
give another noise wave form 3 db highe r than each of them by itselfo 
So when we make a measuremen t this way , all we have to do i s subtract 3 db 
from th e result s and then we get the cable perf ectly balanced agains t the 
best thing it could b e balanced against, which is itselfo 

MR. TAYLOR: Di d anyb ody have another question they would like to 
ask? 

MRo SHIELD: Don Shie ld, Vancouver e Ken, I was wondering if you have 
come up with a practical limit to the length of cable for which your 
testing technique is useable? I know that 2000 f eet is a typical length 
for a reel, but it seems to me that the length of the cable or the atten
uation will have an effect on your results as well o Am I clear on that, 
or is that a confusing thing? 

MR~ SIMONS: The answer to that question is that the return loss 
me th od gives you a view into the f irst 500 to 1000 f eet, depending on the 
loss of the cableQ Of course, it doesn't matter how much longer than 
that it is, but you're not looking at the middle of the cable o You get 
a decidedly prejudiced view of each end of the cable and if the manu
fact rer, under the present circumstances, could make cable that was 
very good at both ends and bad in the middle and save money that way, I 
suppose you could get away with it o But it doesn't generally happen, if 
you have a cable that is good at both ends o All things being equal, it's 
apt t o be good in the middle o 

MR, TAYLOR: Thank you very much, again, Ken o We'll proceed onto 
the next paper by Mro Allen Kushner o f ~imes Wire and Cable , who is going 
to continue the discussion of cable by talking about, "Coaxial Cable Per
formance for CATV". This is a substitute for Dave Karrmann who was 
listed on the program$ I introduce Mr o Kushner o [Applause] 

MR. ALLEN Mo KUSHNER (Times Wire & Cable, Division of The Interna
tional Si l ver Company): Dave Karrmann was ori ginally scheduled to write 
this pape r o However, since the time we submitted his name he was taken 
off this particular project . I was assigned the job of writing the papero 

I watched with great intere s t Ken's paper because since I came with 
the Company my primary responsibility has been r eal ly to watch over the 
testing of cable. So I have seen some 300,000,000 feet of test reports 
reflecting bas ically what Ken has had ·on th e board and it was quite inter' 
esting( 

PURPOSE ---
The purpose of this paper is to discuss th e characteristics of co-

axial cab le which are of major importance in CATV system performan ceo 
We shall attempt to accomplish this by showing how the cable affec ts 
system design and customer pci ture quality ~ We also shall at·tempt to 
._,how the supstantial improve~ents wh ich have been made in cable design 
and manufacture in the past 15 years, and to discuss what remains to 
achieve the optimum cable design of the future . As a result o f this 
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discussion we hope to have under
lined thos e cable characteristics 
most critical to system performance o 

IMPORTANT CABLE CHARACTERISTICS 
In Figure l~ a t ypical sec~ 

tion of a feeder system is showno 
The following important fac ors of 
t his system should be no ed~ 
lo For a minimum ampllfier input 

signal ~ and a maximum amplifier 
output signal~ the atTenuation 
(los s) in the cable determines 
the dist~n~e between amplifierso 
The lower the attenuationj the 

less the number of amplifiers to cover a specific distance~ 
Signals wl ·tnin ·che cable can es cape o Such signals could exceed 
regulatory levels or disturb a djacent equipment ~ By the same 
means local interference due to ignition systems , ham opera~ors, 
etc., could enter the cab le a nd affect picture quality . 
If there are reflections in the cable, these reflections will 
cause additional picture i mages to arrive at the customerrs set 

IMPROV!IIIENT5 IN COAXIAL CABLE DESictN 

RG-11/U 

PVC J /.OX::T ''/IRE BRAID POLYETHYU::IEt.SOLID COliDUCTOR- STR A:lDED 

JRP-11 

TRI A.'G AL CABLE (DOU3LE-SHIELD-DOUJ LE-J /.OKJ:T ) 

:.,~ J.l:L-101 

after the m~in signal arrives, 
causing fading or ghostso 
4o It is not only necessary 

to lave the cable meet 
specific performance re
quirements on 1nstalla= 
tion~ but it is also nec
essary to be certain hat 
the cable meets these re
quirements throughout the 
system lifeo 

HISTORY OF CABLE DEVELOPMENT 

.·Ot:l ;nnZIIE J JCKET 

It is impor ant to study 
the improvement in cable char
acteristics over the years be
cause t h ese improvements were 
based on the changing system 
requirements and from feed
back from field experienceo 

· JT-201 

FOt:! ?OLY:.:'rHXLC;;,; DI .:.WCT.-.IC 

( . . JT - 4080 

- .. I. ::•: .' ,;-:, I)JIJ L..; ::-: ID 

Il99 

In noting the trends in cable 
design and the reasons for 
the trends, we have an excell 
en t foundation for selection 
of present day cable design as 
well as future cable develop
mente 



Let us trace first the changes in the cable constructions mos~ com
monly used and note the reasons for themo In Figure 2 we see the various 
cables and the approximate year in which they were first usedo Prior 
to 1952, the cable first used as feeder cable was RG-11/U with stranded 
center conductor, solid polyethylene dielectric, a single braided outer 
conductor, and a polyvinyl chloride jacketo The most serious shortcom
ing of this design at that time was its shielding efficiency ~ The sin
gle braided outer conductor allowed significant cable interference as 
well as signal escape. To overcome this drawback, JRP-ll ·was developed, 
which was a triaxial cable having two outer braids separated with a 
layer of polyvinyl chloride. This triaxial cable reduced the signal 
escaping or entering to approximately 1% of the interference level with 
RG-11/U. 

JRP-11/U, while an improvement over RG-11/U, still suffered from 
two major deficiencies. First, the polyvinyl chloride jacket material 

caused contamination of the 
polyethylene and an attenuation 
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increaseo In addition~ the 
life expectancy of the PVC 
when exposed · to sunlight was 
limited o In 1954, JEL-101 
was introduced with Xelon, a 
long-life, non-contaminating 
polyethylene jacket and life 
expectancy of 20 to 30 yearse 
This was a special high mole
cular weight polyethylene con
taining a predetermined per
centage of carbon black of a 
specific size and dispersion o 
In fact, an entire series of 
feeder and house drop cables, 
including a new special trunk 
cable JEL-10 0 , was developed, 
using this new material o 

Throughout this period of 
time it was always appreciated 
that a more efficient dielec
tric material could allow the 
construction of a coaxial 
cable with significantly lower 

losses. In 1955 cables similar to the JEL series were introduced with 
foam polyethylene ·dielectrics. JT-201, which was the same size as JEL-
101, had 25% less · loss; ·This was a significant · reduction because in 
the same installation 25% less amplifiers could be used o It was a val
uable improvement which, it should be noted, was achieved with almost 
no cost increase; · 

In 19 60, with a demand ·· :for · more · channels and high band · systems, 
there developed a need for a cat>le with lower lo-sse·s at basically the 
same cable cost. This was achieved through the development of flexible 
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braids of copper strips which achieved somewhat lower losses, but 
significantly greater shielding efficiency o Because of the improve
ment in shielding efficiency, two braids in contact could be used 
rather than a triaxial cableo This allowed a reduction in cost 
which, when coupled with the inherent economy in the strip itself, 
allowed the manufacture of a cab le with larger dielectric than JT-20lo 
This new cable, JT-408D, was primarily responsible for the develop
ment of all band systems at low band costs o 

By 1963, with the increased installation of high band systems, 
it was noted that cable attenuation and useful cable life could be 
affected by aging of the cable components in the presence of moisture 
vaporo 

It was determined 
seamless aluminum tube 

that the metallic-type barrier achieved with a 
was sufficient to prevent vapor entry o How-
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ever, it was also noted that 
the dielectric must be com
pressed sufficiently to pre
vent longitudinal vapor 
entry through taps and fitt
lngs o In 1963 an ·economical 
technique was developed for 
producing 1000 - foot lengths 
of cable with a seamless 
aluminum outer c onductor 
properly appliedo 

The l imitation of 1000-
foot lengths did require the 
splicing of lengths, causing 
additional costs ~ reflections 
and maintenance problems o 
In 1965 he manufacturing 
techniques for producing up 
to one -half mile, continuous 
splic?-free lengths was 
developed to reduce costs and 
improve performance o 

This ~ then~ is the his
tory of the developmen of 
the coaxial cableo Please 
note that t he key fac ors 
are: Shielding efficiency, 

jacketing materials, low loss, cable life (moisture resistance) and 
cable lengthso 

IMPROVEMENT IN CABLE ATTENUATION 
The attenuation versus frequency response of all the cables are 

shown in Figure 3 o -It is interesting to note how the attenuation of 
the feeder and trunk cables was improved over he years o Figure 4 
shows the attenuation of the trunk, feeder-trunk and feeder cables 
most commonly used and the year in which they appeared o 
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Fig ure 5 

Though the purpose of 
this paper is to present the 
technical aspects of cable de
velopment , it is pertinent to 
this discussion to talk of the 
improvements which have been 
made in light of the cost for 
the various cables a To make 
this meaningful it is helpful 
t o create an Amplifier Spacing/ 
Cable Cost Figure of Merito ThiS 
figure of merit is created by de~ 

terming the number of feet of 
each type cable which we would 
have be t ween amplifiers with 20 
db spacing at Channel 13: 
F of M = 20~ per foot 

cable cost per 1000 fto 
The higher the Figure Df Merit, 
t he more efficient is the cable 
construct ion o Figure 5 shows 
the improvement in amplifier 
spacing/cable cost Figure Of 
Merit over the years o It should 
be noted that t his is a compari' 
son on cable characteristics 
only , which is justified in the 
case of feeder cable, and does 
not take int o account any costs 
due to amplifier requirementso 

In the case of trunk cable, 
we must t ake into account the 
effect of amplifiers o In this 
case i t is helpful to talk of 
an effective cable cost per 
lOUO ft a The cost of trunk 
cable and amplifiers is approx

imated by this relationship : Cable and amplifier cost = 
Length of Cable X Cable Cost + Lgt o of cable X atten a x ample cost 

20 db 
The amplifier cost consists o f initial cost, plus installation cost, ·. pluS 
pole rental, power and maintenance cost a If we consider the life of the 
system to be five years , a conservative cost of $760 a is used o Since 
the length of cable is common to both factors, we can rewrite this ex
pression as follows ~ 

Cable and A~plifier Cost 

' 

= Len gth of Cable €able Cost + Att~~ ' x 76~ 
= L (Cost / 1000 ft a + 38 attenuation/lOGO fto) 
= L- (Effective Cable Cost) 
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Figure 6 shows the re= 
duction which has been 
achieved in Effect ive Cable 
Cost for t runk cable o 

IMPROVEMENT IN SHIELDING 
EFFICIENCY 
It was determined in 

1952 that a t riaxial ver-
sion of RG- 11 / U was necessary 
to meet the limits of system ~ 
interference requirements o 
This requirement has not 
truly changed to the present 
time o However, the shielding 
efficiency of present day con
strnct · ons are vastly im
proved so that it is inter
esting to chart the change 
in shielding efficiency o 
Figure 7 shows the shield-
ing chamber o It should be 
noted that .. the limitation of 
present day cable is in the 
connectors used o In fact, 
our present test equipment 
is not sensitive enough to 
measure radiation from the 
aluminum sheathed cable o 

IMPROVEMENT IN RETURN LOSS 
FIGURE 
Any variation of dimen

sions or velocity of the di
electric will cause reflec
tions within the cable o If 
there are enough of these 
reflections, and if they are 
evenly spaced, we will find 
that the reflec t ions will 
add at specific frequencies 
to give attenuation increases 
and impedance variations o We 
determine the attenuation 
variation by sweeping the 
cable and looking for atten
uation "suckouts" o We de
termine the impedance vari
ation by using a bridge and 
measuring the db difference 
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between the signal in and the 
signal reflected, and by look
ing for return loss spikeso 

Figure 8 shows the improve
ment in Impedance and Attenua
tion uniformity which has been 
achieved o Note that the impe
dance uniformity is character
ized by two figures, one for 
minimum return loss and the 
other for minimum average re
turn lossa The minimum aver
age return loss is also an im
portant factor because it is a 
measure of the number of re
turn loss spikes which can be 
expected o 

The importance of the re
turn loss figures for these 
cables cannot be overempha
sized o The more stringent re
quirements of color systems 
seem to indicate that a mini
mum return loss figure of 30 
db is desirable o It is also 
noted that all major develop
mental work being performed 
today is being done with 30 
db as the minimum acceptable 
return loss figure o 

CABLE LIFE 
Though there are many 

factors affecting cable life, 
aging of the conductors and 
the core has proved the most 
detrimental o The results of 
laboratory and field tests on 
the various flexible cable de
signs shows that moisture . 
would affect the cable life 
especially at the high band 
frequencies . The effect of 
this aging was to cause an 
increase in attenuation and a 
decrease in shielding effi
ciencyo 

It was determined that the 
only completely effective prac
tical vapor barrier was a 
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metallic barrier such a s 
that formed by a tubular 
out er conductor of copper or 
aluminum a It was furthe r 
determi n ed that this barrier 
has to b e continuous all t he 
way around~ with no opening o 
Though this did take care of 
radial leakage, there was 
the additional problem that 
leakage at the connectors or 
taps would a~low moistur e to 
entero This vapor would 
propagate the length of the 
c able if there were longi 
tudinal paths o 

To prevent longitudinal 
paths , new aluminum sheathed 
coaxial cable must be manu 
fac t u red with adhesion to 
the center conductor and 
with compression of the di 
electric under the oute r 
conduct o r a 

ATTENUATION REDUCTION 
It would appear that 

future development will b e 
in the area of improved di
electric material u Figure 
4 shows the a tenuation 
which could be achieved i f 
i mp roved f o am polye t h y lenes 
were avai lab le o The a tten
uation which c o uld b e 
achieved with air d ielectric 
c ables i s a ls o shown in Fig
ure 4 o Wh ile the de velop
ment of i mproved foam di
electri c s appears feasibl e , 
it is questionable whether 
the use of air dielectric 
cable is practical o 

I n Figure 9 is an a i r 
d ielect r ic cable which Times 
manuf ac t u res o Even though 
the c e n t e r conducto·r is 
tightly covered with a l a y
er of po l yoelfin, and can 
in no way corrode, the 
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attenuation of - the cable is affected by moisture entry o To properly 
and dependably use this cons t ruction would require pressurizing the 
cable o While this is possib l e , the cost of pressurizing equipment, 
cost of special fittings and the increased maintenance problems, make 
the economic feasibility doubtful o Should . the use of airspace cable be 
-considered, it is worthwhile to note that corrosion of the center con
ductor is an irreversible process and that the center conductor should 
be protectedo 

IMPROVED RETURN LOSS RESPONSE 
Our present evaluations indicate that the return loss characteris

tics of our present constructions can be improved by ·refined techniques 
and improved equipment o It would also appear that developmental work 
in new materials may lead to improvement o However, detailed investiga
tion of such materials would be required to insure that other problems 

are not createdo 

SUMMARY 
Considering the simplicitY 

of the coaxial cable , the amount 
of change we have seen in the 
past 15 years is surprisingo 
To briefly review, the cable 
improvements of this period: 
The original cable used was 
RG - 11 / U which was changed to a 
triaxial construction to reduce 
int erference; the jacketing 
material was changed to elim
inate contamination and in
crease cable life; this was 
followed by changing the di
electric to reduce attenua-
tion, and next the outer con
ductor braid material to re-
duce cost a The most recent 
changes were to substitute a 
seamless aluminum outer con
ductor to prevent cable aging 
and to manufacture longer lengthS 
to reduce installation costs o 

We note that there have 
been significant reductions in attenuation coupled with reduction in 
cable costs which are indicated by the amplifier-spacing/cable cost 
Figure of Me~it for Feeder CaRle o We note also that there have been 
significant reductions in · the Effective Cable Cost a Though materials 
are not presentiy available, it would appear that in the future a de
crease in cable attenuation of approximately 10% will be realizable with
out significanJ . cost increase o If an airspaced dielectric cable con
sidered only ~ additional reduction in attenuation would be achievedo 
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It is q ue stionable whether this addi tional increase in performance 
would b e justified in light of additional equipment and maintenance 
costs o 

It also appears f easible that return loss figures of 36 and 
40 db may eventually be feasible o Present system requirements as 
e stablished by major development groups i n this field i have set a 
minimum return loss figure of 30 db for feeder and trunk cable, at 
the pres en~ time o 

Because of the development of the aluminum sheathed coaxial 
cable with prevention of longitudinal vapor pathss it would appear 
that we have also approached optimum shielding e ffi ciency and 
cab le life a Cable life has been shown to be a very important factor 
in c able performance, coupled with tl1e attenuation ~ cost~ shielding 
and retu r n loss factorso 

MRo TAYLOR: Thank you very much~ Mr a Kushner o Mr o Kushner 
ment i o ne d the papers . We have gotten papers out of the boxes so 
that a ll of the papers that are available are here ~ Those papers 
that are not available will be available ~ however~ through the 
trans cription service which is taking down all of the presentations 
both in th i s room and the other roorn a 

We 're r unning righ t ab out on schedule v Unless somebody has an 
urgent que stion for Mrc Kushner~ I would like to move on to the next 
speaker o You have the biographi cal sketch on your chairs so I will 
not take a particular time to introduce Dr ~ Theodore Hafner, who is 
going t o speak on t h e " Breakthrough With Microwave by WireJf c Dr " 
Hafner o 

DR o THE ODORE HAFNER (President, Surface Conduction, Inc ~ ): I 
am s omewhat embarrassed(J I have to talk about something which is 
ent irely different from what you have just seen o It is, in a way, 
fundament al ly newo Th is has a certain advantage, but it also has a 
certain di s advan tageo Th e dis advantage is in the difficulties o f an 
expla nation a 

Now , i f I may~ I hope my predecessor here in speaking will for
g ive me if I use some of his figures c He rs talking about lmproveme n t s 
f rom 5 0 db per mile to 40 db per mile o And~ I am going to speak 
ab out imp ro vements from 40db per mile to 10 db per mile ~ 

HIS TORY AND THEORY 
Wi re or wireiess o The surface wave, a third medium combining 

privacy o f wire with the l ow loss of radiationo The surface wave, a 
fundamentally novel wave mo de o Simple (though only theoretical) 
derivation o f existence o f s u r face wave; its low loss and wide appli
cabili t y o 

Wh a t · is the G-Li n e? Where does it come from? Where does it go? 
I a m remind~d of the famous Austrian General Radetzky c At one 

o f the war games of the Austrian army one of the participating army 
group s was commanded by an Archduke who was not too well known for 
his intelligence o After t h e battle, Radetzky surveyed the happenings 
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