) Deviation of Average Spacing from Standards LS00 = L500 = 0%
4500 ‘

(b) RIS Deviation from Average Spacing : 90 ® 2%
1,500

Conformance to Requirements: The devistion requirements of
paragraphs 3,041 and 3.042 are met
in (&) and (b) above,

Analysis: (a) The structural return loss in this example will not
be as good as that of either Examples 1 or 2,
because the individual loading sections are lz_n_gu_a_l,
i.e., larger or shorter than the average, despite

the perfect average spacing (L45001).

(b) If only two large deviations of 180' existed, the
RMS deviation would have been 73.5' as compared to
90f for all the deviations. The two deviations of
180! and the two deviations of 90! account for
82.,2% of the total RMS deviation of 90, In this
example it is, therefore, particularly desirable
to reduce the l'erge deviations.

(¢) 1If there were only two deviations of +110' and =110V,
the BMS deviation would be only about 1%.
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Illustrative Example L

To show how to compute the effect of one large deviation in loading spacing on the RS deviation. The
remaining deviations are assumed to be small in comparison with the one large deviationt

Solution: ' The one large spacing deviation which can be tolerated on an RMS basis is given by the
follB'Eng expression to a good approximations

D= RS-
Where "D" is the one large load spacing deviation in feet,

np! is the Tumber of loading sectiona, and
RS ias the 2% of 4500 allowable or 90!

As an axample, if a loaded trunk cable has 12 loading sections and is aimed at an average aspacing of
bL501, one large deviation, D, can be tolerated if necessary:
D=ms VT = 90V12 = 312!
Therafore, the loading section canm ber LLS0 + 312 e 762! long.

The following example illuatrates the computation method for justifying this L762'# loading sectiont

Deviation of
Loading Section Average Loading Section Deviation
Length Spacing from Average Squared

Lis1 Liy78 27 729
lksh 78 24 : 576
Lo Ly78 29 8l1
Lh61 Lu78 17 289
Lls2 Liy78 26 676
Lhso LL78 28 78l
L7620 Lly78 280+ 80,656
k53 LL78 25 625
LLs1 LLT78 27 129
hS3 LL78 25 625
Lk k78 1 961
Lsks53 Lh78 25 625

Total 53)736 88,116

Avg, 53,736/12 = L478 S = Iee,né = 85,7 fest

12
(a) Deviation of Average Spacing fram Standard: U478 - L4500 = -0,5%
500
(b) RS Deviation from Average Spacing : 85.7 = 1.9%
78

Conformance to Requirementss The deviation requirements of paragraphs 3.0kl and 3,0L2 are met in
(a) and (b) above.

Analysiss (s) If all the individual deviations but one are kept small, it is possible to meet the
MS deviation requirements,

(b) Had this layout been considered on the baasia of paragraph 3,05, the large 28!
deviation would not meet the requirements of paragraph 3.054 since this paragraph
permits a maximum deviation fram average spacing of 3% and 3% of Liy78¢ is 1.

NOTEt IF TWO LARGE BUT EQUAL DEVIATIONS ONLY ARE NECESSARY, THE FORMULA BECOMES:

D = RMS n

=z

FOR THREE EQUAL DEVIATIONSS
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Dlustrative Example 5 To show how to campute the spacing deviation
using the arithmetic method of a D=-66 loaded
trunk cable having the load spacing shown below.

Deviation of
Loading Section Average Loading Section
Length Spacing from Average
4635 4501 13k
4511 4501 10
43Tk 4501 127
4590 4501 89
4365 4501 136
W10 - kso1 91
4613 4501 12
4626 . 501 125
522 4501 21
4500 4501, 1
4387 4501 114
WhT8 4501 23
Total 54,011 . 983
Avg. Spacing: 54,011/12 = h501° Avg. Dev.: 983/12 = 82¢

(a) Deviation of Avg. Spacing from Standard: 4501 - &4 = 0.029%

(Paragraph 3.052) 500
(b) Deviation of Avg. of Differences from Avg. Spacing: 82: = 1.8%
(Paragraph 3.053) %501

(¢) Maximum Individual Spacing Dev. from Avg. Spacing: 14365 - 4501 = -3%
(Paragraph 3.054) ‘ '1%5731_2'

-133 -
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Tllustrative Example 6 To show how to campute the spacing deviation on
an existing H-88 loaded trunk cable using the
! arithmetic method.

(Note: In this particular layout, the length of loading sections Nos. 7

and 22 are 1305' and 4251!', respectively. Building-out cepacitors
of 0.073 and 0.025 microfarads have, however, been used at sections Nos. 7
and 22, respectively, to build out sections to normal. In the computations
below, the equivalent length of the CBO is included as part of the section
length as discussed in Paragraph 3.032.)

Devietion of
Loading Section Loading Section Average  Loading Section
Number , Length Spacing from Average

1 6012 6014 2

2 5904 " 110

3 5835 " 179

i 6236 " 222

5 5989 " 25

6 5991 " 23

7 1305 + .073 pf = 5949 " 65

8 5996 " 18

9 6033 " 19
10 5967 " L
11 6000 " 1k
12 : ' 6296 " 282
13 : 5996 " 18
14 6000 " 1k
15 6000 " 1k
16 6069 " 55
17 , 6018 " L
18 6033 " , 19
19 6105 " 91
20 6048 " 3k
21 5996 " 18
22 k251 + .025 pr = 5841 " 173
Total 132,314 1446

Avg. Spacing: 132,314/22 = 601k’ Avg. Dev.: 1446/22 = 22*

‘(a) Deviation of Avg. Spacing from Standard: 6014 - 6000 = 0.2%
(Paragraph 3.052) 6000

J(b) Deviation of Avg. of Differences from Avg. Spacing: 66 = 1.1%
(Paragraph 3.053) [

(c) Maximum Individual Spacing Dev. fgom Avg. Spacing: 62% - 601k = 4.7%
(Paragraph 3.054) 1

4
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DNlustrative Example 7 To show how to compute the attemuation of & loaded trunk catle '
similar to the ones shown below, at 1000 cps and 68°F, I

le Ta
21050 ., 4530% , L4BT' _ hs6e  L509*  Lh75t b o
A 5)F530X 7)(56)(509X75%<56°',‘(95')(213°' 5
- 35.75 KP 22-D-66 EC 3
Procedure Answver
35.75 KP x 0.15 db/KF 5.36 ab
Example Tb
2896* 6082 6039° 59%0° 6010°* ' '
¢ X Ve X % w22y 25 [
e 35.75 KP 22-H-88 HC >
35.75 KP x 0.15 db/KP 5.36 db
Example Tc
B 2250')#78")6&60-: Eusa'a Euu.s;:hhgs'x 151 45001 bsls'xhkzs-xus'r'xaad ¥y
e 49.08 KP 19-D-66 BC >
59.@ Fx O.wl “m 30% ab
Bxample T4
G 3000'* 6135')Q 6159'%613;' % 6028¢ x6190' )(_6110'x 6155° % ms® g
* n A |
" +9.08 KP 19-H-88 BC >
49.08 XF x 0.081 ab/KP 3.98 av
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Nlustrative le ‘8 To show how to compute the attemation o lceded trunk cable
, smmtotheomaenombalw.tmoo and 68°P.
Example 8a
| 35, 747" D-66 HC -
|25, (45300, WMBT! hu56' !c-509' M50 us60® | uhgst 2130 [
A x ) Yal [a) Al Xl
, 0 ]
\ b 30.7510'22-1)-66 HC |
\—-3.2 KP 24-D-66 HC 1.8 KF 24-D-66 nc—--—/
Procedure Answer
(3.2 +1.8) x 0.23 + 30,75 x 0.15 5.76 db
le 8b
o 62,520" . D-66 HC -3
- §.’ 3 §l§u§u§nsv§uiviuﬁvgv§¢ 8§
A [A) N A ) N fa) N n [4Y A VA

' |
k—e&.ﬁz KF &-&6630'-*‘4-——316 70 KF 19-D-66 BC—-—-%

(24h.62 + 3.2) x 0.15 + 34,70 x 0,08, 6.98 &
Bcmple 8c
e 8h,446* H-88 HC

\1

X
A

<
<

x>’
>
<

& 3 v
y S w—
68.16 KF

i - ; %
\ 1 It 16 19~n-88 HC f
5.3 KF 22-H-88 HC 9.49 KP 22.H-868 KC

1.5 K¢ 2k-H-88 BC

6128'
61111
59831
-1?5%'
60021

3= 287 |

1.5 x 0.23 + (9.49 + 5.3) x 0.15 + 68.16 x 0,081 -8.09 b
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Dlustrative Exsmple 9 To show how to compute the attemuation of a loaded trunk cable
similar to the ones shown below, at 1000 cps and

1le
Mrr_:ze 34,307 (Actual Cable Punt Length) 22-D-66 nc—————i
' n
A 2230'x151&80'X khs2r X% h515'#2155' 95i' Ll ‘&1&20'\,(14550'9( 2110'f ¢
| BOC
' T 0.022 pf = 1400!
J
Procedure Answver
34.31 KF x 0.15 db/KP 5.15 db
Example 9b
———————66,139' (Actual Cable Plant Length) 19-B-88 HC ,»1'

BOC = 0,078 pf = k990"

29301 9%: 6 ] .
¢ |l g':(sﬂs',gs%l'“ 59334, 5905')6_‘__3;&_‘_3(59&7 \( 3916 5981'v5927-vzaodr_
59&5'_5«_1‘- L.__l

955°
Added 88 mh Coil
66.1% KP x 0.081 db/XF 5.36 a
Bxople e |
< k9,102¢ H-88 HC
"l
3130° 052" lvs9o' oo, 5986 3925' jSo3Ly 6063 6018'\ F
E ) T A Lo0.027ne
I o oe3 0.033 »r 1700°¢)
10.68 kP | T(luas' T (2101°) I \ T Groor)
ft—220B88 BC—3~ | 2.3 kP
(Actual Cable Plant Length)
(10.68 + 2.3) x 0.15 + 36.12 x 0,081 4.88 ab
- 37 -
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Dustrative le 10 To show how to compute the attemation of e loeded trunk cable
. similer to the one shown below at 1000 cps and 68°F,

Bxuple 108
,‘4‘% ‘é\ %6650‘ - - ?J:‘< B-ss!ng‘ S ;\
~ K ~

A 7 ZAY 7S ¥ % ,
66 KP 19=B-88 BC——3=y f
2.1 KP 22-8-88 HC ——

7\§i
723.75 KP 19-D=66 HC
~—JURGTION CGPERATOR (JC)

4,23 KP c2=D=66 BC

J
Procedure Ansver

Cable Attenuvation + JC Loss
(4.23 + 2.1) x 0.15 + (23.75 + 29.66) x 0.081 + 0.3 5.58 ab

Example 10b

c awvxmo;\hhao;l"hhss)'(l | p

26 D-66 BC— . B-88 O -————
¢17.26 KF 22- BC S .83 KP 19- : (8
J

(17.26 x 0.15) + (34.83 x 0,081) + 0.3 5.71 db
Mle 10¢
T [T et et M Ji g MhGes SA0Rg 00", 5973, blwa A

JC

. 0.017T pf
e 32, 36 KPP 22-D-66 HC T (r0757)
1k.75 KP B-88 m-aJ

47.11 XKP x 0.15 db/KF + 0.3 T-3T db




SN
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Dlustrative Example 11 To show how to compute the attemation of a loaded trunk cable
similar to the one shown below at 1000 cps and 68°F.

] 22351 61! M50+ W32t 0L W:s—\ /_5982- 6116 6003} 59871, 2978
LAY n

I\ Py I\ | B

| T 0027 p£
e 25,823 19.D=88 EC——————>‘<———29,006' 19-H-88 LC——J

J
Computation Answer
54.83 KP x 0.0T1 db/KF 3.89 &
Dllustrative Example 12 To show how to compute the attemation of a loaded trunk cable

similar to the one showvn below at 1000 cps and 68°F. I

le 128
t 2950'
. A 2930 x* ;; % $ B

i
32,5 M1, 108" U]

Procedure Answver
Attemation + Reflection
(1.4 x 0.792) + (32.5 x 0.078) + (0.2) 14.13 db
[ ¢ |6.TMi. 22-B-88 HC | 8.2 M1..109" Steel | 5.3 M. 19-E-88 KW [,
L | | (o1d type)

(6.7 x 0.792) + (8.2 x 0,31) + (5.3 x 0.514)
+ (0) + (0) Reflections 10.57 db
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OFFICE A

2230'  LhBor  Lus2t . L5S1St | 2155

D-66 Loading=-~New Construction

€

OFFICE B

950t _ LLLS'  LL20or  L4550¢  2305!

STAKING AND CONSTR, ——————>»-

(1)

(2)

Average full load spacing iss

LLBO® + LLS2t + L5151 + LLLSt + LL2Ot + 4550t = LL77

LY &
EA

\JUNC TION OF
STAKING

i BOC _l_cl
T

~¢——————— STAKING AND CONSTR.

S

6

Amount of building-out capacitance required at Junction is:
(Lu77t - (2155' + 950)] x 0.083 = 1372 x 0,083 = ,022 pf = Cy

5280

5280

Therefore, the value of capacitor Cy is .022 pf and should be ordered in accordance with PE-30.

Notess 1. All cable PE=-22 or PE-23,
2, Both offices in REA borrowers! system.

CHO COMPUTATION FOR

ILLUSTRATIVE EXAMPLE 13
NEW CONSTRUCTION AT JUNCTION FOINT OF STAKING

TEH-WD % &L VE
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N
o
)
R 83 §§5 &8¢ e 5 & & & 2 8
18 3 3 3 3 F & & 3 A 3 d
A——N—K ."(J: KK B X X —i'—L X X ¢
STAKING & CONSTR. T STAKING STAKING T STAKING AND CONSTR.
& : &
CONSTR. CONSTR.

OFFICEA - B

Avg. Spacing = (44807 + LLB2?Y + LLET' + ULTO' + hh55% + kUGS + b470)/T = LhTO*
Cy = 470" - 3:20! x 0.083 = 0.017 pt (ORDER PER PE-30)
5280°

OFFICE B - C

Avg. Spacing = (Lh65° + LUBT' + ML3B')/3 = LLE3? ;
Cp = 4B63' - 1252' x 0.083 = 0,051 pr (ORDER PER PE-30)

52801

TLLUSTRATIVE EXAMPLE 1k
CBO COMPUTATION FOR NEU CONSTRUCTION AT THE JUNCTION POINT

U

TEH-KO % &1 vy

TN
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OFFICE A-B

”mnaCO“s'mk
~— s & F
3 8 ‘é?’ gf*/\\)’
. 8 3 262t
R T2 E
ar E
A - “&52'
] 2180¢ X v &8
452 L[] 39 g
0%\0« g 2T X g
¢ L4550 B R e
q’@% 1672" X
: 1 Lu35
°3T Lk 39*
. vy g
Lo ]( E
paor |45 48
. 1{ , <
S | 22001 §
a‘%‘, 2185* &
‘ i
K

Avg. Spac. = (4435 + U450 + L4622
+ bh3kr + W4T8* + 4T3
+ B455%) /T = Bh5S5?

c - M ! - ’ 0.08 = 0002
1 225280%23g x 3 linsg

OFFICE B - C

Avg. Spac. = (U455 + Lh61 + Lhs2?
+ W71 + Mh35t + LLE9Y
+ bh551) /7 = bhsST?
c2 - m&z[' - 1221' x 0.083 = 0.01'!}1!‘
52801 .

OFFICE A - C
Avg. Spac. = (bh52' + LhS5' + Lh39® |

+ 4h62r + 4439')/5 -
hilige

Cy = klg® - 1672 x 0.083 = 0.0kkpf| .

5280°

TLLIUSTRATIVE EXAMPLE 15
CBO COMPUTATION FOR NEW CONSTRUCTION AT THE JUNCTION PCINT

TEH-HO % EI vaM
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Example 16a ‘ i
,-¢ 19-H-88 HC — 2
. ] . i
IA 850',6150,6030° 4230 5980 6020' 6180" ¢ v 6140t , 6070' , 6090' , 6110%, 3200°! B
s A L) L) 3 R L) w L) L, L)

||
T

C = mabgﬂxoo&.ooyopr

A N In r
T 3
\——place additional 88 mh coil here

make this spacing as close to 6086! as
p}wnicalhr possible with type of plant
in use. .

Avg. Spac. = (6150° + 6030 + 5980' + 6020' + 6180 + 61%0' + 6070 + 6090' + 6110°)/9 = 6086!

o = G086 - 20 x 0.083 - 0.029 pt

Cy = (saé 6900 x 0,083 = 0,083 pr

Loading Section No. T (Office A) = 6086°

ORDER ALL BUILDING-OUT CAPACITORS PER REA SPECIFICATION PE-30

6030° 6170' 6210' 6150° 5300° 88 mh

X
>
>
X,
o+
g

Avg. Spac. = (6050 + 6030 + 6170 + 6210 + 6150)/5 = 6122°!

C, = 6122 - x 0.083 = 0.015

3 —---85-@52 ) ol

C, = 6122 - 5300 x 0.083 = 0.013 pf
Coil —CEO Unit { 1 5 ¥

Co =

- 0 x 0,083 = 0.047 pt

e. ORDER C3 CBO AS PER REA SPECIFICATION PE-30.
b. ORDER COIL-CBO UNIT AS ONE ASSEMBLY UNIT FOR EASE OF MOUNTING.

ILIUSTRATIVE EXAMPLE 16

CBO AND COIL COMPUTATIONS FOR EXISTING FLANT

TE4=HD % &1 v



~ _FOINT OF
INTERCONNECTION

g D-66 HC : < H-88 HC
I

22300  Lh2gt _L,37t \ Lhsot  Lha3t. Lhh3 ,,‘35530':1;83[0' 2298t 59951 59791 5980t 2995

OFFICE o  STAKING AND CONSTR.

i I
OFFICE B
¢, L DL c,
Since the natursl D-66 end section is nearly T ' T Since the natural H-88 end section is nearly
0.8 (3600'] no CBO is required in the junction | 0.8 (LB00') no CBO is required in the junction
campensator. Therefore; capacitor Cl = 0, J compensator. Therefore, capacitor 02 = 0,
A. CABLE LAYOUT UNDER CONSIDERATION
Jd— — — — = = —J
[_ CB or Ch |
I ¢ l—‘ 7l
2230t LL29t LL37' LLSO! LL13% LLL3' 3580v]! L‘Ulil or L, ! as0r ! 1 1 2980! ! ]
X .3 Al Eal Eal X ———
OFFICE B STAKING AND CONSTR. I R’_‘E}_‘RI . OFFICE B
P ———— l
Lo Ty

B. RESULTING APPLICATION OF JUNCTION CQMPENSATOR

Notes: 1. In Examples 17 to 20, refer to Figure 1 for values of L% or L2 of loeding coil inductance and values

of capacitance for C., or C, "series" capacitors in the Tampensator.
2., " agnd "R dasignatgons irl compensator refer to tip end ring conductor identification.
3. Office B is office of the connecting company.

Te~HO % &L VA

ILLUSTRATIVE EXAMPLE 17
APPLICATION OF THE JUNCTION CGMPENSATOR
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L8 )

D-66Hc-4—+——”

REA TE & Gi-b31
POINT OF
INTERCONNECTION
J
_ 700t 5100 .
% i % ﬁ-——*—*ﬂ-&& HC
J

A. CABLE LAYOUT UNDER CONSIDERATION

b 3

700¢

D66 B0 ¢ (—

B.

X

4800t ) }}——«—»H—BBHJ

\— FLACE JUNCTION COMPENSATOR HERE
A

[ S I
B
x

Mm«—n—{f-———&'-o: °1+ Lr% :@H{_M-aaﬂc

A - A
Cy = (3600 - 1000!') x 0.083 = 0,041 pf
5280
Cy =0

RESULTING APPLICATION OF JUNCTIOM CCGMPENSATOR

ILLUSTRATIVE EXAMPLE 18
APFLICATION OF THE JUNCTION COMPENSATOR

P 11




2270t

POINT OF
INTERCONNECTION

J
pe—————D-66 HC . Lo -— H«88 HE - - ~——-_-—+-|

OFFICE A

L(Lh30r 52 | blot 1810t 33001 , 5972¢ . 5980 £ 5995" ,, 5985, 3050t

STAKING AND CONSTR. : I | _[cz *M'

T | T OFFICE B

|
J

@ (3600' - 1810') x 0.083 = 0.028 nf Co = (LBOO! - 3300%) x 0,083 = 0,02k pf
2 5280 5280

E '

OFFICE A STAKING AMD CONSTR,

A. CAHLE LAYOUT UNDER CONSIDERATION

Jr‘ ~~~~~~ ] J

1810 | GD I 3300t
Lot A"'E c 5972! , 5980', 59951 59851 3osor ¢ |

A
OFFICE B
—_——

| .028 pr .02k pf,
_ J

JL._...._._

B. RESULTING APPLICATION OF JUNCTION COMPENSATOR

TEH-WO W 3L VAN

JLLUSTRATIVE EXAMFLE 19
APPLICATION OF THE JUNCTION COMPENSATOR
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~ ILLUSTRATIVE EXAMPLE 20
APPLICATIOR OF THE JUNCTION COMPENSATOR

—y 5&»'

X

§§—. H-88 I

3

Cp = (4800' - 2000') x 0.083 = 0.0k uf
52
B. ONE POSSIBLE SOLUTION AND RESULTING JUNCTION COMP, COMFIGURATION

B J
1760" ! v MOO'I 5600' N ‘§;§ - H-88 HC

. 33 . | 230
' B XS PLACE JUNCTION COMP, HERE
PLACE ADDITIONAL 88 uh LP HERE
| J
o gy b jaguoF koot 5600°
~ §$ UL c WL T \LJJJ'_—§§
- .
JUSCTION COMP. B
s (3600 - 1760' 0,083 = 0,029 uf
C1 13.__5556_1._).3

Cp = (4800’ - 2340') x 0,083 = 0.039 uf
5280

H-88 ®C

C. ANOTHER FOSSIBLE SOLUTION AND RESULFING JURCEION COMP. CONFIGURATUON
4T

v/
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CONNECTING COMPANY

22350 LLL' LhsO' Wh3e' WWhOU bu2st 1380t

OFFICE A  STAKING AND CONSTR. T

t
[
t
|

' 5
p€——————— 19.D-88 HC SR S : 19-H-88 LC
(1.e., exchange type) (1.e., low cepecitance)

S

T Total CBO required = 0.027 uf

OFFICE A STAKING AND CONSTR.
; ,

1940 5982¢ 6116' 6003' 598T* 2978 ’]

— , \‘\ : 53000-129};(0.046
52

I
CBO REQ'D: (2250 - 1380) x 0.083 « 0.013Tnf

o35t war wisor Wzt kot Mest 3ot sofet 61161 6003' 596t 2978':]

OFFICE B

OFFICE B

= 0.0132:f

O OTENHO % ST VRN

IILUSTRATIVE EXAMPLE 21
CBO COMPUTATION AT JUNCTION OF 19D<8BHC AND 19K-88 LC
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B FIGURE 2 S : e
FREQUENCY--ATTENUATION CHARACTERISTICS @ 68°F ! ! AT
19-, 22-, AND 2L~GAUGE ,083 uf/MI, NOMINAL 7 HHEE
PLASTIC-INSULATED CABLES FOR VARIOUS e, T
TYPES OF LOADING SYSTIMS : _H 7
; TR T st
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ATTENUATION - DB/MI. (22 GAUGE)
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REA TE & CM-U431
TABLE I
ATTENUATION AT 1000 CPS AND 68°Ft
LOADED, POLYETHYLENE AND PAPERZ INSULATED TRUNK CABLES
PAIRED OR QUADDED
PAIRED, MULTIPAIR SHEIELDED CABLES
Attenuation

Type of Facility DB/Mi. DB/KF
24-D-66 HC 1.21 0.23
22-D-66 HC 0.792 0.15
19-D-66 HC 0.k28 0.081
26-H-88 HC 1.79 0.34
24.H.88 HC 1.21 0.23
22-H-88 HC 0.798 0.15
19-H-88 HC 0.k28 0.081
24-B-88 0.921 0.17hk
22.B-88 0.601 0.114
19-B-88 . 0.320 0.606
19-D-88 HC 0.375 0.0T1L
19-H-88 IC (Paired or Quadded) 0.375 0.0T1L
PAIRED, MULTIPAIR NON-SEIELDED CABLES (RDW TYPE)
19-D-66 (Figure 8) 0.9  0.093
19-H-88 " 0.49 0.093
22-D=66 (Former Type) 1.0 0.181
22.H-88 " 1.0 0.181
19-D=66 " 0.6 0.11k
19-H-66 " 0.6 0.114

TOLL QUADDED CABLE—19 GAUGE

Side Circuit Phantom Circuit
DB/Mi. DB/XF DB/Mi. DB/KF

H-31-18 0.549 0.104 0.459 0.087
H-bl-25 0.470 0.089 0.391 0.07h4
H-88-50 0.349 0.066 0.301 0.057
B-88-50 ‘ 0.259 0.049 0.232 0.04k

NOTES:

1. For temperatures other than those shown above, change
attemation shown by + 1 percent for each change in
temperature of + 5°F.

2. Western Electric Company types DNB, BSA, and DSM for
19-, 22-, and 2h-gauge, respectively.
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] TABLE I1 E
. REFLECTION LOSSES IN DB AT 1000 CPS FOR DISSIMILAR FACILITIES d
- - - - "
CABLE AND FIGURE "8" ROM OPEN WIRE RIDW (FORMER TYPE) %
1
26 QAIGE 2k GAUGE 22 GAUGE 19 GAUGE 109 STEEL COPPER-STEEL 22 GAUGE 19 GAUGE
FACILITY 10k 600
D66 D66 D66 85- 30% L40% 304 4o% | COPPER D65 D66 QIS
H88 P88 HLM | N.L. HB8 BS8 HML | N.L, HE8S8 BSS HALL |N.L. H88 BB8 HuM| 135 190 | 1ok 1ok 08B0 080 N.L. HB88 HLL| K.L. HO8 Hubk
26 N.L. -0.2 -0.1 -0.1}{ 0.1 -0.3 -0.2 -0.1} 0.3 -0.4 -0.k -0.2} 0.9 -0.5 -0.5 -0.3 0 0.11-0.1 -0.1 0 -0.1} -0.2 0.k -0.4 -0.1] 1.0 -0.6 ~0.3} -0.L
26 D86 or HBB X 4] 0f 0.1 0 0 0.1} 0.5 0 ~0.1 0.2} 1.2 0 -0.1 0.3 0 0} 0.2 0.2 0 0.1 0.h 0.7 0.1 0.2} 1.5 0 0.3] 0.&
26 B88 X cf{ 0.2 0.1 o 0.3} 0.8 o.2 o o5} 1.8 o0.2 0 0.6 0 -0.1] 0.3 0.5 0 0.2 0.7 1.0 0.3 0.6} 2.0 0.2 0.7] 0.9
26 HLL X 0 -0.1 o o o.b -0.2 0.2 0.1{ 1.0 0.2 -0.2 0] 0.1 0.1 0 0.1 o o} o.1 0.5 0.1 0.1} 1.2 -0.2 0.1} 0.
_é 24 K.L. X -0.1 0.1 -0.1] 0.1 -0.3 -0.1 -0.2} 0.5 -0.5 -0.2 -0.k} 0.2 0.4}-0.2 ~0.2 0.2 -0.1] -0.3 0.2 -0.3 -0.2} 0.6 -0.5 .o.bk -0.6
© | 2k D66 or KBS X 0.1 o} 0.2 © 0 0.2} 1.0 [+] 0 0.2 0o o} 0.1 0.1 [«] o] 0.3 0.6 0.1 0.3] 1.2 0 0.3{ 0.k
2k BSS x 0.2} 0.6 0.2 o0 0.k} 0.6 0.2 o0 0.6f{-0.1 -0.1} 0.2 0.4 0O 0.1 0.6 { 1.1 0.3 o.71f 1.8 0.2 0.7| 0.9
E 2k Hiis x| 0.1 -0.1 0.1 o} 0.6 -0.1 0 oj 0.2 0.3 0 0 (o] 0 0 0.3 -0.1 0.1} 0.8 -0.1 © 0
g 22 H.L. X o o.b-0.1] 0.1 -0.2 0.% -0.31 0.8 0.9 0 0 0.5 0.2| -0.3 0 -0.2 -0.2| 0.3 -0.2 -0.k} -0.6
22 D66 or EBB X 0.1 0.1} 0.7 0 0.1 02 [+ 0 o] 0 -0.2 0.1 0.2 0.3 0.1 0.2} o.9 0 o0.2] 0.3
22 B88 X 0.3] 1.3 0.1 O 0.5{-0.2-0.2] 0.1 0.3-0.2 O 0.5 | 0.8 0.2 0.5 1.6 0.2 0.6} 0.7
22 Hkh x| 0.3 o 0.3 o0} 0.3 0.b 0 0 0.1 0 5} 0 s} ol o4 o0 0O o}
19 B.L. X 0.5 1.2 0o} 1.5 1.8] 0.5 0.5 1.1 O.T [¢] 6 0.3 0.1 o 0.h -0.1} -0.4
19 D66 or HBS X 0.1 0.1 [ 0}~0.1 0 -0.3 -0.1 0.1 0.2 o 0.1 o0.8 0 0.2} 0.3
19 288 X 0.k} -0.2 -0.2§ 0.1 0.2 -0.3 0 0.5 0.7 0.2 ©.5! 1.5 0.2 0.5} 0.7
19 Blk xf o.% 0.5 0 -0.1 0 ¢} o {-0.1 o} o] 0.2 0.1 0.1 [}
109 Stael X 0} 0.2 0.3 0.1 0.2 o.b 1.1 0.1 0.6 1.8 0 0.5} 0.6
(85 or 135)
109 Steel X| 0.3 o.k 0.2 0.2 0.6 1.3 0.2 ©.71] 2.0 o 0.6} 0.7
g (190}
={ 104 C.8. 30% X ¢ 0.2 [ o] 0.3 -0.1 0.1} 0.7 -0.2 o] o]
g 10k C.S. ko% X 0.2 0.1 o] 0.1 0 0.1 0.6 -0.1 o} 0.1
o8o ¢.s. 308 X o] o0.2] 0.7-0.1 0.2 1.3 -0.2 0.1; 0.1
08 C.S. Log X 0.1 0.k -0.1 0.1} 1.0 -0.2 o 4]
10bL CU X §-0.2 0.1 of 0.2 0.2 0 o
@l 22 K.L. X 0-0.1 0.1 0 0.3} -0.6
;E, 22 D66 or HES: X 0. 0.6 o oa} o.2 ’
22 Hub X 0.2 0.1 o} -0.1
g 19 H.L. X 0.6 o} -0.3
~1 19 D66 or HES X 0.1} 0.2
é 19 Ebk X °




