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1.1 ,Thia acction 1a intended to provide RF.A l:loi"ll"CMns, oQDll\llt~. ~.~ eontni.etoN u4 ct.Mr 
1ntcrcatecl part1ea with technical infonatioim tor use in tine dl!etp o!d oomuuetion of !DA 

borrower.a' tcleJ!b.ou a;yatea. It d.ieeuaa.a in pu't!C\ller OMll~tiou 1m tMi .,,U.oli\t1cia of cable 
.carrier o;yetea. 

1.2 Since about 1958, lov ooet cable cam.--r equipamt !tae NeD ~ •• 1n nnl W~ 
pl.ant lllld,t.he purpoee ot.tbie section :I.a to ap1&1.D·itll UM l!ld epioat.t• en nan1·wiq11one 

uyat.<98. Lav coat c•ble carrier equijmact .... t.ut 1' ~ ~ vtth Jbpioal cil'cuiu 
for diatancca u tow•• ten Id.le• UD4er certa:l.11 oonditiou. 91,e ~ of 1':111, cost oal)l• earner 
cyot.cna 1a due to • n..,_. ot taoton, the IIQ8t aipiftout 'beilll the-. @f wauieton i&a can-ier 
repeotero which elill:LDatea tbe ••tor UT volte a.a. :PC'llff at•• l'tJPl8t.-, J:IQ1nt or at h'equent 
intcrvalo in a repoe.ter atr1ng. Aeid.e :h'm,-·thta, t.h• j.r.pee of IIDdla1atlan, ~ of •lpalilll, etc., 
are similar to thoae found on opm w1N llDft cvner vblob 7ufl 'bMll& u'W4 --.s.ve1y 111! ~ plant. · 

i.J A relatively nev concept,.adopte4 by a lNl!lber of ~wnn,.ralrlle little ti.$~izletiolll . 
between cllffier tor trWllc uaie M4 8\lbecrt'bff ••• !be o1'noulil 41~ MUI ill the aip,alin.« 

functions ot t.be two type• of CIUT'1•• OtheMae tbs cbffld."7 M lll!D&Alat.~ of vcioe .'111D4 aaipal.inS 
1'rcquenc1ea to carrier 4erivecl fflq\UIID,Oiu, cbamutl ~·NIIIIJCINU, tbe n,-1:el'tDC of oa.1Tier 
!'rcquencioa, etc., :Le identical. SOlllll anutlictunn hoft ~ t1ae·•~1J1141ftueoe beween 
trunk and aubacri'ber ovr1er 'by :Lntrodu.o1Df,S loot) dial •1&P&'I Sq fer ~ CU'l'iel' vbtoh tuutional.l.Y 
10 the allD:l u aubacriber ,.,.,..ung. l_lenellng ,ovt:Lou awUaN.• _,, ~do ln tM.e MtetiOC 0 

1 .11 '!'hr. types ·ot cable carrier ._pilllllt UD4er oout4eraUOII& ill tbi• ,!!I~ p:1arily i~ 
the typea 'Which bave an operatiJII zuse ot up to UOl.lt /i5 RiJ.ff be--Nn'ier t.udl!l&l4! mci 

cnut. hc1.wen $1000 to ~300 per cbunill in ~ l!Dquippd --"-• fJ!g ~ IHJCtiall the:, ri.U.be . 
r .. r,,rred to aa lov c011t oalll• cUTier Qat.u. '.115llia 11Ntioa e.l.tO b11.!lfl1' M•~• th0ee ~ of 
cnrr kr ayat- vhicb cu qa U1tuo• up to 100 111111-aD4 1Al!ob, ot Ol'IIU.'Ms an 11a0MW&1t mre 
eXJIC"11D 1 vc on a per chulleJ; bula. 'l'be HctioD 61:Mte aot UHUU 'Ba MvuSaa. lquipMmt (11uci& u 
puloc codo md:w.at1on) vb1ob to ta" bu baa little applioati.Olll 1aJ t.be t!IMll,Qendet t!lleptlo,MI . 
1nduatry. 



REA TE & Q.1-905 

l. 5 IDw cost cable carrier systma vere introduced u earlJ' u 1958. RM ~:rrowen 'begu. p!Al'Cbuing 
these systems in 1960. .At present, numerous systems have becm in open.tiO!ll tor lllOre tbeii 

two years and although this is a relative]¥ short period ot t11118 tor 1'UU eval.Wlt:ioo, thus tar 11110st of 
this equipaent has provided satistactol'Y' service. In the fall ot 1962 BIA addecl earner eqm.paent to 
its List of Acceptable Materials and various types of low cost cable caffier equipant were included. 

1.6 'Mu.ch of the low cost carrier equipaent discussed hl this section bu found e.pplication u 
multiplex equipnent on radio cl)Moels- ~e send and receive levels· of these can1.er systw 

arc compatible 'With radio requirements. Jror radio BY$telll requirements ,;1.mder 100 c'baDoels, t1lMt v.se 
of low cost ca.n-ier equipm.ent results in suostantial.. savings in multipla: eqw.pa;mt. Al.though the 
prunary use of r11dio is for deriving trunks, subscriber cable cerrter equ.il,llllmt cu. be wied ,just u 
·~·0U on radio for subscriber use. Refer to 'JE & a.i-930, '°Use of Point-tomPoint 11&4lio 1n Telephoey," 
Addcndwn No. 1, for additional information. . 

1.7 A larce portion of this section io devoted to far-end croHtalk loae ~ cables 'Which meet 
REA specifications 'Where it iE necessary to consider muJ.tisystem carrier applications. 

2. DEJCRIPTION OF CABLE CARR!m S'fSTfl.f.5 

2, l 1.£.Jw co::it cable carrier .:;ystems are possible due to the relative]Jv low cost ot repeaters requi,red 
alone the cable to overcome the high attenuation at carrier frequencies. ~rs includes the 

nbili ty to :power repeaters from end terminals. This is us~ acoompliehed by' feecling power to repeaters 
by simr,lexing one vf th<~ pairs to feed repeater current to one halt the repee,ters Md then return the 
circuit over a sir'!I•:'..ex circuit using the other cable :pair of the ay®tem tor powerine repeaters in the 
c,17P0aite dirl:'c:tion of transmiasion. Figure No, l show two methods used in pcn,ering repeaters. 'Baus, 
no more thru1 b10 or three cable pairs are required for cable. carrier systems tor tranamission of 
currier frequencies from one terminal to another plus being able to power the :required number ot 
repeaters from each tcnninaJ.. 

2.2 By croupinc the frequencies for each channel adjacent to each other in the spectrum for each 
direction of transmission, broadband ampJ.1:t'iers can be used as repeaters. '!'Vo amplifiers world.Dg 

in oppo~ite directi0ns constitute a repeater. By making the carrier system ~aical 4-wire operation 
(2 pairs required per system) and not utilizing the physici&l circuits tor voice frequency transmiesion 
no directional filters are required at terminals or repeaters and the coat per repeater is thus very 
lmr. 

2.3 There are also carrier systems designed primari~ for open wire application (with stacked 
freq_uency allocations) 'Which can be f'urnished with group frequency al.locatioDB for each direc­

tion of transmission. This type of system can be repeatered and used on cable plant and requires 
only one pair per ~ystem. EquiIJ11ent of this type is sometimes referred to u l.ov cost cable carrle~,; . 
hmrever, for lll:)St types, the repeaters have to be powered :t'rom ll7 volts a,c., therefore, they ·cannot be 
J)roved in economica.ll.y over 4-wire systems 'Which power repeaters from the tendnals. 'lbere is SOJQe 
equipnent available, however, 'Wh:Lch can operate 2-wire and still power the repeaters from the end 
terminals over the same t'WO wires. Although many items discussed in th1a section aP.PJ.¥ to 2-wire 
repeatered systems this section 1s pri.marizy concerned with physical. 4-wire systems. Figure 2 
illustrates the difference between stacked and grouped frequency allocations. Figure 3 illustrates 
the difference between 2-'Wire and 4-wire carrier systems, 

2.4 A siG11ificant COJIIl>0nent of 8Jl¥ grouped frequency cable repeater is the equalizing network, Since 
loss throueh cable varies with frequency, the lower carrier f'requ.ericiee are attenuated less than 

the higher frequencies in the same direction of transmission. Since the broadband am;plifiers which 
a.re usually :t'lat in frequency response amplify all frequencies equally, it is necessary to provide a 
n'"b1ork that attenuates the various frequencies in the reverse slope of the trequeney""8ttenuat1on 
:;lope of cable. When the levels are proper~ equeJ.:i.zed ahead of the ampl.Uier, t&e output out of 
the equalizer at vari.ou.s frequencies 'Will be equal before amplification l'tnd transmiasion toward 
the next repeater. Equalization for each previous cable section takes place at the reiieater . 
input and if.correct at each repeater the various carrier frequencies of the sy-stem will arr1.ve at 
the distant terminal at the proper level for demodulation, 'Jhus in Figure 3, top drawing, the 
carrier frequency level o:t' channel No. 1, 10 kc would b~ attenuated much less th.Im the level of 
channel No. 22, 304 kc at the first repeater point so ~t the ideal equaliziJ?S network would 
attenuate the 10 kc sicnaJ, :t'or a specified high loss wile ottering little or no additional attenua­
tion to the 304 lee siena,l. '!herefore, as the 10 l~ and the 304 kc· signals enter the amplifier, 
their respective levels will be equal and 'Will be amplified equal.ly. Fi8U,re 4 shows the position 
of equalizers in a cable carrier repeater. 

- 2 -
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2. 5 In the alignment of a cable carrier system, one of the •.10r tub 1• to JIIOVe t.rc:a one repeater 
to the next setting the equalising networks lluoh .that tbe truud.t lnela out of each amplitier 

are the same thro\16hout th- band of f'requend.ea involved. With111 the 11Ut tw to three 7•na suf­
ficient experience has been gained about the elope cbancterietic~ of plalltic iuulated cablee of 
variows types · so that the aliping of repeaten is ·DOit' fad.liar routim to a;perienced tutallers. 
Prior to this period the cable characteristics of paper 1mmlate4 lead cables.were well 1mOWD but 
little was known about plastic insulated cable. Where Utt1cmlt,' is mcowlt4llred it ia uaue.JJ.y due 
. to the existence of scam iJll,edance irregu.larity .. in the cable pair lluah •• a loo4 coil,· a 'buil.d out 
capacitor or another cable pair bridged on the circuit. 

2.6 · Not all cable carrier sys~ haDdl.e equalisation ot lneb in the manner described above • 
. Cable carrier systems such as ~eetern Electric "N," or ita equivalent, ue a different technique 

which accomplishes the same results. IWltead of 4epe1141ng up.,n equalising networks, the transmit 
output of the. terminals is sloped such that the higher f'req,.umc.y levelll are transmitted at a higher 
output level than the lower f'requeney levels. Thie proceee together Ylth another technique called 
frequency froscill6 at each repeater enables the signals throughout the lllpectrum to be treu:wmitted 
through the 1·epeaters at the proper levels for the recei Ying teminalll. The two frequency bands tor 
send and receive are inverted in passing through the repeaters. 'lbu, the highest f.requeney channel 
in one line section becomes the lowest frequency channel in the succeeding line section. So nearly 
constant are the sums of the losses in the tw sectioM for all channel.a tor the frequency range 
chosen that the equalization is provided without resort to an,y m.Jor zlope correction in the repeaters. 
Frequency froaging also helps overcome "run around" coupl:1.n.g e.t repeater.a which ie d1Bcw.ur1ed in 
parf16raph 5.51 •. Frequency frogging is f'u.rther explained in REA TE & a«-901, "Ft.mdamenta.J.s of Carrier 
Telephone, " paragraph 11. · 

2. 7 /,side fr•-::im the relatively new innovation ot the tran.aiatoril:ed repeater& other significant 
differences of low cost cable carrier as c~red witb. open wire carrier& are: 

2.71 A number of new systems have a capacity of up to 24 channels per !ll'Stem. There 1111 much common 
equipnent in these systems which is an important tacto'.l' in the lower coat. 

2.72 When the terminals as well as the repeaters are tranaistorisied, the current drain, or power 
consumed, including pover for th~ repeaters from each end termibal i■ sign.iticantly lower 

than to.r t1,1.be type carrier. 'l'his permits -powering the equipnent fiom the li8-volt central office C,UJJPly 
and eliminates costly 48-volt d,c. to 130-volt d·.c. converters or 130-vol.t banks of batteries as par1; 
of the standby facilities. · · 

2.73 Where the terminals are transistorised the equ1pDent is very- COill!PICt resulting in considerable 
savings of office apace. This is an important factor in overall aav1n,p. · 

2,74 Since repeaters on 4-wire syatems are low coat, it 1s. advantageoua i'rollla croaatalk standpoint 
to make them low gain devices ranging from 20 to 25 db per repeater section. For exchange 

grade cables the repeater spacing for most.of the low coat syeteme ranges up to al.moat two miles for 
19 gauge to 1. 4 miles tor 22 gauge. 

2.75 Most equipnent is uaua~ installed withc,ut COJ1118ndora or other Cl'OIIIStalk reducing devices to 
keep costs low. Most cable carrier equipaent can be optionally eqµ:1:pped with compandora or 

other crosstalk reduction devices if needed. Colqpandors reduce the effect ot noise on the carri.ers 
and relax the crosstalk coupling loss requirements between cable :pairs whn more than one carrier 
syetem·1s installed within a cable. ~dora are discussed 1n TE lie CM-901, "Fwldamen'!,al.li of Carrier 
Telephone,11 paragraph 10. 

2. 76 Crosstalk advantage usually obtained by uaing compandora on amplitud.e modulated carrier is 
inherent· in some equipnent using angular modulation techniques. E:lghteendb or more crosstalk 

advantage is possible with wide dev1ati.on angular modulated carrier snd ~n effect compandor advantage is 
provided at no extra cost. . 

2,77 On some carrier equipnent the test tone level at 1000 cycles per second is less than the 
conventional 11011 dbm. Altho1,lgh it D1Y' introduce scmae inconvel'11ences in teeting levels, the 

red~ced test tone level.a, · ( -10 · dbm or so) are more 1.n ke1!ping with actual speech powers encountered 
in normal conversations. 

2.78 Costs vary from one-third to one-half' the cost of single sideband open wire equipnent when 
systems are fully equi:;,,ped to capacity. 

2.79 If repeaters are powered from the termina1B the phyaical:a cannc,t be used f'or voice circuits. 
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3. SIGNALJNG OPrI<mS AV.AILAJ512 OIi ,CABLE c.ABRIE SYS'l!JIIB 

3.1 As indicated previous]¥, trunk carrier and subscriber ce.rrier equip!lelllt are al.meat identical 
except for the s1gnaling options. Sc:lae. immufacturen have ad.e equ1p!llimt 111uch that it can be 

readily converted from trunk to sul;,scriber use or vice verN !Jierel.f by' cba'ilging out .the signaling 
cards. 

3. 2 'lhe me.Jori t~· oi' the cable carrier systems available toda;y •~ fl'al!. one termi.nal to the 
other with inband ar out-of-band signaling tones (for e:v:emplia 3700 cps) at voicefreqw.mcies. 

'lhese tones are mdulated into carrier frequencies and the 11dpaling information puses tbrougb 
terminals and repeaters in the Slll!le wa;y voice frequencies are transmittedo REA TE & al-901 covers 
1~his in par~raph 13. One type of low ::ost cable carrier etiuipment ut:1.lizes time division modula­
tion for signalinc;, ho·.rcvcr, which may be the start. of a new trend. 

3.3 Hhether the cui·rier signa.liIJB is inband, out-of-band, or time division equipnent, the most 
comm::m options for connecting to central office equipment ca.n be clusitied as follows: 

:.l. I~ & M for trunl:s, 

b. One-uuy loop dial for 1..runl-:s. 

c. f,ub::;cribci curi·icr for cxchancc plant. 

3 . 1: E & l-1 Sit;no.ling 

3 .:11 E · e, M siL,rnuJ.inc; iG covered quite thorouahly in REA TE & CM-319, "Interoffice Trunking and 
Sicnalin!3," uncl a::; far as carrier equipnent is concerned it means that if a COE ti'Unk circuit 

:,u::; ·r, n, E & M le:acln auch leatlo can be connected to T, R, E & M leads of a carrier terminal and 
:;icnalinc is. i:JOooiblc bct.,rcen terminals on this bas::l.s. A temdnal originating signaling towards a 
diotant terminal accomplishes it by placina battery- on its ''M" lead for seizure and alternately applying· 
Latter/ ancl c;round correspondinc to the dial pulses being sent. This• action usually results in a 
crCJW1d bei!lG plo.ccd on the "E" lead and alternate]¥ applies ground lllild open conditions corresponding 
to the dial pulsinc; at the opposite terminal, Return supervision ia usually accon;,lished by applying 
l>attery to the.distant terminal "M" lead which results in ground being placed 0111 the originating "E" 
lead. \ihcre the trunlm are tuo-way, operation oigne.ling can be accompl:iehed in ~it.her direction. 
Mtcr the slc;nnlinc; information is sent to the carrier terminal by its ''M" lead it depends on the 
particular r.o.rrier system as to whether inband, out-of-band or time division signaling is employed 
between terminals, 

3. ll-2 · In every case ,mere E & M siG11aling is specified, the t!entral office equipnent provides an 
E & M trunl: circuit to convert loop type sicnaJ.ing from the subscribers plant (opening and 

clo:;inc a d-c loop path) to ''M" lead signals and respond to "E" lead signals. 

J .1f3 Since about 196o the Bell System has been specifying so called 11E11 type signaling equipnent 
for some carrier systems. "El' type signaling equi:pment denotes inband signaling throusb carrier 

equip:icnt ur,inc a. sinc;le frequency, usually 26oo cycles pc:r second, This type signaling is also 
referred to i.s "SF" signa.linc;. Since carrier io effectively equivalent to a 4-m.re circuit identical 
26o0 cps tones can be used in opposite directions for signaling. At this time "SF" signal1nc is 
u::mally on an "E & M" or loop dial basis. Just as explained above, when E & M signaling is specified 
c1.n E & M trunk circuit io required of the central office equipnent bringing out T, R, E & M leads for 
c.:onnectiono to the "SF" sicnaling unit, 'lhe "SF" unit takes the ''M11 lead signals and transmits them 
from one carrier te:rmino.1 to the other using interrupted inbe.nd 2600 cps tones. 

3. lµ, ":;F" sicnalinc equipment is also available for one-way loop dial sianaline; through the carrier• 
Therefore, in diacussinc; "SF" sic;nalinG it is also necessary to know -whether it is E & Mor 

:.ome form of' loop dial signaling. 

3 .1,5 11:W" sic;nalinc equipment at this time is not an inherent part of any carrier equipment• 
U::;un.lly this equir:mient is mounted separately from the carrier equ:1.pment. Figure 5 shows the 

eciuipment arro.nc;eracnt where "SF" equipnent is used for E & M signal.ins;. 

- 4 -
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3 • 46 · Independent telepbone equ1paent manufacturers cu 1!lOW tuniah '1SP" equip!!at which is compatible 
with Western Elec~c 11

1'E11 type equipment at the OPP.)site endo UeWll.J:( the hybrid circuit is . 
an inherent part of.the SP equipaent and the ODl1' conuction to the canier equipaent is to the· 
"mod in" and "demod out" points known ae the 4-vire imiee frequency point&. 

3.47 Figure 5,is a simplified block diagrem·ot a trw:alt ai;pl~ag "SF" inbud aigna11og. 'l'he 
transmission path between terminals must either bea cur:l.er derived cbannei or a 4-wire physical 

in this example since the same frequency {26oo cps) im used tor signaling in both directions. OD 2-
wire circuits employing inband signaling, two different frequenc:Lea such as 26oo cpe and 21too cps are 
used for signaling in opposite· directions.· '1he functions and features ot these 'Wlits are essential~ 
the same as those described below tor the 26oo cps um.ts. Information from t.he switching equipaent 
in the form of d.c. pulses or on-hook and off'~hook signels appearing on the~" lead determines whether 
the 26oo cps signal is applied to or removed from the transmitter. .'J!o avoid the obvious collf'].ict with 
speech signals, the tone is on in the .idle or on;.hook· conditiolll .(''M" lead grounded). In. the off-hook 
condition battery is applied to.the "M" lead which in tum rmoves the 26oo cps from the transmitter. 
When the "M" lead is pulsed the tone is alternately applied and removed fl'Olll!, the transmitter. 'lbe 
path to the office side of the equipnent is opened a:lmultal!Aeousl,y with the application. of tone •. 'ibis 
prevents noise which might be present at the drop side of the equipoent from interfering with the 
control sitnals and also keeps the 26oo cps tone f'rom reaching the calling party. Oile refinement that 
is not indicated on Figure 5 is a signal tone level control. 'l'be 26oo cps signal is ob~ applied 
to the line about 20 db below test tone durin.e; the iclle (on-hook) coi'ldition. During a dial pulse . 
se~uence and the first 100-200 milliseconds of stead:y tone-on, the level ie increased approld.mately 
12 db to illij)rove the signal-to-noise· ratio and therefore the dialing reliability. In the receiver 
of the unit the incoming signal from the f'ar-en.d is divided between the t!lllJdng path and the sigoalin.g 
path. 'lhe presence of a 26oo cps tone ot adequate level. in the dgualing path causes the signal 
switch to insert a filter into the talking path which p-events the 2600 cps eignal f'rom reaching the 
drop side of the equipuent. In order to prevent the degradation of speech signals, this :filter is 
switched out of the talking path when the f'ar,.end indicates an of'.f-hook cOD,Clition (tone off). During 
certain connections such as those to an intercept operator, t-he f'u-end does mt indicate an of'f'-hook 
condition and the filter remains in the ta.lldng path and prevents some speech energy from reaching 
the calling party. This condition is necessary however in order that certain calls are not billed, 
'l'he signal switch also controls the state of' the "E" lead. When tone is received from the far-end 
the "E" lead is opened and in the absence of tone the ''E" leaa is grounded. '!'he most difficult 
feat that the inband feature 1.uq,osea on the receiver is that speech mergy at t.he sigll'lal.ing frequency 
mllSt be prevented f'rom causing false off-hook conditions, or "talk down," 'lhia is the purpose of the 
guard network shown in Flgure 5. All of' the speech ·enersY except that occurring at 2000 cps is 

- accepted and rectified by the guard network and fed to the signal switch in the fom ot a d.c, control 
voltage. Any energy at 26oo cps passes through the band pass filter, is also rectitied and fed to 
the signal switch. The guard voltage opposes the rectified 2600 cps signal and prevents the signal 
switch from opening the "E" lead. · 

3.5 One-Way Loop Dial Signaling 

3.51 One-way loop dial signaling options have found iDcreased application with low cost cable 
. carrier systems wnere one-way trunks are economical. Connection of a O!!.e-way loop dial carrier 

channel to central office equipment is usually made with ti~, :ring and el.eeve leads. In other words, 
a subscriber loop connected to a loop dial carrier chBDJ1el (after th.a central office has switched the 
subscriber line to the carrier channels) can ~ish loop signaling (open and closed d.c. pulses) to 
the carrier, and the carrier equipment at the opposite terminal will present to the central office 
equipnent incomiOB•Selector the same open and closed loop conditions. 'nlere is no need f'or a central 
office equipment trunk circuit.since in effect the carrier contains the tnmk circuit, One-way loop 
dial signaline; means that a given channel will handle te1ephone traffic in one direction on:cy and 
that dialing can take place in one direction only. The carrier challlnel will provide talking battery 
to the subscriber loop once it is connected to it by means of the central ott:i.ce equipnent. As stated 
in paragraph 3 .1~1 for E & M signalingi once the signaling intellie;ence on a loop basis is. accepted by 
the carrier terminal it depends on the method chosen by the carrier 1111µ1.d'acturer as to how :!.tis trans­
mitted through the system at carrier frequencies. It can be by means ot out-of-band, inband voice· 
frequency tones or by other means such as time division modulation. 

3.52 The signaling caras on circuits of one-way loop·d.1&1 carrier ~ls are different at each end. 
The outgoing loop dial signaling circuit contains the batter:, feed relay explained above and sig,­

naling.always originates tram the outgoing tenninal. The outgoing carrier channel teminal is usually 
connected directly to levels of' outgoing selector::l o:t the central of'fice equi);lll,ent. At the other end 

. the incoming carrier channel terminal is us~ connected jlirectl,y to an incOlll:i.rlg trunk selector· 
The circuitry of the incaning signaline; card will present open and· closed conditions through a 

- 5 -



REA TE & CM-905 

nominal value resisto1· to the incom:l.ng trunk selector. ~e incamlng carrier channel termnal is able 
to detect reverse bu.ttery and return answer supervision to the originating te:minal 'tor the benefit 
of calla originated by pa.ystations~ One-way loop dial carrier ci:rcuita are analogous to 2-wire 
phyaical circuits using one-WIJ¥ loop dial sign&ling except that the outgoing ~e repeater is not 
required. 'lbere ~ lim1tatione with respect to dial pulse distortion as to.the length of sub­
scriber loops which aq be connected to one-va;y loap dial carrier channels, however, loops up to 
1500 ohms including the telepK>ne instrument are possible with most equ1pnent. Longer loops will 
have long line adapters connected to them.. 

3.53 'lhe advantaee of using one-W9¥"loop dial carrier trunks over conventional E & M circuits is 
in the savings made in COE trunk circuits. 'lbe net saving bas been found to be as much as 

$26o per circuit since there is no need to use two E & M trunk circuits (one at each end) 1D the 
COE. 'lhe cost of one-way.loop dial carrier channels is about the same a:s E & M carrier channels, 
Of course when only one-way dialing trunlts are used more trunks ~ have to be specified over all, 
l.Jut nevertheless considerable savings Ftre p:;ssible, One-WIJ¥ loop dial sigDaling should be considered 
where a large number of trunks are to be provided. Figure 6 shows how one-way loop carrier is 
ccnnectec.l. to ccntrnl office equipnent. · 

~-6 Suli:icriber O..n:ier Signaling 

3.6::.. Subscriber signalinc .,' .:•cuitry on present.cy- available cable carrier systems is identical in 
principle to .the :.;ul;acriber signaling used tor ~ years on open wire subscriber carrier •. 

This sub,1ect is covered in TE & CM-901, paragraphs 13 and 14, .Subscriber cable carrier systems are 
a.·,uiln'ule 11hlch c:1.r, accOJIIOOdate alJllost all possible kinds of service :from a switchboard, such as 
tr;n-:pa.rty d.!.vi.ded ringing, bridged ringing and superimposed ringing. For one and two-party service 
ut thi:; time, i:;ignalillB circuitry would have to be bought which has the capability of ten-party divided 
ringine; howe.-er, it can b~ used for one, t-wo or four-party line ringing, 

3.62 Hhen the telephone industry shows a demand for only one, two or four-party line ringing, i'uture 
systems will probab.cy-be provided with signaling circuitr)r at reduced prices from ten-party 

rifl6ing since the complex circuitry required for ten-party f'Ull selective ringing would be unnecessary. 

3. 7 FX, Forei1:,rn Exchange Signaling 

3. n 'lhis type of signaling circuitry is usually used with trunk cable carrier systems where one 
or ioore channels may be used to provide foreign exchange service tor certain subscribers tram 

one cxchanee into another. FlC signaling is identical to subscriber carrier signaling except tha.t 
the subscriber terminal is not usual.cy- equipped with circuitry to generate ringing power, Since the 
suliscriber terminal is usually JOOunted in a central office together with the iest ot the trunk carrier 
channels, central office ringing power is used to signal out on a subscriber loop. 'l'his type of carrier 
signaling may also find some application where wide area telephone service (WATS) is provided and 
it is necessary to extend the 3ubscriber loop all the way to a properzy equipped office tor connection 
to the network. Part of a WATS cirr:ui·t ~ be easily provided over spare channels of a cable carrier 
:..ystem equipped with FX sie;:naling. With the increased demand for ImlX, (dial teleptypewriter service) 
foreicn exchange signalinc carrier equipment can be used to reach properly equipped office which handle 
11:..'vlX s,dtching. 

l1. ELEC'ffiICAL PRO'l'rol'ION OF mANSIS'OORIZED EXWIPMEN'1' 

l,.l With the use of transistorized d.c. powered carrier repeaters installed along cable routes, 
came some problems in protecting their circuitry from lightning surges induced in the cable 

r12.irs. since most transistors cannot withstand voltage surges in excess of about 100 volts. Since 
~arbon blocks operate at a minimum of about 300 volts, they are obviously inadequate for the 
J'rotec~ion of transistors which are exposed to outside plant surges. M::>st manufacturers now recognize 
1;his nnd supplement carbon block protection .with internal low voltage protection where such protec.­
tion is needed. Protection of' the tenni.nal equipnent is not as critical as the repeaters since 
the transistorized circuitry ls protected from outside plant surges by impedance ma'ii.ching transformers, 
:!.'il ters, etc. This deficiency in protection from lightning which appeared in some of the early c.able 
carrier systems has been corrected and these systems now o~fer reliable service. 

/ 
11.2 REA TE & CM-822, "Electrical Protection o:f Ce.rrier Equipment," should be referred to for a 

more detaile(i discussion of protection requirements on cable carrier ·systems. 
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5. TRANSl-tmSION OF CARRIER J'REQtJERCD'S fflOOi10B ~ 

5.1 As indicated previousq proper carrier~ ~IJJdon ~ cable ll.'equi.Ns W!l!!!e:rou.s 
repeaters because the attenuation at carrier f'ireqwmciee in ell!lble pi.at iffl ve:!'Y b.igb when 

compared with open wire. The higher the top 1':requemcy of s cable Cur.I.a' q!!lta, ~ higher thli: 
attenuation. If' more than one system is to openi.te ~r th@. MM cable m•th then the possibil:!.~ 
of crosstal.k between systems alao.wst be considered.. !hereforep tw ~riet:lcSJ of ce\bl@ 
plant are important with respect to cable carrier sye~; {l) e.ttemP&tioo per mit length: Md 
(2) crossta.l.k coupling between the various .pain :m the cable. · 

5.11 In application engineering of a cable caxrter syetmm 'I.he engi.l'Ae@~ !tu to killm,f the~ of 
cable over which the caz-J1er will operate. It is des:!.X'a.ble to~ a.a accure.te!,v u poGaible 

the attenuation per unit length since spacing ot the :repeate:ffl has to be cru.wlated. ~® ~;ttenuation 
per unit lencth o:t' cables used in the industry varies widely depending on p.uge~ m..atu&l ca)ilrlcitance, 
whether it is po.per or plastic insulated, etc. 

5 .12 Exchange grade cable is considered "high capacity" cable with W'.1 &v~e !W.tlw.l c~pacity fo:r 
all the pairs of .083 mfd. per mile. 'lhe deviation in capac:i:i;a,w~ ~ pai:i:a ~ v:u-y and 

·ra.lues as high as .096 mfd. per mile are present on older eneting cablee. \h\t i@ eometim,ea refen-ed 
to as "toll grade cable" hss a mutuaJ. capacity of .066 or .062 mfd. per mile. '!he l(ffi\\".r the mutual. 
capacity, the lower the attenuation at carrier frequen.cie3. To illwitm't$ tl'l.e etteei of gauge, mutual 
ca.pa.city, and tY})e of insulation, the following date. is given.ate. ~cal b.°equ.eney of 300 kc, A 
comparison is also eiven of repeater spacing usuming ro .db gain per repea'tel'. · 

19 GAUGE 19 GAUGE 19 GAUGE 22Mtm 22 GAUGE 
PLASTIC PAPER PLN3TIC P'Ll\S'l'IC . P.&Pm 

INSULATED Il\lSULA'lED OOUL!\TED ~'fll:D INSL"LA'l'ED 

.066 mfd./mi. .066 mfd./mi. .o8J '/14d./mi~ .oBJ ~d./m.. .083 mfd.{m. 0 

A'.rrENUAi'ION 
AT 300 KC 7,6 db/mi. 9.0 ab/mi. 10.3 ~/NJ,.. 13. 7 rJb/mio 15.0 db/mo 

REPEATER 
SPACING 'f .l kt 

INTERVAL PER 13.9 kf JJ..7 kf 10.2 kl 1.1 k:t 

20 DB OF U>SS 
AT 300 KC 

It is seen from the above comparison that an application et)8in.eer has to lmcrw wmt kind of csbl.e is 
involved in order to approximate repeater spacing, 

5 .13 In the interest of econ01Q.Y and standardizs:tion, REA specific®:tiou tor new cabl.e imlt.all.ations 
require cable in eizes of 18 pairs or more having an a~e mutuN. ce11pacity of 0.083 .:!:. 0.004 

mfd. per mile, Cables of smaller sizes have average J11Utwu capacity of' .o83 Dlfd. Pf"--X' mile but ~e 
tolerances of + .007 + .01 for 12-piur and 6-pair, respectively o 'Wh~ cables a.re prescribed for use 
on trunks it is possible under existing REA practices to procure C3.ble of 12 pain imd up were the 
mutual capacitance will be with + .004 mf'd. :f'rom .083 mfd. per mile. Altb.ougb lover ca~cit:y cable 
means lower loss.and fewer repeaters, it is not rec~nded that ,066 lil!f'd. ~r mil.e cable be used. 
Gain by means of transistorized repeaters is J,ow :ln. coat and :!..n most mpplicatioM means only a few 
additional repeaters are required with the uae of standa:rd cable type('!. 'l'heire may be some isolated 
instances where .o83 mt'd,, 19-gauge cable woul.d provide a facility which wul.d be beyond the trl3lls~ 
mission capability of certain cable carrier syatems. Should this be the cue, .066 mfd, cable could 
be specified but REA approval should ·oe obtained for such a proposal, wie.11 WQUd coat at least 10 
percent or more than .o83 mfd. cable, The use of other than .08~ mtd. cable A)" REA borrmrers is not 
generally recammended. 

5.14 Temperature variations affect attenuation in cables. The higher the t~rature t.he higher 
the attenuation. All low cost carrier systems coi.,,tsin autointic gain control circuitry to 

compensate for temperature variations normal.l.y encounteTed in aerial cable plant. 

Q 7 -



rJ::A 'l'E • CJl-905 

5.15 As cli.scuas~ previouslJ' oa. the sub3e«:t'.ot equal1z1Dg networb, ~ 2.la., the al.ope 
characteristic ot fl"equenq versa attematioll 1• 1Jliilc)rtalLt to Jmov. lflmltactunn cle8igD 

equalizers wb1ch have a rnene atteauat1oa..•lape 111th reQlftt. to tnqµenq. Dia• deittpa are 
based on typical cable. data --1able to. them but, it 1a not UDNWIOD to 1'1114 cable sectiom which 
have somewhat ditt•rmt slopu tbu that tor which the built in equaliaer vu d.N1pe4. In theee 
instances, however, there 1• mual.q eaoup toleru.ce 111 the equaliaer atrapid.ap to pend.t proper 
adJustment of the repeater sectioa.. U the.equaliura cllDDQt 'tie a4.1Wlted to Met the Ill.opt cba.racter­
istics, the cabl.e pl.ant J1111iY have vater 111 it, therema.Y" be loading coila, buil4 CNt·cqacitora, etc., 
in the pairs wb1ch are selec~ tor carrier tranamiasian. It equalizers cennot be acl.1wsted or strapped 
within certain tol.erances and it the,y can't be acl.1wsted to meet the slope cbaracter1at1ca a special 
nctwrk might be required or at least the repeaters 1IOul.cl bave to be s:paced cloeer together. 

5.16. Slope·.ot cable varies vith tem;perature cbanse~, however, it 1~ aot so drutic a cbaage within 
. the operating rBDSe of low cost carrier system that it. is considered control.11ag. Change in . 

slope characteristics w1 th teaq>erature is known as "twist. 11 · Met regulation :la ueuallJ' neceasar;r OD 

long hau1 carrier systems, but, this subject is not covered in this section since such distances are 
rarezy attained 1n REA borrowers• systems. 

5 .2 Crosstalk Betwe,1n Csrrier Systems 

J.2l A complete treatise on carrier crosstalk is beyond the scope of this Section. Crosstalk or 
noise as measured on a channel includes interference trom torei&n sources as well as· the 

coupling from other carrier systems in the same cable. 'lbis discussion pertains cmcy to the clis- . 
turbo.nee from carrier channels on other pairs· "Id.th.in -the same cabl.e. · 

5.22 Crossta1k from other carrier channels OD other pairs in the same cable can occur because .of 
two reasons. First, the carriei· systems IIIEliY' not coordinate With each other with respect to . · 

frequencies _and operattns levels. Second, carrier frequency crosstalk coupling l.oss between cabl.e 
pairs may be insutticient even where the systeim; coorcliDate vith each other with respect to frequencies 
ond levels, · · · 

5.3 Frequency and Level Coordination 

5.31 In eeneral, where various cable carrier systems are applied to pairs in the same cable, 
identical frequencies and levels must prevail among the systems. tis means that f'or all 

practical purposes it a certain brand of cable carrier equipaent is already' in operation &lD:,st 
assuredly the same type of equipnent or equipaent which coordinates in levels and frequencies has 
to be added for expansion. Unfortunately, in the United States, very few of' the low cost cable 
carrier systems -which.are under discWJsion in this section coordinate with each other or vith other 
types of carrier. Most loW' cost cable carrier systems do not. f'u.lly coordinate with the Western 
Electric "N" frequency allocat.ion which is widezy used throughout the Bell Syat• althougb. it is often 
necessary to operate carrier in the same cable with "N" systems. 

'.;i-32 There are exceptions to this generalization. 'l'here are some independent carriers available 
that are cam;pat.1ble or coordinate with "N" type equipaent. 

5.33 Coordination of' carrie; systems is al.so accomplished by not duplicating frequencies among 
systems. For ~e, an existing carrier system in a cable "IIJlll/' use .frequencies trom 5 kc 

to 30 kc. A cable carriet system could be added on other pairs in this same cable . which operates 
in a range 1'rom 50 l'..c to 350 kc. Usually, however, the frequencies of cable carrier ·systems are in 
'.he s~ range With each other and ~verl.ap at some portion of their spectrum. 

'i • 34 Frequency coordination among carrier systems is a mtter which is mual.11" investtaated closely 
. by carrier application engineers. Nevertheless, in pl.anDing for the use of carrier it is . 

worthwhile to consider carrier systems in operation alread;y and the ability to expand facilities 
,t.1.th other carrier equipnent. · 

5. 35 In many instances borrowers have suggested the use .of. low coat carrier systems tor interconnection 
with connecting companies. 'l'be connect1ne compmies· in maqy instances have had to retuae the 

request because they have other types of' carrier operating in the same cables which do.not r.oordinate · 
in f'requency. This is a valid reason tor not beina able to use low cost carrier even though it could 

· r.icon considerable savings in equipnent costs. · 
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5.4 Crosstal.k !Des Between Cable Pain 

5.41 In the early days of cable carrie,:- systems, C.u'rler aid :oo,'i; ~e eoonam.cl!ll oom:l,}1Ared m.th 
voice frequency syst~. Carrier ~iee of PlOt more tbtm 6o lro 1re1'® umeo. in order to 

keep the crosstalk losses between cable pdrs f114fieien~ b.~ m loog di€1tw:i.cu {~eds o:rt:' even 
thousands of miles). The first lon8 haul. 4-.dre cabl@ ca.mer Ill~~ ~~ 12 ~ls ;!.i,. the 
frequency rBnBe of 12.to 6o kc. In order to·buUd lmr co13t oat"der ~etiat!fi ii: WlMI necessary to.w;e 
more of the frequency spectrum and more cba.Dnels per ~e circw.t m-ol"der to reduce the cost of 
the carrier terminal.a }ler channel. Law cost cable Cl@ffl.'!1!' q&tflilffl &ff/ IW!ir @Wlll:!A'ble ·trl.:i;h frequeooie111 
up to almost 500 kc. '!he crosstalk losses between cable pairs &le:!l'eese mpillly w.lth frequency M.d 
increase {improve) rapidly with reduced length. Therefore, eroHt&llt between c~ble pairs is an · 
important consideration with both relatively low frequency tong hs:ltl. c~er eysteme end re;Le.t:1.vely 
hiGh frequency low cost short haul corrier syateme. 

5.42 By January 1,·1964, REA cable specificat:!.ons will. reg_w.x-e specified crosew..lk losses betueen 
various pair combinations. It w.1.ll be required that OD Ci:!bles of 6 pairs or larger the root 

mean square, RMS, value will be 71 db/'d at 150 kc. '!'he vs.lu@ of 71 ®/lr!: :i.a the~ croa!l!talk loas 
of. adjacent pairs :l.n t.'le same l~er, alternate pairs in the a~ la,ye,::, Md cente:i:-to fi;:at layer which 
are considered 8.lllOng the worst possib1e pair combinations. 'lhe RMS eroHt.a.lk loss in ab is the number 
of db corresponding. to the RMS crosstalk voltage ratio. If a l'l!ea!5url.ng fi'equeney higher than 150 kc 
is preferred, the crosstaLlt loss requirements may be corrected by subtracting 20 J.og10 & ~• ~'o 

correct for a lencth other than 1000 feet subtract 10 log 10 !!.~ {f /.!e't, RF.A cable specif':tcations 
for crosstalk ma;y change in the future but for purposes of the~cu'Js!ooo w.ich follow the RMS va.lue 
of 71 db/10: at 150 ltc will be the accepted value, · 

'.; .43 Fnr-cnd crosstalk is usuoJJ.y controlling with carrier systems as send and receive frequencies 
are different (usually stac;cered 8 ltc or thereabouts) and neeJ:>~end eroasta.lk is of little or 

no con::;cquence. Also "run around" or near-end cros.stal.k is of no concern aince the repeater. gains 
a_t·e kept lou. 

5. lµi. As is noted above in the crosstalk requirementss provision ia nm.de for cru..culatin.g expected 
far-end croi::stalk losses at various distances and at various frequelilcies above 150 kc. The 

1:1caning of RMS (root mean square) crosstalk loss which is given in db reqµires some e:,i:plan&tion as 
to what.it means in practical applications. The "RMS db" iii! actW!llly the·db corresponding to the 
HMS crosstall, voltage ratio. A ratio of .001 corresponds 'i;o 6o db (-20 log 10 .001). The RMS db rather 
than the minimum db is used since the ''RMS db" ma;y-be readi:cy extra1,1Qlated from oXAe splicing leng-t.h 
to many such lengths in series. If the ''RMS db" for the long length is knc:Ml it :11.61 improbable that 
the lowest crosstalk loss between aey pair combination in the long length 'Will be more thM 10 db 
below the "RMS db" for this length. Or I another way of saying it is that the great ma,jor:!. ty of the 
pair combinations -will have a crosstalk loss greater th.an 71 d'.b, 

5.h5 For exanple, suppose a 12 pe.ir cable which meets REA crosstalk requ.irements is to be. used for 
three cable carrier systems. calculntions for the dist&Ace and trequ.enc:iea involved indicate 

that if pair combinations in one splici!lG length haven db crosstalk 1oss in 1000 feet at 150 kc 
satisfactory multisystem carrier operation can be e:i:::pected, Fair three systems a total of d .. "t pairs 
of the· 12 pair cable would be used for carrier and it is likely tlmt fM!'/ six pairs eouJ.d be uaed 
without resorting to selecting pairs to ha.ve high (good) crosstalk loues. Of the six paj..ra 
remaining chances are also very good that pair combinations involving these pa.il's are a~,equs.te f':rom 
a crosstalJc loss standpoint and probably one or maybe two pair combinations wouJ.d oot be auiteble 
for carrier application. As indicated above an RMS va.].ue does not p1"Q'Vide ~oo much deviat1.on either 
in the number of pairs or in the.value below the RMS value. Al.so in a three system carrier :ineta.ll.a­
tion it is ,rise to have some extra cabJ.e pairs avail.able in the event l.'lometb.ing happens to the 
carrier pairs in use. Many manufacturers recommend that stan.dby repemter~d cable pairs be in OJ?eration 
in the event of failU1·e of the repee,tered cable pa.ir!I or azry of the repeater1S, the stanciby facilities 
can be switched over for use. 

5.46 Crosstalk coupling varies with frequency and length of pa.mlleluig syste!lla. The h.igller the 
• frequency and/or tbe longer the distance beween ten:dna.1.a t.be ~ (lr.nrer) tl'e c:rossta.1.k loss 

due to far-end. crosstalk cou.pl.ing. The f'ol"II!. of croRSteJ.k coupling betveen paralleling cable pairs 
which is known as transverse far-end coupling usua.~ control and it ;l:.s independent of the number of 
repeaters between terminals. To overcame the effect of tra.naverse far-end. c:rosetalk, el.ectronic 
devices such as compandors a.re used for its reduction. Also, by using v.:l.de swing a.ngu.la.r modulated 
carrier {sometimes referred to as frequency modul.ation) about the same inherent crosstal.k advantage_is 
obtained as with compandors at no ed.d.itiona.l cost. Cam.pa.ndors gi.ve an approximate crosstalk ad:va.nta.ge 
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ot 22 db while angular mdulated carrier ot the type used 1n lov cost cable carrier systems inherent]¥ 
cive 18 db or better crosstalk advantage. Obvious]¥ the number of repeaters used intluences noise 
and other tol'lllS ot croostalk coupling. ~sill discussed in. paragra,ph 5.5. 

5- 1~7 Far-end crosstalk, or the ef'tect ot a disturbing circuit ODt a disturbed circuit at the receiving 
end of a tc,nniDation is usual..cy measured 1n short length ot. 1'rom 1000 teet to 5000 teet as followa: 

~.> 135 ohms · . · A __ _ 

Oscillator ~--~> · D1st urb!~ Circui!_fair 135 ohms~ ?""".,...=@ Voltmeter 

i....- / 
135 ohms~/.,... 135 ohms Disturbed Circuit Pair 

The far-end measurement or crosstallt is the ratio of the voltage acl'Qss the receive.term:lnation "A" 
to the voltae;e as read across receive termination ."B." As an example, it in the above :measurement 
the voltmeter across "A" read l volt, t.i.c reading at "B" would be very small 1n the order of .000282 
volts, This ratio corresponds to 71 db (-20 loc 10 .000282). 'lhe rmise of most c01111110nly available 
voltmeters is .about 100 db so it is seen that for the o.bove distances the limit of instruments is 
approached, If' the cable lengths measured were longer, the receive level at "A" woul.d be down by the 
amount of the attenuation from the location of the oscillator and the loBS at point''B" would be 
correspondingly lower by the an:,unt of the couplinc loss between .the pairs, 'lherefore, it is not 
possible to measure crozst.aJ.k (or attenuaticm) over the entire length of a cable carrier system facility­
as 1:; customo.rily done fo1· open wire carrier systums, The instruments usual.cy used tor crosstallt measure­
ments include a constant :illlpedance oscillator, 6oo ohms, over a frequency range from l kc to 500 kc, 
accessories for proper ~dance tro.nstormation to cable :illlpedances, terminations, and a selective 
frequency voltmeter. To·obtain the RMS value of pair combinations for a cable, obviously man;y pair 
combinations have to be meo.sured and the root mean square value calculated. In the future REA will 
publish testing procedures for measuring cable parameters for c~ence to REA cable specifications 
1Thich '1111 cover oore thoro~ the measurement procedure. 

5, 5 Crosstallc Due to llumerous Repeaters 

5,51 Another source of crosstalk between systems is known aa interaction or "run around" crosstalk 
which is from the output of a repeater into the input of another repeater of another 1,1ystem 

usually by means of another pair, In a multisystem. carrier applicat~on where repeaters for all the 
&ystems terminate 1n the same repeater housing and one cable is used tor both send and receive . 
frequencies, it is possible that the couplinc from a cable pair.to a nonrepeatered "tertiary circuit" 
is stronc enoue}l so _that the output ot an east-bound repeater can couple to a tertiary circuit and 
then back again into another cable pair which feeds.into the·input of an east-bound repeater of 
another system located in the same cabinet or adjacent repeater cabinets, ~s "run around" coupling 
increases with hicher frequencies and is afi'ected by the repeater gain. ':lher~re, high gain and high 
frequencies can make "run around" coupling intolerable, High gain repeaters may i'eduQ~the number of 
repeaters and thus help the "run around" affect, but, the reduction can be negated by the ~~~ 
Gain, On extremely lone cable carrier systems with high gain repeaters, 6o db or 70 db, the .run 
around" affect would have been intolerable with sinele cable therefore separate cables are used for 
opposite directions of transmission. Frequency frogging minimizes the "run around" affect. With 
frequency froaBing repeaters the two frequency bands tor each direction of transmission are inverted 
at each repeater such that in a one-wa,y direction the output frequencies from a repeater are not the 
same as the input frequencies, therefore, the "run around" affect-is. minimized. I.ow cost cable 
carrier systems employ low sain repeaters, 20 to 25 db gain and thereto~ "run around" coupling is 
not a serious factor. Also the range of the carrier system is·short. ':lhe longer range carriers such 
as the Western Electric ''N" type or equivalent employ higher gain repeaters, 4o-45 db gain, however, 
frequency frogging at each repeater section minimizes "run around" coupling affects. 

' I 

5.52. 'lbe :illlportance of near-end crosstallt coupling is m1n1m1zed for frequency division types of carrier 
systems by staggering the carrif'>r frequencies of oppositely directed one-wa,y channels by 8 to 

10 kc. 'Jhis makes the near-end crosstalk couplins out of band. The iDG>edances which the carrier 
t.crmine.ls and carrier repeaters present to the cable pairs are a reasonable match with the carrier 
frequency characteristic :illlpedances of the cable pairs (about 110 to 135 ohm resistance), These· 
impedance matches prevent near-end crosstalk coupling from being reflected to the far-end of the 
carrier system where it ,rould become a component .of the far-end crosstalk coupling, 
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'.,.6. Dietanco UButaU0U ot Curter e,&~ 

'J. 61 In the foresOUII ~ vU'iOUIII :f1Actcrs wn titi@'fflli~ %lhieb. lim t tii@ ~e @f ~ble 
curtm- .,at.a.. or all tho. futoni ~~i ~ @f ~ ~ ~ ~t @ritiM'i tore ti!,.@ low 

coet cable cUTS.er qet,w DOif avatJablP am.cl. ~l!!I@ futa!ffl ~@te.-M ~ ~ ~ of @@U ~t.au" 
'lbc facton ue: 

•· L:l.aitatiom Oft the mmtber of ~ten 1ilhich @an lMl ~ flroiB ~Mlth 

b. Equal level te.r-a:14 croHtalk c~ where GU"!rl.®r is ~p@lled wicb ~1,1 mt ooctai!il ~oo;ro, 
aonada, or other 112herent CffiAll'llc~a1ti<ffi 'hlhim liMnl.:U.~ ©l'OO!i~ liooe ~-ntQ 'ootwffil 
cable pain. Ot COU!'li!let whwe on@ 1Q1Btem of ©able @UT!• i!l! mJJ. tfflt 1® ~ @;fO!lls~ is 
not a problem. On nsnl &Y'filtaa 111pp.Uc11t1oimm •IF.ll'a ~ w:> ~~ @~ nil\\ 't:.@ ~v~ fi'Olil. o1!M<. &4Yatcm 
nnd the initial trunld.mi,g ne• 11H ~t belm. i&Bi. @~lM th~@ i~ M ~~ !)'f!iioo.t ,m•<Ml®tmll 
wttil the 25 channel 1111 reqw.Nd'. · 

', . 62 Uaua.1.1,y the total number of r111pecten 11a limit~ ~ t!i.t@ ml!!iber @ft ~tffl"@ · ~eh @am "H 
con.renicntl,y powred fl'a'4 eecll temiMl ll"Athffl" thM b1 t'&\e ~ lsiwd tu~~ CJ"l."JSll.ltalk 11:oopling. 

'lfo·rl•fore, low coGt cable carrieir Q'8ttlm1! ~M limited by ~t®ll' ~:r. d1116lip crit@rie. to aro-..md 25 
m1 le::. Of couroe if intenaecliate ~ :ircl)Cater point:tl ~ i!Mltli.ll~ ~ l:ffl)N ir~ten «:iu 'ffli@ &'!.di!.teli» 
the t.rnneverne fairmcnd. en>notl!U: ~ b@ecm.al5 contftllliQi cm !imilti~ta @U'rtel!' &P,iill1t!'.lati00ll. 

5.(,3 With reopcct. to Woetcm Electric ~ "N" @U'rl@ll' 0X' otilel!' @4~~•t ~@1l" ~~ tbe 
tllotonec lim.i tatiowi of '&twh er,i;u.i.J;!l'l!OOt. b a.lroW\d 200 l!&ile@l. 'fh.® wmmi.s i:m1,;;,.t:!l.ou ti;sC'UIJli!®llii 

nbovc \rould appl.y to thim type cquipi;wnt. 0 hmrll:Ncl'p the "H" ~ iLll degi~elfi ti@ crw<11ire~ ~ell.'\@ Um:.ltrt.• 
t1ono. 111 th rc~pcct to tar-<!tnd cro11111tlllk coupli~ the lil!eunc@ 1Ul1 ~tien 1a cxt@l1Albt\ dl1e to ~a ~e 
of compnndor:;, r1·cqueney .i'rotrstns re:peaten, imd ~ faet that the ~ h'~ney cf the syatm i11 Mlli 
to 256 kc. DccaWJc ot the f'Nlqwm.ey ~Rl6, far-end erosst.lk cu. be et!!,i;:lmtoo oo thf!I 'b6M118 of 165 
l:c vh1ch f'u.rthcr extends the cliestance Um1tattomi 'Iii th x-~p!ilct to feg,e>i:'• e:iNlmmt&lk. I!IA ll!milt '°JI" 
carrier applications in the :put were electlronie ti.abe ~ iriep11atelir@ walr@ ~®ti. it 'q§) imeci,11i;u1aey to 
u L 111 Z<.:! COITIDCl'Cial paver with standby IU'!'M6Cl!lellte ~t a n\!!!llbe:ir of Np!)at.ai- ~tiooa ~ l!.'IO\\\te. 
Trarrni:;tor t.-ypc repeaters ere now being WDi&!.\ wher~ it :I.Ill PM!liible to ~r l\aP to ~® ~r mn lf@e 

pc-ntcro from a tcll'fflinal or to polft'Jr aa mOHJ,Y ~~ thl!'e~ or !ll!m'@ :!Nl!PMi.e~a·flN:lsll @Ol@b Qid.® af & 111 wlt 
r1 . c: • powcrctl repeater point by meMB of isir@lci:ed cable pmirs m-dellil &re !!!ho 'Wll~ ft,rt ca.ni.@~ fie~enc iem • 

•;, .(ih /\.11 of' the above features of the ''Xl!" t;ypc eqm.P111e11:tt m,J,g:o it a ©ubmt®tAtiml.lw ffilJI'@ ~awe 
carrier oyotCJD than the 1ov cost Cl!lffieru0 hooev~r, 1t im a 2!Xi i!aUe cm'ri@r ley'l!lta II~ it io 

a,)..:(:.;.c;ory t'or it to have these teat\l.X'es. 

'.:> .f.,', In dcaicninc tl"lmk route111 where kcepil'l8 costs lCiU 1111 ot F~ ~~e, tl/All't!Nl u a prcp.e,r 
oppl1eation-for low cost cable caxTier it the ltis~@e ig ~ar 25 m.J.M. ~z,e tllnitil ti111t!i\RWI!' 

l unit.a t1on io exceeded appreciably "N" .eype eqw.poont or itm lillqt!.iva&lgt · M.CW.d be eouiliered 0 

'.,. G6 'Ihe followina three examples will racrve to 1.ll'IA!lltr~te boM to cucw.at«. w«1their end croHte.lk 
1o controllinc, To help :!.n thia cl,eteminatioo two c~ ign plo1;'1!:~ Ni ~ in ~11 1 mil 

1:. Ao or.en in the 1'o1'111l\1.laa theae O\U'Vea ireprcoent, th~ sffl.'N' 1;h(} :nduct1.IJl!l in <!ll'Oal!i~k loe!il u 
1'rcriucncy incrcMco armd aa lcnsth increun. 'l'hili is a ~t cf th.® ~ f~ g:l;;rm 1n RM e@'bh 
cro=i::tnllt looo requirement.a to ~wrect 11pedticd w&ll&oo ;:fl.vm :I.all fib/kt at l';O :IY: to '\!'Sri~ v&J.WN of 
I <:11{'. t.h oncl frel}uoncics. 

'),'( I::xru11pl1.· No. l 

', . 11 ·,~ > provt de L1-u.nlt0 1 t 1u plo.nncd to ul timtcly W110 th:ree ampl1 tude mdul~t@d ce:rr:t,ell" eystlSNl t,o 
d, rive ·r~ chnnncls over cable fmc:1U.tica 24 miles lorie,, 'lhlree 13l/'lttam of 24 !!l'l.l&.fflf.113 eiaeh 

"•mld prov lti<' Uie required numbex-. It im pl.Mncu thtJlt tho flliCilU ey vill be 19 g111,w;:,s 'lm.!ried cable 
rn•·•·L.l111..: HE/\ plootic insulated cable DpecU'icotionm. '!him li\MIW th8t the @IV@rtlll,S«i ~tWil ca~eitence 
In .oil) mi'<J. r>rr mi.le ond that the !lMS fnr-ond c:rosotnl.k value io 1l !Th/kf iai l'.50 kc. Orw, type ,of 
,·n rr- I<- r umJr•r c<>ncic.J.crntion cQJl provide 21i channels uoin« a top ~~ey cf 4&l kc• Cm~-;iattcll.ore e!X'Q! 

, . , , L l, ,n:, 1 1ri Lil tla 1:; cquipncnt. The manu.fect"UZ'ox-o pocifiee t.nat m thout ~&,n 1t. 6o 8b l?'ar~ellid 
,.,. ,v::.n11· loor. ic require1.l at the receive tcrm:l.11ml. With c~N tb"1 lorsa ellll!\ be 1!'~\1,1,C~ to 
.i1,,.,,1 1,o c.J.b •. 1111.;h otl.\nclarc! power opt:toirua, up to 14 ircpeet~r.a of 25 &, of jl!!in per 'il'«'lpe&ter CM! be 
,,,w,•r• rl r,vt·r 19 ii;nucc. cable, 
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QUESTION l.: Are campandors necessary tor tbis application? 

QUF.STION 2: Would a l.2 :pair 19 ga1J6e cable complement be l.m,-ge enough 1D a COllq)OSite cable? 

QUESTIO?I 3: What is the total attenuation of the entire cable path from termimil to term:1.nal'l 

·QUESTION 4: can this carrier equipaent be used 1ri this application? 

i'f 
""ii 

5,72 Ansver to Question No. 1 

5. 721 In order to ansver question 1 it bas to be determined if cable w1 th the capability of providing 
an RMS value or 71 db tar-end cros6talk loss per 1000 feet at 150·1cc can be used tor a distance 

of 24 miles at a frequency of 48o kc. 

'.I • '(22 From Fi~e 7 it is determined that to adjust the RMS cable crosstalk loss tram 150 kc to 48o kc 
._ the reduction is 10 db •. Subtracting 10 db from 71 db adjusts ·the cable cro~stalk RMS value to 
Gl db 11t 46o kc/Id:. II further adjustmt?nt for 24 miles of cable length is required and from Figure 8 it 
is ::ie:cn that the db reduction over this distance is 21 db. Subtracting 21 db from 61 db leaves 4o db 
at 46o kc for 24 miles as the expected RMS far-end crosstalk loss. 

),723 If nt least 6o db of far-end crosstalk loss is required without com;pandors it is evident 
compandors are required. A calculated fiGUre of 4o db at 48o kc tor 24 miles is the manufac­

turer's 4o db minimum requircm:mt with compa.ndors. 

5.73 Answer to Question Ho. 2 

'.:. 731 .Since the m.nimwn permissible far-end crosstalk loss per unit length is 40 db at 480 kc for 
24 miles which tr.anal.ates to 71 db at 150 kc per kf it is evident the 71 db value has to be 

achicve:d on most pair combinations. Since 6 pairs are required for.three systems it is 1110st probable 
that 6 pair combinations meeting the 71 db RMS value can be obtained without having to select pairs • 

. 5. 732 A l.2 pair 19 cause complement in the composite cable should be satisfactory. 

J,74 Answer to Question No. 3 

5,T41 the total attenuation tor this carrier facility at a top frequency of 480 kc is calculated as 
follows: 

'j.742 From Figure No. l of TE & CM-406, Addend\.Ull ?lo. 2, "Attenuation Data," it is determined that 
at 480 kc the cable attenuation per unit length tor 19 gauge .083 uf cable at 6f!'F is about 

12.8 db/mile. For 24 miles at l.2.8 db/mile the total attenuation is 307 db. 

5.75 Answer to Question Ho. 4 

5.751 Althoueh far-end crosstalk loss is not controlling a check is 1111,de it all repeaters can be 
powered from the t,10 end te:nninals. It is determined that by using 12 repeaters it is possible 

to :;pan 13 sections of 25 db each·tor a total loss of 325 db. '!he total attenuation is 307 db -which 
is within this figure. In on actual application the manufacturer would probably recamnend that those 
repeaters adjacent to central offices be spaced closer to the carrier terminals to reduce switching 
noise from the COE. 'lherefore, 13 repeaters would probably be installed. 

5.752 'lhis carrier system could be used in this application. 

5.76 Discussion of Example No. l 

5.761 'lhis ex.ample serves to show the maximum length l.illl1tations tor amplitude m:>dulated carrier on 
a cable with a 71 db RMS tar-encl crosstalk loss which operates at Ii&> kc• It is evident that 

cable crosstalk llllll'gin is reduced severely because of the high operating frequency of 480 kc. Com­
r=dors are an absolute necessity on this application. 

5.762 No doubt if three carrier systems were to be applied to a cable of 50 pairs or more, the 
chances arc very good that by selectillG pairs that the three systems .could be instal1ed 

without compandors. Of course if only one system would be required, 24 channels,·no compandors 
YOu.ld be installed initially since there would be no other system which would cause crosstalk. There 
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is also a. good possibU1ty that by pair selecticm. the s~ Q'll'OO!i COl&l4 be Mud v.ttholit ~­
It is o~ when three or 11103:'e 117Btema ere open.tins 1A the HIiie cable t.Mt (IIOOC1. pu.r ccab1Dat1oa.e 
beccae more ditf'icult to select •. Smee the·can-ier ~• of moet mrA systms eel.ckm exceed 
24 or 118 channels, c~re li0uld ~ V1!1'7 ael..dc:ia be ~ 'lmlea111 the!i Wi,t needed to suppress 
wiwanted foreign trequeney interference . such u ttw.t causGM'il by· Mah ~ ~ et.atiom wboee oper­
ating frequencies fall into the range O'f the carrier qstem ~·allocation. BY• then ll'!oiapsndon 
might onJ¥ be required only on certain ·cbenne]s wit.bin the qetea. 

5.8 Exm!q>.te No. 2 

· 5. 81 · To provide service to a group of isolated subscribers located as h.r u 50 llllles f'rall. the 
central·off'ice the use of subscriber carrier is being :wvestiga,ted. Buried cable facilities 

would be installed with cable which meets REA crosstalk ~ta. Appro:d,nate~ 4o cham:l.els of 
subscriber cable c.arrier a.re needed and it is desired to we a 6 pair• 19 ~e cable tor a substantial 
portion of' the route. It wuld be·possible .to locate th111 subscriber~ leo mies fl"0lll the central 
office and serve the subscribers from this point with comrentional lihJsir.al voice tNquency circuits 
connected to the subscriber terminal. One possible type of carrier wich cow.d be wsed is ~ angular 
modulated system 'Which can provide up to 20 cham!.els per system. ~ mamatacturer etates that tar-end 
crosstalk loss at the receive terminal should not be lese tbaD 4o db. 'J.'he mmz.tacturer further etates 
that up to 12 repeaters with 20 db gain each CBl'l be installed between the two te1'11d.Dala of the sub­
scriber equipnent. The top f'requeney of the 20 channel system is 340 kc •. Ma.xillllml subscriber loop 
li.mi ts beyoi:id the subscriber terminal are l200 ohml:i excludill8 the telephou set. · 

QUESTION 1: Can a 6 pair 19 gauge cable provide adequate c:rosstal.lt lose 'bei:.ween pain aver a distance 
of 11() miles to enable the operation of tw systeul of su.bscrii>er @able carrier'l 

QUESTION 2: What is the total attenuation ot the entire cable path from tend.Dal. to teminal'l 

QUES'l'!Oll 3: Could this equipnent be used in this type of application? 

5.82 Ansuer to Queotion No. l 

5.821 In order to answer question No. 1 :f.t has to be det.ermined it Ill 6 pdr cable with the capability 
o'f: providinB an RMS value of 71 db of far-end crosstalk lose per 1000 feet at 150 kc can be 

used for a distance of 40 mil.es at a frequency of 340 kc. 

5.822 From Fieu,re 7 it is determined that to ad,1ust the m.E cable crosstaik loas frail 150 kc to 340 
kc that the reduction is 7.3 db. Subtract:lng 7.3 from 71 db ad,1ust!l the cmble crosstalk value 

to 63. 7 db"'at 34o k.c/kf. A further adjustment tor 40 miles of cable l.eagth is :required ancl from 
Ficrure 8 it is s~en that the reduction over this distance is 23 db. SUbtract:l.ng 23 db f'rolll 63.7 db 
lco.vcs 40. 7 db at 3lio k$2 for 40 miles sa the ex;pected far-end crosstalk loss• 

5.823 Since the calculated figure of 4o.7 db is within the 4o db f'ar~eDd croHtalk loss specified 
· by the manu:f'acturer, a 6 pair cable could be used. 

5.83 ·Answer to Question No.·2 

5.831 The total attenuation for this carrier facility at 3li0 kc is cal.cu.lated ea tollOWB:. From 
F:Lcure l of TE & CM-406, Addendum No. 2, it is d,etermined that at 3Jao kc the cable attenuation 

:per uni,t le116th tor 19 gauge .083 uf' cable at 6o°F is about ll db/m... For 160 miles at 11 ab/Dd.. th e 
total attenuation is 440 db. Since 4llO db is too much loss tor 12 repeaters of 20 c1b gain each the 
use of lower loss cable such as .o66 uf/mi. cable should be investigated.· 

'.;,. 832 · From F:1.6\,1.re 2 of REA· TE & CM-406, .Addendum No. 2, it is d.,,termtned that at 3lio kc the ca~~ 
attenuation :per unit length for 19 gauge .o66 JJ!i'd. cable at (IJOp is about 8 db/mi• For 

milez at 8 db/rm.. the total attenuation is 320 db. 'Ibis is still too long for tvelve 20 db repeaters. 

5.8l, Answer to Question No. 3 

5.841 In this application, far-end crosstalk is not controlling but tl\e overall attenuation and the 
ability to feed repeaters f'rom the two end terminala a.re the llmiting factors. BY' usiwi; 1966 mfd. 

gauge .083 mtd. cable about 21 repeaters spaced 20 db apart would be needed. B.Y using 19-gauge •~ 
ca~e 16 repeaters spaced 20 db apart would be needed. Obviously the more repeaters used in a sys em 
the .more chance there is of' additional noise being in.trodw:ed 1 . or the overall reliability cou1d be 
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recluced because IIIDre-cJ.ectronic clevices are 1D the ctreuit. It voul4 be recc:amn4ed that in an UDUual 
appl.ication such as this· that .066 mtd. cable be ~•• 'l!Je .066 mtd. pelt' Idle cable 'W0Ul.d have to 
meet crosstalk requirements £or .083 mtd. per Id.le cable under ~ requirements. Such cable woul.d 
probab~ have to be ordered speciai. · · 

5 .8112 Whether 16 repeaters coul.c1. be p:Nered frm the end tem.nala N!lllins · to be c!etmaned by the 
manui"acturer.. Higher operating volt96es than usual would have to be pron.clecl but there is a 

. possibilit,y 16 repeaters 1111.ght be powered fraa the end tend.Dela.· AJA altemative voul.d.be to establish 
· a 117-vol t a. c. p,wer point v1 th standby batteries acmie Where along the J«o 1111.le :rou~ Ul4 teed a number of 

repeaters on each sicle of this poiiit. 

5.643 'lhe introduction of tour more repeaters than the manufacturer reCOlaefilcla should D0t raise the 
. per channel noise figure appreciab]i. Sixteen repeaters :lnetead ot 12 repeaters cCll.lld probab~ 

be used with this equipnent. Revertheleaa, the JIIIUlUi'acturera' recmmaendatiau llhould 'be obtained 1D 
en:f such situation where the :published transmission or other.limits are excNded. 

5.844 Since the turtheat subscriber would be located an additional 10 miles from the subscriber terminal 
it can be served by- conventional loaded cable voice trequency circuits as described in TE & ex-

. 424, ''Design ot Subscriber IDop Plant. 11 . . · . 

5.85 Discussion ot this Example 

5.851 'lhia e~lewhen compared to eDD;lle l serve to shov how the length between terminals can.be 
extended when the operating frequency is reduced. 'fhia•gain in JIIIU'gin by reducing frequency 

is o.dvantageous because 11181W' more tAiles can be added in length by having a fev spare db u seen in 
FieUre 8. 'lhe lower operating frequency 1n this cue is the reason ,my this .carrier ay-atm could be 
extended with respect to far-end croastaJ.!t. · 

5.852 Another point which merits discussion is that this is an angular modulated, carrier and that 
because ot it a far-end crosstalk requirement of II() db 1a only required. In other words, 

1 t ha:; e.n inherent odvanteee similar to that provided °b'J compandora. Ho c~dora are neceaaary with 
this · equipnent. . · 

5.853 '1,'he application situation depicted in this exmple serves to show tbe'distances at wich carri1.. 
micht be employed with cable plant should it be neceeea.ry to do so. Subscribers located 50 

miles from a central ottice could not be served very economic~ by means ot physical. type plant •. 
By using carrier CNer cable facilities extreme~ quiet low loea circuits are posei'ble well beyond the 
range of ~sico.l. type plant. Application ot cable carrier as illustrated 1n this eXUlE)le might well 
be the.method to improve existing open wire subscriber carrier inatallationa vhich are long.in length 
and which are ~ired by frost or ice formation on the open v:l.re conductors. 

5.9 Example No. 3 

5.91 Various methods are wider consideration tor.providing additional toll connecting trunks f'roll1 
one oft'ice to another located 100 miles ape.rt. Western Electric "N" Carrier or its equivalent 

is under consideration. Forty-eight channels are required, or tour syateu. The connecting cOIIIPll,ey 
· plans to install the carrier on i ta existing plant and the REA borrower plane to inatall nev cables 
for the carrier for a distance of' 50 miles. In a · connecting ~ meeting the question vu raised 
11' _the borrowers I cables would permit the operation of' tour systems in a 25 pair cable ~~ch will be 
the minil'num size of cable alons the borrower's portion ot the route. Western Electric 'I equipnent 
or its equivalent requires at least II() db tar-end crosstallc loss between ayatema. 

·:7.;UESTION 1: Woul.d cables meeting RF.A standards be satisfactory tor this carrier appl.1cat1on w1 th 
respect to far-end croastalk'l 

QUESTION 2: With respect to far-end crosstalk loBB what would. be the ms.x1 D"PD distance possible using 
REA cables? 

5.92 Answer to Question Ho. 1 

5.921 RF.A cables provide an mm f'ar-end croBBtaJ..k loss of 7'l db at 150 kc. 'l'o answer t)lis question 
it is necessary to translate tbia'ficure to 165 kc at a distance of' 100 miles. As stated 

· previousl.y in this section, paragrapi 5 .63, tar-end croeatalk calculations for ''If" type carrier which 
~• frequency frocging at repeaters can be c~ted using a frequency ot 165 kc even though the 
highest frequency used is 256 kc. · 
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5.922 Fran Figure 7 it is determined that to adjust the me cable croHtal.k. loee for 150 kc to 165 
kc/kt that the reduction ill al.moat negligible or a.bout o.S mo. Subtzoact1q .8 db from 71 c,l, 

adJuste the cable crosatalk RMB average to 70.2 db at 165 kc/Jd. A further adJuaitant tor 100 miles 
of cable length is required ad f'roJII J'lgure 8 it is aeen that the db :N4uct1on :la 27.2 db. Subtracting 
27,2 db from 10.2 db leaves 43 db at 165k.ctor10011111•• u tu expected f&r•ewl croeatalk loae. 

5.923 Cable which meets REA standards 1a eatiatactor., tor th1a application. 

5,93 Answer to Question No. 2 

5.931 Working in a reverse procedure starting with 7l db at 150 kc·per ·u·u the 165 kc frequency 
requiremer:.t would only degrade tht, tar-end croeeta.llt loas bf o.8 t.'ib to 70.2 db at 165 kc/kl: . 

and if 4o db is the absolute minimum requirement then there is a miu-gin of 30.2 db left which can be 
applied to distance. 

5.932 Referring to Figure 8 and looking alopg the ordinate of the curve to 30.2 dbwe see that 
approximately 200 miles would be the maximum allowable disteince. 

5.94 Discussion of Example 3 

5.941 '.Ibis exanuiJ.e shows how much f'Urther carrier can operate in the Mme cable when the frequency 
is kept low and frequency frogging repeaters are used. '.!his shows up quite readily in 

reviewil'IB the re~uction values for E:xam;ple land 2 where the frequencies involved were 48o kc and 340 
kc, respectively. In other words in applying a cable carrier system, moN cbamlele, which require 
higher operating frequencies are traded for shorter distance operation. Low cQSt cable carriers aa 
covered herein have a definite place in supplying man;y of the trunk and subscriber carrier channels 
where extending J.ong distances such as that given in this e:.ic.e.mple are oot required. 

6. APPLICATION ON AERIAL CABLE 

6.1 CabJ.e carrier finds much application on aerial cable espec:I.~ where it is added to existing· 
cable. About the only difference in engineering low coat carrier for aerial. plant versus 'burled 

plar.t is consideration of temperature swings. Temperature swings throughout the COWltry may vary i'rolll 
as low a1, -4o°F to +uo°F ambient temperature, Equipunt does not usually have to regulate for losses 
at these two extremes but instead from a mean value. For example, it the man temperature is 50°F, 
it can get as hot as 110°F or as low as -100F and the carrier should be able to regulate for temperature 
changes !. &:P from a mean 50° temperature. 

6.2 Referrillg to Figure 1 of REA TE & a-t-406, "Attenuation Data," the temperature swing between o°F 
and 14o°F is reviewed from the given date. for l.9 gauge .o83: mfd. plastic insulated cabl.e, 

Temperature Attenuation in 
db/mi at 48o kc 
19 gauge .o83 

mfd, cable 

J2.0 ab/mi 
13,2 db/mi 
i3.8 C:0/mi 

Atten~tion for 20 
mile cable f'acili ty 

24o db 
264 db 
276 db 

Change due to 
tenq,erature 
from ao°F 

-24 db 

+12 db 

The above variation in carrier trequency attenuation due to temperature :I.a accounted for by means of 
regulation circuits which are buiJ.t into carrier terminals and tn some carrier repeaters. Methoda 
of regulations vary B1110ng carrier manufacturers. Some carrier syst~ install regulated repeaters 
at certain intervals along the cable to compensate for the attenuation cha~e with temperature. The 
channeJ. terminaJ.s also contain regulation circuitry. Other carrier systems do not have regulated 
repeaters but may vary the repeater feed current with t..imperature changes in the simplex loop to 
obtain some regulation in all the repeaters while moat of the regulation is contained at the receive 
terminal of the equipnent. 

6.3. If the specifications for carrier systems are examined the regulation may be given in terms of 
the variation in the number of db at voice frequencies(+ .5 db to+ 1.0 db) for carrier frequ~ncy 

line variation of a change of number of db(+ 5 db to+ 8 db from a nam:1.nal receive carrier level), 
Where regulat~d repeaters are employed, the repeaters are spaced so that the carrier frequency levels 
are within the regulation range vi.th expected temperature variations. 
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6.4 Occaeio~ it-.,- develop tbat cable carrier ld.ght be conaidered for eppl.ication to l'\U"llll 
dietribution vi.re. RIJlrl of the older design vhich doee not have ,m outer plastic Jacket voul.4 

be ver, aueceptible to vide variationa in tranud.aaion character1111tic• due to vet VNther, ice, and 
aleet conditiona. 'l'heee cond1t1one ,on RIM of th111 type eevere'..cy change ■lope and e.tteu.uation 
characteriatica beyond the capability of 111011t carrier ayatea. RDW of thie type aboul.4 not be used 
u a path for cable carrier or for•& kind of carrier. 

6.5 A nev and improved type of RDW 'Which contaiDe an outer jacket of plutic uol.Wd the -paira 111 
DOV on REA'• Acceptable Liet of Materials. Thie type of RDW is aliloat identical to regular 

cable except that it does not contain a copper or aluminum ehield around the pain. 'l'he slope and 
attenuation characteristics of thi• type.of RIM are !DUCh improved over the_ older eype and a179roach 
the characterietics of regular ahielded cable. While thi■ tyJ)e RIM ay- be eatiefactoey from a dope 
and attenuation standpoint it still doee not contain a shield vhich is very important in isolating 
carrier systems from foreign interfering frequencies. Where nev coutructiOfl'.A of outside plant ill 
involved in the installation of a oeble carrier eyatmn, ahield cable should el.wya be provided. The 
cost difference b~tveen the tvo types of facilities ie not so great that it ia vortbvhile risking the 
auccessful operation of carrier equipnent which is a sizeable investment. 

6.6 Interference from foreign frequencies is a factor to be conaidered in applyi1113 cable carrier, 
particularly if past experience in the area ha■ shown certain t'requenciea to be troubleaome. 

Foreign signals may also be picked up on open wire lead.a which .,,.y come into the cable which contains 
n carrier syatem. In 111011t inatancea, however, the use of compendora or angular mdulation techniques 
make it poaaible to operate channels without aevere degradation in the presence of interfering 
frequencies. 

6.7_ From experience in REA borrowers' systems moat troubles vhich have occurred in nn iMtallationa 
of cable carrier systeiaa involve some irregularity in the cable plant auch u 9 bridged taPG at 

splice points, loading coile or build out capacitoru left in the pair, bad oplieeaf etc. Once a clean 
carrier path ia provided, the carrier will work sat1afactorily, 

7. APPLICATION ON BURIED PI.ANT 

7.1 Buried cable offers a more stable carrier frequency path than aerial cable because the temperaturr 
of the cable remains fairly constant the year around. In buried plant applications the repeater 

spacing may be lengthened a alight amount, however, this is a recOBDendation entirely up to the carrie1 
uanufacturer since spacing 1a controlled by equalization and p:,ver teed l1mitatiot111. Experience MB 
shown that tranaistori&ed repeaters are auaceptible to lightning daage on buried•• well as aerial 
plant if they are not adequately protected. But as explained in paragra]alh i. JII08t carrier manufacturera 
have improved their protection practices such that during the 1963 lightning 11ea11on tw camplm1n~ were 
received in REA of lightning damage where the i.m;proved protection was inatalled. 

7.2 On buried plant applicationa there are usually leas open wire exteMions otf the buried cable 
and the susceptiveness to interference from foreign radio trequenciee is reduced. 

7.3 Water which might seep into a buried cable vould change the attenuation and alope cllaracteriatica. 
Any water which might be present inside the sheath even though the virea of the pairs would be 

individually protected by conductor inaulation vould present• different dielectric than air ud voul.d 
adversely affect the carrier tranamiBBion characteristics. Cere IIJU8t be exerciaed in keeping a:>ieture 
out of cable over which carrier vlll be operated. As stated previoual,y carrier 11yatem regulation is 
designed to compensate for temperature variations a: ,l not tor high losses cauaed by- vater. Should 
moisture become a problem the cable would have to be dried and can be preeaurtzed, To this &lte 
water has not. caused e.ey known problems vith carrier in REA borrowers' systems. 

8. SUBSCR!Brn. CABLE CARR.mt 

8.1 Subscriber cable carrier offers a means of improving or providing excellent tranamilllsion to 
subscribers located at great distances from the central office. 'l'nlnamiseion approaches that 

of toll quality circuits vith respect to bandwidth, low tranam:lasion loaaea and low noise. 

8.2 REA TE a. CM-424, "Design ot Subscriber Loop Plant," coven very thoroughly the limitation■ of-
voice frequency circuits. To meet minimum transmission requirements on long aubecriber circuit■ 

it ie necessary to uae long line adapters, E-6 type voice frequency repeeter1J", battery boo■ten, etc. 
All of these addition■ to conventional practices may not be neceeaary if subscriber carrier can be 
proven in economically over voice frequency circuit■• Section 424 atatee that voice circuits on long 
loop are possible up to 30 miles using the suppl.ementary equipnent mentioned above. Economic studies 
have shovn that subscriber carrier on new plant begina to prove in at 18 mileli. Also the use of 
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eubscriber carrier does not entail 111ff8'tani in cbexmele wtil the ~ •~ occurs O · Addi tio~ 
in channels can be •de u growth oocun ant!. 111 s flexible motbc4 of ~ )llltml;. 'Jheretore 011 
long subscriber loopl it behooves eagineers to iDYeatipte the use of,llfflb~@riber canier. 1 

8.3 F1su,re 9 illustrates how subscriber termlnala of a carrier iv•tom ran~ off at'intel"l!llediate 
points between the central office ud tar-ewi su'b111Cll."iber tam.Ml. '!'hira illmtr&tion ~ how 

10 channels ot a 20 · challnel carrier ayatem can be dropJed off w.ong tbe cable. other erra»gamenta or 
. carrier equipaent mlre it poeaible to 4rop ott 5 or 6 CMDD.el11 ~ the cable. At eadl ilubec:riber 
terminal housing a group ot chamlela, · atamby batter, ~ is availa'bl,e in the event qt a tdlure ot 
the llT volts a.c. power. Therefore, service reliability is not ~t'on continuous a.c. ·power. 

8.4 From the subscriber terminal, voice frequency extenaiom1 Ulliug convent:lomil loadl/Jd 0)0,ble f'acilitin 
can be extended 10 to 15 miles. 'lbus, if the diatance betveen tb.e eatral office terminal and 

the subscriber terminal is 25 mi.lea, subscriber l.ooPG up to~ miles trcm the Cflflltn.l office are poHibl.e. 

8.5 As discussed in pe.rqraph 5.6, if the repeater power lUlitl!.tioM &re mel!'oon by special po1,1er 
feed arrangements multisystem operation of aubscri\ler carrier 1e 1,l08aible up to 4o milee between 

terminals. 'lherefore, 55 mUe cable subscribe,: loops Gl'e possible (b.o m.lee +15 lllUcs). With the 
use of subscriber carrier it ie possib;e to use aerial or buried cable pJ.imt in the sp&rsely settled 
rural areas and extend service to distances greater than the present ~O mile l1lllitation of-voice 
frequency cable circuits.· At the present time spe.rael.y settled areas l.188 O'.j'ilEIEl Wire subscriber carrier 
which is very often affected by ice and sleet on the open mre conductc:rlil. St!.b111!:!riber cable ciarrl.er 
offers a way to F,C)Vide hardened all weather :facilities 't4:) the 111:pane~ Httled are¥Ls .mieh requ,.i.re 
subscriber loops up tc. 55•miles. 

8.6 To compute the effective transmission between diatant aubsc~ibers aod the COE wen carrier is 
used reference. should be made to REA TE & CM-910, :pa.ragn:pb 15.04, "Sub111crlber carrier Equipnent." 

In this section the voice :frequency net loss thro~ the ~~rrier is recommended at 4 db, Dep,m>.dii:,g on 
the carrier manufacturer's recommendation net loss as low as 2 db may· il0W be \Wed. Si!llpl;y 11tff.ted., the 
effective subscriber loop loss is comp11ted for the voice extension connected to the subscriber terminal 
using the requirements o:f REA TE & CM Section 4250 ''Pr:Lnciplns of 2-WiH Voice Frequency Subscriber 
IDop Transmission," pr REA TE & CM-424, "Design of Subscriber Loop Plant~" Aftel"Wlrdll!. the c11rrier 
voice frequency net loss is added to this tigure (2 db or 4 db) plue .; db for eentr9.l office lQss 
and this will be the effective loss ot t.he overall subscriber loop. Ui,uall.y the ove:w:-all effective 
tr~ssion will be much better than the -1 clb objective eince. tbe 111Jbacr11:ler ter.At.Ml. haei it.II mm 
48 volt talking batteey power and is located near the grou,-p ot subscr:lbera served by the cbamlel,. 

8. 7 The net loss through the carrier is independent of the distance iseparatiru; the cen.t::ral office 
and subscriber terminal. It can be either 10 miles or 4o m.1.leR jiist l'IO the fecil,1 ty is adequate 

at carrier frequencies. · 

8.8 Cable subscriber carrier equipment :I.a available where the subscribfl:t" teminal ie pol.e- motmted 
and provided with standby battery power. Repeaters a.l"e also powered t~ this ~lllline.l M 

previousJ.y discussed in this section, 

9. 'mUNK CABLE CARRim 

9.1 IDw cost cable carrier for trunk use is hi~ rec~ for expallding existing trunk groups 
and in new construction, 

9.2 Meeting VNL+2 requirements by means of cable carrier iB ua\Ullly euier. than the rehabilitation 
of many existing voice :frequency circuits. Inherently ca.n-ier is •up,,rior to 2-.wire '-•!)ice 

frequency circuits in that carrier is.effectively a 4-wire high velodt;Y ctrc,iit, 

9.3 The low cost· cable carrier systems listed in REA's Acceptable Li!!lt of Materials all meet a.t 
least minimum voice :frequency response requirementa of +l db to -3 db vi.th reference to 1000 

cps :from 300 to 3000 cps. On all properJ.yinstal1ed 10'1 coet curier ayi,t~ the idle channeJ. noiee 
has been around 25 abrnc (20 dbaO) tor moat channels with. a. tew. u high au 30 dbrnc (noncom:pandored 
value), Circuits of this magnitude o:f quietneae sOD1et:imee require tb.11t a white noime genere.tar_be 
activated to give the circuits a live quality and to sak out al~t inte:n1110dulation effects or 
crosstalk, Carrier circuits have often been tc-..ro.d to·be 1110 inherent],y quiet that b~re4" perceptible 
crosstalk is audible. Noise generators can be used to mask this lov lev(tl croHt&lk but lliltill not 
introduce al\Y objectionable noise. 

- 17 -



RF.A TE • CJl-905 

9.4 11umeroua ~ bave bem aide ot eabo ~· a■ or.au _,_ ot 1ov· coet. cable au'l'S.C' 
-4 wt ot the eqm:s-at bu. daml■trat.ecl e:mellADt ret.rm loaa ~tic■• 

9.5 BxtellaiTe cl1al palae cU.atart1Gll .......-ta baYe 'be.a -.18 GD ..., . ■llort llal ouriv .,. .... 
. OD U 8 • il bus.■ u4 IIO ap-ecs..ble cU.■tortiGD bu 'bem "11at.roc111N4 becia■• of. tba ouri• 

equ1:r-nt. 

9.6 ~• rellabilit., ot low co■t cable OUTier eqm.iamt caaot 'be atte■tecl to ulltU mre t1ae ill 
aervice 1■ eJi;Perience4. Bu.t, 'bue4 GD eQOrlaoe with tna■S..~secl OJ1D v1n OUT1v equipllDt 

which bu been 1n aervice tor 5 :rean or __.., tnui■torisecl equ1pa■llt ailataia■ 'W01ce ~ u4 
carrier trequency levels .tar more atable tbu 1a p:,■.S.ble OIi tube -,. eqL-V at, a4 ebenMJ :reliabWt., 
is 11Qroving rapi44'. · 

9.7 RF.A re--onaen"s the uae ot low coat cable carrier tor toll, BAS u4 8\tlaOl'i'ber u■e ,._. it 1■ 
ecoll0lllical to uae carrier u ~ with ]ilbpical 'Y01oe ~· oircll1t■ or other--■ tor 

deriving trunk all4 aubacriber loop plaDt. 
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Example of 4-Wire·eam.er Syst,a 

10 KC MDF B.roadbemd Al!plitien MOP 
---t►..... am ~ien __ ......,. 

Voice Voice 

Drop Drop 

17 KC 17 KC 

These repeaters are cOl!ll'imn to all. 22 cbarmels. 

22 channels per system, 10 KC to 3ll KC. Frequencies staggered tor each 
direction of transmission by 7 I«l. 

Transmit 
Transmit 

E to W, 10 KU - 30lf. KC 
W to E, 11 Im ... 311 KC 

Exam,ple ot 2mW1re Carrier System 

11 channels. per system, 10 KC to 304 KC. Grouped frequencies tor each 
direction of transmission 

Transmit E to W,, 10 KC• 150 KC 
Transmit W to E, 164 KC - .~ KC 

Broadband Amplifiers 
and Equalizers 10 KC . ,._ 
B B 
p p 
F F 

Voice Voice 

Drop 
Drop 

164 KC 
164 - 304 KC 

This repeater is common to all 11 channels of carrier system. 

BPF - Band Pass Filter 

Figure 3 
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Equalizer Network Loaa .and Lipe Lot•. 

t /Total Loss• L:lne.Loa• plua Equal.tar·Loe• 

~ ' ..... 
s::: ....... 
'" ......, -. Line Loss ........... 
IQ -.. - .. ~ -----, '- ·----~ ---==----- --

-
. ----------

_______, --
_,,,,,,- ~ ..-- - Equalizer I.oee / - - - - ~ - - - - _ -

Carrier 
Te l"'Jll-lna]. 

FREQUENCY 

An Application ot Broadband Carrier Repeaters 
to Cable Pl.ant on a Ja.-Wire Buis 

Equali zer 

X tf> -
Repeater 11 

<1" X ... 

' 

Figure 4 
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REDUCTION m CROSSTALK LOSS m CABLE VERSUS FREQUENCY 

DB REDUCTION= 20 log "X" KC 
150 KC 

THIS FORMULA IS FOR THE CCHPUTATION OF DB CROSSTALK REDUCTION AS 
FRIDQUENCY mCRF.AS.F.5 WITH RF.SPEC'!'_ ro·150 KC WHICH IS 

THE SPECIFIED ~UENCY OF RF.A · FAR END CROSSTALK REQUimMD'l'S. 
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REDUCTION IN CROSSTALK I.DSS rn CABU:S 1\S LENG'l'H Ill'CREA!:iES 
DB REDUCTION = 10 log 1o (X 1-ITU..S) (52&; FT.) 

(1000 FT.) 
THIS ~ IS FOR THE COMPUT..A':'IC:'1 OF DB CROSSTALK 

REDUCTION AS LENGTH INCREASES WI'IH RE3PECT ro 1000 FT. LENGTHS 
1000 FT. IS THE SPECIFIED LENGTH OF REA FAR~ CROSSTALK I.DSS ~Ulm'MENTS 
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