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MRo Wo Ko HfADLEYg The next subject to be treated here certainly well fits 
i nto the fonnat of this session, nLooking .Aheadn o It is the subject of transis
torized micrc:Mave for CATVo Delivering a discourse on t hi s subj ect is Mro Paul 
Hertel 9 Assistant Director of Engineering at Collins Radio Companyo 

MRo PAUL HERTELg Two years ago I appeared before this group with corranents 
about new devices and some new areas in which we were working at the time and 
a ttempted to make a guess as to what microwave equipment CATV people would be us
i ng a few years in the future o In looking back a few years and an equal number 
of "rregabucks" of investment in engineering 9 I feel a little bit embarrassed, 
somewhat surprised 9 and I guess a little impressed at how s lew new devices develop o 

Hcwever, over the yearn I think we have rrade substantial progress bot h in the area 
of perfonna.nce and in the area of reliability o We are now manuf acturing micr<:Mave 
equipment with a range of power outputs from 50 milliwatts through 10 kilCMatts 
and frequencies from 4~000 megacycles through 13 ~000 inegacycleso I might add that 
there is much more interest in the CATV market in the 50 milliwatt equipment than 
there is in the 10 kilcwatt equipmento The 10 kilowatt microwave equipment , of 
course~ is for tropospher ic scatter systemso We have at our disposal t oday com
ponents which do allcw us a wide range and type of operation~ and by i ntegrating 
these into numerous product lines~ we qre able to invest considerably more money 
in our development eff ort than one product line along would justi fy o 

I would like to go t hrough a rap1d sequence of slides since we do not have a 
great deal of timeo Our main effort in the past four or five years has been to
ward improvement of performance and reliability primarily by solid stat e designo 
Our first effort in transistorization was of the power systems o We have believed 
from the beginning of our efforts that the pCMer supply reliabil ity of a micro
wave system was predominant in det ermining the overa 1 system r eliabil ity o Our 
first micrc.Mave systems offered battery pc:Mering as an optiono Thi s was accom
plished with rot ary machinery which was not ve:ryattracti ve t o us or to the user o 
As soon as the power transistor came along we applied the transis t or approach to 
the powering system first o Our development effort in microwave transi storization 
was tCMaro a series of improvements in specific areas rather t han attempting in 
one big step to desi gn a whole new producto This allowed us t o do some of these 
things much faster an wo ld have been pcssible if we had wait ed unt i l , for ex
ampl e 9 we had transistors good enough to build wide band i-f amplifiers o The 
economical power transistors arrived in the market considerably earlier than the 
wi de band type transistor which alla~ed us to design transistor i - f amplifierso 
As I said previously~ most of the equipment we are nCM delivering i s transistorized 
with the exception of the r-=f generationo We are doing consider able work in the 
solid state r=f generation area, but we feel it may be many years before we ap
proach the performance of the klystron and TWT systems we are now manufacturingo 
We now have a number of five-watt TWr systems in operationo The first one was 
installed some 2 1/ 2 years ago in Venezuelao This system contai ns five=watt 
transmitters a t each end of a two-way comnunication linko This l i nk spans 175 
mil es between two mountain peaks o I have just received the record of propagation 
performance over a one- year period of t1me in which the reliabi lity was 99o9927%o 
This per f ormance over such an unusually long path was made possible by high power 
and by the use of both frequency and space diversity o 

My first slide illustrates the direction taken to improve the power supplieso 
In this system 24 VDC battery voltage is converted t o high volta ge o This parti
cular power s upply operates a one=watt klystron and produces 750 volts and 1,200 
volts DC o The technique used is to coarse regulate the i nput f rom a 2 4 volt sys
tem at 20 volts DC which operates most of the transistorized equipment including 
the klystron paver supplyo In some cases it is necessary t o have considerably 
higher voltage~ beca se of the voltage swing needed from some amplifiero In this 
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case a converter is used for 130 volts or 60 voltso To operate from 48 volts we 
use the same basic system but substitute a regulating 48 to 24 volt converter 
for the coarse regulatoro For 1 5 volts the same basic equipment is used, but 
the 20 VDC is supplied from a saturating transformer regulated pc:Mer supply ope
rating from 115 volts o 

Next slide o The lWI' system is slightly different in that we have somewhat 
higher pc:Mer requirerrents o The TWI' operates at about 2 ~000 volts on the col
lector and 3 ~000 or so on the helix and about 1500 volts on the anodeo The 
helix and anode supplies are low curTent supplies and employ separate blocking 
oscillator type pCMer supplies o The high current supply operates from an in
verter, supplying 135 volts AC 500 cycleso 

Next slideo In designing a transistorized product the object was to be as 
universal as possible in order to meet as many needs as possible and we came up 
with a packaging scheme we call our "Universal Micrc:Mave Group" in which we use 
many of the same components for system powers of 1/10 watt, 1 watt and 5 watts. 
The purpose of this slide is to attempt to show in a pictorial fashion the common 
use of equipment between systemso If amplifiers for example are used not only 
for video products 9 but also for 960 channel corranunication systerrs o 

Next slideo In addition to improving relJ.ability by solid state design, we 
also had to improve performa.nce particu arly for the message systems 9 and we have 
increased voice channel capacities to 600 and 960 channelso We have given a lot 
of effort to therma.l design; fqr example~ the low power klystrons employ a ther
mal control device which sometimes is called the "beer can" which controls the 
klystron temperature by its CMn heato Hence~ it does not require any additional 
powero More recently a thermal chamber has been designed for the one-watt 
klystron which employs vapor cycle coo J.ngo This particularly has been helpful 
in stabilizing the differential gain on video systems and the intermodulation 
distortion on the message systemso 

Next slideo This J.S a simplified diagram of the receivero We have been us
ing eight~cell preselectors for a number of years to allow quite high density 
arrangements without interference between systems o The i-f amplifier is broken 
into four parts ~ preamplifier followed by a filter equalizer section 9 i-f ampli
fier and limiter discrirninatoro 

Next slJ.deo This is the five-watt transmitter which we drive with either 
1/10 watt or 1 watt klystrons}) depending on linearity requirements and driveo 
The TWT itself needs very little drive since it has a 35 to 40 db gain so a few 
milliwatts is quite adequateo Another device which has been added to this sys
tem to improve linearity has been the linearizer and this, of course, has been 
put in for improved intermodulation performance on message systems and better 
differential gain on TV systemso 

Next slide o This is a picture of the TWI' o We believe, like the designer of 
Telstari) that the 'IWT is going to be around for a while to comeo We have picked 
this device because of its pCMer capabJ.li ties~ its high gain 9 and its efficiency o 
Where we need powers in excess of one watt, we feel that the 'IWT will be the tube 
we will have to use for quJ.te some timeo There are problems in the solid state 
devices which do become limJ.ting at these power levelso 

Next slide o This is the i-f amplifier, which consurred a good portion of our 
developrrent effort o We have been he ped in this task by the rapid improvement 
in technology and transistor manufactureo The IF contains considerable control 
in the bandpass and envelope delay characteristics which effect the differential 
gain and phase of TV systems and we have done a considerably better job even 
than we were able to do with similar tube systems o It certainly is a much less 
costly thing from the operation standpoint, compared to the 25 me vacuum tube 
equivalento 'fube receivers wJ.th similar performance typically had 20 to 25 vacuum 
tubes of the frame grid typeo 
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Next slideo This is a picture of the transistor preamplif ier with a 3 db 
maximum noise figureo It is an example of the rapid change i n t he transistor 
technology o When we started the project we thought we might have t o use nuvis
t ors for the front end to meet our noise figure objective since the transistors 
available at that time could at best provide about 6 db noise figure o By the 
tirre we had finished the main i=f amplifier design portion 9 the trans i s t ors had 
developed to the point where we were able to obtain slightly better noise fig
ures than were possible w1th our previous vacuum tube preamplifiero 

In closing~ I would like to say that I think considerabl e advancement has 
been made in the past two or three years o I think a lot will be accomplished 
in the futureo We are now limited in power output only by our capabi lit ies to 
pay the money and by rccvs limitations on licensing so power output is no longer 
a micravave systems design problemo Battery power and low power consumption 
microwave systems are expected to become increasingly more common i n CATV 9s sys
tems in the future il particularly as transistor designs become available for the 
head end equipmento (Applause) 

t1R o W o K o HEADLEY g Following along the graving trends of today and looking 
ahead to the requirements you will have to meet and the opportunities you wil l 
want to realize in the future 9 comes ~e subject of long line RF cable trans
mission o Here to deliver a paper on that subject is Mr o Dick Cullinane , TV 
Systems Engineer at Spence~Kennedy Laboratorieso 

MRo RIOIARD X o CULUNANE g Thank you very much Mr o Headley o I think we ~ d 
better start first of all with what our concept is of "long" in speaking of a 
long line cable transmissiono The word "long" - like rrany other descriptive 
adjectives - denotes a condition or characteristic which is entirely rel ative 
in natureo Therefore 9 for the purposes of this discussion, we must seek a defi
nition of what we mean when we speak of long line RF cable transmission o 

Notwithstanding the advance through the years of developments i n RF trans
mission equipment~ coaxial cables and in the techniques of their application 
t ogether in systems~ it has heretofore been diff1cul t to achieve and maintai n 
acceptable signal quality in lines with amplifiers cascaded over 18 mil es or 
s oo Even in these cases, accumulative noise and distortion buildup at the end 
of the lines has been such that the installations have necessarily served a 
poi nt ... to-point function~ without sufficient signal quality at the t erminating 
end to feed a further distribution network satisfactorilyo Probably the longest 
RF lines in operation today are in South Carolina~ where Southern Bell Telephone 
Company has installed runs of nearly 30 miles in straight cascade , using SKL la.r 
band trunk line amplifierso Ha.rever, these lines (which are us ed t o i nterconnect 
public schools for purposes of closed circuit instructional t elevision on a point
t o-point basis) carry only two or three channels , with no demands placed upon 
t hem for feeding a dist~bution network after the end of heir runso 

It is therefore proper~ I think to set the definition of l ong line RF cable 
transmission as a line of 15 miles or more in lengtho But we must demand of 
this line a capacity for carrying up to 8 television Channels simultaneously 
and with a signal quality at the terminal end of an order t o serve a wide band 
di stri bution network of more than 100 system miles throughout with pi ctures 
rreeting entirely acceptable quality o Quite naturally 9 as the length of the long 
l ine is extended~ its output into a distribution network will be such that lirni ta
tions must be set on the length of such network o But even with a l ong l ine of 
80 mil es , for instance, carrying four Channels simultaneously~ we woul d deJTEnd 
f r om i t a quality to serve from its output a wide band distribution system of 50 
network mi l eso 

Hav can s ch standards as these be achieved? Current practice in transmission 
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line design is to set a minimum tolerable specification at the terrrdnal end 
of the systemS) then to improve this minimum by an arbitrary safety factor
say 3 dbo Using the more conservative resulting specification~ the system 
designer would then go to curve charts and detennine the maximum allCMable 
gain of the repeater amplifier then available to him 9 consistent with factors 
of econOl'l'o/ to meet system requirements o He would of course be further guided 
by factors of noise and cross=rnodulation inherent in his amplifier and their 
effect on system characteristicso He would know that these factors have been 
treated theoretically by asymptotically converging curves of noise and cross
modulation versus number of amplifiers in cascadeo But he would also be 
aware that even theoretical cascaded limits have not been attainable o For 
one thing, the theoretical asswnption is that both transmission equipment and 
coaxial cable are perfectly matched~ both in characteristic impedance and in 
gain=loss relationshipo In practice these conditions simply are not so, and 
a da.mward system design compromise must be madeo Further~ as the number of 
repeater amplifiers i n cascade is increased, theory dictates a higher input 
and a lCY.ver output level for each repeater o Again, from a practical stand
point~ what result s is an uneconomically and unrealistically high number of 
relatively lower and lower gain amplifi ers in cascade as the length of the 
trunk line is increasedo These problems have combined in the past to limit 
severely the lengths of RF lineso 

Again, how then can such greatly increased line lengths and performance 
standaros as we previously described be achieved? The answer, of course 9 l:ies 
in the availability of a repeater ampl1fier so far superior to those which 
have been previously used that it can actually add a new dimension to RF 
transmission = the dimension of length = lengths of 20 9 40, SO, 90, 100 miles 
and moreo Its operating gain must be h1gh eno gh 1:0 ue economical - let us 
say. 28 db = and its bandwidth broad enough to accorrmodate up to 8 channelso 
Its noise figure must be lCM = around 7 db o Its multi=channel output level 
TJ'O..lSt be reasonably high t aga1n for reasons of econol'Io/ o We will set the output 
level requirement at 40 db above a millivolto And yet its distortion character
istics must be remarkable at th1s + 40 dbmv level = specifically we will ask 
that cross-modula1:ion be down 100 db and second order beats down70 dbo Then 
and only then can these line lengths 9 which have seemed way beyond practical 
consideration to us in the past~ be used with assurance in various system de
sign applications o We are happy to report that we have developed such an am= 
plifier at our company, and feel confident t hat it will make a great number 
of useful contributions to the CATV industry where maximum cascaded lengths 
of point=to-point lines are desi red with minimum distortion characteristics 
at their terminating outputso 

With our sights now reset~ what practical uses do we find for greatly ex
tended coaxial cable lines? We hast en to say that the long line amplifier does 
not appear on the scene as a direct replacemen for micrcwave o It is obvious 
that microwave - widely used to serve CATV systems = is the logical teChnique 
for many extended s1gnal deli very requ1rements o But there are many more si tua
t~ons where the use of microwave may prove 1rnpractical or uneconomical as against 
a coaxial line o And I am sure we are all aware of other situations where micro
wave is simply unobtainable by FCC pe~to 

Let us conceive of a city of 70,000 pop lat1onil w1th two local TV stations 
and located 115 miles away from a major city having five TV stations, including 
an educational outlet and an independent station with highly desirable progr~ 
mingo Between the major city and . our city of 70 ~000 people, and fifteen miles 
from the latter~ l1es another community of 20~000 populationo A tall tower is 
erected 85 mi es from the major city and a complete head end receiving station 
is installed at this locationo The five major city stations are picked up and 
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carried 15 miles via long line to the 20 9 0 00 population corrmuni ty ~ where a side 
trunk is derived to feed this ta-m~ using regular CATV distribution and associa
ted system componentso The long line continues on to transmit the five signals 
the additional 15 miles to the city of 70 ~000 which again is served by a stand
ard distribution networko One head end serves both communities 9 and the two local 
stations are picked up at very litt e expense and put into the input of each dis
tribution systemo Because of the distance involved to the major city, the only 
alternative rrethod of bringing its signals in would be via micrcuaveo But, first 9 

what do you feel would be the prospect of securing an FCC micrcuave permit in a 
case like this to serve areas with two local television stations already operating 
in them? And second~ over a five=year amortization period 9 the cost of installing 
and maintaining the 30 mile long line wo ld be less than a five=channel microwave 
service at typical corranon carrier tariff rates o ThirdS> at no increase in cost, 
other than signal receiving or originating equipment at the head end 9 as many as 
three rrore signals could be added to the long line as the occasion might call for 
them and transmitted -ro the two comm.mi ties o · 

As a second example of long line application g we will set up the hypothesis of 
two cities lying 20 miles apart, each with about 15 9 000 populationo Along the high• 
way between them lie two small corraruni ties g each with a population of approximately 
2~000o The most distant signals desired for dlstribution originate from a city 
80 airline miles to the north of the ~o 15~000 population towns and located more 
or less at the top point of an isosceles triangle encompassing the three communi
tieso The problem here is hew to reach the primary market of 30,000 people with
out a big cost in duplicated tall=taver antenna sites~ and at the sarre tine to 
pick up the market of 4 9 000 people in the two small interlying tc:MnS 9 which nor
mally would be ruch too marginal even to consider service to themo A centrally 
located antenna site is the obvious answerS> but with regular CATV trunk line ampli
fiers)) the runs from the taver of ten miles each way to the larger communities, 
and wide band distribution systems ~nvolving perhaps another 8 or 9 miles each of 
trunk amplifiers in cascade 9 wou d cause signal evels to deteriorate to intoler
ably lav quality tcward the ends of the lines o Mul ti=channel micra.1ave from the 
central t~er to the sma.l ta-ms~ then on to the corronunities of 15,000 population, 
would be absolutely inconceivable in cost for this applicationo But by long line 
cable~ with the kind of transmission capabi i ties we have described 9 the entire 
rrarket of 34,000 people is reached w~ th real econorry from one head end locationo 

Incidentally S> in regard to econOJio/, it is important to remember that by the 
very nature of ~ ts point=tQxopoint functJ.on over long distances, the long line in 
most cases will be running along the highway in rural areas $l where direct burial 
of the cable is naturally indicatedo With present ploughing techniques and spac
ing of the long line amplifiers near y a nule apart SJ the installed long line cost 
per mile will be substantially less than the average cost per strand mile of a 
wide band distribution systemo 

I think it would be appropr~ate at this point also to make reference to another 
development which bears upon our discussion of RF transmission over long distanceso 
The developrnent as l.nteresting as its possibilities may be 9 is not new, either as 
a concept or as an accomplished fact o Un ike open wire, with which most of you 
are probably farnilar 9 the mode of aer1.al transnu..ssion kncwn as c;.,line 9 is not 
subject to climatic condl. tions $l and its use therefore may be indicated under cer
tain circurrstanceso HCMever to reach a practical status in the art of long line 
transmissionS> greater fleX1bility 1.n ~ts application must be achievedo 

Even though we are talkJ.ng•of long lines of 100 miles or more as fully feas
ible technica ly 9 present day applications will more often center around problems 
of extending 6 Sl 7 or 8 s1.gnals perhaps 8 9 12 or 18 miles o It is here that the 
long line technique has its most nurrerous possJ.bi 1.1::i.es c 1rrently o I n this latter 
area I am sure many of you can think from your CMn experience of situations where 
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profitable opportunities could be realized by extending runs substantially with
out having to make a self-defeating sacrifice in the quality of signals result
ing thereafter for distributiono That suburb a few miles beyond the end of your 
present trunk, that little tam 8 miles out from your corranunity where 96% of 
the residents have been clamoring for service for years , perhaps that rnili tary. 
base 16 1/ 2 miles each of your t<.:Mer, for which you could get the contract to 
wire all 3200 dwelling units, but which has seemed as unreachable as the slin be
cause of its distance and its large distribution area after that o o all of these 
opportunities can n<M be turned to money-making actualities with long line cable 
extensions carrying many channels many miles with such an extremely low build-up 
of noise and distortion that the quality of signals at the input and the output 
of the long line seem nearly identicalo 

fts we have said 9 many of today us long line applications, under our new refer'
ence standards of length, are for situations involving relatively short "long 
runs" o But let us take the theme of this panel this morning and see what might 
be on the horizon when we are "Looking Ahead" o Chainnan Henry of the Federal 
Communications Commission recently reminded an audience that uAmerica is being 
wired for sight and sound" o America is a very large country, ladies and gentle-
rren, and it is studded with thousands of sizeable corranuni ties o As television 
is itself extended as a many-faceted medium, its transmission will surely be 
extended in degree and to points which we can barely anticipate todayo And 
just as surely , the unique advantages of mul ti-channel closed circuit cable trans
mission will be recognized and exploited to carry video and audio information 
at RF frequencies over greater and greater distanceso 

A number of you, after the close of this convention, will be visiting the 
World u Fair in New York~ where you will be fascinated by exhibits which project 
your att ention into the future of our world, our scientific achievements and 
our human society o If I may be permitted onesmall personal corranercial refer
ence, I would like t o refer to our cornpany 9 s exhibit at this "World"s CATJ Fair" 
here in Philadelphiao A 16- foot mural in our display depicts a long RF coaxial 
cable transmission line carrying the signals from New York, the World's Fair City 
to our hotel here in Philadelphia, our convention city o We had this mural made 
up in the spirit of good fun and of a colorful demonstration taking some artistic 
licenseo While the close circuiting of World 9 s Fair events to the Bellevue
Stratford Hotel by this means would undoubtedly fall into the category of a simple 
tour de force with questionable practicality, the point I want to emphasize 
seriously is that this feat can be accomplished = now - with new transmission 
achievements that are available to you all and which nay in the very near future 
open great new areas of opportunity, and profit to each of you o 

Thank you very nuch o (Applause) 

MRo Wo Ko HEADLEY ~ Since the session opened you may not believe it, but you 
have heard six speakers and are about to hear the seventh o So I think it us fit
ting now, remaining more or less in your places , to take a short seventh inning 
stretcho (Pause) We have talked about the grCMing need for longer and longer 
point-to-point transrnissiono Another facet, of course, which many of you are ~ 
facing today i s the requirement of the larger and larger distribution systemo 
The next discourse you will hear on that subject ,is entitled, "Problerrs of 
Signal Distribution in Large Communities"o Here to cover that subject for you 
in Heinz Eo Blum, Vice President in charge of Engineering at Entron, Incorporatedo 

MRo HEINZ Eo BLUM ~ Gentlerren, the excellent presentation of l'To/ co-panelists 
might have given you the impression that certain manufacturers have specialized 
in the work of individual system components o HCMever from the association with 
rey friends in the associate rrembership group I knew that all of us have experience 


