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1.1 This Section ia to provide REA borrowers, consulting engineers 
a.nd other intereete_d parties with technic.al information for 

use · 1n the design and conatruction of ltire line entrance links (WLEL' s) 
for mfcrowave /multi pl ex ays terns. 

1.2 When a microwave radio terminal is located some distance from 
its associated multiplex terminal, a wire line entrance link 

is required to interconnect them. Distances may be several hundred 
feet to eever,d milee. Repeaters are used to extend this distance. 
Repeater·ed systems require repeater power feed circuitry and are 
essentially the same ae wideband coaxial cable systems. Figure 1 
is a eimplified block dh,aram of a typical wire line. entrance link 
consietins of central office equipment and outaide plant equipnent. 
(The outeide plan't equipnent h not required in a WLEL located 
entirely within a. single building.) · 

2. TERMINAL F.QUIPHENT 

2.1 Wire line entrance link terminal equipment connect■ .. the line 
facility with tl'le radio or multiplex terminal. WLEL terminals 

contain jacks to patch and,test, lightning surge protection, ampli­
fiers to overcane the line/loss, equalizers to canpensate for 
differences in line attenuation at different frequencies, regulation 
and, in eane application,, emphasis networks to optimize the radio 
performance. 
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2.2 Radio and. mµltiplex terminale have 75.ohm coaxial 1in~ connectfon1 
d~lisned to connect to the WI.EL terminal via a flexible 75 ohm 

coaxial cable. Some terminal equipment has 124 ohm balanced connections. 
Thia matches the impedance of video cable. 

2.3 The line facility si!ie of the WLEL terminql is designed to inter-
connect with balanced or unbalanced line facilities. Again, 75 

ohms is the unbalanced impedance and 124 ohms is the balanced impedance 
value. Other impedances are available on some equiµnent. The line aide 
of the WLEL terminal is terminated in a line tenuinating panel. 

2.4 Jacks for testing and patching are usually provided on the WLEL 
terminal. Coaxial or video connectors are provided 011 the line 

facility terminating panel. 

2.5 Lightning surge protection is included in most WLEL terminal shelves. 
Protection may also be provided by adding a gas tube prot~ctor panel 

adjacent to the line terminating panel. If the gas tube panel can reduce 
the surge potential to an acceptable value (say 350V peak), the protection 
circuitry included in the WLEL terminal must further dissipate the surge 
to acceptable levels before it reaches sensitive electronic equipaent. 

2.6 Ampl"ification becomes necessary.when line losses attenuate the 
eignal to a level which is below the acceptable receive level of 

the radio terminal or the multiplex terminal. Amplifiers are located 
in the WLEL terminal shelf. 

2.7 Equalize~~ are. needed to provide. unequal attenuation in th~ in~erse 
order of the way eig~al frequencies· are attenuated in the lt'ne 

facil 1 ty. An equalizer .should cause enough lo■ a at low frequencies. to 
make their signal power equal to the signal power of the high frequency 
algnal s entering a line amplifi.er or repeater. . 

2.8 Pre-empha■ i ■ and de.-ampha■ is networks may be a part of the WLEL, 
terminal. When a pre-~phasls.network is inserted ahead of a 

transmitter input, the wideband signal is attenuated in~ specific 
pattern which causes greater transmitter frequency deviation at higher 
frequencies. A de-emphasis network must be placed in the receiver out­
put to restore the original character of the transmitted.miltiptex 
signal. When pre-emphasis and de-emphasis are matched to the radio 
transmitter and receiver characteristics, the· r.~dio equipment will 
contribute a fairly ~qual amount of noise at ai'(~ultiplex frequencies. 

2. 9 Baseband· regulator ■ or re~ulating repeater•&• are needed where 
temperature changes would cause line signal· level changes that 

exceed the system design objectives. 

3. LINE FACILITIES 

3.1 Line facilities for wire line entrance links are usualiy vide~ 
or coaxial cables. Paired cables are used occasionally where only 

a narrow bandwidth is to be transmitted. 
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3.2 Video cable consists of a heavy gauge balanced pair of wires with 
a shield surrounding the pair (see Fi.gure 2)., This type of cable 

has excellent noise rejection in the presence of induced noise voltages. 
At the lowest multiplex frequencie.s (12 kHz) this 1a a real advanteg1e. 
It mean, any portion of a frequency division multiplex spectrum may be 
tranlDlitted over this type of facility. Video cables are manufactured 
in a variety of configurations. A single video pair can be obt,dned in 
a fhxible aHembly for indoor uae. Ith made of 19, 22 or 24 gauge 
wire, a double braided ahield and jacketed with plastic. Thie type is 
used to interconnect the electronic equipment 8nd the point. where the 
line facilities are terminated. A single video pair may be obtained fQ~ 
outside aerial or buried applications. This type has a 16 gauge pab: ~ 
double solid copper tape shields, an insulating wrap, a semiflexible 
outer metal shield and a thick plastic Jack~t. When service channel 
and alarm pairs are to be extended over the wire line entrance link, 
video cable may be obtained with several pairs of 19 or 22 gauge wire 
in a "composite" configuration. Composite cables are available wJ.th 
varioua numbers of video and small gauge pairs in a single sheath (e.~e 
Figure 2). The video pairs in the outside plant facilities are ueually 
terminated at a convenient point and spliced to a stub cable on the 
video terminating aseembly. The video cable terminal may be located in 
the same equipment rack ae the WLEL terminal (see Figure .3). Gae tuh1;: 
protectors may also be mounted in this equ:ipnent rack when they are 
needed. The flexible vidtto cable should be connected in parallel wi tti 
the protector circuitry. 

3.3 A coaxial cable contains a heavy gauge center conductor sun~ou,:-."';aJ 
by a metal shield which is also used ,u one of the sign.al co::1due".t,=''.!'.'F-.. 

This type of cable is susceptible to induced noise voltages at f~equenci~o 
below about 100 kHz. Ae the signal frequency increases, more Rignal en~rgy 
1• concentrated near the inner surface of the outer conductor.. Thh, prop­
erty makes the outer conductor eerve as a aatiafactory shield agai.nst 
unwanted frequencies while also performing aa a conductor of the wanted 
signal. Of course, the inner conductor is subject to similar propextiee. 
In this caae, the outer surface of the inner conductor becanee the stgna1 
carrying path. Coaxial cables, like video cables, are availabh~ in sin~le 
coaxial or canpoaite coaxial configurations (eee Figure 2). Coaxial tubee 
for telephone aysteme are available in .174" and .375 11 diameters. Tt~ 
smaller diameter (.174 11) cable may be a good economic choice for iv:.r,,e 

coaxial WLEL applicatione. 

3.4 Figure 4 illustrates a terminating plan for a composite coaxial 
cable. A canpoeite cable is choeen for the illustration be~ause 

a typical WLEL will moat likely contain two or more coaxial tubes and 
several 19 or 22 gauge pdre. The physical pairs are terminated in a 
terminal housing or on the MDF. The coaxial tubes are term:l,1ated ifl. a 
cable terminal mounted in an equipnent rack with the WLEL t(Jrffli.nal. 
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4. APPLICATltfiS 

4.01 Application■ of WLEL'a are moat aatiafactory when the following 
effect■ are conaidered: (a)_ attenuation, (b) elope, Cc) t•pera­

ture, (d) frequenciea, Ce) noiae levels, (f) signal levels, (g) channel 
loading, (h) reliability, and Cl) protection. 

4.02 Dlatancea over which WL!L'a may carry wideband aignala depend on 
the type of line facilitiea, the· number of meaaage circuit■ to 

be carried and the performance objective■ to be realized. Examples of 
applications using video and coaxial cable are included in Figures 5 
and 6. In a real aituation the real values for each variable muat be 
used instead of thoae given in Figures 5 and 6. (An examination of 
these examples may raiae queationa which the following information 
propoaea to anawer.) Repeaters could, of courae, extend distance limits 
of each type of WLEL. 

4.03 Radio and multiplex equipment• each have a range of line algnal 
level• on which their design performance ia based. Signals 

atten_uated in the v..irious WLEL terminal and line facili tie a may require 
additional amplificution. Cable fac.ilitiea repreaent the largeat aingle 
att~nuation factor. Frequency and attenuation are given in Figure 7 
for a typical .375 11 coaxial cable. Figure 8 ahowa the same information 
for a typical 16 gauge video cable. Video cable is approximately twice 
aa lossy aa .375 11 coaxial cable. Attenuation in each type of cable 
increaaes aa the signal frequency increases, but this relationship ia 
not linear. Cable attenuation 1ncreaaes exponentially with increasing 
frequency. For frequencies used in WLEL'a, an equation which adequately 
expresaes thia relationahip ia: 

ex.ff C 

In thia equation, attenuation (oc) ia expressed in decibels per unit 
length of cable. Frequency (f) ia expressed in megahertz. The conatant 
(c) ia a number derived from the physical dimensions and temperature of. 
each type of cable. In Figure 8 the conatant Cc) la 9 when the cable ta 
at a temperature of 68°F. · · · 

4.04 The increaae of attenuation with increased aignal frequency in 
a cable la called "elope." Slope may be offaet by an equalizer 

which introduce• leas attenuation at higher frequenciea. Moat equalizer• 
are paaaivc devices. Active equalizers could be used to equalize levela 
over a range of cable temperatures. By careful deaign it. ia poasible to 
equalize the effects of line attenuation ao that all signal frequencies 
applied to an amplifier are very close to the same level. Some undeairable 
effect■ are present when equalization ia not used. They are: 

4.041 Signals applied to an FM radio transmitter at unequal levels 
cause ita deviation to be different for each signal level. The 

olgnal to noise ratio ~oraena aa the frequency deviation of an FM trana­
mltt~r ia reduced. 

- 4 -
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4 .. 042 · Wire line entrartce link amplifier• deeigned to amplify all i'lr~it. 
frequencies by a fixed amount will have the effect of limult~~ 

neo\lely amplifying aome frequencies too much and others too little. If 
the amplifier 1a not deaianed to accept a wide range of input levele, 
the hiah level aignal frequencies could overload it and the low level 
1i1nala could be too. close to the amplifier noiH threshold .. 

4.043 Multiplex baaeband input amplifiers could ~x.~ibit the same 
·effect••• deacribed in 4.042. 

4.044 Unequal level• pauing through the multiplex supergroup and grog~ 
demodulating amplifiers would make thH('J amplifier gain adjust­

ment• confusins. Thia can add noise in the derived voice channels for 
reaaona given in 4.042. 

4.05 ''Delay" is a word uaed to describe the time interval needed to 
transmit a einale frequency signal through a tranemission medi 1,m. 

Thia time interval may be expreese:d more precisely ae "absolute delay .. " 
Juat aa there are difference• in attenuation with frequency changes, ac 
too are there differences in delay aa different frequencies peae through 
the ••e medium. Delay equalizers are available to equalize the delay~ 
acroaa a 9iven bandwidth. However, it is leas i.mportant to provide de illy 
equalization in a wire line entrance link when it is to carry voice 
circuit• than when it must carry a television signal. Voice channels 
do not loae intelligibility when a amall amount of baseband delay dis­
tortion is preaent, whereas a television •isnal will have reflections 
or "ghosts." 

4.06 Temperature change causes attenuation change in a video or coaxial 
cable. If a WLEL ia eq~alized and amplifier gains are set to 

overcome a fixed loaa, it is clear that a temperature change along the 
cable will cauae the cable Loss to change. The change affects slope. 
Since temperature change• are to be expected, it is reasonable to eearch 
for wa71 to compensate fof their effect• or· find waye to miniml:ee cRble 
expoava to t•perature chanses. Burying cable mbalmlzea ita exposure 
to t-p•rature change becauae sround temperature dumgea are 11low and 
their ranae 1• •all c0111pared to the air abov~. lf message circuit level 
•tabiUty ia to be held to+ .5 dB, it can be appreciated that thia 
requirement will place a limit on the length of cable facilitiea in a 
WLEL. (Figurea 7 and 8 illustrate the effectl .. of temperatu:t"e change.) 
Thi1 limitation may be overcome by an active equaliz,er or automatic 
regulation. Multiplex regulation will compeneate for level .:.hanges 
entering the multiplex terminal. Unfortunately, signals leaving the 
multiplex terminal and paasing through the WLEL will be applied to-the 
radio at unregulated levels. This cauaes leaa than optimum radio per­
formance aa deacribed earlier. Baseband reaulation is an alternative 
that may be uaed as an active method of controlling level changes in 
both directions of tranemisaion. Level changes of+ 6 dB can be reduced 
to leaa than ,.25 dB wt\en ba■eband regulation 1a used. 
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4.07 Signal frequencies transmitted over wire line entrance links are 
mostly baseband spectrum frequencies. That is, 12 kHz to about 

12.4 MHz for meaeage eervice ueing frequency dlvi1ion multiplex termlnal1. 
A television eignal baaeband apectrum is 10 Hz to around 10 MHz. Entrance 
link• used for meeeage aervice require two video pairs or two coa.xial 
tubeo (one for each direction of tranemisaion). Television service ii 
often transmitted in one direction. Therefore, a WLEL used for a tele­
vision distribution link would only require one video pair or one coaxial 
tube to carry the signal in the wanted direction of transmiaaion. 

4.08 Loading is important because all amplifiers are designed to carry 
a nominal aignBl not to be exceeded by a predetermined peak signal 

above nominal. When the design load is exceeded, distortion will rise 
in all channels. The power in 600 voice channele can be closely eimulated 
by applying an RMS power that is 12 dB higher than the single channel 
0 dBm RMS teet tone power. If an amplifier designed for 600 channels 
is used in a syetem whose channel density is JOO, the amplifier output 
may be raised to take advantage of the reduced loading. Theoretically, 
it may be raieed 3 dB. Considering the significance of loading, it ia 
therefore of great importance to select terminal equipment designed to 
carry at least the initial traffic. It is prudent to select equipment 
that can carry 2 to 10 times the initisl traffic load. Traffic will be 
a mixture of voice and data signals. Data may be treated the same aa 
voice traffic when it ia applied to the system at the same levels as 
the voice eignals (usually -16 dBm/channel). (Please refer to paragraph 
4.06 of TE61CH 934 for more complete information about loading.) 

4.09 Noise considerations cover the effects of the line facilities 
and the terminal equipment. It may be appreciated that so long 

as signal levels are maintained at about 70 dB or more above the noise 
threshold, noiae performance degradation will seldom be seen. In aome 
applitatione, aignal levels are allowed to drop to -54 dBm before 
amplifying them. Seventy dB below -54 dBm means the noise threshold 
in the cable muet be -124 dBm or better. Video pairs with their mul­
tiple ahielde inaide of a composite cable with it• shield are capable 
of this degree of noie,elessneu. Coaxial cable la not as quiet, 
particularly at frequencies below 100 kHz. There is one source of 
noise in both types of ·cable which can be the largeat or controlling 
noise. It is the transmitted eiJnal which la coupled between the 
video pairs (or coaxial tubes) in a composite cable and enters the 
receive path as near end crosstalk (NEXT). The possibility of reducing 
the effect• of NEXT is 1.aproved when line loasea permit placing ampli­
fiers. and equalizers at pointa which minimize transmit and receive 
level differencea. It should be recognized that each amplifier ahould 
contribute no more than 18 dBrncO of noise when loaded and operated at 
its design levele. Broadcast radio signals are a source of noise if a 
WLEL has line facilities consisting of two separate coaxial cables. 
When all noiee contributions are awrmarized, the total tWLEL noise should 
not. be the controlling radio system noise. A figure of 22 dBrncO ia a 
good design objective for wire line entrance links. 

- 6 -
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4.10 Amplitude equalization and its effects were discuaeed earlier. 
It should be sufficient to state that the difference in atten ... 

uatlon between the lowest and the highest frequency to be carried on 
the Wl,EL will be the total slope correction needed. Equalizers aho1.~ld 
ba selected to complement this slope. An alternate way of selecting 
a qvantity of elope equalization is to choose an equalizer that la 
deaigned to equalize specific increments of U.ne length. For example, 
a one mile length of 16 gauge video cable would require that the 
application engineer first select an equalizer designed for a 16 gauge 
video pair. Then, he would designate that it be connected in a way 
which would make the sum of its line length increments close to 5280' .• 
In this type of equalizer the smallest available line length increment 
mi&ht be 50 feet for 16 gauge video pairs and 100 feet for .375 11 

coaxial cablea. 

4.11 Delay equalizers are available for baseband wire line entrance 
links using video pairs. Thia type of line facility introduces 

envelope delay differences measured in nanoseconds. When the WLEL is 
to be uaed for video tran811liseion, it is desirable to add delay equalL:·t~.~:: 

4.12 Emphasis networks may be inserted just ahead of the radio trans-
mitter input (pre-emphasis) and illlllediately after the receiver. 

output (de-emphasis) to optimize the microwave link noise performance 
acroaa the baaeband. Moat microwave radio manufacturers mount these 
network& in the radio baya. The networks are considered to be a part 
of the radio link. However, at least one manufacturer offers pre- ~~d 
de-emphaeia networks as a part of its wire line entrance link terminal 
equipment. Thie is a desirable arrangement when the microwave .eyetema 
muat be used alternately for video and message service. Separate pre­
conditioned wire line entrance links can be terminated in a nitch or 
patch bay where they can be switched into any one of aeveral microwave 
eyetema. 

4.13 Near end croHtalk (NEXT) is an undealrable effect reaultina 
fran reduced couplins loas between two or more signal trana­

miaaion paths in a coaaunicationa ·ayatem. Thia effect may be measured 
•• a quantity of noiee. lf 1.t orisinatea in the transmit portion of 
the ayataa in which it i• received, it could be detected aa eidetone. 
If it originates in adjacent ayatema, it may or may not be intelligible. 
In any form it is undesirable and, therefore, the application engineer 
muat be constantly aware of place■ where it can occur and where its 
effect can desrade •Y•tem performance. Kiah level tranamit signals in 
the vicinity of low level rec~lve aignala are always suspect places to 
begin evalu•ting NEXT. A WLEL terminal 1• a good example. There ie a 
poaaibillty of -13 dBm tranamit signal• being in close proximity tp 
-54 dBm receive aisnala. It la necessary then to maintain a large·· 
amount ~f coupling loas between these signals. If 70 dB of S/N ratio 
ia to be maintained, it means that the unwanted sisnal must be 70 dB 
below -54 dBm or -124- dBm. Since the unwanted signal source la at a 
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-13 dBm level, it muat be iaolated from the received aignal by the 
difference between -13 dBm and -124 dBm. Thia amount• to 111 dB of 
coupling loee that rmJat exiat if the dedred S/N ratio i ■ to be ..-in­
tainecl. Equipment ahelf 1firing, office cabling and outside plant. 
cable muat be considered ae aourcea of unacceptable couplin1 lo••••• 
The application engineer ha, little control over WLEL equipnent shelf 
wiring but he doee have control O\'"er level ■, office cabling and 
outaide plant cabling. Ae an example, Figure 6, item 18, ehowa a 
trananit lnvel of -13 dBm. The received eignal level ia figured to be 
-46.l dBm. Compoaite coaxial cable data ehowe NEXT valuee greater 
than 110 dB above 60 kHz. At 110 dB below the -13 value, an unwanted 
aignal will be preeent at the eame point aa the -46.1 dBm signal. 
The S/N ratio in this caae 1a 76.9 dB thus the 70 dB objective 1a met. 
Terminal equipment epecificatione should be examined to learn whether 
the proposed eyatem levels will introduce unacceptable croeetalk. 
Thia information ia not alwaya given in a manufacturer's technical 
aunwnary for its terminal equipnent. 

4.14 Factors which influence the reliability of wire line entrance 
links are no different than other equipment in a eyetem. While 

it 1a true that equipment reliability 1e important, it is also true 
that this ia only one of the important factors. The others are (l) 
the quality of application engineering, (2) the operating environment, 
(3) maintenance personnel, (4) spares and teat equipment, (5) docu­
mentation, and (6) maintenance echedulea. Moat of these factor• are_ 
at leaat partly under the control of the application engineer. Main­
tenance personnel and maintenance schedules are not. If the engineer 
will apecify redundant active modules (amplifiers), the eyetem .reli­
ability ia increased. If spare video or coaxial linee are specified 
and terminated in convenient patching facilities, reatoral time can be 
minimized when working lines fail. An alarm eystem which aenaea loH 
of a pilot tone ia a quick way to alert personnel when a failure or 
level change haa oc~~rred. Engineers ehould aquaint themselves with 
the environment in which the equipment will work. When equipnent 
performance ■pecificationa require controlled temperature, humidity 
and voltage ■ource■, the engineer ehould ■pecify environment condi• 
tioning equipment to aaaure that theee control• are provided. An 
application engineer should arrange to provide drawings and mainte­
nance manual ■ which will be needed to quickly locate a trouble. Spare 
module ■ can reduce the time to reatore service. Adequate teat equip­
ment used by well trained personnel can aid reatoration of ■ervice 
and help maintain ayetem operation at. peak performance. Application 
engineer• 1hou.ld specify the levels of training needed to maintain the 
new equipnent. Two well trained employee• vi.th good maintenance 
acheduling can maintain a vaat amount of equipment provided the 
application engineer ha• done hie work well. The net effect will be 
a reliable eyataa. 
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4.15 Alarms and a eervice channel or order wire may be extended fran 
the radio site to the distant end of the wire line entrance 

lin•:. The application engineer may treat the wire line · entrance link 
ae if it were one-half of a radio repeater configuration. When thia 
1a done, the'wideband cable facility carries all signale. High pa1a­
low pa11 filters are ineerted into the baseband to provide alarm and 
service channel acceee at the radio site. At the multiplex site, the 
engineer will treat the signals as if they were being derived £ran a 
radio terml.nal. An alternate method of extending the alarms and service 
channel is to utilize 19 or 22 gauge pairs included in a composite 
cable placed between the radio and multiplex sites. In thie type of 
application the radio eite is treated as a terminal with respect to 
the location of alarm and service channel filters. Theae signals are 
extended over the 19 or 22 gauge pairs to the multiplex site. Voice 
frequency gain devices may be required to adapt the signal levels 
to the end equipments. Attenuation of voice frequencies in video 
and coaxial cables is small compared to 19 or 22 gauge pairs. This 
can be seen by examining Figures 7 and 8 and canparing them with 
paired cable attenuation curves. Alarm systems most often use fre­
quenciee which are in the baseband range above the service channel 
(appr'oximately 4 kHz) and below the lowest multiplex channel (approx­
imately 12 kHz). Equipment and line losses must be examined carefully 
in this frequency spectrum. Selection of frequencies which are close 
to the band edge of filters should be avoided unless the "skirt" 
characteristics of filters are known. Experience has shown that 
application engineers devote an inordinate amount of engineering time 
to epecial alarm and service channel arrangements. Lese cost and 
better performance can be had by accepting as much standard wiring 
ae is reasonable to accomplish necessary functions. 

5. COSTS 

5.1 Costs given in this paragraph may be used as guides to make a 
cost comparison between the alternatives of installing a wire 

line entrance link or another link of microwave radio. These coats 
are approximate and reasonable as of the date of this TE6CM issue. 

5.2 Coets of line facilities are divided between material coats and 
placement coats. Costa of terminal equipment are treated the 

same way. 

5.3 Line materials will, of course, include the cable and its 
associated pole line hardware or buried plant hardware. 

Examples of cable costs are :$1, 500/1000 feet for composite cables 
consisting of four .375 11 coaxials with six 19 gauge pairs or four 16 
gauge video pairs and eix 19 gauge pairs. These are direct burial 
types. Aerial cables of the same numbers of pairs cost about $1,300/ 
1000 feet. Pole line har~~are cost is about $15/pole and the spacing 
ie approximately 200 feet. An additional $1,000/terminal should be 
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allowed for mechanically terminating the outdde plant cable 1n a 
euitabl• tersninatina aHanbly at each equipment location. Labor 
co•t to place a pole 11 ,lightly leaa than the coat of each pole. 
Aerial cable placement co1t i1 about 10 cent1/foot. Labor co1t for 
direct burial ii about 5 centa/foot. Labor 11 coeting about 35 cent.1/ 
foot for underground placement. Labor coet1 will vary conliderably 
depending on terrain, aize of project and cable aizea. 

5.4 Coete of terminal equipment depend on the application. When 
maxilll\lll •plification, equalization and regulation are required, 

it 1• obviou• that the coat will be much greater than a ehort WLEL 
requiring minimum or no •plification, etc. Since equipment manu-
f acturer1 offer their equipment in a vereatUe arrangement, tt 1• 
uaeful to itcize typical co1ta for each piece of terminal equipment •. 
After etudying varioua manufacturer•' list pricee, it appear• that 
$300 1• a typical fisure for an equipment ahelf. The ••e price 
al)l'lle• to each amplifier and each equalizer. High frequency patch 
Jack HHmbliea will aleo coet about $300 per terminal. Special 
regulated power euppliee or conver-tera can be estimated at $300 per 
unit. A baeeband regulator unit coata about $3,000 for &ach direction 
of tran•iadon. Continuity alat.'llla coat about $200 per tel'llinal. 
ln1tallation coata are eatimated to be 15 percent of the terminal 
equi.-ent coat. 
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T. 

'- SIii.Li FLBICIBLB COAXIAL CABLB __/ 

~

PLASTIC JN:lOfr - APPROX •• 5" DIM •. 
. ---SOLID arAI. SBIBIJ> 

i;;;;;;;..,.aL~ii.~~ SOLD> IJIBLICTRIC NATBRIAL ~ Ii: . . 
27 1 --

'-ABRIAL OR BURIED COAXIAL CABLE _/ 

PLASTIC J. - APPRCJC. / ----MilW.SfilELD pL ., PLASTIC JACm 
,= ,. t • l_ 19 OR 22 GA. PAIRS 

'- CCJCPOOITE COAXIAL CABLE _/ 

ffnCAL nDIO AlQ) COUIAL CAIi.iS 

r~ 2 CON•T 

~\, 

; 

I 
; 



UA fUCII 936 
FLIXIJU VIDIO CABL1 

1l0Bl 2 

CCIIC/SCCR 45P ell JCaJ"IV. 
YIDIO CABia l'IRMIIIAL 

II0'1'I l 

\ WI.RI 
LDII 
Dr. 
LI11K 

ROD 4 
BQUIP. 

PLASTIC J.ACKB'l'.ID STUB 
30, 50 or 75 'PCX1r LBNO'l'H 

,,_-. ...... -z..---19 GA. PAI.RS TO COl'lW)l, 

--l~ AIM, MISC. B{IJIP. 

-::-.....sSTATION CROOJII> 

SPLICB CASB 
~ ,:; __ .: t, . 

"- w· \ "'~ 
;::Gl.l:JTU :· :' ·.'J'.,;. 

DIRlET BURIAL 
~ CCJGIC8I'l'B CABLI I. _..---PLASTIC lftCKIPl' •.· · 

1'0l'B3 

• pG pijw"uciq 
f.u,, '""Q p\ 

IIOl'Ua 

l. 45' provide• terainatl.on ot 4 vldeo paira in 4 type 8500 connector,. 
Nowlt at top of equlPNftt reek. 

2. Ccaa/lcope fYP 219 (or---••> flexible video cable terminated in a 
ccaa/1cope (or equiv.) 6lJ15 plua at 45P tel"lllnal. Other end ter• 
alnated in wt.re line •UIIIC,e .Unk equipaent ehelf aa provided bJ 
equi ... nt 11111ufacturer. r..s.nation at equipaant 19Uat be balped 
124 oa. •• 

3. Direct burial cable alaU• to Gen•ral Cable Co. "V" ••ri•• or 
ccaa/1cope "VP" ••ri••• Cclntrol pair• optional. 

4. Video pair ehield la not connected to video cable terminal ground. 
Hountin1 ,crew in1ulator1 on each video pair coMector may be 
raaoved to connect the video pair 1hleld to the cable terminal 
around. 

- 14 • 
ME'IHOD OF TElfflJSATPli YIPIO 

AND CONTROL PAIN 

FIGURE 3 
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UA '1'16C11 ll6 

r....,, ... -..... -....... :-----------, ... ~ 
0 

1 r f ( l-..,6 or larger gnd. wire· . . . 
L I 
I I • c:--- • I__,,, t I• 

• 

l.B4A --:;:ih· ... ------.u·-·~·~ 
(or ' 

WE Co, 
Terminal 
equiv.) 

See Note l 
? _ _,,,m~ 

Wire Line 
lntrance Link 
Tel"llin&l. -z__,._ 

lf 

••••,-=-= ,uuggg 
,.. :::::_r.-1 

Alarm and c:;;: . '-_:;.:;_,..•" 
Service Channel 

• 

Stub Cabl~ 

WE Co. (or equiv,) 
42A Coaxiai Cable 

_:em.is·:, 

__nn 

Unietrut ~ 
(or equal) 
ColUIID and 
Ra1le 

E 

l 
-" 
I ■ 

#6 or 
· larger 
gnd. \dre 

nn 

.. 

•• • • 

,.-1 t-1 -------------------------------------= .... L..1, ................ .- ........... I I I I : I • • • ... 
Note l: Application■ requiring lightning protection may uee 
Cardlon S356 1a• tub~ protector■ (or equiv.) mounted on a 
euitable 1911 panel adjacent to the coaxial cable te1:1Dlnal. 

SUGGESTED 
CCJCPa3I'l'E COAXIAL CABLB 

TBRMINATIIG-~ .•• 

FIGURE 4 .. u -
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VUI LID lllnAIICI LilK 

llulUplu Locatlan -16.4 dla (12 kll&) U !! 
-45.2 dlll (lOOO ldlr.) S: 

Tu.. Tu.. Tera. 2-~S 4 .a. Y~IC> CAIi.i Tua. __ r.... tot 

-JO a. - ,..,. l-1.l a. F 32:z a ~ ldl:._ ot• J llot• -45 .._ ~ 
fl ,I 2 ~-------- Z ...,_ __ ...,. 1 fil 

-· w 
-lO .. ,~· 1:1-2 ~1 L----- ____ n_.15.... ..15 .. -· 

llote 1 Cont.alna equaliser, apllfler a.a 
reaulat: 

llote 2 lllJdcal teralnatlan of.-., .. ,1-t 

1. 16 aava• PS9 Ylcleo cable loa• at 12 klla. 1.5 dB/1111• 1.5 z l.25 • 3.4 A 

14.32 z 2.25 • J2.2 a 2. 16 ana• Pl9 Yideo cable loea at lOOO kBa. 14.32 Glail• 

J. Slope betwen 12 and lOOO ldla l• -.-1 to••••••••••••••••••••••••••••••••••••••••• 28.8 G 

4. Slope correction require■ one 16 dB equaliser, one 8 dB equallr.er, one 4 dB equaliser and 
GIie 1 dB equalizer. (16 • 8 • 4 • l • 29) 

5. laNrtlon loaa of equlher• la l.3, 1.7, .9 and .i dB for 16, a, 4 and 1, ~••pectlve1,. 

6. ~lu~iGII loH at 12 klls la 16, I, 4 ancl 1 di for each type of equaliser. 

7. lqaallutlon loH at lOOO klls la O dB for each type of equaliser. 

a. Total loaaea at lZ kllz • line loa■ + equallnr loaaea • l.4 + 16 + 8 + 4 + l + 3.l + 1.7 + .9 + .2 • 
38.S dB 

.!.IGUIE S 



/~ 

I .. .... 
• 

-~, 
cJ r-l 

~-

9. Total loa,ee at lOOO kB& • llne loae + equllaer lo•ee• • 32.Z + J.3 + 1~ 7 + .9 + .l • Jl.3 dR 

10. Aapllfier ha• 40 dB gaiD. Nintaa input leYel -54 dlll/dwmel. "'9Y1wa CNtput. -13 dlra/cbannel. 
Vlth 600 channel loading noiH perf«.nce i• 18 dlrncO. 

11. Nultlplex output -JO dla/cbanml + (-38.5) di llne• loee • -68.5 dlll which i• belOlf alal.aa •P• 
input. a.quire• two apa. Place me ap.each end to ralM receive lnel • 

12. Set pin of -,. fl Caultiple:s end) for aalda\a CNtput (-13 dlla). ••- no loaa la flu. 
Yideo cable betwNn.Vl.11. abalf and ndeo teralnatina aee..,l;. Fle:s. Yideo cable lo•• la 
4.9 dl/lOQOi at 4 Ills. 

13. IKel•• level at IIIP• 12 will be -13 + (-38.4) • -51.4 dlll flat (,;t .l di). 

14. 

15. 

16. 

17 • 

11. 

19. 

d>. 

,1. 

Set •i• of a.p. 12 fOI' -45 d.1111 output to radio tranlllitter. 

a.dlo CNtput -15 dla/chalmal+ (-38.S) di llne loa• • -53.S d.1111 input to IIIP• #3 after equaliur. 

. Set gala of ap. 13 for -JO ~channel to aultiple:s li1put. 

■ear end croeetalk (JIEU) calcw.ation a■■--• 110 di coupllna lo•• between video pair■• 

11111 aaltipla end -lJ + (-110) -53.5 • 69.5 S/N • .a.s - 69.5 • 19 dBrnc:O. S., ca. 

Uri radio end -15 + (-110) - 51.4 • 73.6 S/R. 1:18.S - 73.6 • 14.9 dBrncO. Sa~ GL 

flpre 8 ehan 1.5 dl/m.le cunae at 3000 kBa when t•perature change• +20° to +lOO°r. 

'lot.al 19991 ...... • 1.5 s Z.25 • 3.37 di. Add regulation. 

2.25 NIL& 
VI.IL 111111: YIDID -PADS 

PlCIIU 5 

COlft"DUID 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

VU.I LUii llft"IAIICI LIB 

Nultlplu LocatlOII 

4 Nll.&S .J 75• CQIX. CA. 
JMBe I 2.0 a 12 kb Tera • 

11 Location 

, ... 
-JO dlll _ f.Aap. ~ 

fl 1 
26.2 di lOOO kllz ---------....111~• 

2 
• 39.2 .... l"'r" 1-45 -

~• Flat 

llote 
1 -· -15 clBII -15 ... 

Ion 1 C..tal•• ....,_,._, -.llflw _. 
nplats 

lote 2 lll,-lul taadutlOII of.-., .. pl•t 

.37511 coaxlal cal• loee at 11 IIBz le .5 dl/llile. .S s 4 • 2.0 a 

• 375" coulal cal• lou at lOOO kb le 6.55 dl/alle. 6.55 x 4 • 26.2 di 

Slope t.ecw.ea 12 and lOOO 1dla le eqa,al to 24.2 di (26.2 - Z.O • 24.2) • 

Slope correctlOD requirH one 16 di equallzer and an• 8 di equaliser • 

lnNrtlon loee of eq,&allzer• le 3.3 and 1.7 dB, re■pectlvely. 

lqullutl• lou at 12 lrBz la 16 di aDd I di for -ch tr,e of equalizer. 

...,..itaatlaa loe■ at 3000 IIBz le O • for uch type of equalizer. 

8. Total loa■u at 12 kllz • llne loeN■ + quallzer lo■ae■ • 2 + 16 + 8 + 3.3 + 1.7 • ll~O dB 

9. Total lo•••• at 3000 kHz• lln• lo■•••+ equalizer lo••••• 26.2 + 3.l + 1.7 • 31.Z dB 

FIGUU 6 
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10. .lapllfler haa 40 di gain. Ninlaa input leYel h -54 0./c:bannel. Na.slaa out.put la 
-13 dBll/channel. With 600 channel loac!!.ng, lioiH perfcmaance i• 18 dBrncO. 

11. Mw.tlplu output -JO dllllt/chanoel. + (-31.1) di line loaa • 61.1 ea. Thi• l= belOlf -45 ... 
Ninlaa to radio. l.equir•• one (1) aapllfler. Place one (ll apllfler at.mend to 
ralH t.ranalt leYel. 11o gain required at. aapllfler 2 polnt. 

lL. Set aaln of ap. l aultiples and for ux1w• output (-13 dlll). Aee\lH oo loea in fles. 
coaz. between WLEL t--1.n&l and coast.al cable t.eralnal. Plex. coas:lal cable loaa i• 
• 65 dll/100 • at 4 ••• 

,~, 

13. a.cet•e level after equaliser at-,. 2 point will be -13 + (-31.l) • -44.l 4111111 flat(+ .1 A). -
14. 

15. 

16 • 

17. 

11. 

19. 

zo. 
Zl. 

let pad for -45 dlia out.put to radio t.ranaitt.er • 

a.dio output -15 a./cbannal + (-31.1) dBa line loH • -46.1 dBa input to -,. J after equalizer. 

Set gain of -,. J for -30 dBa to all tlples input. 

Rear end croeatalk Clllll') •••uae• 110 dB coupling lo•• between coaxial tube•• 

811% • aalt.iplu end -ll + (-110) • 46.1 • 76.9 S/H 88.5 - 76.9 • 11.6 dBrncO. Cit 

lllT - radio end -15 + (-110) - 44.1.:t80.91/R 88.5 - 80.9 • 7.6 dBrncO. Olt 

'rtpre 7 ahwa .8 clB/111.le chanae at lOOO kHz when t-,erature chanae• +7:0° to + 100°F. 

Total leYel cbana• la .8 s 4.0 • 3.2 di. Add regulation. 

4 NILi 
Vt.IL USDG COUIAL CABLI 

FIGUU 6 
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TYPICAL 

---1----+---1-----+----'"-- ATTENUATION VS FREQUENCY 
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