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).. GENERAL

1.1 This section is intended to provide Rural Electrification Adminis-

l.2

tration borrowers, consulting engineers, contractors and other
interested parties with technical information for use in the
design and construction of REA-financed telephone systems. It
discusses in particular the application of loading to trunk cable
plant carrying voice-frequency circuits. The trunks referred to
are those defined in Section 4Ol of this manual.

Loading 1s the insertion of inductance coils or inductors in
series with the line at approximately equal intervals along the
line usually used for the purpose of reducing attenuation through
a given frequency range. Loading & line always increases its
characteristic impedance over the voice frequencies of interest.
This may be desirable as nonloaded ceble generally has a smaller
characteristic impedance than open wire. In such cases, loading
helps to reduce reflection losses at junctions by reducing this
difference in impedance where a circuit consists of both facili-
ties. Repeatered circuits particularly benefit from such an
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arrangement, since the return losal is Improved and a higher repeater
gain can be realized.

Since the primary purpose of loading 1s to reduce cable attenuation,
loading should be considered where a nonloaded trunk cable does not
meet the criteria specified in Section 415 of this manual. It should
be btorne in mind that this i1s not the only method of reducing attenua-
tion, or that, in itself, loading may be inadequate; 1t may be
necessary to both load a cable and apply one or more volce frequency
repeaters to obtain satisfactory transmission. Situations are
possible where the over-all cost of trunks in cable does not compare
favorably with that of other facllitles, such as carrler on cable
peirs, open wire pairs (volce frequency or carrier) or radlo, because
of the cost of coarse gauge cable, loading sysctems and repeatering
necessary to obtain satisfactory transmission in loaded trunk cables.
Comparative annual charge studies“ may therefore be necessary in order
to determine whether interoffice trunking should be obtained by means
of loaded cable in the first place.

The loading dlscussed in this section 15 confined to loading on cable
pairs for use at voice frequencies. It is theoretically possible to
effect some decrease in attenuation on open wire lines through loading,
and, in fact, this was practiced for a few years but was discontinued
ebout 30 years ago. Today where necessary, far more satisfactory
methods of decreasing open wire trunk voice-frequency attenuation

are available through the use of voice frequency repeaters.

It is possible to use "light" loading on cable pairs (coils of low
inductance at short intervals) to reduce attenuation and to increase
the line characteristic impedance in order to avold reflection at an
open wire junction for carrier applications, but such applications
are beyond the scope of this section.

Loading coils are designated by a letter signifying the section length
and with the inductance of the coil in millihenrys. In voice-frequency
loading systems the sectlon lengths generally used are the 6,000-ft.

(H system) and the 3,000-ft. (B system). When "standard spacing” 1is used

“Return loss is a measure of the impedance match between any two impedances.
Realizable repeater gains are a function of return loss between the balancing
negworks and corresponding line impedance.

. See Section 218 REA Telephone Engineering and Construction Manual entitled
Plant Annual Cost Data for System Design Purposes."
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hereinafter it will refer to these lengths. The "series-ailding" induc-
tances of the coils generally used are L& millihenry and 88 milli-
henry. Thus a loading coil having a b millihenry Inductance and uced
In a 6000-ft. section is coded es H-L4. Phantom proup loading, for
example H-88-50, with a 6000-ft. section introduces £8 millihenrys
inductance in the side circuits and 50 millikenrys inductance in the
phantom circult.

1.7 Loading systems_and methods of epplication discuscsed are for use in
entrance cables™, intermediate cables® in open wire lines, "short haul®
and medium length trunks, and repeatered and nonrepeatered trunks using
elther quadded or nonguadded cabhles,

1.8 On the average, the use of loading will reduce the attenuation of a
nonloaded trunk circult by about one-third to two-thirds depending on
the type of conductor and the loading system employed. This i true
in the volce ranges up to freauencies of about 3 kc. At higher
frequencies there is a sharp increase in attenuatlon and the attenua-
tion of a losded cable above voice frequenciles becomes greater than
that of a nonloaded cable. Therefore no carrier can be used on volce-
frequency loaded cables. The frequency where this sharp increase in
attenuation begins 1s called the cutofl frequency. Cutoff frequencies
for the loading systems discussed herein (Paragraph 2) are included
in Table I.

1.9 Reference to Figure 1 shows that a loading "coil" for a nonphantomed
circuit actually consists of two equal separate windings wound on a
toroldal core. The coil offers equal (serles) impedance to each line
wire. ©8i1de circuit coils (Figure 2) also have two distinct windings,
but are manufactured with the added precaution of having each winding
equally dilvided between inside and outside layers on the core tc hold
the impedance of each coil to a close tolerance. A phantom circuit
coil consists of four windings (Figure 2) balanced in accordance with
the above principles to maintain balence and minimize phantom-to-gide
end side-to-side crosstalk.

Ian entrance cable 1s a cable or several lengths of cable in tandem which
connects to the main distributing frame of a central office at one end and
to open wire at the other.

2An intermediate cable 1s a cable or several lengths of cable in tandem
whlch connect to open wire at either end.



TABLE I

Cable Cutoff freqguency
Cable System Circuit capacltance per in cycles/sec.
mile in mfd -+ (21l gauges)
-4 - .082 5000
Nonquadded H-88 - 082 3500
B-88 - 082 5000
Side L062 5600
H-hk4-25
Phantom .100 6000
| Side 062 k200
Quadded H-88-50
Phantonm »1.00 5700
Side .062 5700
B-88-50 .
Phanton .100 £000

lCapacitances shown are typical. The cuteff frequency varies inversely
8s the square root of the capacitance.

LOADING SYSTEMS

2.1 The loading systems which are generally used for voice-~frequency trunks
and which are recommended in this section are H-88 and B-88 for trunks
contalned in nonquadded cable, and A-88-50 and B-88-50 for trunks in
quadded cable. The H-hl system may be employed for nonguadded trunks
vhere an individual situation indicates that over-all service and
economy requirements favor 1ts use over I-88. Similar principles apply
to the use of H-44-25 with relation to H-88-50 where quadded pairs are
involved.

s}
Y]

There are other types of loadling systems that are used at volce frequen-
cles bhut most of them are designed for special purposes which do not
apply to problems discussed in this sectlion. Some of the more important
of these special applications which should receive special study are:

2.21 Impedance-matching loading for use on incidentael cables with
cpen wire lines.

2.22 Terminal or intermediate cables occuring in open wire lines that
have carrier systems working at frequencies above the voice range.

2.23 Loading systems for cable circults which trunemit radlo
broadeasting.
2,24 Four-wire telephone cnble clrcults operated In conjunction with

telephone repenters.

I



REA TE & CM-L31

3. APPLICATION QF LOADING SYSTEMD

2.1 Nonquadded cable

5

3.11 The H-U5 Lloading system in the type

recomnended for use with Lrunks over 1 ,

This recommendation appl to repeastered and nonrepeatered
4 5 .

clrouits,

3.12 The H-83 loading system chould be resorted to only when the
length of cable 1s such that:
3.121L The trunk attenuation would be excesst if the
H-88 system were appl

3.122 There is a naed for loading addlitional palrs in a
cable where the B-£3 gystem 18 already employed.

3.2 Quadded cable

3.21 The H-83.50 loading system chould be used for lcading quadded
cable. Cable with the H-88.50 loading glves a more sntipfactory
impedance match than any cther system specifie n this section
when tﬁrm*n&*ing in 09 ngén 35 or grade L eel open wire
and 204 or 080 copperweld 30 or 40 percent cor éuvt vity open
wire using 12-inch pin sp 1cﬁnb This type of loading is
recommendaed for gﬂnsrq1 use and phouvld be apsg in all cases
except those of speclf{ic requirement where + 3-50 pystem
1s especially sultable.

»"’r"\

3.22 The B-38-50 loading system should be used for trunk quadded
cable wheres condltions similar to those in Paragy 3.1
apply. This system may be used on nonrepeatersd or repeatered
clreuits,

3.23 The B-88-50 loading system should be used for loading trunk
quadded cable vhere:

3.231 Trunk attenuation would be excessive applying the
LIuni PRLYing
E-88-50 system, or

may he used for nonren

()
.
[EF

d practical to load for the




Lo IOBDING SECTION LENGTH (Spacing)

4.1 The standard cecticn lengths controlling loading point location for
thne loading systems listed in Yaragraph 2.1 are an fcllows:

Loading systems  Section length th

(feetr)

L.2 The layout of trunk plant should be arranged in such a manner
as Lo leocate loadinp colls as near Lo the ppeclfied cpacing

5] L
as ip cconomically and physlecally possible.

.3 MNonrepeatered trunks. For nonrepeatered trunks, deviatlions may
be made from the regular loading coll sy wlthout causling
an appreciable reduction 1n the optimum tra ssion improvement
cbtained by loading., The deviations from ¢ regular spacing

should meet the criteria given In Parngraphe 21 and L.30.

;acz;,;

h.31L The deviatlon of average spacing from standard spacing
d 4 feet Tor the I Systen

kbi) shonld not excesc
and +30 feet Tor the B System.

1 ) -
4,32  The deviation of any individual section from the average
spacing (D, ) should not exceed 0 feet for the H System

and ”enL for the B systern

vy
L\,{i L XaT

2’3.

runks, tolerances on individual
: er than those permitted on non-

repeat e““i ci*cuits. The criteria for devia**onﬁ for repeatered

cable circults are given in Paragraphs L. W1, 43

.

For repeatered

Lo The %evi%*iow of

v 4T

7 Trom r*a”ﬂﬁ”i cyaciﬂ@

p)
jQQ fha? for #he G <Jltam.

L.h2 The deviation of any individual lo
average spacing in the lend L
for the H Dystem or +‘O feet, for the B System.

za signs of the dlfferences between all loading
4 sry e f 43 74en vy ——_ . - Y -

tong and Jne average spacing {Qaa;, the overarse d@v*a;ian

ad

t

»
o
et
9
3
d

¥

1 +30 feet for the H System or for the

jwe)
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L.5 End Sections
L4L.51 The cable in the central office leading to the main distrib-
uting frame or intermedlate distributing frame is consldered
as part of an end section.

L.52 $he central office end section should lie between 1,80C and
6,000 feet for H systems and between 900 and 3,000 feet for
B systems.

4,53 It ic desirable to have the central office end section and
the outer end section of the same length. Any alternative
decision as to long~ or short-end sections should generally
be in favor of whort sections since this will provide
maximum loadling.

k.6 The above guide may be formulated as follows. Let:

Lg =~ Average Loading spacing in feet (excluding end sections)

In - Length of nth loading section in feet (excluding end sections)

N - Total number of loading sections (excluding end sections)

n - Number of loading section (excluding end sections)

Dg - Deviation of average spacing from standard spacing, in feet
(sign taken as positive) (Paragraph L.31 and 4.h1)

La - Standard section length (Paragraph 4.1)
Dp - Deviation of nth loading section in feet from average

spacing (sign taken as positive) (Paragraphs L.32 and L.42)
Dyq - Average deviation from the average spacing in feet (sign

taken as positive) (Paragreph L.h3)
Then,
g = In +Lo+L3+ ...+ 1y
N

(Lg - Ly) or (Lg - Lg)

Dy, = (Lg -~ Lp) or (L, = La)

(o)
&
]

=
e
8

Dl"D;‘)"f‘DS‘?--Q*DN




4.7 Example 1. The following 1s a proposed H-88 loading coil layout for
nonrepeatered trunks.

6,060'  5,930' 3,060

3,300 5,920" 6,150"
F % - v % % L
Office A Office B

Is spacing within desirable limits?

L.71 Solution

Dy

Ly + Lp 4 L3 4 Ly

N

5,520 + 65,150 + 6,040 + 5,930
22

6,010 feet

it

Lg - Lg = 6,010
Lg = Iy or Ly -
6,010 - 5,920 =
6,150 - 6,010 =
6,040 - 6,010 =
6,010 - 5,930 =

- 6,000 = 10 feet
Ly
90
1ko

30

80

4,72 Dy 15 less than 180 feet (Paragraph L4.31) and any Dp is less
than 300 feet (Paragraph 4.32).
the end sectlons lie within the limits established in Para-
graph L4.52. Spacing 1s therefore within desirable limits. ANS.

By inspection 1t is seen that

4,73 Note that if these trunks were to be repeatered, D, would
exceed the 120-foot 1limit established in Paragraph 4.L2.

5. ILOADING LAYOUT

5.1 The spacing limits given in Paragraph 4.4 are important in obtaining
smooth impedance characteristics in the loaded cable to match the
repeater balancing network in installations where substantial
repeater gains are requlred without introducing objectionable impair-
ments because of "singing'.
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However, where excessive expense might be entailed in meeting the
gpacing deviation limits in an cccasicnal loading section, it may
be more desirable for the loading to be resular in the loading
section adjacent to the repeater points than in those cections
which are electrically remote from the repeaters. Where there is
a choice in the location of an irregular loading sectlon it should
be as far away from the repeater a3z possible. Where a very irregu-
lar spacing must be employed, the spacing &rrefuia*xtf effects may
be substantially reduced cr eliminated by the bullding-out capacitor
procedures. This procedure is effective in making an under-length
section approximately a ncrmal loading secticn. When an irrepular

gection 1s over-length, the irregularity may be corrected by
dividing it Into two sections end building out one or both new
sections to approximate a normal section.

There are two methods of hullding~-cut a cable pair to obtain a
capacitance equal %o the capacitance of a cable pair having the
length of a ncormal loading section. The first method is that of
using a section of cable having the required length ‘n‘tandem

with the main cable or & secticn of cable shunted acrose the main
cable. The second method is that of using bu&]d;ng-out capacitors.
Of the two methods the use of bullding-out capacitors seems to be
the more economical procedure to use on REA-financed systems.

The use of fractional inductance loading coils, that i=

, colls
having ~malloﬂ inductance than that speni ied for each sectic

tion
of a loadinpg system, in cannection with short end-sections and
regular loading secticns is to be avoided because o; the detailed
engineering requlred to determine the proper inductance of the
coil; however, If an alternate means of ad Justing h layout

to
correct the Irrepularity cannot be found, it may be necessary t
use fractional inductance coils 4o meet transmission criteria.

5.31 Departures from equality in length of the crder of 600-1,200
feet for the H system and 300-600 feet for the B system pay
occur without serilcusly increasing the excess loss (refer to
Paragraph 6.51 for defin¢tlon) above the values given in
Paragraph 6.5. 1If one of two adjacent short sections should
be only 8lightly below norﬁal length, the egrregate exceas
loss would be approximately that contributed by the shorter
section, acting as a qingxe irregularity. When the aggre-
gate length of two adjacent chort sections is less than
about 1.6 times a normal secticn, a reduction of excess
attenuation can usually be secured by using a fractional
inductance loading coil at the junciion of the short sections
in place of a full inductance coil. The excess attenuation
that results from irremularities are due principally to
chanpey dn frequency responoe reaul ting from the lrrepular
Tonding seetlona,
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5.4 In view of the stringent requirements epplying to the location of
loading colls for repeatered cilrcults, it is recommended that in
planning the loading of a cable containing trunk clrcults, the
leocation of the loading coils should be determined as the first
step. The information may be used in Cesignling underground condult
systems to celect the optimum manhole locations or the informaticn
may be used In the staking of a pole lire to place a pole at the
proper point for mounting loading coll cases on the pole or to
provide access to strand-mounted loading coll caces or to splice-
enclesed loading coils. Two lengths of cable having conductors
of different gaunges, wlth the sume capacitance between conductors
and using the same loading syctewn may be connected to each other
without regard to the half cection points of each length of cable.
The loading system would be laid out without regard to vhere the
cables are spliced together. This principle is 1llustrated in
Plgure 3.

5.5 In the case where the two lengths of cable to be connected are dic-
similar either as to capacitance hetween conductors or as to the
Loading systems ucsed on each cable, the two lengths of cable chould
be gpliced together at the half-sectilon londing polnt for each of
the cables. The method of arranging a cahle layout of this type 18
glven in ¥igure 4.

6. METHODS OF CALCULATING TRANEMISSION OVER LOADED FACILITIES

6.1 Transmission over a loaded cable facility is determined by referring
to Table I, Paragrapn 7.1 of this section for the attenuation per
kilofoot of the facility used and multiplying the attenuation by the
number of kilofeet used. The method 15 ghown in Example 2, Paragraph 8.

6.2 Vhere open wire facilities are involved in a calculation, the db loss
glven in Table I, Section L23, is per mile of circult length. The
method is shown in Example 3.

6.3 The transmission loss for a circuit consisting of two lengths of
loaded cable having similar capacitance per unit length between con-
ductors as discussed in Paragraph 5.4, and using the game loading
systems 1s calculated by multiplying the db loss per killofoot for
each type of cable by the length of that cable. Example & demon-
strates the application of this method of calculation.l

[A)
=

In the case where two reasonable long (electricnlly) lengths of cable
of different capacitance per unit length are spliced together to form

1A rigoroun method wonld congtder reflection lospen, but there are po nenr
zero for the londing systems consldered that they con be dicrepnrded.

- 10 -
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a circuit and both pleces are loaded, as described in Paragraph 5.5, it
is necessary to calculate the loss of each length of cable separately
and total these losses with the reflectlon losgs between the lengthsn of
cable. The applicatlion of this method is demonstrated in Example 5.
When the length of loaded cable is such that the-end section exceeds

a half-gsection, the length of cable affected by the loading lg multi-
rlied by the db loes per kilofoot for the loading system used and the
repainder of the cable 1s multiplied by the db loss per kilofoct for
the nonloaded cable. The loss for the loaded section and the loss for
the nonloaded sectlion are added together. The reflection loss (Table
III, Section 422) between the two pecticns 1s then added to glve the
total loss if the nonloaded cable I of significant electrical length.
The eapplication of this method 15 demonstrated in Example 6.

Loading irregularities in nonrepeatered loaded circuits increase the
over-all loss caused by the internal reflection eflfects at the irregu-
larities. Precige appralsals of such increment losces are difficult
because of cecondary effects due to the position of the {rregularity
in the circuit. For practical purposes 1t will be satisfactory o use
the curves In Figure 5 as a basis for estimating the velues of the
resulting loss. These data apply specifically to single irregulerities
in intermediate loading sections and it is recognized that to a close
degree of approximation the transmission impairment caused by s given
percentage difference in a loading section length from the normal
length 1s equal to that caused by an excess length of similar magnitude.
The approximations involved are such that the loss values read from the
curves should be read to the nearest 0.1 db,

6.51 The loss data in Figure 5 are glven as excess or increment losses
which should be added to the loss of the circult that would apply
if the circult had regular loeding spacing throughout 1ts entire
length. The total loss in a loaded circuit having an intermediate
loading section of subnormal or abnormal length is thus given by
the expression.

nL+b=4db

in which L is the loss per unit length in the regularly loaded
line, n ig the number of unit lengths, and b is the excess loso
caused by the spacing irregulerity. On this basis, the numerical
values of the excess logsses are substantially independent of the
slze of the loaded conductor involved. Thege data apply specifi-
cally to spacing irregularities, i.e., the loading coll inductances
are assumed to be substantlally uniform, as is usually the casze,
except vhen manufacturing or installation errors cause inductance
irregularities,



6.52

6.54

REA TE & CM-431

Data in Figure 5 apply to a single-spacing irregularity. Where
irregularities are separated by cne or more loading sections of
normal length, the total impairment 1s approximately the sum

of the excess losses due to the individual irregularities. This
appreximation applies alsc when irregularities of opposite signs
occur in adjacent loading sections, i.e., when one has an excess
length and the other a deficiency in length relative to a normal
loading section. The approximation is clesest when these depart-
ures from normal spacing are of equal magnitude.

When each of two adjacent loading cections is longer than normal,
& rough approximation for the aggregate excess attenuation may

be obtained by assuming that it is equal to the excess attenuation
which would be contributed by a single abnormal loading section
having an excess length equal to the sum of the excess lengths

of the two adjacent cections. The increment attenuation obtained
by this procedure is greater than the true aggregate increment
attenuation by an amount which depends principally upon the sum
of the excess lengths in the approximate relations given in

Table A.

When each of two adjacent sections is shorter than normal, the
excess attenuation due to the double irregularity is considerably

- less than that which would result in a single short section hav-

ing a deflciency in length equal to the sum of the deficiencies
in the adjacent short sectlions. The aggregate excess attenua-
tion is a minimum when the adjacent short eections have equal
deficiencies from normal length. The equivalent sum of excess
lengths 1s given in Table B as a function of the aggregate

length of the adjacent short sections, and is expressed as an
equivalent single section irregularity. In other words, the
excess attenuation is equal to the attenuation obtained from
Table A using the equivalent single sention irregularity obhtained
from Table B as the "excess length."

Table A.--Attenuation Corrections

Sum of excess lengths Correction to be subtracted
(normal sections) (dab)
0 to .3 0
.3 to .6 .1
.6 to .8 2
.8 to 1.0 .3
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Total length - two short Fquivalent single section
loading sections irregularity
(normal sections) (normal cections)

1.8 .05
1.5 A5
1.2 .30

T. TRANSMISSION LOSSES FOR LOADED FACILITIES

7.1 Although the attenuations for loaded facilities are given in
Section 423, Table I of this manual, the same information is
repeated here for convenience. These attenuation data are
presented in the form of the attenuation per kilofoot of

circult.
Table II. --Nonquadded cable attenuation
(db per kf)
Gauge 26 2L 22 19
Capacitance
Group H H H H L

Nonloaded .5k bl «3h 2L 2L
B-88 . .26 .18 .11 .063 .056
H-88 .34 .23 .15 081 Reyal
H-LY4 42 .30 »20 .11 .098

- 13 -
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Hotes:

1. Line constants at 1000 cycles, 68°F, assumed es follows:

Gaugs C&pacit&ncel R L C G ~
"High or low" (ohms/mi.) (mh/mi.) (mfa/m1.) (micromho/mi.

26 H L4ho 832 .079 1.2

2l H 274 .783 .08L 1.3

22 H 171 .798 .082 1.2

19 L 85 .989 .066 .96

19 H 85 77T .084 1.3

2. Loading coll constante at 1000 cycles assumed es follows:

Loading L R
system Millihenrys Chms
B-88

or
H-88 88 9.8
H-bl ik 8.1

lTha actual values of capacitance used in calculating the values of
ettenuation in Table II are as shown in Note 1., However, for most
epplications, all cables may be assumed to fall into ona of two
categories,

8) The "Bigh" or H group, including all cable having a capacitance
equal to or greater than .0T5 micorfarad per mile (for example,
Western Electric Types BST, DSM, DSA and ENB, or

b) The "Low" or L group, including all cables having a capacitance

less than .075 microfarad per mile (for exeample, Western Electric
type INB, :

- 1 -
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CABLE 19-GAUGE QUADDED™

Loading Side Phantom
NL 21 .18

H-44-25 .093 076
H-88-50 063 057
B-8B-50 .053 .045

11ine and load-coil constants at 1000 cycles, 689F, essumed as follows:

Load~coil constants
Type of Side or L c G R L
circuit phantom (ohmg/mi ) (mh/mi.) (mfd/mi.) (micromho/mi.) (ohms) (henry)

NL S 85.8 .00L 062 1.5 -

NL Ph 42.9 .0007 .100 2.4 - -

H-4h S 89.4 .039 .062 1.5 L1 .0h3
H-25 Ph L. 7 .023 100 2.h 2.1 .025
H-88 8 92.2 .078 .062 1.5 7.3 .088
H-50 Ph L6,2 .045 .100 2.4 3.7 .050
B-88 S 98.7 156 .062 1.5 7.3 .088
B-50 Ph L. 4 .089 .100 2.4 3.7 .050
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8. EXAMPLES OF LOADED TRUNK CABLE TRANOMISSION CALCULATIONS

Examnle 2
Office A : Cffice B
194188 .00 ofd/udt.
| } 3w :aﬁ e 2% e S §:3
3 kr 6 6 6 6 6 3kt
¥t 19-8-88 6] 081 db/kf e 2.9
2 €. 0. entrences Q 5 e 1.0
3.9 db
e 2:.9;...‘:3
Ofgico A O0ffice B
i‘v__.._.._.. 22-H-88 ‘ »Tc .10h ewld LO% -—-4’1
: 2
C 3 KL 10 m. ]
1.2 !d @ nl‘s db/mu ] 1.8
10 mi. L10L cwld (L,03) ® ,152 db/mi. o 1.5
G. 0. entrances a ., e 1.0
.3 db
Example U
0ffice A Office B
10 kf 22-H88 20 kf 19-H-88
g“‘“‘".cs mfd/mi. ’T“ .08 mfd/mi. ——————0-1
s ]
10 k' 22-1-83 2 .15 db/ks e 1.5
20 kf 19-H-83 ® .031 db/kf = L6
2 C. 0. entrances @ L « 1.0
hol db

ﬁl()n



Exammle

Office A Office B
splice
6 kf 18 k¢
22-H-88 19-H-88
.08 mfd/mi, .06 mfd/ni,
7 A R L S e S e S
6 kf 22-H-88 @ A5 dbjlet z 0,9
18 kf 19-H-£8 8 071 dbjfet = 1.3
2 C, O, entrances 6 .5 , w 1,0
v 3.2 db
Exarmle 6
Cfrice A 22 gauge cable Office B
.08 mfd /i, 12 k2 ,
H-88 load points 19 KL
3 kf % 6 #* 6 # 9 kf
half section point
18 k? 19-H-893 (] 081 dbAe = 1.5
12 k¢ 19 NL @ 2k s 2,9
Reflection: 19-H-28 - 19 ML s 0,5
e 1,0
5.9 db
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H-88 Loading Polnts

c. 0, 7. C,
Ao
R 3 e P e ¥ e B Y R Y S S
! Y, ke 22 k2
& 22 pauge cable P 19 gauge cable

08 nfd/ml, l

eplice

Figure 3,~-Drarmple of losetion of load points on circuits consisting of
two cable gauges -~ cables of equal capacitance per unit length,

08 nfd/mi,

H-88 loading Points

Gl Qa L c’e

‘ A S I A T A T L ™ A A |

\ 19 pa. cable ? 19 ga, cable

< .09 med /A, s;i ] 062 ntd /ol "‘4
9

Flgure 4,~-Example of loeation of losd points on circuits consleting of
czble of same gauge but of differest capacitanse per unit length,
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WIRING DIAGRAM FOR NON-PHANTOMED
CIRCUIT LOADING COIL

Figure 1



REA TE & CM-43|

SIDE CIRCUIT COILS PHANTOM CIRCUIT
: COIL

UB-%

— INNER WINDING

OUTER WINDING

WIRING DIAGRAM FOR SIDE AND PHANTOM CIRCUIT
LOADING CO!L.S

Figure 2
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SPACING IRREGULARITY IN PERCENT OF
NORMAL SECTION

TRANSMISSION IMPAIRMENT DUE TO ONE ABNORMALLY
LONG OR SHORT LOADING SECTION IN A LONG LOADED CABLE
(ALL GAUGES)

Figure 5



