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Purpose: !tbe purpose ot this addendum is to expend the or1g1na.l issue 
of Section 462 on the use of ca.rrler on the Rl system u 
determiDed tram recent Jllleu~ta of' en Rl 11)'8'teffll at ~ 
frequencies. 
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2. AJ>Elication and Discussion of Data 

2.01 In applying carrier to the Rl system two important losses 
must be considered, nameiy absorption losses and crosstalk 
losses. Absorption losses are the losses measured above 
the theoretical atteDUa.tion losses at various frequencies 
and are discussed in TE & CM-407 "Hov to Make Insertion 
Loss Measurements" paragraph 7.o8. Crosstalk losses are 
the coupling losses between vire pairs on a pole lead whi.ch, 
if low enough, will cause crosstalk from one pair into the 
other, especially at carrier frequencies. Table I presents 
the minimum equal ievel far end crosstalk l.osses as measured 
for the Rl system. Table III presents the insertion loss 
measurements for the various pair combinations. The 
differences between the calcul.ated attenuation loss in the 
last col.umn of Table III and the values shown in the other 
columns are considered absorption losses. 

2.02 The absorption losses as determined frcn the insertion los_s 
measurements of Table III show th.at the measured losses are 
fairl.y close to the theoretical calculated losses up to 
220 kc. Therefore, for all practical purposes it can be 
stated that the Rl system is satisfacto!Z from e.n·absorption 
loss standpoint up to 220 kc. Of coursetbis is based on 
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2e05 particular ooordiml.ticm with --II<> 
transpositions is req'llil11d 
is WN1de1 

'franapoaitiona in the Rl and R2 B.nJrrAII~ are 
brackets, au.ch as l!,&!:w.:!lm or J)Oint or 
pin crosnrms on the 111id.es ot 111"'.lblllJllll>., 

pord.tiona nay impair the of th 
particu.larly at carri•r .f'reqwmciea, and the 
not re~nd~d .. 

2 .. 07 Although there is no @t9tablished lim.itation on 
devia.tiona in pole spacing or 
l!WM5 should be ue~d to minimize 

2.08 B.-ranoh circuit8 should be trarrnpo96d na~,~nd~!ilnt of 
the progress o.f' the transposition l';lystem in the min 
circuit.. That is, the first, pole in the branch 
should correspond to pole No., l of the transposition. 
diagram,. 

2.09 Subject to the frequency limitations discussed in 
Paragraph~ 3 .. 04 and 4 .. 022 a single carrier system can 
u!!'Jua.lly be.i routed over a pair on an R1 or R2 trana,poMd 
lin@I,. If more than one carrier ay8teli ii, desired it 
advisablfi!!I to make croeetalk loss mea~ntliil over a 
range of carrier frequenciel!J between one or BON canbina­
ticms of pairs.. Such mea~nts indicate which typce ot 
carrier system is suitable and the number of channels 
which may be employed. Two compandored carrier aystams 
up to about 100 kc have be~ used iru.ccesa.fw.ly on pairs 
1/2 and 7/8 or 3/4 and 9/10 on Rl tranaposed lines. For 
R2 transposed lines the corresponding top frequency :l8 
about 50 kc .. 

2 .. 10 Where a number of up to 8 carrier systmns on a line are 
desired and a new line is to be built the REA-l 
transposition system {REA-'IE & CM-463~ may be witable. 
\tum an Rl transposed line erlsts, four pairs on the 
top arm may b8 made suitable tor carrier by making minor 
transposition changes as discussed in (REA-TE & CM-466) 
entitled REA-3 Transposition Systam. 

J. THE Rl TRANSPOSITION SIS'lEM 

3.01 Physical Features 

.3.on The Rl system e111sentially transpoNs -each pair 
at t!ffery other pole. For crosstalk control, 
however, horizontally or vertioally adjacent 
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pairs are transposed at different poles as ce.n be 
Hen tram Figure 1, of' this section. Tb.is reeults 
in transposition.a in hal:f of the pairs at all even 
munbered poles and t;t"8J1Sposi tion.a in the other half' 

\ ot the pairs at all odd numbered poles in a line. 

3.012 To •pl'Oride additional oroastalk controli, trana­
poeitimls are Olldtted on certain pairs at 
·oert.ain specific interval.a. These omi1Smi.ona 
are -.de on the 25th, 50th, 75th and looth 
pole aa 11hown in Figure 1 of this sectiono 
'!he pattem is then Npeated. for the !25th,, 150th, 
175th and 200th pole. Thill pattern is curried 
throwm to the end of the line. 

3.02 Application Features 

3.021 The Rl eystam. should be used with tandem trans­
position brackets in non-windy a.rea~ tor ill 
joint use pl&nt and tor non-joint construction 
inwlving span lengths averaging 300 :feet or 
greater for ill voice frequency applications. 

)e02ll For windy &r$aa, point type brackets 
should be used. Refer to REA-TE & CM-615 
for additional information on transposition 
brackete to use under various conditions. 
Theeei may- ca.use a aignficant increase in 
overall pole line cost. Where increased 
cost due to the employment or point type 
braokets is excessive, it is considered 
good engineering -eractioo to employ the 
R2 system (Par .. 4) for multi-circuit 
leads and the R&A-Vl system (REA-TE & CH-465) 
for mingle circuit leads for all subscriber 
lines on a system wide basis regard.lel!IIS of 
span length or joint use. This may be done 
only if little or no carrier .t'Nquency 
caps.bill ty is need@de Special study JMl" 
have to be given to those circuits which 
may requi.ro additional transpositions in 
order to effectively reduce ucessiw noiNe 
In this connection, howverlil experience has 

. shown that •rious noise wrually reruta 
t:rom other oauaea (c .. o .. unbal.anceei, ringer 
unbalances, etc .. ; refer to REA-TE & CM-455) 
and no retransposition to nduc~ noise 
should be considered until there is a 
certainty that thtt more common causes have 
been eliminated .. 
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For wt i,pray areu,, point t~ 
brackete 9 insulated line viNJ or 
both may have to be nployed. 
'l'hese C&HS ahould be gi~ special 
study bf the ~r. 

Additions, ~aions and branches to uiating lines 
alnady transposod to another voi froquency ayata 
af bfS applied by •1YHI ot the llta1 without 
regard to the trana,position int.rwala ot the existJ.ng 
s.,st.a. I.f carrlsr fr@qt:i.mci~s &llJ."'e to be ~sod 
on one or more pair~ of wclll a line,. ~c:181 study 
lm8t be gi VGn by th@ ~ngirHlli~r ,, 

UnleBs ltniei ini,e:rtio:n. lo11lll at 0&1"rler f'Nqumcie1111 
is m.a,a.sur•d in advanM, it is not reOO!lldnded 
that carrler aiy®t~ in th@ region 220-450 IC 
be appli~d to thei nl sys~~ oocan.n of abeorptian 
peaks,. !¾low thi$ f Nqwmcy rang•, carrier 'liliq 
ho applied to a:oy cmilt pair of the Rl Q'l9ta 
provided th~t. the, total of attenuation and 
Dli.110$1.lan~m,,1 1o,-;;,.:\19:;i W.'l!ll liiithin the Bnufacturere' 
N~1da:t.ion1:1,, 

4o THE R2 'ffl.lHSPOSITION 3YS'.t:EM 

4.01 Physical Featur~~ 

4.on 'nl8 R2 ~ystei!n inwlv~a transposing each pair 
every tour 1!1pan5., As in the Rl system., 
horizontally or vertically adjacent pairs 
a.re trrulsp-0i,~d on different polt•u,. With the 
transposition:, 1.'tlM.dl.!i on the even numbered poleu,, 
this resulti, in hill the pairs being transposed 
on poles won numbers when dirlded b.f four 
result in a whole rnmoors '!'he ct.her hal1' ot 
the paira are transpoOOid on even nUllbered po]Ala 
'titloae numbers when divided by four do not NUNlt 
in a whole number<" 

4.012 Certain tra11spo~itionl!.I aro ow.tted to prorlde 
additional cro~atalk control. 'lheae adad.ona 
are ude on the. 26th~ 52nd, 78th and 100th polAI 
&a shown in tha d.iagr&lll on this 8Yata. 'the 
pattern ie then repeated for the 126th, 152nd, 
178th and 200th pol@ and a-o on to the end ot 
the line .. 

,,_, 4 Cal 
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4-02 Applica~ion haturea 

4.021 !he R2 qeta no~ lhould be UNd with tandD 
tnnapoaition brackets tor non-joint UN construction 
inwlrlng span lengths awraging loea than 300 teet 
tor all voice treqwm.07 applications, prodded that 
the application ia not in a windy or salt-epn;r 
area. For windy or Mlt-aprq &N&a, wen point 
'bracket• are required (below), and it ia neoe111w7 
to hold line construction ooats to a minilllrum., the 
R2 system can be UNd tor multi-circuit lea.de nen 
with average span lengths over 300 teot. 

4.0211 For windy aN&s, tandem brackets should 
not be used where the average span lengths 
aN over 200 feet. In theM cases, point 
type braoketa should be employed. For 
single circuit leads in windy areas, the 
REA-Vl transposition system (REA-TE & CM-
465) should be employed it little or no 
carrier frequency capability is needed. 

4.0212 Salt-spray areas may require point type 
transpositions or insulated line wire or 
both and should bo given special study 
by the engineer. 

4.0213 Re.f'er to REA-TE & CM-615 for more 
information on transposition bracket 
applications. 

4.022 Performance at Carrier Frequencies 

4.0221 Unless line insertion loss at carrier 
.frequencies is meaS'l.lNd in advance, it 
is not NcOJJmGnded that carrier systems 
in the region 115-225 KC be employed 
because of absorption P4Daks. · The absorption 
peaks d.ep$lld on epan lengths aa .follOWl!IZ 

AYerage Span 
Length in l'fft 

300 
325 
350 
375 
400 
425 
450 

- 5 -

Frequenay Range in 
KC \there Excessive 
Absorption Peak Ett•cts 
are Apt to Occur in the 
R2 Transposition S,ata 

175-225 
165-215 
150-200 
14~180 
130-170 
120-160 
115-155 
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4,.0222 Ou.tllllid® @t :tb11 ~ @t ~@li!d.fi 
g~iffl ~, ~.iM> ~ b&D. 
appl.ied to ~ ~ pdr of ~ 12 
&il;f~ p~ that tu t@tal @t 
lli9 ~tfflU!ltiOA liWd ~ 
lollliNIS ~ ld.thin th@ aitmt~ It 

~tiooi\0 
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RI TRANSPOSITION SYSTEM 

f Z .1 4 24 lS 26 49 30 JI 14 U 16 99 l(Jf) KIi 
· - - •-Pol1111u,nl#rs 
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~ 
llll I Ji: ---

i »-JIJ 

J9-40 
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f 
- Indicates transposition omitted from nor:ma.l pattern - See para.graph 3-012 in text. ~ 

For lines longer than lOO poles, pattern is repeated. 
* - Pole numbers shown are not necessarily the pole numbers in the line. These 

numbers are shown only to illustrate the progress of the transposition pattern. 
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R2 TRANSPOSITION SYSTE 

I ZJ4J618 24 ZS 16 ~1 28 SfJ JI Sl .JJ S4 1$ 11 18 '1.9 ,!JI) 
H 19 lfJO lfJI IIJ2 • -Polit ntJm.lN 

1-2 I 11 ! I I '& I I 

J-4 I I I !ill 1 I I lit · 

:~: I t I l I T I l 
9-10 I ll! I I I JI I I 

11-12 I I I » I I I Jt 

IJ-U ~ I I I n I I 

J.!-/6 I l I :I I I I 'It 

17-18 I ii I I I .ll I I 

19-ZO I I I ll I I I 1' 

Zl-U l ~ I I- I ii I -I 

2J-2,4 l l I Ji I I I It 

2S-t6 1--J!i I I I tl I I 

Z7-Z8 I I I • I I l ~ 

-

-

- -

-
la I I H----1---+-Ql I i-

-

-
-· 

-
I 

Z!J-JO I • I I I $ -1---1 I I lll I ~ ·-t . -
! 
J 

..11-,12 I I I i I I I t -

;::; I I I t I I I t -

39-40 • • • llli • • 1t 

0-
* -

Indicates transposition omitted from normal pattern - See paragraph 4,012 in text, 
For lines longer than lOO poles, pattern is repeated, 
Pole numbers shown are not necessarily the pole numbers in the line, ~ese 
numbers are shown only to illustrate the progrelds of the transposition pattern. 
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