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1. GENERAL 

1.01 'lhis section is intended to provide REA borrowers, 
consulting engineers and other interested parties with 
technical information for use in the design and construc­
tion of REA borrowers' telephone systems. It discusses 
in particular the application of the REA-l Transposition 
System. 

1.02 The REA-l Transposition System provides transposition 
patterns for up to· eight pairs on two Type A or Type B 
crossarms. The crossarm spacing is 24 inches. This 
transposition system provides for only four pairs per 
10 foot crossarm in order to obtain increased separation 
between pairs o Voice frequency and carrier frequency 
circuits may be routed over any pair. The carrier 
systems may be trunk or subscriber or both. The trans­
pas! tion system provides for the use of point trans­
positions in windy areas and tandem transposi tiona in 
non-windy areas. Since ·the pole pairs are ozirl. tted in all 
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cases, TJpe A crossarms should be used tor separate or 
joint pole lines except where point eype transposition 
brackets are used an joint lines. In th:Ls case Type B 
crossarms should be used to provide climbing space. 

1.0.3 General. The R-1 transpositian qstem (REA.-1'E and eM sect:um 462) bas been widely used in rural open wire 
construction. It has the advantages of simplicity in 
eng:J.neering and construction, low hardware cost and 
relative effectiveness aga:i..nst noise in the voice fre­
quency range. However, the R-1 system was designed 
pr~ tor use in tbe voice frequency range and, tram 
the standpoints or crosstalk and noise, the available 
data indicate that it is not too well suited to muJ.ti­
system applications in the carrier frequency- range. With 
the R-1 system, the engineering or carrier s;ystems is 
di.ff'icult since on:cy- meager information is ~ble on 
carrier frequency noise and carrier frequency crosstalk 
between di.fterent pairs of wires. The REA-l trans­
position s;ystem is intended to reta:i.n much of the 
silDpJ.icity and econOIQ' or the R-1 system but also to 
provide marked i.Dprovement in carrier trequenc;r crosstalk 
losses and noise with consequent ~ication in 
engineering a nlliDber of carrier systems on the same open 
wire line. 

1. 031 Special Features of REA.-1 Slstem. Unlike the R-1 
system; the pole purs ·are om1 tted. Tb:is is dane 
to improve the crosstalk coupling per unit length 
between different pairs and to reduce carrier 
frequency noise and absorption peaks. In the R-1 
system, half the pairs are usually transposed at 
the odd numbered poles, and the other half are 
transposed at the even numbered poles. Occasion­
a.lly, to improve crosstalk, the simple trans­
position patterns are broken by omitting trans­
positions at poles numbered 25, 50, 15 etc. The 
REA-l system follows the same general plan except 
that transpositians are occasionally omitted or 
added at poles 16, .32, 48 etc. Unlike the rules 
for the R-l system, the rules for the REA-l system 
require control or the differences in the sag of 
the two wires or a pair and the ditferences in 
transposition pole spacing. As a resul.t of the 
required tran::5position pole spacing control, gvery 
pole may not be a transposition pol.e. The trans­
position poles should have the transposition pole 
numbers marked en them. as an aid in avoiding 
transposition errors. 
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1.032 Crosstalk Performance or REA-l §[stem. The 
expected crosstalk per?armance ov~ a range of 
carrier £requencies is outlined on Table 1. and 
discussed in Paragraph 41 mGINEERJ](} 
CONSDlERATIONS. 

1.033 Absorption !Dsses. At the higher carrier 
frequencies a considerable part of the energy, 
which it is desired to transmit over a pair, may 
be absorbed in adjacent Wires. Such extra trans­
mission losses are discussed under ENGINEERING 
CONSIDERATIONS. 

2. PHYSICAL DESCRIPTION 

2.01. Figures 1., 2, 3 and 4 and Tabl.e 2 indicate the physical 
layout or the REA.-l Transposition System. Two hundred 
and fifty-six transposition poles are sham on Figure l.. 
~ihen there are two or more pnrs of wires, at. least one 
pair is transposed at each transposition pole. There may 
be one or more additi.onal (set-in) pol.es between any two 
transposition pol.es depending on whether or not it is 
practicable to string the wires in straight llnes between 
transposition pol.es. 1he discussion in Paragraph 4 -­
EtlilNEERING CONSIDERATIONS assumes that an average trans­
positi.on pole spacing or 300 .teet is representative. The 
effect of other average transposition pol.e spacings. on 
the usable frequency range is also discussed there. Per­
missibl.e deviations in transposition pole spacing bel.ow 
or above the average are discussed in Paragraph 4. 06. 

2.02 Diagram of the REA-l Transposition System 

2.021 The lqout or the RE!-l Transposition System is 
shown in Figure l.. Each vertical line on the 
diagram indicates a transposition pole. Circuits 
l, 3,- 6 and 8 are ~ transposed at the even 
n~ed transposition poles. Circui.ts 2, 4, 5 
and 7 are usually transposed at the odd numbered 
transposition pol.es. It ~ be noted that there 
is considerable sim1la.ril3 to the R-1. system 
except for r·oles which are multiples or 25. This 
was aplain~~ :\n paragraph 1.031.. It should be 
also noted that the transposi ticns at trans­
position pole 256 on Figure l. are different from 
those at tb:i.s pol.e as shown on Figures marked 2 and 2A 
and attached to tentative memoranda on the REA.-1. 
Transposition System. 
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2.022 The notati.CI1 0 in Figure l. (£cr instance at pole 32, pair l.-2) signifies that a transposition is 
cmi. tted £r011L the simpl.e patterns discUBBed above. 
In cases 1 and 3 (point brackets, A orB cros•­arms) no special. arrangements are required at such 
points; the wires are tied to insulators such as i)pe 17, in the normal. manner, to presene J.2 or lD inch spac:Ulg. 

2.023 In case 2, (tandem brackets 1)pe A crossarms) a 
double groove insulator, such as Type 56, should 
be pl.aced at points designated O . At such points the two wires are to be brought to differ­ent grooves on opposite sides at the insulator to 
achieve a "pinch-in" spacing ot about 2.511 • The wires then must separate, without being trans­
posed, and retun:J. to the normal. non-transposed 
spacing ot 14" at adjacent transposition pol.es. For· exa~~~~J.e, see Figure 1, case 2 circuit No. 1 
Transposition pole 32. In case 2, special.J.7 
spaced d.eadend clevi.ses are required at the zero 
pole as shom in Figure 8 DETC, in order to 
preserre normal. wire spac1 ng. 

2. 024 The designation ® raters to a point t,pe trans­
position in cases J. to 3 which is a departure 
frail the simple patterns discussed in 2. 021. In cases· J. and 3, the designation refers to a point 
type transposition because all the transpositions are ot the point t,pe. In case 2, the designation refers to a point t,pe transposition rather than to the tandem type transposition which is usuaJ..:q 
used in case 2. Ih this case, whenever a pair 
JDU.St have a transpositi.on designated ® there are 
tandem transpositions at both adjacent poles (it 
each pole is a transposition pole). Tandem 
transpositions at adjacent poles should not be used because the average· wire spacing in the 
intervening span would be ~ about 2.2511 • For 
exampl.e, b.Y referring to Figure 1 and Tabl.e 2, it 1lilJ. be seen that, tor case 2, pair 3-4 is trans­posed at pol.es 63, 64 and 65. Therefore, a point transposition must be used at pole 64. 

2.025 In same instances, there ma:r· be one ~more non­transposit:l.on poles between two transposition 
poles. In SllCh instances, special. procedures are reqllired for case 2. These procedures are dis­
cussed under Engineering Considerations. (See 
Paragraphs h.0631 '4io 4.0633). 
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2.03 The REA-l pattern is to be repeated if' the line is longer 
than 256 spans. The transposition pole numbers 0 to 257 
shown on Figure l are theoretical and may not correspond 
to the normal exchange pole numbering. As noted in 
Figure l, the transpositions on transposition poles 257 
to 512 are like those at transposition poles l to 256. 
For example transposition pole 375 is transposed like 
pole (375 minus 256) or pole 119. However, Figure l is 
not to be considered as a "transposition section" nor is 
pole 256 an "S" pole . -

2.04 Any pair may leave the main lead at any transposition 
pole or dead end. However, better crosstalk performance 
is to be expected if' a particular pair leaves the lead 
at an even numbered pole: still better performance is to 
be expected if' the circuit leaves at pole 64 or 128 or 
256 or 512 rather than a f'ew poles more or less than 
these numbers. At a junction between the main lead and a 
branch lead, the transposition pole numbering on the main 
lead should be continued on both leads. 

2.05 The pole numbers shown are arbitrarily started with zero, 
which is a dead-end pole, either at the central office or 
at the e.ntrance cable junction pole. The pole top 
assembly for the dead end {at pole zero) should be selec­
ted from Figure 8 so as to preserve the wire spacing as 
indicated in Figures 2, 3, 4, 5 and 6. 

2.06 The crosstalk and noise performance of a pole line em­
ploying the REA-l system was computed for a maximum 
length of 512 spans. It is thought that such a length is 
ample for most applications. A discussion of longer 
lengths is given under Engineering Considerations, para­
graph 4. The absorption peak per;t'ormance of a pole line 
employing the REA-l system was computed for a maximum 
length of 1024 spans. 

2.07 The pole top assembly at the last dead-end pole should be 
selected so as to preserve the wire spacing (see para­
graph 2. 023). No transpositions should be installed at the 
last pole. In case 2, specially spaced dead-end clevises 
should be used to preserve the normal wire spacings shown 
on Figure 3. However, with clevi:;;es the pinch-in spacing 
may be 3" rather than 2.5". If the last dead-end pole is 
an even-numbered transposition pole, the spacings of 
Figure 8, DET C are correct for the top crossarms. For 
the second arm the crossarm is rotated l8o degrees. 
specially spaced dead-end clevises should also be used 
:when one· or more pairs leav•":' the line at an intermediate 
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pole 1 when atzy" ·pair dead ends or 'when dead ends are re­
~red to turn corners. 

2.08 When dead ends are re~red to turn corners, the dead end crossar.ms should be cross-connected by using si~e insu­lated 'Wires which follow the most direct route. I:f' the 
dead end crossarms are at a transposition pole 1 the 
proper transpositions should be made by transposing the jumper 'Wires. 

3. COORDINATION CONSIDERATIONS 

3.01 Coordinati9n is discussed herein with reference to con­trolling crosstalk between pairs transposed to the REA-l systeii!.. other coordination considerations such as inter­ference from or into power line carrier or radio :f'acili­ties in the area might further l1mi t the number of' chan­nels of' any carrier system which may be employed. 

3.02 One terminal of' each carrier system on the pole line is to be placed at the same point (maximUm. of eight carrier systems at one location). This Will usually be at the central o:f'f'ice1 although it may sometimes prove economi­cal to place them at the cable-open wire junction pole. The other terminals of' the several systems on the same pole line may be placed at different locations Within the limitations ~ecif'ied below. (Paragraph 3.04) 

3.03 Freqqency Coordination 

3.031 No two carrier systems may transmit ,the same chan­
nel bands (or parts of' the same channel bands) in 
opposite directions over different pairs of' wires. 
Such an arrangement usually results in intolerable 
near-end crosstalk between the input of' one carrier 
system and the output of' another carrier system. 
Therefore, the "E-W'' and ''W-E" recommendations of' the 
carrier system manufacturer should be adhered to. 

3.032 At the higher carrier .frequencies, two carrier sys­
tP~ transmitting the same channel bands in the 
same direction over different pairs of' 'Wires may 
have undesirable f'ar-end crosstalk between them. 
Table 1 provides estimates of' crosstalk between 
different pair combinations over a range of' carrier 
frequencies. As indicated in Table 1 1 pairs on 
the top arm are more sui table for channels using 
the higher frequencies than pairs on the second 
arm.. 
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3.033 To permi.t the use of the higher carrier frequenc~es 
over pairs of the REA-~ system, manuf'acturers ma.Y 
resort to the following means of reducing crosstalk 
b.etween carrier systems tra.nsmi tting the same 
channe~ bands in the same direction· over differ­
ent pairs 'of' wires: (~) use of normal and stag­
gered frequency allocations (2) use of' frequency 
or phase modulation ( 3) use of compandors. 

3. 04 Ieve~ Coordination. Proper application of· the REA-~ 
Transposition System depends upon ~eve~ coordination 
among the various carrier systems on the po~e line. 
Leve~ differences of the same frequencies in the same 
direction of transmission sho~d be engineered not to 
exceed 3 db. TJ:Us may be accomplished through the use of' 
attenuator pads or other means of output ~eve~ contro~ as 
discussed in REA-TE and CM Section 901. 

3.05 Ta;es on .Po~e Line. When a pair or drop carrying o~ a 
voice cbanpel is tapped onto a pair with one or more 
carrier channels on a po~e·~e transposed to the REA-~ 
system, a voice pass fi~ter must be p~ed in the tapping 
pair or drop if one or .mOre carrier channe~ ~e routed 
oVer the tapped pair. ~e purpose o~ a fi~te:r is to pre­
vent carrier frequency currents f'rom entering~the tap. 
If' a carrier cbanne~ is routed over the tap, i:t is neces• 
sary to p~ce f'i~ters in both the tapping pail! and the 
tapped pair. ~ese fi~ters prevent other carrier channe~ 
currents f'ram. entering the tap. They ~so prevent the 
carrier channe~ routed over the tap f'rom transm:i tting in 
both directions "'n the main line which wo~ increase the 
probabill ty of crosstalk and cause carrier frequency 
transmission ~ss. Carrier manufacturers• recommendations 
sho~d be obtained as to the proper type of' filters. 

3.06 Due to crosstalk and attenuation characteristics of cab~e, 
it may be -desirab~ to overbui~d cab~ with one crossarm 
of the REA-~ system. ~e possibility of interaction 
crosstalk via the cab~e strand or sheath makes it neces­
sary that vertic~ distance from the wires to the cab~ 
be kept at a minimum of' two f'eet. 

3.07 Other Trans:eosi tion Systems. In gener~ it is recommended 
that the REA-~ transposition system be not emp~oyed on 
the same po~e ~e with any other tr-anaposition system. 
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4. ENGINEERING CONSIDERATIONS 

4.01 Type of Conductor. The type of conductor to be used for 
carrier frequencies will normally be determined by "wet" 
weather attenuation considerations (refer to REA-TE and 
CM Section .1Jo6) at the highest ~requency of the pair hav­
ing the longest electrical length. Once the carrier fi.e­
quency conductor is so chosen, it will be necessary that 
all other pairs on the same pole line to be used for 
carrier frequencies be of the same conductor, even though 
their individual transmission requirements would permit 
a less expensive conductor. Pairs to be used only at 
voice frequencies may use any conductors that meet trans­
mission and signaling requirements. 

4.02 Spacing Between Crossarms. The REA•l system was designed 
for a minimum crossarm spacing of 24 inches. Shorter 
spacing should be avoided • 

. ~.03 Transposition Pole Spacings. Paragraph 2.01 mentions a 
representative transposition pole spacing of 300 feet. 
In some cases it may be economical to use some other 
average transposition pole spacing, say, 4oo feet. In 
such a case, the carrier frequencies listed on Table l 
must be reduced by a factor of 300/.IJoO. Likewise, if an 
average transposition pole spacing of 250 feet is used, 
the carrier fre~uencies of Table l must be increased by 
a factor of 300/250. Choice of an average transposition 
pole spacing of other than 300 feet requires considera­
tion of {a) choice of conductors of suitable strength and 
(b) determining whether decreasing or increasing the num­
ber of channels per pair (as determined from Table 1) re­
sults in reducing the cost per channel mile. 

4.04 Joint Use with Electric Distribution Facilities. If' the 
line is in a windy area and point transpositions are used 
to minimize hits, it is necessary to use type B crossarms 
in the case of joint use with electric distribution facil­
ities. The type B crossarms provide climbing space be­
tween circuits numbered 2 and 3 or 6 and 7. (see Table 2 
and Figures l and 4). It is important that in all the 
spans of a pole line the crosstalk coupling {per unit 
length) between two pairs be as nearly equal as possible. 
Therefore, with the exception of a few type B arms which 
may be employed at power contact poles, if any continuous 
joint use with electric distribution facilities is plan­
ned, the entire line, including those portions not in 
joint use, must be designed with type B crossarms (see 
Table 2 and Figure 4). 

- 8 -
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Mixture of Point Type and Tandem Type Trans;posi tiona. 
As discussed in pa.re.gra.ph 2.024, in case 2 for which tan­
dem transpositions are largely used, th~re is occasional 
use of point type transpositions. With this exception, a 
pole line shouJ.d not have a inixture of the two kinds of 
transposi tiona. .rn other words, a line shouJ.d not be 
transposed partly in accordance with cases l and 3 of 
Table 2 and partly in accordance with case 2. Such pro~ 
cedure wouJ.d cause too much variati.on in the crosstalk 
coupling per span between two pairs. 

4.06 Control of Irregu.larities of Pole and Wire §Pacing. 

4.061 Differences in Wire Sag. For satisfactory cross­
talk performance to be realized, the difference in 
the sags of the two wires of a pair shouJ.d not be 
excessive. It is recommended that in initial con­
struction the deviation in ,sag .of any wire from 
the sag recommended by the wire manufacturer be 
limited to two inches to allow for additional "devi­
ations later on. 

4. 062 Difference in Tra.nsposi tion Pole §pacing. 

I.et U be the deviation, in feet, of a transposition 
interval from the average length of all the inter­
vals. (For the REA-l system, the average interval 
may be about the same as the average span length). 
I.et f be the length of the line in feet. The ruJ.e 
is: 

That is, the sum of all the values of u2 shouJ.d 
not exceed 6L. It is desirable to make this sum 
as small as practicable in order to improve cross­
talk and noise. The limiting value of 6L may be 
necessary when existing lines .are retransposed. 

4.0621 Many transposition systems (for example, 
the o-1 system) have definite transposition 
sections and "balance points" called "S" 
poles. The sections may be of different 
lengths and have different average trans­
position intervals. In such cases, the U 
deviations are calculated for each trans­
position section, and a separate sum of 
the u2 values is obtained for each section. 
The grand sum is then calculated and com­
pared with the total length of line times 
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some constant (such as 3, l, l/3 etc. ) • This p~o­cedure is practicable because each transposition section involves enough transpositions to approxi­mately balance out crosstalk. Therefore, it is not essential to make two successive sections 
nearly the same length in order that crosstalk in the first section may be balanced out by crosstalk in the second section. 

4.0622 The above procedure is not directl~ applicable With the REA-l transposition system because this system does not have definite transposition sections in which the crosstalk is approximately balanced out. 
However, for the PU.""P.ose of calculating sums of u2 values while staking, a length of 64 ·transposition poles may be regarded as a transposition section if desired. The length of any such 64 pole "Sectionrr should not va+,y from the average length of all 64 pole sections by more than 10 percent. 

4. 0623 .An example of calculating the sum of the u2 devia­tions for only eight transposition pole intervals 
and an average interval of 300 feet is as follows: 

Exchange Transposition 
u2 Pole Number P0le Number Ba.ckspan-feet u 

1 1 300 0 0 2 2 34o 4o 16oO 
3 3 26o 4o 16oo 4 4 325 25 625 
5 5 275 25 625 6 * 175 
7 6 200 75 5625 
8 7 250 50 2500 
9 8 275 25 625 

L= 24oO 13200 = 5. 5L 

* This is not a transposition pole. Pole top assembly units will not show transposition brackets. 

In this case the sum of u2 values meets the 
requirement that the sum shall not exceed 6L. 
In another example, let the average transposition interval be 300 feet. In eight intervals 6L 
would be 6 x 8 x 300 or 14,4oo feet. If seven 
spans were 16 feet short of the average and one span was 7 x 16 or ll2 feet longer than the 
average, the sum of the u2 values would be 
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1 x l62 + ll22 or l4,336 which is prac­
tically 6L. The maximum permissible devi­
ation of any interval of the eight ;f"rom 
the average interval would be ll2 feet". 
The maximum permissible deviation increases 
with the number of spans. By keeping all 
the deviations but one as small as possible 
the maximum positive deviation (increase 
over average interval) may be calculated 
from the ·following formula: 

M = v 6 (N-l) -;· 

M is the maximum deviation in feet, 
I'i • number of intervals and A is the 
average interval lengt~ in feet. 
For N • 64 and A= 300, M is about 
337 feet. In order to penni t this value 
of M and not change A, all other (N-l) 
intervals must be shorter th~ A by 

M 
N-l or about 5 feet. More precisely, 

all other intervals must be shorter than 
A and the sum of the squares of their 

deviations must be (;:l) . 

4.0624 In some sections of a line it may be 
desired to have shorter pole spacing in 
order to support a cable under an overbuilt 
open wire. Transposition pole spacing 
deviations may be properly controlled by 
:making the average pole spacing half of 
that in the main line and making every 
other pole a transposition pole. This 
offers no difficulty in cases l or 3 of 
Table 2. In case 2 of this table, it will 
be necessary to rebore every other crossarm 
as discussed in paragraphs 4.063l and 
4.0632 and illustrated on Figure 5· 

4.0625 If a single pair taps from a main line, it 
is necessary to control the transposition 
pole spacing deviations in this pair for 
noise reason~ rather than crosstalk 
reasons. 
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4.0626 As discussed in paragraph 4.0623 occasional 
long spans may be used by keep_ing most of 
the transposition interval deviations as 
small as possible. Such J ong spans may be 
needed for crossing stre~ or gullies or 
to avoid setting a :BP-le at sbme difficult 
location. In some cases, it may be neces-. sary to increase the size of conductor for 
strength reasons and to ~ncrease the dis­
tance between the two wires of a pair. 
For crosstalk and noise reasons the dis­
tances between all the wires on the line 
should be increased in the same proportion. 
In case 2 of Table 2 and Figure 3, the 
relative spacings at the span center should 
be preserved in the' long span. 

4.063 Treatment of Occasional Non-Transposition Poles. 
For new lines, the above rule for transposition 
pole spacing deviations will probably be met With 
no difficulty. The rule is made as lenient as 
crosstalk standards would permit. Existing lines, 
however, may have quite irregular pole spacing and 
it may be found that the limit for the squared sum 
of the pole spacing deviations is misse<t by a wide 
margin if every pole is made a transposition pole. 
It may be possible, however, to meet the~ rule of 
deviations by choosing the transposi tiori poles so 
that some of the transposition intervals contain 
one or more non~transposition poles.. For example, 
if the average pole spacing is about 300- feet and 
two adjacent spans of 100 and 250r feet are en­
countered, the two spans can be used for a trans­
position interval and the squared sum of the devi­
ations (from the new average) can be improved. 
For case 2 which involves tandem transpositions 
special procedures are required when there are 
occasional non-transposition poles in a trans~ 
position interval. This is discussed below. 

4.0631 In considering occasional non-transposition 
poles and tandem type transpositions, the 
principle to remember is that in a trans­
position interval the wires of a pair 
should taper from 14" to 2.5". Therefore, 
if a transposition interval contains a 
non-transposition pole1reboring of the 
crossar.ms at the non-transposition pole 
is necessary in the manner shown in 
Figure 5· 
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4.0632 At the top of this figure is shown two 
transposition intervals between trans­
position poles 2 and 4 for two representa­
tive pairs 1-2 and 3-4. The solid lines 
show the configuration of the wires if 
there were no non-transposition pole. 
Ha.l.f' of a tandem transposition is shown in 
pair 1-2 at pole 2. The dotted lines show 
a possible method of" taking care of the 
non-transposition pole. This method is 
satisf'actocy from the crosstalk standpoint. 
However, since pair 3-4 arrives at trans­
position pole 1 with 14 inch spacing an 
expensive point type transposition would 
be required. The practical solution is to 
rebore.the crossarms at the non-transposition 
pole in such a way that the solid line con­
figuration is approximately maintained at 
the non-transposition pole. For the two 
pairs on Figure 5, new pin holes (and num­
ber 17 insulators) would be required for 
wires 2 and 3. 

4.0633 At the lower part of' Figure 5 is shown·a 
transposition interval (pole 2 to pole 3) 
with two non-transposition poles. In this 
case, the wires can be arranged, as indi­
cated by the solid lines. In general, if 
there are an even number of non-transposition 
poles in a transposition interval, no rebor­
ing is required. If' there are an odd number 
of' non-transposition poles in a transposi­
tion interval, the crossarms on the non­
transposition pole nearest the end of' the 
interval must be rebored. The points where 
the new pin holes are to be bored may be 
determined by inspection of Figures 3 and 5· 
Sufficient wire spacing accuracy may be 
obtained by assuming there is one non­
transposition pole at which the reboring 
is done midway between two adjacent poles. 
It is desirable to realize this condition 
if' at all possible. The new pin hole 
spacings for the rebored crossarms (either 
first or second) is shown at the bottom of' 
Figure 5. 
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4.07 Lines with Short Average Pole (Every ether ole 
normally a transposition ole. Cases may arise when new 
or existing lines have relatively short average pole spac­
ing and it would be economical to arrange to have two 
spans in almost all the transposition intervals. ~is 
requires no special procedure in cases l and 3, Table 2 
but causes complications in case 2. '!he procedure dis­
cussed, in paragraphs 4.0631 and 4.0632, for handling 
one non-transposition pole in a transposition interval 
woUld require reboring all the crossarms at the non­
transposition poles. This may be avoided by changing the 
wire configuration from that shown in Figures 3 and 5. 
The changed configuration causes more crosstalk than the 
original configuration but the crosstalk increase is ex­
pected to be tolerable. The changed configuration is in­
dicated on Figure 6. This _configuration is suitable for 
one or any odd number of non-transposition poles in a 
transposition interval. With this configuration trans­
positions marked ~ on Figure l may be of the tandem 
tYl'e· 

4.071 On lines With short pole spacing, it may occasion­
ally be necessary to specifY two (or any even 
number of) non-transposition poles in a transposi­
tion interval. To maintain the desired wire con­
figuration it is necessary to rebore the crossarms 
at the first (or last) non-transposition pole in 
the manner indicated at the bottom of Figure 5. 

4.08 Intermediate Cab~es. The use of intermediate cables in a 
line transposed to the REA-l transposition system is un­
desirable when carrier frequency systems are routed over 
the pairs. ~e objections are (a) the transmission loss 
at carrier frequencies may be considerably ~~creased, 
(b) if more than one or two carrier systems are routed 
through the cable, there may be serious crosstalk between 
them in the cable and (c) unless reflection reducing 
devices are used at the cable and open wire junctions 
there may be serious reflectioqs of the near-end cross­
talk in the open wire. This reflected crosstalk appears 
as far-end crosstalk and can be heard at receiving carrier 
terminals. Intermediate cables should be avoided as far 
as practicable. 'When an intermediate cable is planned 
and if it will carry more than one or two carrier systems 
special study should be given by the ~ngineer. 
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4.09 Tree Wire. It sometimes happena that proper tree trimming 
is impracticable. In view of the objection to inter­
mediate cables discussed in paragraph 4.08, single insu­
lated conductors (called tree wire) should ordinarily be 
used in such situations. 

4.10 Measured Crosstalk Losses. The upper sketch of Figure 9 
indicates two like pairs of wires a and b extending from 
A to B. The measured near-end crosstalk loss at end A is 
indicated by the crosstalk path XN. This is the insertion 
loss between the A end of pair a and the A end of pair b. 
The measured far-end crosstalk loss at end B is indicated 
by the crosstalk path XF. This is a transmission loss 
measured by comparing the power del~vered at end B of 
pair a with the power delivered at end B of pair b. There 
is also a near-end crosstalk loss at end B which is 
measured by sending on pair a and receiving on pair b. 
Likewise, there is a far-end crosstalk loss at end A 
which is measured by sending on pair a at end B and 
comparing the two received ~ower values at end A. 

4.11 Aimed-at Crosstalk Losses. The aimed-at crosstalk losse 
are 50 db or more for.the far-end loss and 40 db or more 
for the near-end loss. 

4.12 Estimated Crosstalk Losses. The estimated crosstalk 
losses for the various pair combinations, for various 
fre~ency ranges and for lengths up to 512 transposition 
intervals averaging 300 feet are given on Table l. The 
tabular values were obtained partly by calculation and 
partly by a study of the results of a field trial on 128 
transposition intervals averaging 300 feet. In this trial 
there were four pairs on the top crossarm and the two end 
pairs (ll/12 and l9/20) on the second arm. All six pairs 
hf3.d tandem-t:ype transpositions. Wllile the crosstalk los_s 
values depend somewhat on the number of transposition 
intervals, it is felt that Table l is suitable for engi­
neering carrier systems. AI:. noted in paragraph 4.031 if 
the average transposition interval is mt 300 feet but L 
feet, the kilocycles on Table l should be multiplied by 
300/L. 

4.l3 Interpretation of Table l. On this table, far-end cross­
talk losses less than the objective of 50 db (or more) 
are underlined. To use two carrier systems in a frequency 
range where the far-eud loss fails to meet the objective 
(by an important ~Jnount), it is necessary to use carrier 
S~JStems having a crosstalk adve...11ta.ge to make up for t~e 
deficienc·· in crrs:::Allk loGG. (See paracaraph j.G~;: .. ) 
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Near-end crosstalk ~asses ~ss than the objective of 4o db 
(or more) are also usua:lly underlined. However, if the 
far-end ~oss is ~ess than 50 db and the near-end ~ss is 
:c.ot ~ess than the far-end ~as by ~0 db, the near-end ~ass 
is not underlined. It was reasoned that a crosstalk ad­
vantage wouJ.d be necessary to overcame the deficiency in 
the far-end ~ss and that this advantage wouJ.d also_ take 
care of the deficiency in the near-end ~as. It ~ be 
seen that, for ~ practicab~e purposes, combinations of 
pairs on the top crossarm meet the crosstalk objectives 
up to 200 kc. Other pair combinations meet the objectives 
up to lOO kc. 

4.~4 IDnger Line Leng"ths.. Tab~e l assumes a maximum line 
~ength of about 29 mi~es. In some cases, a longer ~ength 
may be desired, say 6o mi~es. There is no objection to 
extending a single pair for lo~er ~engths. However, if 
a line with two or more pairs used for carrier fre~encies 
is extended considerab~ beyond 512 transposition inter­
vals, the far-end crosstalk ~ass may be serious~ reduced 
(3 to 6 db for l024 intervals) • For the ~nger lines, it 
is important to adopt a more strict contra~ orl the devia­
tions in transposition po~ spacing. (See paragraph 4.062.) 
The sum of all the values of u2 shouJ.d not exceed 3L 
rather than 6L. For l024 transposition intervals, this 
should resuJ.t in about the same crosstalk ~asses as those 
on Tab~ l except as discussed be~ow. For circuit com­
binations, 3/4 - ll/12, 3/4 - ~7/1.8, 9/lO - ~3/~4 and 
ll/12 - ~7/~8 the underlined far-end crosstalk losses of 
Table l shouJ.d be decreased by 6db when considering l024 
transposition intervals rather than 512 intervals. 

4.~5 ENGINEERING CARRIER SY5TEMS - EFFECT OF CROSSTAIK LOSSES 

4.151 Far-end Crosstalk IDss. The ~ower sketch of 
Figure 9 indieates two pairs with simi~ amplitude 
mod~ted carrier systems without repeaters or com­
pandora. A carrier frequency f~ is tra:c.smi tted 
A-B and a carrier frequency f2 is transmitted B-A. 
The carrier systems are lined up for zero net loss. 
There is a talker at the A end of circuit a. Near­
end and far-end crosstalk ·paths at fre~ency f~ 
are indicated by Xn and Xn• As a resuJ.t of Xn 
there is a voice frequency crosstalk path XFV be­
tween the B end of circuit a and the B end of cir­
cuit b. The talker is heard at fuJ.l volume at the 
B end of circu:J.;t' a and at a vo~ume down by the 
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TABLE I 

Crosstalk Performance of REA-l Transposition System.Estimated 
Minimum Near-End and Far-End Crosstalk Losses i~ db for Lengths 
Up to 512 Transposition Intervals Averaging 300 Feet (29.1 Miles) 

l Kilocyc es 
Pair 0 to 100 100 to 150 150 to 200 200 to 250 250 to 300 300 to 35C 

Pombinations NE FE NE FE NE FE NE FE NE FE NE FE 

l/2 - 3/4 46 60 42 6o 38 50 36 50 34 41 32 28 -
l/2 7/8 46 6u 46 6o 46 53 46 50 46 42 i 38 31 - - i 

l/2 9/10 6o 6o 60 60 60 50 55 ~ 50 4o I 
35 30 - -

3/4 - 7/8 48 60 44 50 42 45 38 4o 36 35 30 30 - -3/4 - 9/10 46 60 46 55 46 55 46 50 46 44 40 30 - r 

7/8 - 9/lO 46 60 42 60 39 )5 36 50 34 45 32 34 

l/2 - ll/12 l 39 60 30 52 30 52 25 34 25 34 2l 10 I -
13/14 39 60 39 50 39 46 - 39 36' 39 32 30 17 

17/18 6o 60 57 60 54 55 51 50 48 45 40 30 

19/20 52 60 52 55 52 50 50 46 48 41 40 28 - - -
3/4 - ll/12 38 60 38 55 38 50 38 45 38 37 30 13 

13/14 39 60 31 52 30 50 26 40 25 36 22 2l - - -
17/18 37 60 37 6o 37 58 37 38 37 33 30 ll -
19/20 6o 60 57 6o 55 55 52 50 48 45 48 23 

7/8 - ll/12 6o 60 57 6o 55 55 52 50 50 45 35 23 

13/14 37 60 37 53 37 50 37 40 37 36 30 2l - -
17/18 39 60 31 56 30 54 26 37 25 36 22 14 - -
19/20 38 6o 38 60 38 55 38 48 38 42 33 31 - -

9/10 - ll/12 52 60 52 60 50 60 50 50 45 40 40 ~ 

13/14 60 60 57 60 54 52 50 41 45 34 40 13 -
17/18 39 6o 39 6o 39 55 39 50 39 45 30 25 

19/20 39 6o 30 59 30 48 25 38 25 30 2l 18 - -
ll/12 - 13/14 46 60 41 54 39 49 36 35 34 30 32 12 -

17/18 46 60 46 59 46 55 46 E. 46 31 30 8 -
19/20 60 60 6o 6o 55 56 52 45 50 37 35 22 

13/14 - 17/18 48 60 44 47 42 45 38 29 36 27 30 6 -
19/20 47 6o 47 49 47 46 47 36 47 32 4o 17 -.17/18 - 19/20 46 60 42 59 39 55 36 40 34 38 30 13 

Note: Far-end crosstalk losses less than 50 db are tmderlined. Near-end crosstalk 
losses less than·4o db and more than 10 db below corresponding far-end loss are 
underlined. ·· 



Case No. 

REA-TE and CM-463 

TABLE 2 

Application of Crossarms, Transposition Brackets, Double Groove Insulators and Dead-end Clevises 
to 

REA-l TTanspc:rsi tion System 

Pinch-in 
Joint Use Wir .... Wire 
with Spacing Spacing 
Electric (2.5" or 3") at , Wire Spacing 
Distribu- Trans- where Trans- Non-transposition 

(Refer to Windy tion Crossarm position Designated position and Non Pinch-in 
Fig. l) Area Facilities Type Bracket "0" * Points Points 

l 

2 

3 

Yes No A Point No 12" 12" 

Tandem, 
except 
point 

®: 12", where 
No designat- otherwise 

No (or Yes) A ed ~ Yes 2.5" 14" 

Yes Yes B Point No 10" 10" 

- --

* At dead-end poles wires are pinched-in to 3" spacing using clevises. On other :poles wires are 
:pinched-in to 2.5 11 using double g:roove insulators. 

i 

I 



TOP CROSSARM 

CKT..* PIN NUMBERS 

NO. CASE CASE 
l&ll 2 

1-2 1-2 

z 4-5 ll-4 

3 6-7 7-8 

4 S-10 S-10 

LOWER CROSSARM 

II 11-12 It- 12 

6 14-15 13-14 

T 18· IT JT-18 

8 19-20 19-20 

4-5 3-4 

ll 8-7 7-8 

4 9-10 

LOWER CROSSARM 

5 11-12 11-12 

• 14-15 

7 18-17 

• 18-20 

0 

® 
X 

FIGURE 1 

DIAGRAM OF THE REA- 1 TRANSPOSITION SYSTEM 

POLE tiOS. 

zz@. 2211 258~ 241 258 ~257 **POLE NOS. 

I 

I 
I 

NOTES 

INDICATES TRANPOSITION OMITTED. USE DOUBLE GROOVE INSULATOR (TYPE TWI TO PINCH WIRES 
TO 2.5" SPACING IN CASE 2, EXCEPT FOR DEAD END POLES WHERE CLEVISES ARE USED TO PINCH TO 3:' 

INDICATES POINT TYPE TRANSPOSITION IN CASES 1,2 AND 3. 

INDICATES POINT TYPE BRACKETS FOR CASES I AND 3, TANDEM BRACKETS FOR CASE 2. 
* ARBITRARILY ASSIGNED FOR IDENTIIfiCATION WITH TABLE 2 . 

** TRANSPOSE FROM POLE 257 TO 512 LIKE I TO 256 ETC. 
AT TRANSPOSITION POLES WITH BOXED NUMBERS (m, ~ ETC.) SPECIAL TRANSPOSITION 
PATTERNS ARE USED. 
FOR LAST POLE CASES I AND 3- DO NOT TRANSPOSE 
FOR LAST POLE CASE 2 -5UBSTITUTE 0 FOR X AND OM IT ® 
IT SHOULD BE ALSO NOTED THAT THE TRANSPOSITIONS AT TRANSPOSITION POLE 256 ON FI6URE I ARE 
DIFFERENT FROM THOSE AT THIS POLE AS SHOWN ON FIGURES MARKED 2 AND 2A ATTACHED TO TENTATIVE 
MEMORANDUM ON THE REA TRANSPOSITION SYSTEM. 



TOP 
CROSSARM 

LOWER 
CROSSARM 

FIGURE 2 

CASE I-WIRE SPACINGS (POINT TYPE BRACKETS- TYPE lOA CROSSARMS) 

FOR DETAIL OF DEAD-ENDING REFER TO UNIT PB5-ll (FIGURE"7) 

12" 

24" 

2 
TRANSPOSITION POLE NUMBERINI 

ALL NON-TRANSPOIITION INIULATOII T-1 OR T•2 UNITI. 

ALL POINT TYPE TRANIPOIITION IRACKITI T•ll OR· T•ll 

DISTANCE II!TWIEN CltOIIARMI 14". 

I 

2 

I 

4 

IS 

• 
7 

• 
• 
10 

-.~~-

II 

12 

II 

14 

liS 

•• 
11 

18 

,. 
20 



4.l.52 

4.153 

REA-TE and CM-463 

crosstalk loss XFV at the B end of circuit b. The 
crosstalk losses XFV and Xn are equal. and shoul.d 
not be l.ess than 50 db. · 

Near-end Crosstalk IDss. If f were the same 
carrier fre~ncy as f 1 , the talker coul.d talk 
through the carrier texminal at Aa,1 through the 
near-end crosstalk path Xm.1 through the carrier 
terJ!Iinal at ~ and be heard at the A end of circuit 
b. In other words, there is a voice .fre~ncy 
near-end crosstalk path XNV between the A end of 
circuit a and the A end of· ciraui t b. There are 
transmission gains iri both transmitting and re­
ceiving carrier tenu:inals in order to offset the 
carrier line l.oss L. As a resul.t the talker r s 
vol.ume is reduced by the crosstalk loss Xm. but 
increased by. a gain equal to L. The crosstalk 
vol.ume at the A end of circuit b woul.d usually be 
intol.erably loud if f2 were equal. to fJ.• Since f2 
is not equal to f 1 , there can be an electrical. 
filter in the receiving carrier terminal at Al) 
Which receives f 2 but offers a considerabl.e loss 
to t 1 • As noted on Figure 9, XNV = XNJ. - L -t- Lt1r2 
where ~J.f.2 is the l.oss of the filter at frequency 
fl. XNV snould D.9t be l.ess than 50 db. 

Ref'l.ected Near-end Crosstalk IDss. Even though 
XNV can be made a large loss by efficient fil.ter­
ing, it is important to limit Xm. because of re­
fl.ected near-end crosstalk. A crosstalk current 
is transmitted through Xm.· If the ipPedance en­
countered by this current in entering the receiving 
carrier texminal at ~ is not equal. to the im­
pedance of the carrier line, a portion of' the 
crosstalk current is refl.ected and transmitted to 
Bt, where the crosstalk can be heard. A similar 
reflection effect can occur at the receiving 
carrier terminal at Ba• Also, reflections can 
occur at any point in either carrier l.ine where 
there is an impedance irregular! ty such as that 
caused by a length of cabl.e. Since it woul.d be 
too costly to make XNl as large a loss as XF11 it 
was decided to aim at a val.ue of' XNl which is not 
more than 10 db less than XFl· This means that if 
more than about 32~ of the nea.r-e~d crosstalk cur­
rent is reflected, the reflected near-end current 
becomes larger than the far-end crosstalk current. 
Reflection reducing devices at the junctions of open 
wire and cable will usually be necessary. 

- 11-



REA-TE and CM-463 

4.l6 ABSORPI'ION IOOSES 

4.l6l GeneraL An insertion loss v~rsus f'requency run 

4.l62 

4.l63 

on any transposed pair Shows that when a certain 

f'requency is reached, the insertion loss starts to 

peak up due to absorption of' energy in other wires 

on the pole line. As the f're~ency is increased 

the extra insertion loss due to absorption reaches 

a maximum and then the loss decreases to the normal 

value. 

Critical Fre~ency RWe. Theory and a f'ield trial 

of the REA-l system 22 miJ.e line, tandem transpo­

sitions) indicate that, f'or 300 f'oot average trans­

position pole intervals, serious absorption peaks 

start at about 350 kc arid extend to about 450 kc. 

In the 22 mile trial, extra loss of' as much as 

50 db was measured in this f'requency range. For 

pair 7/8, which is transposed at every other trans­

position pole there was one large peak in the crit­

ical f'requency range. The ma.xim:um value occurred 

at about 4o4 kc. The other pairs, which had more 

complicated transposition patterns, had two or more 

peaks and valleys in the critical f'requency range. 

For average transposition intervals other than 

300 f'eet, the critical frequencies should be ad­

justed in inverse proportion. 

Absorption Ef'f'ects below Critical Frequency Range. 

Below 350 kc and above 200 kc, the trial of' a 

22 mile tandem transposed 4 to 8 pair line showed 

a gradual and irregular transmission loss increase 

over the calculated per mile values publiShed in 

REA-TE & · CM-4o6. In the trial the conductors were 

l04 copperweld 4o% conductivity. These increases 

in loss are not f'ully understood but, presumably, 

are due to a number of' small absorption losses. 

In the trial, the wires of' the new REA-l line were 

quite close to wires of' an old line which had to 

be kept working during the trial. Much work was 

done in moving the old wires and in most cases the 

new and old wires were two f'eet or more apart. It 

is recommended that, f'or the present, the published 

calculated attenuation per unit length be increased 

as f'ollows: 

kc 

200 
250 

%"Increase 

0 
20 

kc 

300 
350 

- l8 -

;, Increase 

30 
50 
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In view of the complication of the o~d line in the 
22 mi~ tri~, another tri~ may show smaller per­
centage increases. 

4.~64 C~cuJ.ated Abso:rption Peaks be~ow Critic~ Frequency 
R&nge. Pairs with very simp~e transposition pat­
terns (suCh as 7/8) do not, in theory, have absorp­
tion peaks be~ow the critic~ range. For other 
pairs, re~tive~ small peaks below the ~ritic~ 
range are cuc~ted. These are appreciab~e in 
long ~engths such as 512 to 1024 300 foot transpo­
sition intervus. However, it is thought that the 
attenuation correction discussed above wi~ take 
care of these minor absorption effects. 

- ~9 -





TOP CROSSARM 

LOWER 
CROSSARM 

FIGURE 3 

CASE 2 .. WIRE SPACINGS. (TANDEM TYPE BRACKETS- TYPE lOA CROSSARMS) 

FOR DETAIL OF DEAD-ENDING REFER TO UNIT PBS-13 (FIGURES 7 AND 8) 

2.1· 

2 

• • 

• • 

TRANSPOSITION POLr NUMBERIN8 

ALL NON-TRANSPOSITION INSULATORS T-1 OR T-2 UNITS. 
ALL TANDEM TYPE TRANSPOSITION BRACKETS T-80R T-T. 
DISTANCE BETWEEN CROSSARIIS 24 •. 

4 

I 

• • 

4 

8 
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10 

II 

12 

13 

14 

us 

16 

IT 

f8 

19 
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TOP 
CROSSARM 

LOWER 
CROSSARM 

FIGURE" 4 

CASE 3-WIRE SPACINGS (POINT TYPE BRACKETS- TYPE lOB CROSSARM$) 

FOR DETAIL OF DEAD-ENDING REFER TO UNIT PB5-12 (FI<?URES 7 AND 8) 

2 --
1 ~· . =====~~===---~~------------- a 

., " b 

• 
[) r lJ ry T) ' 

• 
t 

;l Q ox;; 0 10 
2 I 4 

TRANSPOSITION POLE NUMBERING 

~ II 

of• ~ II ' ~ II ~ x 14 
II 

.. 
17 

II 

b 1~.. ~ ~ : X 1:o 
ALL NON•TRAN8P081TION INSULATORS .f•l OR T•l UNITS. 

ALL POINT TYPE TRAN8POIITION BRAOKITI T-14 OR T-It UNITS. 
DISTANCE BETWEEN CROIIARMS 24" 



FlGURE 5 

CASE 2- TREATMENT OF OCCASIONAL NON-TRANSPOSITION PO~ES 

WIRE NOS. 

I 

2 

11 
2 

TltANSPOSE USE T-8 OR T-7 

• 
NUMBERIN8 

TRANSPOSITIOit POLE NUM8ERIN8 

LJ-L .. -+ tl- .. -1 le· J
7'4oj 

I• <!> • -r- 12. 12. + 12" 

PI .. -HOLE" SPACINe FOR RE801tED CROSSARM UOA I 

SOLID LINES INDICATE CORRECT CONSTRUCTION. 
DOTTED LINES INDICATE WRONe CONSTitUCTION. 
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FIGURE 6 

TREATMENT OF LINE WITH SHORT AVERAGE SPAN LENGTH 

(EVERY OTHER POLE NORMALLY A TRANSPOSITION POLE} 

FOR DETAIL OF DEAD-ENDING REFER TO UNIT PB5-14 (FIGURE 7 AND 8) 
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• • • • 

• • • 
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• 
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TRANSPOSITION PO~£ NUMBERING 
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\( PIN POSITIONS : & I 
NOT TO BE USED 
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ao 
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TRANIPOIITION PO~E NUMIIIUNI 
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tb~ /g ~ ,_, 

~ --.... -ek ~ ~-

7~l~v:-~ 
ek ( 

... , ... ··""' r--L-~ - I 1-r (j6 J 

I I l l 
I I I I I I I I I I I 

I 

I I NOTE: 

I 
At.L HARDWARE ITEMS NOT 
LISTED Ill MATERIALS LIST 

I AilE SUPPLIED wrTH BACK TRUSS. 

I I 

I I I 

Lij L I \_ -
ASSEMBLY UNITS 

PBS-II PBS-12 PBS-13 PBS-14 

·ITEM MATERIAL NO.REQ'o. NO.REQ'D. NO. REQ'D. NO. REQ'D. 

g CROSSARM 3 I/4"X 4 I/4"XIO'-o" (TYPE DETA l I - - -
g CROSSARM 3 I/4"X4 Jl4"X 10'-0"(TYPE DETB) - I - -
g CROSSARM, 31/4"X41/4"xiO'!..O" (TYPE DETC) - - I -
g CROSSARM, 3 1/4" X4 I/4"X 10!-o" (TYPE OETD) - - - I 
tb TRUSS, BACK CROSSARM,3/4"X 10'-D" I I I I 

h BRACE_._ FLAT, I 7/32" X 7/32" X 30" 2 2 2 2 

ek LOCKNUT {FOR 5/8"" BOLT} 2 2 2 2 
j SCREW,LAG I/2"X 4" I ' I I 

RURAL TELEPHONE CONSTRUCTION PRACTICES 
DEADENOS, SINGLE CROSSARM (TYPES DETA,DETB,DETC, 

DETO) 

SCALE: NTS FIGURE 7 IDATE'JUNF 12 1957 

I I PB 5 -II ' PB5-12, PB5-13 , P85- 14 



TOLERANCES 

SIZES OF HOLES : 
NOMINAL 

CLaYISIIDL&•(i) -- ·- 1rt1"---· S/8':... ••• _ 1/l" 

CEIITEit LIIIE• @ •••• -- 11/ta" -·-- 1/8 !-··-- 514" 

81tACE HOLE ®·-·--·· ~ -····--:l.la-----111 

OTHER: • va•:l: 
1/a•:l: 

TYPICAL ENLARGED SECTION 

OF CROSSARM 

BACK TRUSS CDETA) 

MIDDLE SECTION DO SECTION 

, DEAD-END CROSSARM BACK TRUSS (DETB) 

I 

to'-o"a 

j_ 
41/4"F8 

1=) r , ~~···~ l l END SECTION MIDDLE SECTION DD SECTIOI!I 

DEAD-END CROSSARM BACK TRUSS C OETCJ 

~---------------------------~•o·~o·a----------------
-------------~ 

··~ 
END SECTION IIIODLE SECTION EIID SECTION 

DEAD-END CROSSARM BACK TRUSS (DETD) 

MIDDLE SECTION EltD HCTION 

RURAL TELEPHONE CONSTRUCTION PRACTICES 

DRILLING GUIDE-SPECIAL DEAD END CROSSARMS 

SCALE: NTS FIGURE 8 DATE: JUNE 12,1957 

803-1 

I 
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FIGURE 9 

Crosstalk Losses 

Aa Measured Crosstalk Losses 
~ 

300 
Plt.ir a 

300..1\. 

Xx 

6oo.JI- Pa.irb 

J\ Ab 
Two Pairs with Similar Amplitude lobduJ.ated Carrier Systems 

~ 
No Repeaters or Compandors 

Zero db Net Loss 

L db is Carrier Line Loss 
Talk 

Circuit a 

Reflected XNJ. 
--------~-------~ Listen 

Circuit b 

·-Xn = Near-end Carrier Frequency Crosstalk Loss (Input to Output) 
XFl = Far-end Carrier Frequency Crosstalk toss (Output to Output) 
XNV =Near-end Voice Frequency Crosstalk toss (Aa to Ab) 
XFV = Far-end Voice Frequency Crosstalk Loss (Ba to Bb or Aa to Bb} 

XFV =. XFl > 50 db 

~ I . 

Listen 

XNV = Xn - L + Ltlt2 > 50 db; Lrlf2 is loss in fUter at Y at frequency tl. 


