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1. GENERAL

1.1 This scction is intended to provide REA borrovers, consulting engimears, ccatractors amd other
‘{ntcrested parties with technical information for use in the desiim snd eomstruction of REA
borrovers' tclephone systems. It discusaes in particular considesations im the epplication of esble
carricr systems.

1.2 Since about 1958, low cost cable carrier equipment hes been £inding wee in rural telepkosne

plant and the purpose of this section is to explain its use and oppliestion en raral telephons
systcms. Low cost cable cerrier equipment meens thet it competes favorsbly with physicel sircuits
for distancco as low es ten miles under certain conditions. The éavelogment of low cost ceble cerrier
cyctcms is due to a number of fagstors, the moat significant being the use of transistors im carrier
repeaters vhich elimingtes the meed for 117 volis a.c. porer at each repeatar point or at frequent
intervals in a repcater string. Aside from this, the types of modulstiem, methods of signeling, etc.,
are similer to those found on opsn wire line carvier vhich have been ubdd extengively io zurel plant.

1.3 A rclatively new concept, sdopted by a number of memifecturers, mekes little distimetion

between carrier for trunk use snd subscriber ws. The ochvicww diff rence belmg is the sigwaling

functions of the two types of carrier. Othervise tha cirsuitsy for modulation of velce and sigraling
I'rcquencies to carrier derived frequensics, channel frequensy Fesponses, the repeatering of carrier
frcquencics, ctc., is identical. Soms manufecturers bave parroved the signaling difference between
trunk and subscriber carrier by introdusing loop dial signaling for trynk carrier waich mtiomllv
is the samc as subscriber signaling. B8igpeling options evellable ars coverad im this section.

1.4 The types of cable carrier equipment under considerstinn im this s~stios primerily imcludes
the types which have an opermting range of up to sebout 25 =iles between cexrrier MMlm and

cost between $1000 to $1300 per chemnel in fully eguipped eystems. JIn thie section they will be
referred to as low cost cable carrier systems. Thie sectien also brisfly diseusses thoss types of
carticr systems which cen span distanses up o 200 miles end vhich, of couvse, are Romsvist mOre
¢xpenoive on a per chennel basis. 'The section does not discuss Time Division Equipment (such ao
ruloe code modulation) which to dats hes had little applicstinn Yy the independsmt telephons
{ndusotry. ’ . , )
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1.5 Low cost cable carrier systems were introduced as early se 1958. REA borrowers began purchasing
these systems in 1960. (At present, numerous systems have been in operation for more thsn
two years and although this is a relatively short period of time for full evaluetion, thus far most of
this equipment has provided satisfactory service. In the fall of 1962 REA added carrier equipment to )
its List of Acceptable Materials and various types of low cost ceble carrier equipment were included.

1.6 Much of the low cost carrier equipment discussed in this section has found application as
multiplex equipment on radio channels. The send and receive levels of these carrier systems
are compatible with radio requirements. For radio system requirements under 100 channels, the use
of low cost carrier equipment results in substantial savings in multiplex equipment. Although the
primary use of radio is for deriving trunks, subscriber cable cerrier equipment cen be used just as

well on radio for subscriber use. Refer to TE & (M-930, "Use of Poimt-to-Point Radio im Telephony,"
Addendum No. 1, for additional information. . .

1.7 A large portion of this section is devoted to far-end crosstalk loss through cables which meet
REA specifications where it ie necessary to consider multisystem carrier applications.

2. DESCRIFTION OF CABLE CARRIER SYSTEMS

2.1 Low cost cable carricr systems are possible due to the relatively low cost of repeaters required
along the cable to overcome the high attenuation at carrier frequencies. This includes the

ability to power repeaters from end terminals. This is ususlly accompliehed by feeding power to repeaters

by simplexing one uf the pairs to feed repeater current to one half the repeaters and then return the

circuit over a simplex circuit using the other cable pair of the system for powering repesters in the

opposite direction of transmission. Figure No. 1 shows two methods used in powering repeaters. Thus,

no morc than two or three cable pairs are required for cable. carrier systems for transmission of

carrier frequencies from one terminal to another plus being able to power the required number of
rcpeaters from each terminal. i

2.2 PRy grouping the frequencies for each channel adjacent to each other in the spectrum for each
direction of transmission, broadband amplifiers can be used as repeaters. Two amplifiers working

in opposite directions constitute a repeater. By making the carrier system physicel L-wire operation

(2 pairs required per systcm) and not utilizing the physical circuits for veice frequency transmission

no directional filters are required at terminals or repeaters and the cost per repeater is thus very
lowv.

2.3 There are also carrier systems designed primarily for open wire application (with stacked
frequency allocations) which can be furnished with group frequency allocations for each direc-
tion of transmission. This type of system can be repeatered and used on ceble plant and requires
only one pair per System. Equipment of this type is sometimes referred to as low cost cable carrier;
hovever, for most types, the repeaters have to be pawered from 117 volts a.c., therefore, they cannot be
proved in economically over 4-wire systems vwhich power repeaters from the terminals. There is some
cquipment available, however, which can operate 2-wire and still power the repeaters from the end
terminals over the same two wires. Although many items discussed in this section apply to 2-wire
rcpeatered systems this section is primarily concerned with physical L-wire systems. Figure 2
illustrates the difference between stacked and grouped frequency allocations. Figure 3 1).1ustrates
the difference between 2-wire and L-wire carrier systems. . -

2.4 A significant component of any grouped frequency cable repeater is the equalizing network. Since
loss through cable varies with frequency, the lower carrier frequencies are attenuated les; ;han

the higher frequencies in the same direction of transmission. Since the broadband amplifiers :ihd: A

are usually flat in frequency response amplify all frequencies equally, it is necessary to pro

netvork that attenuates the various frequencies in the reverse slope of the f}-equency—agfgpuatiotr\

slope of cable. VWhen the levels are properly equalized shead of the amplifier, the output outdo

the equalizer at various frequencies will be equal before amplification and transmission towar

the next repeater. Equalization for each previous cable section takes place at the repeater v at

input and if correct at each repeater the various carrier frequencies of the system will ar::.h e

the distant terminal at the proper level for demodulation. Thus in Figure 3, top drawing, ef

carrier frequency level of channel No. 1, 10 ke would be attenuated much less than the levﬁdo

channel No. 22, 304 kc at the first repeater point so that the ideal equalizing network wo ctemuan

attenuate the 10 ke signal for a specified high loss vhile offering 1little or mo additionaiia e

tion to the 304 kc signal. Therefore, as the 10 kc and the 304 ke signals enter the ampli ::;. o

their respective levels will be equal and will be amplified equally. Figure L ghows the positio

of equalizers in a cable carrier repeater.
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2.5 In the alignment of a cable carrier system, one of the major tasks i@ to move from one repeater
to the next setting the equalizing networks such the? the tranemit levels out of sach emplifier
are the same throughout the band of frequereies dmvolved. Within the past two %o three years suf-
ficient experience hae been gained about the slope characteristics of plastic insulated cablesz of
various types so that the aligning of repeaters is now familiar routims o experienced installers.
Prior to this period the cable characteristics of paper imsulated lezd zabies were well known but
little was known about plastic insulated csble. Where difficulty is encountered it is wsually due

:to the existence of some impedance irregularity in the cable peir such es & losd coil, & build out
'capacitor or another cable pair bridged om the eircuit. :

2.6 Not all cable carrier systems handle equalization of levels in the menner described ebove.

_Cable carrier syestems such as Western Electric "N," or its equivalent, use a differsnt technique
vhich accomplishes the same results. Insteed of depepding upon equalising networks, the transmit
output of the terminals is sloped such that the higher freguency levels are transmitted at & higher
output level than the lower frequency levels. This process together with another technique called
frequency frogging at each repeater enables the signals throughout the spectrum to be traonsmitted
through the repecaters at the proper levels for the receiving terminals. The two frequency bends for
send and receive are inverted in passing through the repeaters. Thus, the highest frequency 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 two sections for all channela for the fregquency range
chosen that the equalization is provided without resort to any major slope correction in the repeaters.
Frequency frogging also helps overcome "run around” coupling st repeaters which is discussed in
paragraph 5.51. Frequency frogging is further explained inm REA TE & (M-901, "Fundementsle of Carrier
Telephone, " paragraph 1l. .

2.7 #Aside from the relatively new innovation of the trensistorized repesters other significent
diflerences of low cost cable carrier as compared with open wire carriers are:

2.71 A number of new systems have a capacity of up to 24 channels per system. There is much common
equipment in these systems which is an important factor in the lower cost.

2.T2 When the terminals as well as the repeaters are trangistorized, the current drein, or power
consumed, including power for the repeaters from each end terminal is sigsmificantly lower
than for tube type carrier. This permite powering the equipment from the UB-volt central office gupply

and eliminates costly 4B8-volt d.c. to 130-volt d.c. converters or 130-volt banks of batteries as_part
of the standby facilities. . . .

2.73 Where the terminals are transistorized the equipment is very compact resulting in considerable
savings of office space. This is an important factor in overall savings.

2.74 Since repeaters on L-wire systems are low cost, it is adventageous from & crosstalk standpoint
to make them low gain devices ranging from 20 to 25 db par repeater section. For exchange

grade cables the repeater spacing for most of the low cost systems ranges up to almost two mlles for ‘

19 gauge to 1.4 miles for 22 gauge.

- 2.75 Most equipment is usually installed witkout compandora or other crosstelk reducing devices to

keep costs low. Most cable carrier equipment can be optionally equipped with compandors or
other crosstalk reduction devices if needed. Compandors reduce the effect of moise on the carriers
and relax the crosstalk coupling loss requirements between cable pairas vhen more than one carrier
system is installed within a cable. Compandors are discussed in TE & (M-9Cl1, “Mdamentals of Carrier
Telephone," paragraph 10.

2.76 Crosstalk advantage usually obtained by using compendors on amplitude modulated carrier is
inherent in some equipment using angular modulation techniques. Eighteen éb or more crosstalk
advantage is possible with wide deviation angular modulated carrier end in effect compandor advantage is

provided at no extra cost. ' i

2.77 On some carrier equipment the test tone level at 1000 cycles per second ie less than the

conventional "O" dbm. Although it may introduce some inconveniences in testing levels, the
redyced test tone levels, (-10 dbm or s0) are more in Keeping with mctual speech powers encountered
in normal conversations. :

2.78 Costs vafy from one-third to one-half the cost of single sideband open wire equipment when
systems are fully equipped to capacity. :

2.79 If repeaters are powered from the terminmls the phvsicals cannot be used for voice circuits.
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3. SIGNALING OPTIONS AVAILABLE ON CABLE CARRIER SYSTHVS

3.1 As 1hd.tcated previously, trunk carrier and subscriber cerrier equipment are almost identical
- except for the signaling options. Some manufacturers have medz equipment such that it can be

readily converted from trunk to subscriber use or vice versa merely by chsaging out the signaling
cards.

3.2 The majority of the cable carrier systiecms availeble todzy signal from one terminal to the

other with inband or out-of-band signaling tones (for esmmple 3700 cps) at voice frequencies.
These tones are modulated into carrier frequencies and the signaling information passes through
terminals and repeaters in the same way voice frequeacies are transmitted. REA TE & C¥-901 covers
this in paregraph 13. One type of low cost cable carrier equipment utiligzes time division modula-
tion for signaling, hovever, vwhich may be the start of a new trend.

3.3 Whether the currier signaling is inband, ‘out-or-be,nd, or time division egquipment, the most
common options for connecting to central office equipment can be classified as follows:

" ua. I &M for trunlks.

b. One-wvay loop dial for irunks.

-0
.

Subscriber carricr for exchange plant.
d. Torrigm cxchange service.
3.4 L & M Signaling

3.41 E-& M signaling 1s covered quite thoroughly in REA TE & CM-319, "Interoffice Trunking and
Signaling," and as far as carricer equipment is concerned i% mesns that if a COD trunk circuit

has T, R, E & M lcads such leads can be connected to T, R, E & M leads of a carrier terminal and
sicnaling is possible betucen terminals on this basis. A terminal originating signaling towards a
distant terminal accomplishes it by placing battery on its "M" lead for seizure and elternately applying:
Lattery and ground corresponding to the dial pulses being sent. This action usually results in a
~round being placed on the "E" lecad and alternately applies ground and open conditions corresponding
to the dial pulsing at the opposite terminal. Return supervision is usually accomplished by appla.r,igs
battery to the distant terminal "M" lead which results in ground being placed op the originating "B
lcad. \here the trunks are two-vay, operation signaling csn be acccmplish..ed in either direction.
After the signaling information is sent to the carrier terminal by ite "M" lead it depends on the

particular carrier system as to whether inband, out-of-band or time division signaling is employed
between terminals. ' :

. P . t provides an
3.42 -In cvery casc. vhere E & M signaling is specified, the central office equipmen

E & M trunk circuit to convert loop type signaling from the subscribers plant (opening and
ciosing a d-c loop path) to "M" lecad signals and respond to "E" lead signals. :

; " . - np ling eqﬁipneﬁt

.43 Since about 1960 the Bell System has been specifying so called "E" type signa
S ::)‘or some carrier systems. "E" type signaling equipment denotes inband signaling thmu:gL: carrier ‘
cquipment using a single frequency, usually 2600 cycles per second. This type signaling ii :de:tical
referred to s "SF" signaling. Since carrier is effectively equivalent to a 2‘--‘:11‘% circ\ui %0
2600 cps tones can be used in opposite directions for signsling. At this time "SF signai. ng Sified
usually on an "E & M" or loop dial basis. Just as explained above, when E & M sign&lir‘lg ; ipeds or
wn E & M trunk circuit is required of the central office equipnen? lzrine;ing out T, R, E & za hem
connections to the "SF" signaling unit. The "SF" unit takes the "M" lead signals and transmits 1
from one carrier terminal to the other using interrupted inbend 2600 cps toneg. :

3.4 "SF" signaling cquimment is also available for one-way loop dial signaling throuih ;hz ;:fzzier.
Therefore, in discussing "SF" signaling it is also necessary to know whether it 8
some form of loop dial signaling.

. 3.45 "SP" signaling equipment at this time is not an inherent part of any carrier equipment.

cually this equimment is mounted separately from the carrier equipment. Figure 5 shows 1.:he
couirment arrangement wherc "SF" equipment is used for E & M signaling.

-k -
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3.46 Independent telephone equipment manufacturers cam now furnish "SP" equipment which is compatible
with Western Electric "E" type equipment at the opposite end. Usually the hybrid circuit is

an inherent part of the "SF" equipment and the only commection to the carrier equipment is to the

"mod in" and “"demod out" points known se the U-wire voiee freguency points. -

3.47  Figure 5 is e simplified block diagram of a trunk employing "SF" inband signaling. The
transmission path between termivals must either be a carrier derived chenmel or a k-wire physical
in this example since the same frequency (2600 cps) is vsed for signaling im both directions. On 2-
wire circuits employing inband signaling, two different frequencies such as 2600 cps and 200 cps are
used for signaling in opposite directions. The functions and features of these units are essentially
‘the same as those described below for the 2600 cps units. Informetion from the awitching equiyment
in the form of d.c. pulses or on-hook and off-hook signels appearing on the "M" lead determines whether
the 2600 cps signal is applied to or removed from the transmitter. To avoid the cbvious conflict with
speech signals, the tone is on in the idle or on-hcok condition . {"M" lead grounded). In the off-hook
condition battery is applied to the "M" lead which in turn removes the 2600 cps from the transmitter.
When the "M" lead is pulsed the tone is alternately applied and removed from the trsmemitter. The
path to the office side of the equipment is opened simmltameously with the application of tone. This
prevents noise which might be present at the drop side of the eguipment fxrom interfering with the
control signals and elso keeps the 2600 cps tone from reaching the callimg party. One refinement that
is not indicated on Figure 5 is a signal tone level control. The 2600 cps sigpal is normally applied
to the line about 20 db below test tone during the idle (on-hook) condition. During a dial pulse
sequence and the first 100-200 milliseconds of steady tone-om, the level is imcreased approximately
12 db to improve the signal.-to-noise ratio and therefore the dialing reliability. Im the receiver
of thé unit the incoming signal from the far-end is divided hetween the talking path and the signaling
path. The presence of a 2600 cps tone of adequate level in the signeling path causes the signal
switch to insert a filter into the talking peth which prevents the 2600 cps signel from reaching the
drop side of the equipment. In order to prevent the degredation of speech signels, this filter is
switched out of the talking path when the far-end indicates an off-hook eondition (tome off). During
certain connections such as those to an intercept operator, the far-end does mot indicate an off-hook
condition and the filter remains in the talking path and prevents some speech energy from reaching
the calling party. This condition is necessary however in order that certain calls are not billed.
The 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" lead is grounded. The most difficult
feat that the inband feature imposes on the receiver is thet speech energy at the signaling frequency
must be prevented from causing false off-hook cocnditions, or "talk down.” This is the purpose of the
guard network shown in Flgure 5. All of the speech energy except that occcurring at 2600 cps is
accepted end rectified by the guard network and fed to the signal switch im the form of a d.c. control
voltage. Any energy at 2600 cps passes through the band pass filter, is also vectified and fed to
the signal switch. The guard voltege opposes the rectified 2600 cps signal and prevents the signal
switch from opening the "E" lead.

3.5 One-Way Loop Diel Signaling

.51 One~ loop dial signaling options have found incremsed application with low cost cable
3‘ g carr.:'l'g syslt)ems where one‘:gwptrunks are economicel. Connection of & ome-way loop dial carrier
channel to central office equipment ie usually mede with tip, ring end sleeve leads. In other »words ’
a subscriber loop connected to a loop dial cerrier channel (after the centrel office has switched the
subscriber line to the carrier channels) can furnish loop signaling (open emd closed d.c. pulses) to
the carrier, and the carrier equipment at the opposite terminal will preseot to the central office N
equipment incoming selector the same open and closed loop conditions. There is no need for a cexlx-tra
office equipment trunk circuit since in effect the carrier contains the trunk circuit. One-wayndoop
dial signaling means that a given channel will handle telephone traffic in one direction on_.'ly a
that dialing can take place in one direction only. The carrier channel will provide talking battzr{ s
to the subscriber loop once it is connected to it by means of the central office equipment. As i 2 §
in paragraph 3.41 for E & M signaling, once the signaling intelligence om a lcop basis is ?ccip 1e; y-
the carrier terminal it depends on the method chosen by the carrier manufscturer as to how it is trans
mitted through the system at carrier frequencies. It cen be by means of out-of-band, inband voice
frequency tones or by other means such as time division modulation.

3. ignaling cards on circuits of one-way loop ‘diel carrier channels are different at each end.
3:92 %ﬁ.‘ gtﬁig;goingg loop dial signaling circult contaips the battery feed relay explaim aliozz :ﬁa i]ig-
naling ,always originates from the outgoing terminal. The outgoing carrier chaunel teAt ?Qe L
connected directly to levels of outgoing selectors of the central office equipment. e
/the incoming carrier channel terminal is usuvelly comnected directly to sn incoming trunk selec .

The circuitry of the incoming signaling card will present open and: closed conditions through a

-5 -




REA TE & CM-905

nominal value resistor to the incoming trunk selector. The incoming carrier channel terminal is able
to detect reverse buttery and return ansver supervision to the originating terminal for the benefit
of calls originated by paystations. One-way loop dial carrier circuits are analogous to 2-wire
physical circuits using one-way loop dial signaling except that the outgoing impulse repeater is not
required. There are limitations with respect to dial pulse distortion as to the length of sub-
scriber. loops which may be connected to one-way loop dial carrier channels, however, loops up to

1500 ohms including the telephone instrument are possible with most equipment. Longer loops will
have long line adapters connected to them. : i

3.53 The advantage of using one-way loop dial carrier trunks over conventional E & M circuits is
in the savings made in COE trunk circuits. The net saving has been found to be as much as
$260 per circuit since there is no need to use two E & M trunk circuits (one at each end) in the
COE. The cost of one-way loop dial carrier channels is about the seme as E & M carrier channels.
Of course when only one-way dialing trunks are used more trunks may have to be specified over all,
but nevertheless considerable savings nre possible. One-way loop dial signaling should be considered

wherc a large number of trunks are to be provided. Figure 6 shows how one-way loop carrier is
ccanected to central office equipment . ' -

3.6 Subscriver Carrier Sigraling

3.61 Subscriber s 1ing :!rcuitry on presently available cable carrier systems is identical in
principle to lhe subscriber signaling used for many years on open wire subscriber carrier. .

This subject is covered in TE & CM-901, paragraphs 13 and 1l%. .Subscriber ceble carrier systems are

avallavble which can accommodate almost all possible kinds of service from a switchboard, such as

ten-party divided vinging, bridged ringing and superimposed ringing. For one and two-party service

at this time, signaling circuitry would have to be bought which has the capsbility of ten-party divided

ringing ; however, it can be used for one, two or four-party line ringing.

3.62 \ihen the telephone industry shows a demand for only one, two or four-party line ringing, future
systems will probably be provided with signaling circuitry at reduced prices from ten-p_arty
ringing since the complex circuitry required for ten-party full selective ringing would be unnecessary .

3.7 FX, Forelgn Exchange Signaling

3.71 This type of signaling circuitry is usually used with trunk cable carrier systems where one
or more channels may be used to provide foreign exchange service for certain subscribers from

one exchange into another. FX signaling is identical to subscriber carrier signaling except that

the subscriber terminal is not usually equipped with circuitry to generate ringing power. Since the
subscriber terminal is usually mounted in a central office together with the rest of the trunk carrier
channels, central office ringing power is used to signal out on a subscriber loop. This type of carrier
signaling may also find some application where wide area telephone service (WATS) is provided and

it is necessary to extend the subscriber loop all the way to a properly equipped office for connection
to the network. ' Part of a WATS circuit may be easily provided over spare channels of a cable carrier
uystem équipped with FX signaling. With the increased demand for DIWX, (dial teleptypewriter service)

Ioreign exchange signaling carrier equirment can be used to reach properly equipped office .which handle
WX switching. ’ .

li. - ELEC'IRICAL PROTECTION OF TRANSISTORIZED EQUIPMENT

k.1 With the use of transistorized d.c. powered carrier repeaters installed along cable routes y
came some problems in protecting thcir circuitry from lightning surges induced in the cable

rairs since most transistors cannot withstand voltage surges in excess of about 100 volts. Since
carbon blocks operate at a minimum of about 300 volts, they are obviously inadequate for the
rrotection of transistors which are exposed to outside plant surges. Most manufacturers now recognize
this and supplement carbon hlock protection with internal low voltage protection where such protec-
iion is needed. Protection of the terminal equipment is not as critical as the repeaters since
the transistorized circuitry is protected from outside plant surges by impedance matching transformers,
filters, etc. This deficiency in protection from lightning which eppeared in some of the early cable
carricr systems has been corrected and these systems now offer reliable service. .

4.2 KEA TE & (M-822, "Electrical Protection of Carrier Equipment," should be referred to for a
more detailed discussion of protection requirements on cable carrier systems. .

-6 -
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5. TRANSMISSION OF CARRIER FREQUENCIES THROUGH CABLES

5.1 As indicated previously proper carrier frequemcy trapsmizeion through cable requires pumerocus

© ' repeaters because the attenuation at carrier frequencies in ceble plant is very high when
compared with open wire. The higher the top frequency of & esble earrier systam, the higher the
attenuation. If more then one system is to operate umder the seme cable sheath them the possibility
of crosstalk between systems also must be considered. Therefore, two chavacteristics of csble
plant are importent with respect to cable carrier syetems; (1) sttepuation per unit length, end

(2) crosstalk coupling between the various pairs in the csble. '

5.11 In application engineering of a cable caxrrier system the enginecer has o know the type of
cable over vhich the carrier will operate. It is desirable to Juow as sccurately es possible
the attenuation per unit length since spacing of the repeatexrs has to ke ealculated. The sttenuation
per unit length of cebles used in the industry veries widely depending om gmuge, mutual capaciiance,
whether it is paper or plastic insulated, ete.

5.12 Exchange grade cable is considered "high capaeity" eable with en average mitual cepacity for
all the pairs of .083 mfd. per mile. The deviation in cepecitance amorg pairs mey very and
ralues as high as .096 mfd. per mile are present on older existing cebles. What is sometimes referred

to as "toll grade cable" has a mutual capacity of .065 or .062 mPd. per mile. The lower the mutusl
capacity, the lower the attenuation at carrier freguencies. To illustrate the effect of gauge, mutual
capacity, and type of insulation, the following dste is given at & typical frequenmcy of 300 kec. 4
comparison is also given of repeater spacing essuming 20 &b gein per repeater.

19 GAUGE 19 GAUGE 19 GAUGE 22 GAUGE 22 GAUGE
PLASTIC PAPTR PLASTIC PLASTIC . PAPER
INSULATED INSULATED . INSULATED THESUTATED INSULATED
.066 mfd./mi. 066 mfd./mi. .083 mfd./mi. .083 ®8d./mi.  ,083 mfd./mi.
ATTENUATION
AT 300 KC 7.6 db/mi. 9.0 db/mi. 10.3 db/mi.. 13.7 &/mi. - 15.0 db/mi.
REPEATER
SPACING : o
INTERVAL PER 1309 kf Llu'r kf 1002 k.f 70? M f°l kf
20 DB OF LOSS -
AT 300 KC

It is seen from the above comparison that an application engineer has to ¥now what kind of cable is
involved in order to approximate repeater spacing.

5.13 In the interest of economy and standardization, REA specifications for new cable installations
require cable in sizes of 18 pairs or more having an average mutual capacity of 0,083 + 0.00k
mfd. per mile. Cables of smaller sizes have average mxtual capacity of .083 mfd. per mile but avermge
tolerances of + .007 + .0l for 12-pair and 6-pair, respectively. Where cables are prescribed for use
on trunks it is possible under exlsting REA practices to procure ceble of 12 pairs end up vhere the
mutual capacitence will be with + .00L mfd. from .083 mfd. per mile. Although lower capacity cable
means lower loss and fewer repeaters, it is not recommended that .066 mfd. per mile csble be usid.
Gain by means of transistorized repeaters 1s low in cogt and in most applications mesns only a aewa
additional repeaters are required with the use of standard ceble types. There may be some isolate
instances where .083 mfd., 19-gauge cable would provide a facility which would be beyond the tranzid
mission capability of certain cable carrier systems. Should thig be the case, .066 mfd. cable ;8
be specified but REA approval should be obtained for such a proposal,vhich would cost at lea.ati .
percent or more than .083 mfd. cable. The use of other than .083 mfd. cable by REA borrowers is 18O
generally recammended.

' er the temperature the higher
5.14 Temperature variations affect attenuation in cables. The higher
o the attenuation. All low cost carrier systems comtain automatic gain control circultry vo
compensate for temperature variations normally encountered in aerial cable plant.
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5.15 As discussed previously on the subject of equalizing networks, paragraph 2.4, the slope
characteristic of frequency versus attenuation is important to know. Manufacturers design

equalizers which have a reverse attenuation slope with respect to frequency. These designs are
based on typical cable data available to them but, it is not uncommon to find cabls sections which
have somevhat different slopes than that for which the built in equalizer was designed. In these
-instances, however, there is usually enough tolerance in the equalizer strappings to permit proper
adjustment of the repeater section. If the equalizers ceannot be adjusted to meet the slope character-
istics, the cable plant mey have water in it, there may be loading coils, build out capacitors, etc.,
in the pairs vwhich are selected for carrier transmission. If equalizers cannot be adjusted or strapped
within certain tolerances and if they can't be adjusted to meet the slope characteristics a special
nctwork might be required or at least the repeaters would have to be spaced closer together.

5.16 Slope of cable varies with temperature changes, however, it is not so drastic a change within
the operating range of low cost carrier systems that it 1s considered comtrolling. Change in
slope characteristics with temperature is nown as "twist." Twist regulation is usually necessary on
long haul carrier systems, but, this subject is not covered in this section since such distances are
rarely attained in REA borrowers' systems. S

5.2 Crosstalk Betwe:n Carrier Systems

5.21 A complete trcatise on carrier crosstalk is beyond the scope of this Section. Crosstalk or

‘noise as measured on a channel includes interference from foreign sources as well as the
coupling from other carrier systems in the same cable. This discussion pertains only to the dis-
turbance from carrier channels on other peirs within the same cable.

5.22 Crosstalk from other carrier channels on other pairs in the same cable can occur because of
two reasons. First, the carrier systems may not coordinate with each other with respect to =
frequencies and operating levels. Second, carrier frequency crosstalk coupling loss between cable

pairs may be insufficient even where the systems coordinate with each other with respect to frequencies
and levels. :

5.3 TIrequency and Level Coordination

5.31 In aéneral, where various cable carrier systems are applied to pairs in the same cable,
identical frequencies and levels must prevail among the systems. This means that for all
practical purposes if a certain brand of cable carrier equipment is already in operation elmost
assuredly the same type of equipment or equipment 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 discussion in this section coordinate with each other or with other
types of carrier. Most low cost cable carrier systems do not. fully coordinate with the Westeml
Blectric "N" frequency allocation which is widely used throughout the Bell System although it is often
nccessary to operate carrier in the same cable with "N" systems. .

.32 There are exceptions to this genéralization. There are some independent carriers availablg
that are compatible or coordinate with "N" type equipment.

5.33 Coordination of carrier systems is also accomplished by not duplicating frequencies among
systems. For cxample, an existing carrier system in a cable may use frequencies from 5 ke .
o 30 kc. A cable carrier system could be added on other pairs in this same ceble which operates
in a range from 50 ke to 350 ke. Usually, however, the frequencies of cable carrier systems are in
‘hc same range with cach other and overlap at some portion of their spectrum.

5.34 Frequency coordination among carrier systems is a matter which is ‘uaually investigated closely
by carrier application engineers. Nevertheless, in planning for the use of carrier it is
worthwhile to consider carrier systems in operation already and the ability to expgnd facilities
rith other carrier equipment.

5.35 In many instances borrowers have suggested the use of low cost carrier systems for interconnection
% with connecting companies. The connecting companies in many instances have had to refuse the
request because they have other types of carrier operating in the same cables which do not coordinate
in frequency. This is a valid reason for not being able to use low cost carrier even though it could
‘mcan considerable savings in equipment costs. )

. C
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5.4t Crosstalk Loss Between Cable Paixs

S5.41 In the early days of csble carrier systems, carrier 4id not prove econcmical compared with
voice frequency systems. Carrier frequencics of mot more than &0 ke were used in order to

keep the crosstalk losses between ceble peirs sufficiently high in lopng dAdstances {bundreds or even
thousands of miles). The firet long haul k-wire esble carrier systems provided 12 chammels in the
frequency range of 12 to 60 kc. In order to build low cost carrier systems it wes npecessary to use
more of the frequency spectrum and more chennels per L-wire circuit im.ovder to reduce the cost of
the carrier terminals per chsnnel. Low cost ceble carrisx systems are row eveilsble with frequencics
up to almost 500 ke. The crosstalk losses between csble pairs decrease rapidly with fregquency sod
increase (improve) repidly with reduced length. Therefore, crosstalk between ceble pairs is an
important consideration with both relatively low frequency lomg hsul carrier systems and relatively
‘high frequency low cost short haul carrier systems.

5.42 By January 1, 1964, REA cable specifications will require specified crosstalk losses betueen
B various pair combinations. It will be required that on cebles of & pairs or larger the root
mecan squarc, RMS, value will be 71 db/kf at 150 ke. The valuec of T1 db/kf is the RMS crosstalk loass
of. adjacent pairs in the same layer, alternate pairs in the same layer end center tc first layer which
arc considered among the worst possible pair combinations. The RMS crosstalk loss in db is the mumber
of db corresponding to the RMS crosstalk voltage ratio. If e messuring fregueney higher than 150 ke
is preferred, the crosstalk loss requirements may be corrected by gubtracting 20 logyp ;15%_%, g

correct for a length other than 1000 feet subtract 10 logig g th e REA cable specifications
for crosstalk may change in the future but for purposes of the dlset §s icns which foliows the RMS value
of T1 db/kf at 150 kc will be the accepted value. ’

%.43 For-cnd crosstalk is usually controlling with carrier 's;rstems a8 send and veceive freguencies
are different (usually staggered 8 ke or theresbouts) and near-end erosstalk is of 1little or
no conscquence. - Also "run around" or near-end crosstelk is of no comcern since the repester galns
are kept low.

"5.44 As 1s noted above in the crosstalk requirements, provision is made for calculating expected
far-end crosstalk losses at various distances snd at veriocus frequencies sbove 150 ke. The

meaning of RMS (root mean squere) crosstalk loss which is given in db requires some explanstioun as

to what .it means in practical applications. The "RMS db" is actuslly the db corresponding to the

RMS crosstalk voltage ratio. A ratio of .00l corresponds to 60 d (-20 logjn .001). The RMS db rather

than the minimum db is used since the "RMS db" may be readily extrapolated from ome splicing length

to many such lengths in series. If the "RMS db" for the long length is Jmown 1t is improbable that

the lowest crosstalk loss between any pair combination in the long length will be more than 10 db

below the "RMS db" for this length. Or, another way of saying it is that the great masjority of the

pair combinations will have a crosstalk loss greater than Tl db. .

5.15 For exarple, suppose a 12 pair ceble which meets REA crosstalk requirements is to be used for
three cable carrier systems. Calculations for the distence and frequencies involved indicate

that if pair combinations in one splicing length have 71 db crosstalk lose in 1000 feet at 150 ke
satisfactory multisystem carrier operation can be expected. For three systems o total of six peirs
of the 12 pair cable would be used for carrier and it is likely that any six pairs could be used
without resorting to selecting peirs to have high (good) crosstalk losses. OF the gix pairs
remaining chances are also very good that pair combinations involving these peirs are adeguate from
a crosstallt loss standpoint and probably one or maybe two pair combinetions would not be suitable

for carrier application. As . indicated above an RMS value does not provide ‘oo much deviation either
in the number of pairs or in the value below the RMS value. Also in a three system cerrier installa-
tion it is wise to have some extra cable pairs available in the event pomething happens to the
carrier pairs in use. Many manufacturers recommend that standby repestered cable pairs be in o?eration
in the event of failure of the repestered cable pairs or amy of the repeaters, the standby feciiitles
can be switched over for use. .

5.46 Crosstalk coupling varies with frequency and length of peralleling systems. The bigher the

, - frequency and/or tbe longer the distance between terminals the woxse {1ower) the crosetallk loss
due to far-end crosstalk coupling. The form of crosstalk coupling between paralleling cable pairs
vhich is ¥nown as transverse far-end coupling usually control and it is independent of the number of
repeaters between terminals. To overcome the effect of transverse far-end crosstalk, electronic"
devices such as compandors ere used for its reduction. Also, by using wide swing angular modulated
carrier (sometimes referred to es frequency modulation) about the seme inherent crosstalk advantege is
obtained as with compandors et no additional cost. Compandors give an approximate crosstalk advantage
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of 22 d while angular modulated carrier of the type used in low cost cable carrier systems inherently
give 18 db or better crosstalk advantage. Obviously the number of repeaters used influences noise
and other forms of crosstalk coupling. This is discussed in paragraph 5.5. '

5.07 Far-end crosstalk, or the effect of a disturbing circuit on a disturbed eircuit at the receiving
end of a t.‘gom:l.nation is usually measured in short length of from 1000 feet to 5000 feet as follows:

ohms (435 ohms

Sy —
Oscillator - § _ Disturbing Circuit Pair 135 ohms 2__ 7_/ @ Voltmeter -
. g B~ -
. ) s
135 ohms é Disturbed Circuit Pair : 135 ohms 2 Ve

The far-end measurement of crosstalk is the ratio of the voltage acrose the receive termination "A"

to the voltage as read across receive termination "B." As an example, if in the above measurement

the voltmeter across "A" read 1 volt, thc reading at "B" would be very small in the order of .000282
volts. This ratio corresponds to 71 db ( -20 logyo .000282). The range of most commonly available
voltmeters is about 100 db so it is scen that for the above distances the limit of instruments is
approached. If the cable lengths measured were longer, the receive level at "A" would be down by the
amount of the attenuation from the location of the oscillator and the loss at point"B" would be
correspondingly lower by the amount of the coupling loss between the peirs. Therefore, it is not
possible to measure crosstalk (or attenuation) over the entire length of a cable carrier system facility
as is customarily done for open wire carrier systems. The instruments usually used for crosstalk measure-
ments include a constant impedance oscillator, 600 ohms, over a frequency range from 1 k¢ to 500 ke,
acccssories for proper impedance transformation to cable impedances, terminations, and a selective
frequency voltmeter. To 'obtain the RMS value of pair combinations for a cable, cbviously many peir
cambinations have to be measured and the root mean square value calculated. In the future REA will
publish testing procedures for measuring ceble parameters for complience to REA cable specifications
vhich will cover more thoroughly the measurement procedure.

5.5 Crosstalk Due to Numerous Repeaters

5.51 Another source of crosstalk between systems is known as interaction or "run around" crosstalk
vhich is from the output of & repeater into the input of another repeater of another system

usually by means of another pair. In a multisystem carrier application where repeaters for all the
cystems terminate in the same repeater housing and one cable is used for both send and receive .
frequencies, it is possible that the coupling from a cable pair to a nonrepeatered "tertiary circuit
is strong enough so that the output of 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 repeateﬁ of
another system located in the same cabinet or adjacent repeater cabinets. This "run aro coupling
increases with higher frequencies and is affected by the repeater gain. Therefore, high gain and high
frequencies can make "run around" coupling intolerable. High gain repeaters may reduce the number of
repeaters and thus help the "run around" affect, but, the reduction can be negated by the mcf'e@ed
gain. On extremely long cable carrier systems with high gain repeaters, 60 db or 7O db, the "run
around" affect would have been intolerable with single cable therefore separate ca‘t's'le_s are used for
opposite directions of transmission. Frequency frogging minimizes the "run around" affect. With
frequency frogging rcpeaters the two frequency bands for each direction of transmission are inverted
at cach repeater such that in a one-way direction the output frequencies from a repeater are not the
same as the input frequencies, therefore, the "run around" affect is mininﬂ;zed. Low ﬁost cable
carrier systems employ low gain repeaters, 20 to 25 db gain and therefore "run around" coupling is
not a serious factor. Also the range of the carrier system is'short. The longer range carriers such
as the Western Electric "N" type or equivalent employ higher gain repeaters, LO-45 d gain, however,
frequency frogging at each repeater section minimizes "run around" coupling affects.

5.52 . The importance of near-end crosstalk coupling is minimized for frequency division types of carrier
systems by staggering the carrier frequencies of oppositely directed one-way channels by 8 to

10 kec. This makes the near-end crosstalk coupling out of band. The impedances which the carrier

terminals and carrier repeaters present to the cabie pairs are a reasonable match with the carrier

frequency characteristic impedances 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 would become a component of the far-end crosstalk coupling.
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9.6 Distance Limitaticas of Cerrier Systcew

.01 In the foregoing nugmpu varicus factors were discusesd which iimit the rmoge of cable
cerrier systems. Of all the fectors prosanted, two of them ors the mset eritics) for the low

cost ceble cerrier systcams nov avallshle epd these festwre ddstete the mexizwm veags of some oysiems.

The fectors are:

from torminals.

a. Lﬁ.hitatiom on the number of repcaters which can be powered

b. Equal level far-end crosstalk coupling vhere carrier is oposed wideh does not conteln compandors,
© sonads, or other isherent chavacterietics which liberalizes crosetell loos reaquipes
cable pairs. OF course whers one system of eshle eorrier is all that is requiwed crosstalk is
not & problem. On rural system applications vhere up %o 2b cheepels spm be dorived from ose systca
and the initiel trunking needs are scmsvhet belov 2b chemmels thete iz Bo concern aboud crosstalk
until the 25 charnel is required.

%.62 Usually the total number of repeaters 16 limited by the muber of repenters ¥hich con bo

convendently powered from esch tarminel rather then by the egual level far-emf crosstalk coupling.
Therefore, low cost cable carrier systems are limited by repeater pover desigm eriteria to around 25
miles. Of courne Af intermediate powercd repeater points ere inntalled end Enre repacders cas be sdded,
the transverse far-cnd erosstell coupling becomes controlling on milticystem eervier applicstions.

5.63 ‘With rcapeet. to Western Elcetric type "N” carrier of other eguivalemd ¢arrier syptems the
distancc limitations of 'such equipment is arcund 200 miles. Toe verieus limitatiors discumsed

above would epply te thie type cquipment, hovever, the "E" type is designed to overcoms these limite-
tions. \ith rcspeet to far-end ercestalk coupling the distance limitatien is extended dve to the use
of compandors, frequenicy frogging repeaters, end the fact that the top frequency of the system is held
to 256 ke. DBecause of the frequency frogping, fer-end crosetalk can Ye estimmted on the besis of 165
ke which further cxtends the distance limitations with respsst to far-end erosstelk. Ir moet “RB®
carricr epplications in the past vhere clesctronic tube Grpe repeaters were used it was necossary to
utilize commerecial pover with standby errangcments at e mamber of repaater locstions along route.
Troncictor typc repeaters are now being used where it is possivle to powsr up to three oF more re-
pcaters from @ torminal or to power as many @8 three or move mepeaters from each side of & 11T wolt
n.c. povered repcater point by meens of simplciied ceble pairs which are alse used Yor carrier frequencles.

5.0k ALl of the above features of the "H" type equipeent make it a cubstantisliy more expensive
carricr systcm than the low cost carriers, however, it s a 200 mile carrior system and 1% is8
accescary for 1t to have these features.

5.65 1In designing trunk routes wherc keeping costs lov is of prime izportenss, there is @ proper
application for low cost cable eexrier 1Z the distance 43 under 25 mileg. Uhere m_m distance
limitation io cxecceded appreciedbly "N" type ecquipmont or its equivalent sheuld be considered.

4,.06 The following threce examples will serve to illustrate hov o calculate whether end cmam(a}k
is controlling. To help in this determinstion two cwrves are Rlotted os chowm im Figures T and

6. Ac scen in the formules these curves represent, they ahow the redueticm in croastalk loes as

frcquency incrcagses and as lcngth increeses. This is a plot of the two formules given in REA cable .
crogstelk loos requirements to correct specificd velues givem im @d/kf at 150 ke to verious values O
leng:th ond frequoncies.

Yol Exnumple No. 1

Yo 1 provide Lrunis it 4o planned to ultimately use three amplitude modulated c:az'ri,ex" pystems O
dorive 7 channels over cable focilitics 24 miles lomg. Thrae systems of 2k channols each
would provide Ui required number. It is planned thet tho facility will be 19 geuge buried cable
meceLing WA plastic insulated cablc specifications. '™is mesns that the average sutual eameitencfe
fa .03 mfd. mer mile and that the RM3 far-ond crosatnlk value io TL db/kf &% 130 ke. Ome type.o
carricr under concideration can provide 2i channcle using & top fregueney of L8O kec. Compandors are

wentlonat with this cquipment. The manufacturer specifies that without ecompandora a 60 &b far-end

cragsinll losn ic required at the receive torminnl. With compandors the loss cen be reduced L %] .
abemt -ho db. . Vith otandard power options, up ¢o 1k rcpemters of 25 & of gain per repeaier cem be

S powersd aver 19 gauge cable.
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" 5.74l The t;otal attenuation for this carrier facility at a top frequency of 480 ke is calculate@ as

REA TE & CM-905
QUESTION 1: Are campandors necessary for this application?

QUESTION 2: Would a 12 pair 19 gauge cable complement be large emough in a composite cable_?
QUESTION 3: What is the total attenuation of the entire cable path from termimsl to terminal?
QUESTION L4: Can this carrier equipment be used in this application?

5.72 Answer to Question No. 1

5.721 In order to answer question 1 it has to be determined if cable with the capebility of providing

an RMS value of Tl db far-end crosstalk loss per 1000 feet at 150 kc can be used for a distance
" of 2k miles at a frequency of 480 kec.

5.722 From Figure 7 it is determined that to adjust the RMS cable crosstalk loss from 150 kc to 480 ke
‘ . the reduction is 10 db. Subtracting 10 db from 71 db adjusts the cable crogstalk RMS velue to
61 db at L8O ke/kf. A further adjustment for 24 miles of cable length is required and from Figure 8 it
is scen that the db reduction over tnis distance is 21 db. Subtracting 21 db from 61 db leaves 40 db
at 480 kc for 24 miles as the expected RMS far-end crosstalk loss.

5.723 If at least 60 db of far-end crosstalk loss is required without compendors it is evident

compandors are required. A calculated figure of LO db at 480 ke for 24 miles is the manufac-
‘turer's 4O db minimum requirem:nt with compandors.

5.73 Answer to Question No. 2

©.731 Since the minimun permissible far-end crosstalk loss per unit length is 40 db at 480 ke for
. 24 'miles which translates to 71 db at 150 kc per kf it is evident the T1 db value has to be
achicved on most pair combinations. Since 6 pairs are required for three systems it is most probable

» that 6 pair combinations meeting the 71 db RMS value can be obtained without having to select pairs.

©5.732 A 12 pair 19 cauge complement in the composite cable should be satisfactory.

5Tk Answer to Question No. 3

follows:

5.742 From Figure No. 1 of TE & CM-406, Addendum No. 2, "Attenuation Data,” it is determined that
at L8O kc the cable attenuation per unit length for 19 gauge .083 uf cable at 68°F is about
12.8 db/mile. For 24 miles at 12.8 db/mile the total attenuation is 307 db.

~5.75 Answer to Question lio. b

5.751 Although far-end crosstalk loss is not controlling a check is made if all repeaters can be
powered from the two end terminals. It is determined that by using 12 repeaters it is possible
to span 13 sections of 25 db each for a total loss of 325 db. The total attenuation is 307 ddb which
is within this figure. In an actual application the manufacturer would probably recommend that those
rcpeaters adjacent to central offices be spaced closer to the carrier terminals to reduce switching
noise from the COE. Therefore, 13 repeaters would probably be installed.

5.752 This carrier system could be used in this application.
5.76 Discussion of Example No. 1
> ted carrier on
5.761 This example serves to show the maximum length limitations for amplitude modula
a cable with a Tl db RMS far-end crosstalk loss which operates at 480 ke. It is evident that
cable crosstalk margin is reduced severecly because of the high operating frequency of 480 kc. Com-
‘pandors 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 selecting pairs that the three systems .could be installed

‘v without compandors. Of course if only one system would be required, 24 channels, no compandors

would be installed initially since there would be no other system vhich would cause crosstalk. There
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18 also a good possibility that by peir sclection the second system conld be added without Wdors.‘

It is only when three or more systems are cperating in the ssme cebls that good pair combinations
become more difficult to select. Since the carrier regquiremsnts of mnet REA systems seldom exceed

2L or 48 channels, compandors would actually very seldom be required unless they wers needed to suppress
unwvanted foreign frequency interference such ss that ceused by high powered radlo stations whose oper-
ating frequencies fall into the range of the carrier system frequemcy ellosatiocn. EBven then cospandors
might only be required only on certain channels within the system.

5.8 Example No. 2

5.81 To provide service to a group of isolated subscribers located as fer as 50 miles from the

central office the use of subscriber carrier is being iunvestigated. Buried ceble facilities
would be installed with cable which meets REA crosstalk requirements. Approsimately 40 channels of
subscriber cable carrier are needed and it 1s desired to use a 6 pair 19 gauge cable for @ substantial
portion of the route. It would be:possible to locate the subscriber termined 40 miles from the central
office and serve the subscribers from this point with conventional physical veolce frequency circuits
connected to the subscriber terminal. One possible type of carrier which could be used is an angular
modulated system which can provide up to 20 chanuels per system. The manufacturer states that far-emd
crosstalk loss at the receive terminal should not be less than 40 éb. The menufacturer further states
that up to 12 repeaters with 20 db gain each cen be installed between the two terminals of the sub-
scriber equipment. The top frequency of the 20 channel system is 340 ko. Meximm subscriber loop
limits beyond the subscriber terminal are 1200 ohms excluding the telephone set.

QUESTION l: Can & 6 pair 19 gauge caeble provide adeguate crosstalk loss between pairs over a distance
of 40 miles to cnsble the operation of two systems of subscriber cable earrier?

QUESTION 2: Vhat is the total attenuation of the entire ceble path from tesminal to terminal?
QUESTTION 3: Could this equipment be used in this type of spplication?
5.82 Ansver to Question No. 1
5.821 1In order to answer question No. 1 it has to be determined if a 6 peir ceble with the capability
of providing an RMS value of 71 db of far-end crosstelk loss per 1000 feet at 150 ke can be
used for a distance of 40 miles at a frequency of 340 ke. . - ‘ :
5.822 From Flgure T it is determined that to adjust the RMS cable exosstalk loss from 150 ke to 340
kc that the reduction is 7.3 db. Subtracting 7.3 from Tl db adjusts the csble crosstalk value

to 63.7 d ‘at 340 ke/kf. A further adjustment for 40 miles of cable lemgth is required and gmm
Figure 8 it is scen that the reduction over this distance is 23 d. Subtracting 23 db from 63.7 d

‘leaves 40.T db at 340 ke for 4O miles ss the expected fer-end crosstalk loss.

5.823 Since the calculated figure of 40.7 db is within the 40 db far-end croestalk loss specified
by the manufacturer, a 6 pair cable could be used.

5.83 -Answer to Question No. 2

5.831 The total attenuation for this carrier facility at 340 ke ie caelculated es follows: From

: Figure 1 of TE & CM-L06, Addendum No. 2, it is determined that at 340 ke the cable attenuation
per unit length for 19 gauge .083 uf cable at 60°F is ebout 11 db/mi. For kO miles at 11 db/mi. the
total attenuation is 44O db. Since 44O db is too much loas for 12 repeaters of 20 db gain each the
use of lower loss caeble such as .066 uf/mi. ceble should be investigated.

. ' ble
4.832 * From Figure 2 of REA TE & CM-L06, Addendum No. 2, it is determined that at 340 ke the cat
/ ?
attenuation per unit length for i9 gauge .066 mfd. cable at GO°F is sbout 8 db/mi. For htf.)rs
miles at 8 db/mi. the total attenuation is 320 db. This is still too long for twelve 20 db repeaters.

" 5.84 Answer to Ouestion No. 3

5.841 In this application, far-end crosstalk is not controlling but the overall attenuation andlthe
abllity to feed repeaters from the two end terminals are the iimiting factors. By using o966 .
gauge .083 mfd. cable about 21 repeaters spaced 20 db apart would be needed. By usingel(i‘);g&us: stem
cablle 16 repeaters spaced 20 db apart would be needed. OCbviously the more repeaters us a adyb
the more chance there is of additional noise being introduced, or the overall reliebility could be
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reduced because more clectronic devices are in the circuit. It would de recommended thet in ap unusual
application such as this that .066 mfd. cable be used. The .066 mfd. per mile cable would have to
meet crosstalk requirements for .083 mfd. per mil€ cable under KBA requirements. Such cable would
probably have to be ordered speciel.

5.842 Whether 16 repeaters could be powered from the end terminals remnins to be detexrmined by the

manufacturer. Higher operating voltsges than usual would have to be provided but there is a

possibility 16 repeaters might be powered from the end terminels. Anr altermative would be to establish
& 117-volt a.c. power point with standby batteries some where along the U0 mile route and feed a number of
repeaters on each side of this point.

5.843 The introduction of four more repeaters than the manufacturer reccmmends should not reise the
~ per channel noise figure appreciably. Sixteen repeaters instead of 12 repeaters could probably
be used with this equipment. Nevertheless, the momufacturers’ recommendations should be obtained in
any such situation vwhere the published transmission or other limits ere exceeded.

5.8@ Since the furthest subacriber would be located an additicnal 10 miles from the subscriber terminal

it can be served by conventional loaded cable voice frequency circuits ss described in TE & CM-
L2k, "Design of Subscriber Loop Plant."

5.85 Discussion of this Example

5.851 This example when compared to example 1 serve to show how the length betucen terminals canm be

extended when the operating frequency is reduced. This gain in mergin by reducing frequency
is advantageous because many more miles can be added in length by having a few spare db as seen in
Figure 8. The lower operating frequency in this cese is the reason why this carrier system could be
cxtended with respect to far-end crosstalk.

5.852 Another point which merits discussion is that this is an angular modulated carrier and that
because of it a far-end crosstalk requirement of 40 db is only required. In other words,

it has an inherent advantage similar to that provided by compandors. No compendors are necessary with
this equipment. .

5.853 The application situation depicted in this example serves to show the distences at which carric
might be cmployed with cable plant should it be necegsary to do so. Subscribers located 50
miles from a central office could not be served very economically by means of physical type plant.
By using carrier over cable facilities extremely quiet low loss circuits are possible well beyond the
range of physical type plant. Application of cable carrier as illustrated in this example might well
be the method to improve existing open wire subscriber carrier installations vwhich are long.in length
and which are impaired by frost or ice formation on the open wire conductoraz. : '

5.9 Example No. 3

5.91 Various methods are under consideration for providing additional toll connecting trunks from
one office to another located 100 miles apart. Western Electric "N" Carrier or its equivalent
is under consideration. Forty-eight channels are required, or four systems. The connecting company.
‘plans to install the carrier on its existing plent and the REA borrower plans to install new cables
for the carrier for a distance of 50 miles. In a connecting compeny meeting the question was raised
if the borrowers' cables would permit the operation of four systems in a 25 peir cable ?h:'l;ch will be
the minimum size of cable along the borrower's portion of the route. Western Electric "N" equipment
or its equivalent requires at least 40 db far-end crosstalk loss between systems.

ZUESTION 1: Would cables meeting REA standards be satisfectory for this carrier application with
respect to far-end crosstalk? i

» QUESTION 2: With respect to far-end crosstalk loss what would be the maximm distence possible using
REA cables? :

5.92 Answer to Question No. 1

.921 REA cebles vide an RMS far-end crosstalk loss of T1 db at 150 ke. To answer this question
>9 it is necesgzy to translate this figure to 165 kc at a distance of 1oo'm:g.'1es. As stated
" previously in this section, paragrath 5.63, far-end crosstalk calculaticns for "N" type carrier which
employs frequency frogging at repeaters can be computed using & frequency of 165 ke even though t.he i
highest frequency used is 256 kc. .
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5.922 From Figure 7 it 1s determined that to adjust the RMS ceble crosstalk loss for 150 kc to 165
ke/kf that the reduction is almost negligible or about 0.8 db. Subtracting .8 dd from 71 b
adjusts the cable crosstelk RMS average to T0.2 & at 165 ke/kf. A further adjustment for 100 miles
of cable length is required and from Figure 8 it is seen that the db reduction is 27.2 db. Subtracting
27.2 'db from T0.2 db leaves 43 db at 165 ke for 100 miles as the expected far-end crosstalk loss.

5.923 Cable which meets REA standards is satisfactory for this applicatiom.
5.93 Ansvwer to Question No. 2

5.931 WVorking in a reverse procedure starting with 71 db at 150 ke per kf if the 165 ke frequency

requiremert would only degrade the far-end crosstalk loss by Q.8 & to 70.2 db at 165 ke/kf .
and if LO db is the absolute minimum requirement then there is a margin of 30.2 db left which can be
applied to distance.

5.932 Referring to Figure 8 and looking along the ordinete of the curve to 30.2 db we see that
approximately 200 miles would be the maximum allowable distance.

5.94 Discussion of Example 3

5.941 This example shows how much further carrier cen operate in the sume ceble when the frequency
is kept low and frequency frogging repeaters are used. This shows up quite readily in
reviewing the reduction values for Example 1 and 2 where the frequencies involved were 480 kc and 340
ke, respectively. In other words in applying a ceble cerrier system, more chamnels, which reguire
higher operating frequencies are traded for shorter distance operation. Low cost cable cerriers as
covered herein have a definite place in supplying meny of the trunk and subscriber carrier channels

where extending long distances such as that given in this example are not required.

6. APPLICATION ON AERIAL CABLE

6.1 Cable carrier finds much application on aerial cable especimlly where it is added to existing
cable. About the only difference in engineering low cost carrier for eerial plant versus buried

plant is consideration of temperature swings. Temperature swings throughout the country may vary from

as low as =-4OOF to +110°F ambient temperature. Equipment does not usually have to regulate for %osses

at these two extremes but instead from & mean value. For exsmple, if the mean temperature is 50°F,

it can get as hot as 110°F or as low as -10OF and the carrier should be able to regulate for temperature

changes + 60° from a mean 50° temperature.

6.2 Referring to Figure 1 of REA TE & CM-k06, "Attenuation Data,” the temperature swing between O°F
and 140°F is reviewed from the given data for 19 gauge .083 mfd. plastic insulated cable.

Temperature Attenuation in Attehuation for 20 Change duve to
db/mi at 480 ke mile cable facility tmeragure
19 gauge .083 : . from 80VF
mfd. cable
o°F 12.0 db/mi 240 db -24 a
80°F 13.2 db/mi 264 v -
140°F 13.8 db/mi 276 a : +12

The above variation in cerrier frequency attenuation due to temperature is accounted for by means of
regulation circuits which are built into carrier terminals and in some carrie; repeaters. Methods
of regulations vary among carrier manufacturers. Some carrier systems install regulated repeaters
at certain intervals along the cable to compensate for the attenuation charge witlix temperature. i The
channel terminals also contain reguletion circuitry. Other carrier systems do not have regulated
repeaters but may vary the repeater feed current with temperature changes in the simplex loop to
obtain some regulation in all the repeaters while most of the reguiation is contained at the receive
terminal of the equipment. :

6.3¢ If the specifications for carrier systems are examined the regulation may be given in terms of
’ the varila):ion in the number of db at voice frequencies (+ .5 db to + 1.0 @) for carrier frequency
line variation of a change of number of db (+ 5 db to + 8 db from a nominal receive carrier level).
Where regulated repeaters are employed, the repeaters are spaced so that the carrier frequency levels
are within the regulation range with expected temperature variations.
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6.4 Occasionally it may develop that cable carrier might be considered for application to rural
distribution wire. RIW of the older design vhich does not have an outer plastic jacket would
be very susceptible to wide variations in transmission characteristics due to wet wsather, ice, and
sleet conditions. These conditions on RDW of this type severely change slope and attesustion

characteristicas beyond the capability of most carrier systems. RDW of this type should mot be used
as & path for cable carrier or for any kind of carrier.

6.5 A new and improved type of RIM which contains an outer jacket of plastic around the pairs is

now on REA's Acceptable Lizt of Materials. This type of RIW is almost identical to regular
cable except that it does not contain a copper or eluminum shield around the pairs. The siope and
attenuation characteristics of this type of RIW are much improved over the older type and approach -
the characteristics of regular shielded cable. While this type RDW may be satiesfectory from & slope
and attenuation standpoint it still does not contain a shield which is very important im isolating
carrier systems from foreign interfering frequencies. Where new construction of outside plant is
involved in the installation of a ocable carrier system, shield cable should always be provided. The
cost difference between the two types of facilities is not so great that it is worthwhile risking the
successful operation of carrier equipment which is & sizeable investment.

6.6 Interference from foreign frequencies is a factor to be considered in epplying ceble carrier,
particularly if past experience in the area has shown certain frequencies to be troublesome.

Foreign signals may also be picked up on open wire leads which may come into the ezble which contains

a carrier system. In most instances, however, the use of compandors or angular modulation techniques

make it possible to operate channels without severe degradation in the presence of interfering
frequencies. :

6.7 From experience in REA borrowers' systems most troubles which have occurred in new installations

of cable carrier systems involve some irregularity in the cable plant such as, bridged taps at
splice points, loading coils or build out capacitors left in the pair, bed splices, etc. Once a clean
carrier path is provided, the carrier will work satisfactorily.

T. APPLICATION ON BURIED PLANT

7.1 Buried cable offers a more stable carrier frequency path than eerial eceble because the temperatur~
of the cable remains feirly constant the year around. In buried plant applications the repeater

spacing may be lengthened a slight amount, however, this is & recommendation entirely up to the carrie:
manufacturer since spacing is controlled by equalization and power feed limitations. Experience has
shown that transistorized repeaters are susceptible to lightning dsmege on buried as well as aerial
plant if they are not adequately protected. But as explained in paragraph bk most carrier menufacturers
have improved their protection practices such that during the 1963 lightning season few compleinte were
received in REA of lightning damage where the improved protection was installed.

7.2 On buried plant applications there are usually less open wire extensions off the buried cable
and the susceptiveness to interference from foreign radio frequencies is reduced.

7.3 Water which might seep into a buried cable would change the attenustion and slope charscteristics.

Any water which might be present inside the sheath even though the wires of the pairs would be

individually protected by conductor insulation would present a different dielectric than air and would

adversely affect the carrier transmission characteristics. Care must be exercised in keeping moisture

out of cable over which carrier will be operated. As stated previously carrier system regulation is

designed to compensate for temperature variations e: ! not for high losses ceused by water. Should

moisture become & problem the cable would have to be dried and can be pressurigzed. To this date

water has not caused any known problems with cerrier in REA borrowers® systems.

8. SUBSCRIBER CABLE CARRIER

8.1 Subscriber cable carrier offers a means of improving or providing excellent transmission to
subscribers located at great distances from the central office. Transmission approaches that
of toll quality circuits with respect to bandwidth, low transmission losses snd low noise.

8.2 REA TE & CM-42lh, "Design of Subscriber Loop Plant,” covers very thoroughly the limitations of-
voice frequency circuits. To meet minimum transmission requirements on long subscriber circuits
it is necessary to use long line adapters, E-6 type voice frequency repeaters, battery boosters, ete.
All of these additions to conventional practices may not be necessary if subscriber carrier can be
proven in economically over voice frequency circuits. Section L42L states that voice circuita on long
loop are possible up to 30 miles using the supplementary equipment mentioned above. Economic studies
have shown that subscriber cerrier on new plant begins to prove in at 18 miles. Also the use of
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subscribef carrier does not enteil investment in chanmels uwntil the demmwd actually ocoura. Additions .
in channels can be made 85 growth occurs end is & flexible mothod of expanding plemt. Therefore, on
long subscriber loops it behooves engineers to investigate the use of-zubseriber earrier.

8.3 Figure 9 {llustrates how subscriber terminals of & cerrier aystem are dvopped off at intermediate
v roints between the central office end far-end subscriber terminel. Tais 1llustration shows how

10 channels of a 20 chennel carrier system can be drgpped off along the cable. Other arrengements of

. carrier equipment make it possible to drop off 5 or 6 channels along the csble. At esch subscriber

terminal housing & group of channels, standby battery power is available in the event of a failure of -

the 117 volts a.c. power. Therefore, service relisbility 1s not dependent'on contiouous &.c. power.

8.4 From the subscriber terminal, voice frequency extensions uming comventional loadsd cmble facilities
, can be extended 10 to 15 milea. Thus, if the distance between the central office terminal and
the subscriber terminal is 25 miles, subscriber loope up to X0 miles from the central office are possible.

8.5 As discussed in paragraph 5.6, if the repeater power limitatiops are evercoms by special pover
feed arrangements multisystem operation of aubseriber carrier ie possible up to 40 miies detween
terminals. Therefore, 55 mile cable subscriber loopz are possible (40 miles +15 miles)., With ¢he
use of subscriber carrier it is possible to use aerial or buried ceble plant in the sparsely settled
rural areas and extend service to distances greater than the present 30 mile limitation of- voice
frequency ceble circuits. At the present time sparsely settiled arces wuse cpen wire suhseriber carrier
which 1s very often affected by ice and sleet on the open wire conductoxrs. Subasriber cable carrier
offers a way to provide hardened all weather facilities to the sparsely settled aress vhich require
-subscriber loops up tc¢ 55 miles.

8.6 To compute the effective transmission between distant subscribers apd the COR when carrier is
used reference. should be made to RFA TE & CM-910, paragraph 15.0bL, "Subseriber Carrier Equipment."
In this section the voice frequency net loss through the esrrier is recommended at b db. Depending on
the carrier manufacturer's recommendation net loss as low as 2 db may now be weed. Simply ateted, the
effective subscriber loop loss is computed for the voice extension curmected 1o the subseriber terminal
using the requirements of REA TE & CM Section U425, "Principlea of 2-Wire Voles Frequepncy Subscriber
loop Transmission,” or REA TE & CM-U2L, "Design of Subeeriber Loop Plent,” Afterwvards, the earrier
voice frequency net loss is added to this figure (2 db or b @) plus .§ d@ for central office loss
and this will be the effective loss of the oversll subscriber locop. Usvally the overall effective
transmission will be much better than the -1 db objective since the subscriber terminal hes its own
48 volt talking battery power and is located near the group of subscribers served by the channel.

8.7 The net loss through the carrier is independent of the distance separating the central cffice
’ and subscriber terminal. It cam be either 10 miles or 40 miles juat 8o the facility is adequate
at carrier frequencies.

8.8 Cable subscriber carrier equipment iz aveilable where the subscriber terminal is pole mounted
and provided with standby battery power. Repeaters are alsc povered from this terminal as
previously discussed in this section.

9. TRUNK CABLE CARRIER

9.1 Low cost cable cerrier for trunk use ie highly recommended for exparding existing trunk groups
and in new construction. .

9.2 Meeting VNL+2 requirements by means of cable carrier is usually essier than the rehabillitation
of many existing voice frequency circuita. Inherently carrier is superior to 2-wire voice
frequency circuits in that carrier is effectively a L-wire high velecity cireuit.

9.3 The low cost cable carrier systems listed in REA's Accepteble Idat of Materials all meet at

least minimm voice frequency responee requirements of +1 db to -3 db with reference to 1000
cps from 300 to 3000 cps. On all properly installed low coet carrier aystems the idle chamnel noise
has been around 25 dbrnc (20 dbaO) for most channels with a few as high es 30 dbrne (poncompandored
value). Circuits of thies megnitude of quietness sometimes require that a white nolse generator be
activated to give the circuits a live quality and to mask out slight intermodulation effects or
crosstalk. Carrier circuits have often been found to be go inherently guiet that barely perceptible
crosstalk is audible. Noise generators csn be used to mask this low Ievel crosstalk but s8till not
introduce amy obJjectionable noise.
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9.4 mwmmwamm'm.otmm«uvmzmum
and most of the equipment has demonstrated excellsat return loss charscteris

' 9.5 Extensive dial pulse distortion measurements have been made on many short haul carrier systems

onn!&ﬂbuhandmamehbhmmmbmwmdmecuc
equipment. '

9.6 'merenubiut.yotlaveo-tc.bhwﬂereqﬂmmtmtbcuttntdto\mmmtmu 4
service is experienced. But, based on experience with transistorised open wire carrier equipment
vhich has been in service for 5 years or more, transistorized equipment maintains voice frequency and

carrier frequency levels far more stabla than is possible on tube type equirment and channel relisbility
is improving rapid.ly

9.7 REAreeanendatheuseotloveoetccbhcaniortortou,mnndmcrl.bcuomnh

economical to use carrier as compared with physical voice frequenty circuits or other meens for
deriving trunk and subscriber loop plant.
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Example of b-Wire Carrier System

, | kg MDF  Broadband Awplifiers MDF
J‘ 2351 and Equalisers 1 20X,
r \ _ = — ">. R
~ Voice B -~ T Voice
| —S Cable Plant |
Drop [ Byorid 4 P | Hybrid Drop
R __4\.___3\ ?ﬂ: u I3
—— Repeaters i e
17 XC = : 17 KC

These repeaters are common to all 22 channels.

22 channels per system, 10 KC to 311 KU. Frequencies staggered for each
direction of transmission by T KC.

Transmit E to W, 10 KC - 304 KC
Transmit Wt E; 17 KC = 311 KC

Example of 2=Wire Carrier System

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

Transmit E to W, 10 KC = 150 KC
Transmit W to E, 164 KU - 304 KC

Broadbend Amplifiers
and Equalizers

Voice

Drop

L e
164 - 304 KC
This repeater is common to all 11 channels of carrier system.

BPF - Band Pass Filter
Figure 3
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Ea_‘uiliaer Retwork Loss‘ and Iine I_t_:gg.

/Total Loss = Line Loss plus Equalizer Loss

=~ ' Line Loss -

Loss in d&b =——d>=—

S
e, —
‘%\

_—— \%-‘§\
T / - |
- Equalizer Loss | e~

—

~—
FREQUENCY ————
An Application of Broadband Carrier Repeaters
to Cable Plant on a k-Wire Basis
Carrier _ Broadband Ou'r:l.er.
Tem! nal Equalizer ; Amplifier 7 Terminal

S rag|
41

Repeater #1 Repeater #2

O

Figure 4
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CENTRAL OFFICE CHANNEL . : CHANNEL

NOTE: THERE IS NO NEED FOR A COE TRUNK CIRCUIT WITH ONE-WAY LOOP DIAL CARRIER

CONNECTION OF ONE-WAY LOOP DIAL CARRIER TO CENTRAL OFFICE EQUIFMENT
FIGURE 6
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REDUCTION IN CROSSTALK LOSS IN CABLE VERSUS FREQUENCY

DB REDUCTION = 20 log "X" KC
: 150 KC

THIS FORMULA IS FOR THE COMPUTATION OF DB CROSSTALK REDUCTION AS
FREQUENCY INCREASES WITH RESPECT TO 150 KC WHICH IS
THE SPECIFIED FREQUENCY OF REA-FAR END CROSSTALK REQUIREMENTS.
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REDUCTION IN CROSSTALK LOSS IN CABLLS AS LENGTH INCREASES
DB REDUCTION

)
)

THIS FORMULA IS FOR THE COMPUTATICH OF DB CROSSTALK

REDUCTION AS LENGTH INCREASES WITH RESPECT TO 1000 FT. LENGTHS
1000 FT. IS THE SPECIFIED LENGTH OF REA FAR END CROSSTALK LOSS REQUIREMENTS
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CHANNEL NUMBER 1 2 3 4 5 6 T & 9 10 11 12 13 14 15 16 1T 18 19 20
= :
~ CHANWEL FREQUENCY |/6||32(]48]||64]||80 95] 112] li128] 1144) | 60| V52| |208] |224] 12 5& 272] 288 aod ‘ﬂ 336

=— WEST TO EAST >
24| [40] 56 | [72 | (88| oy | |120] i36| U5z | beB| lz00| [as6] [232] (298] [264] l280) looe] |212] b2g| [s+4)
< EAST TO WEST
. BAND PASS FILTER
16-336 KC KC 96-256 KC
> N 46~ ~N N >
1% 1% 256 | %
. - zu- ’ . o .
- o 336 '
voIcE —f }_§ | o /6" | é—c VOICE
IROP 8o | DROP
1 04- H <fL L
< A ™~ ~ 264 N ~ <
24-34k XC - i‘ﬁ'-ﬂ 16-80 K 104-26k xo
2 272-336 KC
CENTRAL OFFICE TERMINAL 281 SUBSCRIEER TERMINAL 0. 2
20 CHANNELS _ | B3 | : 10 CHAMNELS
NOTE: THIS SAME TECHNIQUE CAN BE USED FOR DROFPING 2488
OFF CHANNELS OF A TRUNK SYSTEM AT AN INTER- 280-34k

- MEDIATE OFFICE. |
o SUBSCRIBER TERMINAL NO. 1
10 CHANNELS

- SUBSCRIBER CABLE CARRIER
FIGURE 9
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