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of the suckout is the primary feature distinguishing this type of discontinuity from 
the types discussed aboveo 

Almost unbelievably small cable diameter variations, if periodic, can cause a 
substantial impedance and attenuation discontinuityo Cable diameter variations in a 
half inch cable of the order of one mil CooOOl") can cause intolerable impedance dis
continuities in finished cableo 

The fourth column in Table I shows the percent variation in attenuation corres
ponding to a given return loss value if the impedance deviation resulted from peri
odic impedance variations distributed-uniformly along the length of the cableo Noticee 
that the attenuation differential (from normal) is proportional to the cable length 
while that resulting from a single junction is a fixed quantityo If a cable containing 
a periodicity is inserted into an otherwise uniform system, the distributed attenuation 
excess would occur and, in addition, junction reflections would occur at the terminal 
ends of the cable because of the mismatch in input impedance at that band of frequen
cieso 

/ 

100 200 JOO 400 500 
Frequency (mcs .) 

length (feet) 

FIGURE 5 - Return Loss at 148 mes o vs Length 
for RG 58/U with a Periodic Discontinuityo 
Period of discontinuity, 2 6 o 7" o Amplitude of 
discontinuity, +O o0008" (Nonnal attenuation at 
148 meso, 7 db/Ioo ft o 

Figure 5 shows another trait ex
hibited by a cable with a periodic 
impedance discontinuityo The effec
tive value of the return loss inc
reases with cable length only over 
a limited length o This is natural 
because the attenuation of the re
flected energy farther down the 
length prevents a substantial con-
tribution to the energy reflected 
from points nearbyo A single dis
continuity located a reasonably 
short distance from a cable end can 
produce the same apparent return 
loss as would a set of small but 
periodic discontinuitieso Yet, if 
these should persist, the small 
variations can accumulate a large 
attenuation discontinuity while the 
effect of the single discontinuity 
would have been negligible by 
comparison a 

Conclusions - Undesirable signal reflections occur from all sources of impedance 
discont~u1t1es in coaxial cableo The most serious sources of reflections for the 
CATV system are those resulting from double discontinuities which, in turn, arise 
from any number of sourceso The most objectionable problem created by double dis
continuities is the frequency sensitivity of the input impedanceo 

Coaxial jumpers in conjunction with equiprrent terminal impedances can result in 
serious double discontinuities in trunk runs, particularly if all jumpers are of equal 
lengtho Staggered jumper lengths and well matched and protected connectors will al
leviate problems of this source o 

For a given input impedance deviation, periodic impedance variations in a cable 
can produce far more serious attenuation variations than would a single or double 
discontinuity a 

Thank youo (Applause) 

MRo COOLEY: Thank you, Mro Robertso The next subject on the agenda is "A New 
Antenna for CATV" and our speaker is a graduate of Mississippi State University with 
a BSEEo He did graduate work at Southern Methodist and worked for Ling Temco, All 
Products Company and Scientific Atlantao He has published papers on a high gain space 
telemetering array and engineering report on a high frequency ratable log periodic 
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antenna and a VHF log dipole antennae He is a rrember of the Institute of Electrical 
and Electronic Engineers o Gentlemen, this is Thorna.s Bo Smith of Scientific Atlanta a 

(Applause) 

MRo THOMAS Do SMITH~ Thank youo Co-channel interference has become an increasing
ly important problem for CATV systems, due to the rapid growth of CATV popularity and 
the advent of all-channel distributiono Many systems now operate in the primary cover
age area of one or more TV signals and distribute twelve channels of television; thus 
they are usually required to distribute fringe-station signals in order to fill their 
channel capacityo 

In March 1959~ the Television Allocations Study Organization graded viewers' 
opinions of television picture quality in the presence of co-channel interference as 
follows: 

Picture Quality 
Excellent 
Fine 
Passable 

Signal-to-Interference 
Ratio ~ db 

A signal-to-interference ratio of 48 db has been set as the CATV system object
ive; and since antenna location is not always an effective factor in minimizing co
channel interference , the largest part of interference rejection must be provided by 
the antenna arrayo 

In a discussion of basic antenna array theory and design, the following defini
tions are quite helpfulo 

Array--A radiating or receiving system composed of several spaced radiators or 
elementso In a broadside array the principal direction of radiation is perpendicular 
to the axis of the array and to the plane containing the elerrents o In an end-fire 
array the principal direction of radiation coincides with the direction of the array 
axis o 

Directivi!Y--The ratio of the maximum radiation intensity to the average radiation 
intens1tyo For an antenna that is 100% efficient (ioeo, no conductor, dielectric, or 
mislllCl tch loss) , directivity and gain are the same a For an antenna with losses 9 gain 
will be lower than directivity by a factor corresponding to the efficiencyo Specifi
cally, 

G = KD, 
where G is gain as a power ratio; K is the efficiency factory; and D is directivityo 

Gain--The ratio of the maximum radiation intensity in a given direction to the 
maxirnUffi:radiation intensity produced in the same direction from a reference antenna 
with the same pcwer input o Gain is frequently used as a figure of rreri t; it is 
closely associated with directivity, which in turn is dependent on the radiation 
patterns of an antennae , 

The most common reference antenna used to calculate gain is the isotropic radi
ator, a hypothetical~ lossless antenna that radiates uniformly in all directionso The 
half-wave dipole antenna is sometirres used, however, and the follcwing fonnula is use
ful in converting from either reference: 

G = G + 2al5 db , 
iso dipole 

where Giso is the gain in decibels referenced to an isotropic radiator, and Gdipole 
is the gain in decibels referenced to a dipole antennao 

Radiation Pattern--A graphical representation of the radiation of the antenna 
as a funct1on of d1rection o Patterns may be taken in polar fonn (see Figure la, next 
page) or rectangular form (see Figure l:P o The following three patterns are most 
cormnonly used: 
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(b ) Rec tangula r P lot 

P o l a r and R ectangular Plots of an Antenna Radiation P a tte rn 

( a ) Po~>.cr {b ) Fi~ ld 

Fig . l. J'.,.,, .. •r, 1·1t ll , .. nd l ~(JI.t Plot of an Ant<>nna P a tte rn 

(a) Power Pattern: Shows the variation of 
power densib; at a constant distance from the 
antenna as a function of angleo (See Figure 
2a.) 
(b) Field Pattern: Shows the variation of 
the electric field intensity at a constant 
radius from the antenna as a function of anglec 
(See Figure 2bo) 
(c) Log Pattern: Shows the variation of the 
logarithm of power density or electric field 
intensity at a constant radius from the an
tenna as a function of angle. (See Figure 2c.) 
The logarithm of field intensity, E, in any 
direction can be expressed as 

E 
20 log Emax 

The logarithm of the power P, 1n any direction 
can be expressed as 

p 
10 log -p~--

max 
The same antenna pattern is plotted in three 
forms in Figs 2a~ 2b, 2co Note hew useful 
the log pattern 1s in displaying the sidelobes 
of an antenna o 

An antenna radiation pattern is a three
dimensional figure, and patterns can be made 
in an infinite number of planeso The most 
important planes in a CATV system are the E-

plane (horizontal), in which co-channel 
signals arrive, and the H-plane (verti
cal), in which ghost signals usually ar
rive o (See Figure 3 , ) 

Reciprocity Theorem--A theorem sta
ting that the d1rect1onal pattern of a 
receiving antenna is identical with its 
directional pattern as a transmitting 
antenna e 

CAT'. Array Design In the early 
days of CATV, co-channel interference was 
not a major problem; and CATV arrays and 
antennas were designed for maximum gain, 
based on the criterion that signal in
creases linearly with gaino Today, hCNJ
ever, CATV arrays must be designed to 
operate in receiving systems where inter
ference is present; in these systems gain 
is desirable only insofar as it improves 
the signal-to-noise retioo 

The important factor nON is the 
overall directivity pattern of an arrayo 
For example, a receiving antenna with 
the pattern shown in Figure 4a ffi:3.Y be pre
ferable to a higher-gain antenna with the 
pattern shown in Figure 4b if there is an 
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H-PLANE PATTERN O'l 
VERTICAL PATTERN 

interfering signal or noise arriving 
from the back direction as indicatedo 
The antenna pattern sham in Figure 4a 
has a null directed t<NJard the source 
of the interference and thus may.provide 
a much higher signal-to-noise ratioo 

Designs for efficient arrays can 

E-Pl.ANE PATTERN OR 
HORIZONTAL PATTERN 

be developed on the basis that the total 
field developed by an array at a distant 
point in space is the vector sum of the 

Fig. 3. Antenna Radiation Patterns, E- and H-Plane 

~ 
DESIRED 
SIGNAL 

(a) Low-Gain Antenna Pattern 

,~.,-
INTERFERING DESIRED 

SIGNAL SIGNAL 

(b) High-Gain Antenna Pattern 

Fig. 4. Effect of Antenna ·Pattern on Signal-to-Noise Ratio . 
Taken from~. by J.D. Kraus (McGraw-Hill, 1950) . 

' 

fields produced by the individual array 
radiators o Since the relative phases 
of these component fields are determined 
by the relative distances to the various 
radiators of the array, the pattern will 
depend on the direction to the point in 
space u Therefore the component fields 
tend to add in some directions and can
cel in others a By properly utilizing 
this characteristic of spaced radiators, 
it is possible to concentrate the radi
ated energy in the desired direction 

and attenuate the energy in the undesired di
rectiono 

To determine the overall directivity 
pattern of an array, pattern multiplication 
can be usedo By this rrethod the array fac
tor for the particular element spacing is 
multiplied by the element pattern (see Fig
ure 5 next page) o Usually the element pat
terns are relativel y broad, and the array 
factor determines the half- power bearrwidth 
of the array o Side lobe level and front-to,.. 
back ratio of the array are determined by 
the individual element patterno 

Control of Array Si delobes and Null 
Positlons The siaeiOEe l evel ana:nui posi
tions or an array can be controlled by any one 
or a combination of the following parameters ~ 

(a) Element spacingo 
(b) Relative element current amplitude 0 
(c) Relative element current phase o 

With a given element directivity, as the spa~ 
cing between elements increases beyond the 
optimum (i oe a ~ maximum gain , the side lobes 
increase rapidly until they are at the same 
level as the main beama (The sidelobe level 
for maximum gain condition is approximately 
13 db downo ) f.s the element spacing is 
decreased, the sidelobe level decreases; 
however, the array gain decreases , the main 
beam increases, and the mutual impedance 
increases·o (See Figure 6 next page) The di
~ctivity of the element pattern must be 
sufficient to reduce the sidelobes of the 
array factor to the level desired a 
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ELEMENT ARRAY ARRAY 

PATTERN FACTOR PATTERN 

Fig . 5 . Pattern Multiplication 

d = SPACING IN WAVELENGTHS 

Fig . 6 . Effecu of Element Spacin& on an Array Factor 
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l l l l l • ~ l l • • lll • 
I I I I I 4 6 4 I I 1.6 1.91.6 

(A) (B) (C) 

Fig. 7 . Control of Side lobe Level by Current Amplitude . 
Taken from Antennas, by J.D . Kraus (McGraw-Hill , 1950) . 

Solid Line: Zero Skew. Dotted Line: 10-Degree Skew. 

Ftg. 8. Electrically Skewed Array Pattern 



-- ---------- --

Another method of controlling the sidelobe level of an array is through the con
trol of the power or current amplitude fed to eac element of the arrayo For example, 
consider a linear array of five isotropic point sources witt) /2 spacingo I f the 
s ources are in phase and all equal in amplitude, it is designated as a uniform array 
(see Figure 7aL A unifonn distribution yields the maximum directivity for a given 
array s i zeo The pattern has a half-power beamwidth of 23 degrees, and the sidelobes 
are relatively large (12o5 db down)o The sidelobe levels of the array can be reduced 
by tapering the current or poHer distribution along the array, at the expense of re
duced gain and larger nta.in beamwidtho The shape of a typical current dist ri!Jut ion 
is such that the current tapers from a IIB.ximum value at the center of the array t o 
some minimwn value at the edge of the arrayo If the elenent current amplitudes are 
proportional to the coefficients of a rninomial series, the array pattern l1as no 
minor lobes (see Figure 7b) o This has· been achieved, however, at the expense of an 
increased beam.-1idth (31 degrees) .) If the current distr'ibution is beu.Jeen the binomial 
and the uniform~ a compromise between the beamwidth and the sidelobe level can be madeo 
That is, the sidelobe level will not be zero, but the beamwidth will be less than that 
for the binomial distribution a o Pn amplitude distribution of this nature, which op
timizes the relation between beamwidth and sidelobe level, is based on the properties 
of the Tchebysceff polnomials and is referred to as the Tchebysceff distributiono 
The pattern and current distribution for a specified sidelobe level of 20 db below 
the main beam is shown in Figure 7c o The bearrwidth bet-ween half power points is 27 
degrees, which is 4 degrees less than that for the binomial distrlbutioi; o Therefore 
Tchebyscheff distribution is optimum in the sense that it will produce the narrowest 
beamwidth for a given sidelobe level o 

In addition to sidelobe-level control for minimizing interference, a null can 
be placed in the array pattern in the direction of an undesired signalo This can 
be accomplished by the adjustment of element spacing, mechanical rotation of the 
array, or electrical rotation or skewing of the array beam by feedine the array ele
ments with currents of unequal phase a (See Figure 8; note that the overall side lobe 
level is raised and the main beam is skewedu) 

Yagis and Yagi Arrays In 1927 the Yag~, or Yagi-Uda, antenna was introduced; 
and from the tate twentJ.es to the late fifties, it had little competition as a lif?)1t.
weight., high-gain VHF antenna o Yagi antennas are still widely used in CKfV systems 
because they provide maximum gain for a given antenna size and weight and are con
sidered to be economical; however, they do have the follCA.Jing ~rfornunce shortcomings ~ 

(a) Yagis tend -to h:=tvc a narrow bandwidth in bot .. 1 impedance and patterns, 
and sorre do not maintain a VSWR less than 2 to 1 over the 6- . lc bandwidth of a 
single TV channelo The front- to back ratio of a Yagi is also frequency sensitiveo 
Sorre Yagis that have 20 db front to-back ratios at the center of the TV channel 
fall off to only 15 db or less at the edges of the channelo 
(b ) Long Yagis designed for maximum gain have sidelobe levels of 10 to 15 dbo 
(c) The pattern of a Yagi is susceptible ·to influence by support structures, 
and this influence is virtually impossible to predicto 
New Antennas, Arrays, and Techniques In the late fifties, Government research 

produced a breakthrough ln antenna state-of-the-arto This breakthrough was t he con
cept of "frequency-independent" antennas and was based on the theory that if a struc
ture i s ma.de proportional to itself by scaling of its dirrensions by some ratio -r; it 
will have the same properties at a frequency f and at a frequency 1rfo Therefore, 
t he patterns and impedance of the antenna are periodic functions of the logarithm of 
frequency wit h a period of log ~ , By the proper choice ofT, the properties of the 
:periodic type of antenna will vary only slightly over the frequency band f t o 7 f o 
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BEAM DIRECTION 

0 X 

---- -;:--

(:..b.!l!.L = ~ 
ln Xn 

Fig. 9. Schematic Diagram of a Log-Periodic Ar r ay 

Fig. I 0 Performance of Channel 7-13 Antenna 

Fla. II. Typical E-Piane Pattern of Channel 7-13 Antenna 

A schematic diagram of a log-periodic 
dipole array is shCMn in Figure 9. The 
antenna consists of parallel, linear di
poles arranged side by side in a plane. 
Practical considerations of construction, 
however, dictate that the dipoles do not 
lie exactly in a planeo The length of 
the dipole elements and the spacing be
tween elements form a geometric progres
siono (The corranon ratio 7 and taper angle 
~ are shown in the schematico) The di

pole llements are energized from a balanced 
constant-impedance feeder, with adjacent 
elements connected to the feeder in an 
alternating manner to obtain 180 degrees 
phase shift between elements. The antenna 
is fed by a coaxial line running from back 
to front through one of the support mem
bers o This type of connection f oms an 
infinite balun, since the external portion 
of the antenna structure past the resonant 
element carries negligible current. Radia
tion from the antenna is end-fire in the 
direction of the decreasing elements. 

For satisfactory operation the antenna 
must contain a dipole at least 0.5 wave

length long at the lowest operating frequency 
and a dipole element shorter thar 0.38 wave
length at the highest operating frequencyo 
Theoretically, there is no limit to the band
width of a log-periodic antennao The lower 
frequency cutoff is determined by the size 
of the antenna, while the upper frequency 
cutoff is determined by how accurately the 
elements are scaledo Scientific-Atlanta has 
made log-periodics with bandwidths in excess 
of 23 to l o 

The performance of a frequency-independ
ent antenna designed to operate over channels 
7 through 13 (174 to 216 Me) is summarized in 
Figure 10 o Note there are no dropouts in the 
performance; gain varies only l db over the 
bando The E-plane bearrwidths vary fran 50 
degrees to 54 degrees, and H-plane beanwidths 
vary from 60 degrees to 72 degrees o The front
to-back ratio varies from 25 db to 35 db. A 
typical E-plane pattern of this antenna is 
shown in Figure ll and a photograph in Figure 
l2 o (Next pa.ge) Similar antennas covering 
channels 2 through 3 and 4 through 6 are also 
available o 

A new array configuration available to 
the CAW industry is shown in Figure 13 (next 
page L 'This array , a "quadrate channe ler," 
is designed to minimize co-channel interfer
ence: Frequency-independent antennas are 
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Fig. 12. Channel i-13 Antenna 

Fig. 14. Typical E-Plane Pattern of Quadrate Channeler 

Fig. 15 . Typical E-Plane P ern of Ouad-Yagi Array 

'1' f{ 

~ !P.·'· 
·. /~ :1 

1• r.dl' Channc lc r Antenna, Installed on Tower 

utilized as elerrents, and law side lobes are rrainta
ined by control of the amplitude of current distri
butiono By comparing the E--plane pattern of this 
array with a typical pattern of a "quad Yagi" array· 
(see Figures 14 and 15) ~ one can see heM ·co-channel 
interference arriving from sidelobes is greatly 
reduced by the new array o (Also note hew the array 
and elements are mountedo) By cantilever support 
of the elements, the array pattern of the quadrate 
channeler is not susceptible to alterations or in
fluence by the support tower or other support struc
tues o 

By the application of b¢:isic antenna array theory 
more efficient· CATV arrays are being developedo ~e 
objectives of better reception of wanted signals and 
greater rejection of unwanted signals are now possibleo 

Thank you o (Applause) 

MR o COOLEY : Do we have any questions, gentle
men? What current ratios are used in feeding the 
various elements along the periodic? I think the 
question is what ratio of currents do you feed the 
four elements in array o 

MR o SMITH ~ We feed the two that are stacked, 
well the truth of the matter is we feed them all 
equalo However, due to the configuration we mathe-
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matically can replace the two that are stacked this way with one at the center which 
is fed twice the power of that of the two on the edge~ 

MRo COOLEY: I understand perfectlyo (Laughter) /my other questions? 

UNIDENTIFIED SPEAKER: I understand there's a guarantee o 

MRo Sl1I'IH: If they were guaranteed to eliminate all co-channel interference in 
all applications, I'd price them higher than those of the gentleman who probably pre
ceded me here, I assure you o (Laughter) 

We will guarantee them to meet published specificationso It's a little diffi
cult to maybe get an antenna range that may be unbiased because I think about most 
of them are instrumented by Scientific-Atlanta anyway, so you may have some questions 
here o I don ' t knCNJ o 

UNIDENTIFIED SPEAKER ~ What effect does ice loading have on your gain? 

MR o SMITH: To be quite frank with you I 1 m not absolutely sure what the ice load
ing has on the gaino We have analyzed ice loads from structural standpointo They're 
structurally safe o We have also looked into the idea of heating these by running a 
heater along the boom, support boom of the antenna to rrelt ice, which I think could 
be done quite readily o l3ut, so far as field tests or actual tests, none to my knowl
edge have been conducted o 

COLONEL DUTCH SCHETZEL ~ Do I understand that the co-channel perforrrance here 
of this antenna is superior to that of, say, a couple of good yagis properly stacked, 
phased, and ·oriented? 

r1Rg Sl1ITH: Question is, does this array as just shown us, out-perform a horizon
tal stack that was cut and chosen and designed to put a notch exactly where you need 
it? (THE COLONEL HADE ANOTHER CQ1I·1ENT, IHAUDIBLE) 

It ' s a little difficult to answer your questiono Based on what experience I have, 
I would tend to answer the question, Yes I believe it doeso Let me qualify thato If 
we have relatively low sidelobes, which we do in the horizontal plane, then we're not 
required to put this interfering station in such a deep notcho Consequently, the 
criticalness of the antenna, the transrnission line and the sensitivity to slight varia
tions in apparent sources of arrival is not quite as criticalo It's similar to, in 
my mind, the performance curve of a high Q parallel resonant circuit compared to a 
low Q parallel resonant circuit as far as the criticalness of the notch is concernedo 

COLONEL SCHETZEL: What you're saying is that maybe sometimes it may not be as 
gocxi on minimized co-channel interference, but on the average the amount of tirrethat 
co-channel interference probably would be less with this than with the other layouto 
Is that right? 

MR o SMITH: That' s my prediction , yes o 

UNIDENTIFIED SPEAKER: v~at was the front-to-back ratio? 

MRo SMITH: We guarantee a minimum of 25 db and it's typically 30 db over the 
bando 

MR. COOLEY: One more question. Jesse? 

MR. JESSE You showed four antennas mounted there on thato When you 
mount antennas up close together even though they ' re the same channel antennas stacked 
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or if there are other channel antennas above , don't you decrease the quali ty of your 
reception somewhat even though there is an increase in signal by stacking antennas? 
When you get antennas so close together, what I'm trying t o say is, you do decrease 
your quali ty to a certain extent even though it might not be too noticeable o · 

MRo SMITH: Are you talking about spacing of antennas in array for single channel 
reception , or are you talking about spacing of two arrays on the top or f or two differ
ent channel receptions? I didn ' t quite follow you there o 

MR o JESSE I'm talking about quality o Either stack them for the same 
channel or you have two different arrays for two different channels o 

MR o SMITH~ As far as a single array is concerned, did everybody year the ques
tion? As far as array spacing for a given channel reception, we space an optimwn 
distance as far as perfo:rynance in the pattern is concerned; low side lobes, beamwidths, 
etco And there there is nothing but mutual impedance and the shape of the pattern to 
come into play, and usually this results in a loss of gain and not necessarily a loss 
in performance of the picture qual ities o However, you are correct in saying that plac
ing other channels or other ant ennas i n the field or the proximinity of this array 
does 9 indeed, distort the picture quality from the fact t11at it does, indeed, influence 
the pattern of this array and it ' s no l onger what we predict it to be o 

UNIDENTIFIED SPEAKER ~ Are CA'N systems using this antenna at the present time? 

MR o SMITH g Yes, there' s one in At hens , Georgia, that's using this o 

MR o COOLEY ~ I want to thank you very much, Mr o Smitho (Applause) Gentlemen, 
I ' ll see you at the Banquet e Good night all o (Session was then adjournedo) 

I 
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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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and remarked to the Archduke: 
"The problem you faced had two 
solutions; Your Imperial High
ness selected the third one o '' 

This, of course, was face
tious; there was no third solu
tion o 

In choosing between wire 
and wireless, is there a third 
solution? 

Until recently, there were 
known only two ways of guiding 
a signal from point to point: 
either within a cable or with
out a cable o We have now a 
third way ~ a surface wave 
around a cable ·o 

This evolution should place 
the use of surface waves by 
CATV in the proper perspectiveo 
It is part of a historic develoP' 
ment and, as every real achieve' 
ment, it affects every impor
t ant field of communications, 
railroads, power distribution, 
broadcasting, and one day, 
perhaps all types of long dis-. 
tance transmission o 

What is a Surface Wave? 
How is it produced? 

At least mentally, it can 
be construed from a coaxial 
cable o (Figure 1 o ) 

By increasing the outer 
conductor of a coaxial cable, 
we reduce the loss, as is well 
known , but something else hap
pens ~ With , increasing outer 
diameter some of the coaxial 
field lines between inner and 
outer conductor will not reach 
the outer~. but since they have 
to end somewhere, return to the 
inner conductor o 

By further increasing the 
radius of the outer conductor, 
more and more of these field 
lines will close on the inner 
conductor o Finally, if the 



. ., , .. '.. . ~ ... . . . . . 

FI G. 3: Transforming Coaxial to Surface Wave 

:e 

if any, energy loss. 

outer conductor is 
large ·enough, almost 
all of the field lines 
will terminate along 
the inner conductoro 
The wave~ eventually, 
will be propagated 
substantially only by 
the inner conductor, 
sliding on its surface 
in an air c hannel of a 
diameter~ as determined 
by Dr o Goubau, of wave
length dimension o Under 
the s e circumstances , of 
course, the outer con
ductor could be omitted 
with relatively little, 

'P' What remains is a single Wlre o f a closed wave configurationo 
In a similar way, one of the two wires of a twin line can be 

moved away and finally omitted . 
It is obvious from a comparisof' r.vi t h this twin line that the 

remaining single wire must have not more t han half the loss of that 
of a twin line o Actually, the loss of th e G-Line is much less~ 
around 8 - 10 db per mile at VHF and UHF o (Figure 2o) 

FIG . 4: V-Shaped Nylon Suspension: 
Hele·na , Mon tana 
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REALIZATION OF SURFACE WAVE 
I S DIFFERENT FROM 

VISUALIZATION 
The launching of the 

surface wave o I ndirect s u s 
pensiono Concentration of 
t h e s urface wave by specia l 
cable structure o 

While this mode of c r eat 
i ng a surface wave from a c o 
a xi a l cable is easily under
s t ood, it does not present a 
practical way of producing a 
surface waveo 

Dr o Goubau found such a 
way o ,He started out from a 
c oaxial line section and 
then transformed the impe
dance of _he coaxial line in
t o the impedance of the sur
fa c e wave = which is that of 
al ro At the same time, he 



FIG. 5: G-Line for 10 kw 500mc 
Federal Broadcasting System 

Sigmanningen, Munich, West Germany 

FIG. 6: Launc:hing horn-Yucca Valley 
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gradually transformed the 
coaxial ~ave into a spherical 
wave, and by increasing its 
curvature, approximated the 
configuration of the surface 
wave, which is planaro (Figo 3) 

The simplest means for 
such transformation is a metal~ 
lie cone but there are other 
ways: The cylindrical wave 
transformer which will be dis
cussed later on o 

It is one thing to imag
ine t he mere possibility of 
the existence of a surface 
wave o It is another thing to 
reali z e a surface wave and it 
is a third problem to apply a 
surface wave transmission line 
in a practical way o 

Obviously, a surface wave 
sliding outside the cable must 
proceed unimpeded by anything 
which may affect its trans
mission o How then support the 
cable? 

From the previous deriva
tion of the surface wave from 
the coaxial wave, it is appar
ent that another conductor, 
arranged near the surface wave 
conductor, will attract field 
lines, detract energy from the 
surface wave and possibly dis
sipate this energy by radiationo 

The supports founded by 
Dr o Goubau are extremely sim
ple~ an indirect way of sus
pension on insulating strings 
which permit at least the lar
ger part of the surface wave 
to slide along the guiding 
wire with the least possible 
loss o 

Another problem was to 
reduce the diameter of the 

.·airchannel a Obviously, the 
smaller its diameter~ the 
smaller the launching devices 
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for p roducing the surface wave t o 
permit practica l d i mensioning of 
the wave producing and wire sup~ 
porting devices c 

PRACTICAL APPLICATIONS 
The Community G~ Lines a t 

Helena~ Yucca Val le y~ Lewistown o 
Originally provisionally used, G
Line becomes permanent feeder lineo 

Thus we find~ as a classical 
means of suspension~ the V~shaped 
nylon string~ which was applied 
in CATV, for the first time in th e 
Helena (Montana ) G~Line by Archie 
Taylor~ which was constructed 
under our license. (Fig u 4) 

FIG. 7: V-Suspension- Yucca Valley The G ~>< Line, therefore, as a 
wire line 5 can be important for 
CATV ~ as an industry substantially 
re lying on wire ~echniques~ It 

combines the good features of wire and wireless and produces a broad, 
low-loss transmission path which is essentially private and easily 
expandable. 

In this respect, CATV is not a lone o Other industr1es have simi
lar requirements. You can profit from their experience v 

Among the many uses the G- Line found in practice~ was, a t the 
outset, a quick substitute f or a c o axial cable or a wave guide to a 
radio transmitter o 

FIG. 8: Cylindrical Pickup-Yucca Valley 

The UoSc Signal Corps produced the 
firs t G L1nes in the form o f antenna 
feede r lines for their mobi le radio 
equipment~ Here already 9 the re
markab le simplicity o f t he G- Line, 
its lightweigh t~ easy handling, were 
put to such use~ or rather abuse, as 
n o coaxial cable could ever have 
with stood o 

The German government found it 
convenient to star TV broadcasting 
and testing imme9iately and prior to 
t h e permanent connection of the co
axia l cable or the wave guide~ 
whi ch generally took several months 
to install; the G=Line took as many 
days o Some of these substitute G
Lines became permanent, as in Sig
manningen, Germany o (Fig 0 5) 

Another example of G- Line in 
operation for almost 1 0 years, is 
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3000 fto, 2500 MC antenna feeder at Florence, Alabama; two 3000 fto 
2000 MC feeder ·lines for ITT, Brazil e 

In this connection we may add our UHF home G- Line, indispensable 
for fringe · area UHF rec~ption ; a #12 wire, with a loss of 1 db/idb fto 
only over 400 to 1200 MC , therefore , dispensing with any boostero 

Similar uses were found f or t he G- Line · in other fields, where for 
one reason or another immediate connection by coaxial cable, wave guide 
or Air was not available o Among them is the above· mentioned Helen·a G
Line, where due to the absence of channel allocations for an otherwise 
more convenient and more direct air route, a G- Line had to be useq to 
bring a channel down a mountain , over a distance of 14 miles a This 
provisional installation , using a #8 wire, lasted for 8 years before the 
FCC channels were granted o 

Another G- Line, a t Lewistown , Pennsylvania, using a Noo 6 wire ., runs 
for 3 1/2 miles without an amplifier , at a loss of less than 9 d9 per 
mile, suspended on the poles of a power line and following a railroad 
tracko 

In this G- Line we applied a cylindrical pickup which permits branch~ 
ing off from the G- Line cable into a coaxial cable , without interfering 
with the surface wave o 

Similarly ' ·· in · Yucca Valley , Microwave chann·els were not avaiiable 
in tim·e to assure the contract ual TV service to a housing areao ·· A 35-
mile G-line was found economical , with amplifiers every 2 mileso 
(Figures 6, 7, 8) ' 

All these installations , born from ·necessity rather than intrinsic 
planning, have now shown t hat there is -more · to ·the G- Line than just an 
occasional feeder -to a coaxial cable- or a ·short -·time substitute for a 
Microwave Relay o The G- Line is quite capable to replace and supersede . 
both coaxial and Microwave Relays o 

MICROWAVE BY WIRE vso AIR AND SPACE 
Comparison ·of economics, G~ Line competitive and also indispensable 

because· of independence from government channel allocations o Reliabil
ity · to come with experience, and therefore no pr±ncipal drawbacko Con
venience -of Air and · Space deceptive in· view·· ~f expense and · complexity 
involvedo G-Line as · wiring technique more fitting to private right of 
way users; such as CATV, railroads and power systems o 

It · is not my intention to disparage air ·or spac·e technology, but · 
we on th.i ·s earth ·and in this country are guided by economics o And the 
G-Line fits economically into CATV · more· than Microwave by Airo 

We need not ··defend the G- Line against coaxial cable which for . long 
distance is at least four times as expensive a It may be worth~hile, 
however, to briefly compare cost of G-Line with that of Microwave by 
Airo Since the VHF G- Line with a bandwidth of 200 MC may carry 20 TV 
channels or more, we may assume cost of G-Line installed at $2,000o00/ 
mile, regardl:ess· of number of phannels; average cost of · Microwave Relay
ing is given ( Se_e Paul McAdam, · NCTA Bulletin, December 1, .1961) at 
$28,000o00 per hop per channel , · plus $9 i 000 a00 per additional channelo 

For one TV channel , therefore , the G- Line will be competitiv~ at 
any distance lifs.s than 14 miles; for seven TV channels, at any distance 
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of less than 41 miles o Freedom from FCC channel a lloc a t ions favors 
G-Line for any distance a 

Admittedly~ in favor of Microwave Re l ay i ng is its proven relia
bilityo However, this is an advant age any old system has against 
any newcomerc There is no reason to assume non =radi ating cylindrical 
surface waves to be less reliable than rad i a t ing spheri cal waves 
which, on the contrary, due t o t heir very expansion ~ should be more 
exposed to atmospherics, reflect ion and fading o 

Microwave through Air and Space ~ which seems so c onvenient for 
··bridging large distances~ depends on so fick l e a mat ter as govern
ment control o Its transmitting equipment is comple x o Admittedly~ 

the G-Line requires a new wiring techni que ~ buT t his is still a wir-
s ing technique ~ mastered more easily t han the operat ion of a Micro

wave ·Relayo 
The convenience of Microwave Re l aying is ~ therefore ~ more 

apparent than real, as may be its reliability o The te l ephone com
pany charges for their microwave as much as for t heir coaxial 
channels o ATT and Western Union prov1.de several alternat 1.ve micro
wave routes for every point to - point connec t 1.on o 

While Microwave through Air and Spac e has now become sort of a 
fetish and the poor land wire somewhaT neglected~ we s hould not for
get that this is·accomplished at tremendous cos t for wh~ch bear wit
the common carrier rates of ATT v now also extended t o transmission by 
satellite a 

RAILROADS AND · POWER DISTRIBUTION AS SPECIALIZED MARKETS 
Essential interestin wTring tech.nique o Historic= aut onomy on 

own right of way includes communicat ions o Nature of operation re~ 
quires flexibil ity in expansion and privacy of transmission medlumo 

And yet, important interests exis t~ which demand permanen 
communications by wire , foremost among them railroads and power sys
temso 

Railroads are used from their beginnings to communicate over 
their own property o Frequently they were the physical carriers of 

·-· circuits for the telephone companies and Western Uniono Gradually, 
our telephone and telegraph systems grew independent from the rail

· roadvs right of way o The increasing communication traffic forced 
them to establish wire and cable lines on t heir own land and later 
on to expand into the public space , using Microwave hrough Airo 

Railroads and power c6mpanies, on t he other side, also growing, 
were at first satisfied with what they had in the way of communica
tions: the railroads with wires on their own tracks ~ and the power 
companies using carrier frequencies over thei r bwn high ension wireso 

In t he last _ few years, however ra1. l road and power systems alike 
had .to expand communications and s i gnali ng; the rai l roads needed 
quick data transfe~ ~~om one point to another ~ in accordance with 
increasing train speed and freight processing o The increased demand 
for electrical power forced the power companies to enlarge heir sys
tems and system controls o Both railroads and power companies are now 
at the point where they have to consider using ei he~ Microwave by 
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Air or Microwave by Wire o 

RAILROADS ' SPECIFIC REQUIREMENTS 
G-Line for tunnel communications; data transmission; Japanes~ and 

English speed controls by G-Line; train aut~matizationo Railroad radar 
and security fence o 

As far as the · railroads are concerned, their communication and sig
nal ing .demands are complex o 

In Tunnels , for instance, Radio ·t ransmission has been found imprac
tical~ Due to the shape of the expanding radio wave, the radiated wave 
suffers so many reflec t lons that, after a few hundred feet, a voice or 
signal will become distortedo The non-radiating surface wave, with its 
essentia lly tubular shape concentrate d around a wire mounted in the 
tunnel, fits aptly into the more or les s cylindrical shape of the tunnelo 
By means of suitable pickups, the surface wave can be picked up, with
out phys ical contact, from people or .trains passing through the tunnelo 

Such a tunnel G~ Line has been built for the New York Central Rail
road over a distance of 3 1 / 2 mileso 

Tunne l communication is . importanto The railroad freight yard in 
question ~ which is now ·open , will s oon be covered up to permit building 
construction to go up in t he valuable . air . space above the ~ yardo In 
order to conserve the ·function of the 'yard, ·personnel and ·engines in and 
outside the tunnel must be able to communicate with each other in the 
same manner as in open freight yards with the aid of normal walkie
talkies o 

Especially import ant i s the use of .the · G-Line in underwater tunnelSo 
In ·Japan as well as in Great Britain, and recently in this country, 
attempts are made to increase the rain speed to 150 .miles/hour and moreo 

At these high speeds; control of the train becomes difficult and 
cannot be made dependent upon v~sual observation alone o Therefore, the 

possibility - has been consid~red · of obser

FIG. 9: Curve Trolley- Yucca Valley 

ving the ·· track · from the engine by means 
of · a ·radar-type beacono 

In the usual type of radar, a rad
iating beam reflected from any subject 
located in its path is used; for example, 
to locate aircrafto This type of rada~ 
is not readily applicable, due to the 
manifold reflections occuring near the 
ground , ·which dis-t ort the signal o In 
this type of application, surface wave 
conduction · was ·used first by the Japanese 
and now by · Ferranti in Englando (Figo 9) 

Ferranti -·has built a G- Line mounted 
along the railroad track, which produces 
a surface.wave field that envelops the 
train o When the train passes, the 
field is disturbed and the position of 
the train will be i ndicated at a distant 
station as a pip on a cathode ·ray tube o 
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Similarly;·· any obstacle ahead of the train can be indicated in 
the . cent·ral station·, as well as on the train itself. Naturally, 

·· this signal could not only be used for observation, but also to 
control speed, '·brakes ., etc. to automat i ze the train o The s~me G
Line along the ~ailroad · track could also carry, because of its 
bandwidth, a great deal of other inf or ma t ion, such as · freight data, 
voice, tee, 

Such a system is now under study by ourselves, our Belgian 
licensee ELECTROBEL, and the British Railways Board for a 200 mile 
data ··tra smission system, connecting Manchester and Glasgow, to 
carry 760 data channels. It is intended to be installed simultan
eously with the electrification and speeding up of a vital portion 
of t ·he British Railways System. 

Similar radar-type .G- Line installations have been ·used as sec
urity fences to observe from a remote position the entry of persons 
or objects into sensitive areas surrounded by such G- Line fence. 

POWER DISTRIBUTION CONTROL 
The ELECTROBEL study. The specific needs of power distribution 

systems. Rapid increase of consumption and equipment requires in
crease of controls, channels, and bandwidth of transmission m~dium, 

,, especially in highly :industrialized · areas in Belgi urn. ··Difficulty of 
·planning ahead and obtaining government channels for expansion.- The 
G-Line a flexible private transmission medium, fitting into opera
tion ·of power .distribution system operation. 

A development of equal significan~·e is taking place in the field 
of communications along electric power lineso As mentioned before, 
this is an .industry which traditionally had a certain autonomy in 

. communications. · · 
Until now, these communications and signals were carried as high 

frequency currents superimposed ·on the high voltage lines. Here again 
with the increasing size and complexity of the power networks, and 
especially in the highly industrialized areas ·. of ·Western Europe, the 
need arose to increase the number of channels: ··The ·various . power sta
tions of ·a network had to be inter-connected and controlled in such 
a way that any such station was in operation only when it would pro
duce power at the cheapest price, compared to other stations of the 
network. 

These operations, ever growing in number and in complexity, with 
increasing power demand, led to a progressive automatization and to 
the use of computers. This required an increase of the bandwidth of 
the communication medium and also an increased .purity of signal which 
could ·not be found in the relatively low frequency range of the 
carrier currents· superimposed on the high tension wires o 

The power companies were forced to seek other transmission 
media, and many of .them started to use Microwave by Airo 

As with the railroads, this was a policy not easily accepted, 
because it forced the power companies to abandon their autonomy in 
communication over their own g~ound. They had to apply to govern
mental authorities for public channels, buy new land · for construction 
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of antenna towers ~ incur further expense s to connect these towers to 
their h ·igh ·· trensioa ;l ine1s ·,. etc o' ; · and what i ;s : m0re : important, •1 t a1.so re-
str.i"ct~d : tneir . freedom and · facility of e!Xp.ansion:o · ' ·' · 1 • · : •• • • 

1 

In ._ CATV , .also, 0nce you have acquired a Microwave system for saj ' 
seven TV c~annels, the bandwidth ~ is fixed o _If, years later; yo~ need 
additional cbannels, .you will have to apply and pay again, un~ess y~h 
had forese~n , and built ·for such · an expans ion, and provid'ed th 'e '.tgbv1e-rrt-
ment -had given you sufficient bandwidtho . · 

Thip, <Pf course, is · as ·. difficult t o foresee as it is tb obtain~ 
The . e~pansion capability given ,by ·the G-Line is within •your ·corttrolo 

The G- Line ., running .~ on the· power company's own ·masts, gives ' it ! all 
the expansioD it may even .. want o .,,. ' 

r r ~ l' I 

THE ELECTROBEL G=LI NE ,, ' 

UHF G:'L1. ne , revl aclng . UHF Microwave Relay o The -same terminal 
equipment is connect ed by a G- Line, mounted on power masts; Surface 
wave transmission l i ne adapted ~o stress and grounding regulations of 
high voltage line o 

Such a power G=Li ne has been built by ELECTROBEL· in ·Belgiumo ' 
.The ELECTROBEL . G- Line replaces an existing Mic~owave . by 'Air systemo 

The old Microwave Relay system 6onsisted of a transm~tter~receiv~r unit, 
at the ~t~tion of . Gouy operated at 450 to 460 me, feeding an antenna 
located on .top of t he. station o 

·FIG. 10: 

'· 

It ' 

l • 

G-Line Bi-Directional .for P·ow-
' ' er Line ELECTRI BEl.: Brussels 
Terminal lat Gouy 

tl . 
. ·' 

·A similar transmitte~-receiver · urtit, · 
located 8 miles away, fed another antenna · 
located on a mast on Mdnceauo 

Now, the two antennas have been dis
connected and the transmitter-receiver units 
directly connected through a G-Line mounted 
on the masts of a 70 kv high ten~ion line, 
connecting Gouy and Manceau (Figo 10) 

SPECIFIC DESIGN ,OF ELECTROBEL .INSTALLATION 
The G-Line, as a multi - conductor cable, 

with horns of extremely low loss; low-
, standing wave ratio ·, low overall loss safetY 

against current increaseo Mechanical re
quirements imposed by high power line regu
lations o Installation by power line crews; 
signals found not different from Microwave 
Relayingo No · intermodulation; no additional 
noise o 8 db/mile at 450 mco 

This terminal equipment has a capacity 
of 24 channels of which, at present, 6 
channels are utilized to transmit the fol
lowing information : · ·1 t:elephone channel --
6 telemeasuring channe~s -- 2~ telecounter 
channels -- 3 telesignaling groups -- 2 tele
protection channels ~- 2 transmissions of 

~ producti<Dn data o ·~ 1 • d · ~ .· · : · 'rl•' 

.I '! tl',. 'l '·. ~ ; l 
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FIG. 11: G-Line on Power Masts: 
Gouy-Monceau 

{ 

L 

FIG. 12: Mast Assembly o·n Corner: 
Gouy-Monceau 

The cable utilized in this sys
te~ consists of a galvanized steel 
core, imposed by the Belgian regu
lations for ground wire~ covered by 
an insulation layer~ which in turn 
is surrounded by a copper foil, 
forming the surface conductor pro
pero Then follows an uncolored 
plas tic layer~ coated by a black 
protection sheath, leading to an 
outer diameter of o64"o 

The attenuation expected was 
of the order of 8 db/mile at 450 
to 460 mco 

Power line regulations imposed 
upon the installation of this cable 
certain stringent conditions which 
were mechanical as well as electri
calo 

Tensile strength had to be 
adjusted to hops of 800 to 1200 fto 
lengtho The cable running para
llel and rather ·close to the power 
conductors~ is continuously sub
jected to the induction of very 
high voltages o 

In order to protect the term
inal equipment, these induced vol
tages must be led to the groundo 
It is necessary9 therefore; to 
connect the surface wave conductor 
to a ground galvan±callyo More
over, there must be assured around 
the surface wave conductor a free 
space of about one wavelength dia
metero Since it was· difficult to 
comply with this ·condition on the 
existing masts and ·in view of the 
necessity of grounding the induced 
charges, you will notice {Figo 11) 
that on the top of each ·mast the 
G-Line is not ~upported by nylon 
V-shaped suspensions, but coming 
out of a horn on one side of a 
tower and connected by ·a coaxial 
cable to another horn on the other 
side of the towero 

In this assembly, the horn 
proper transforms the surface wave 
into a wave which can be normally 
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propagated in a coaxial cable o The .horn is connected to a transducer 
which q.dapt s the · impedance of .. the G- Line (about 2 3 0 ohms) to the impe
d-a~~e · of the coaxial cable (50 ohms) and also assures the necessary gai
vani~ , ground connectiono The attenuation per horn is of the order .Sdb. 
It can pe reduced to ol5 db per horno 

Due to this arrangement, the G-Line transmission is interrupted at 
each mast fuy ·a coaxial .cable which permits passage of the mast in a 
manner not subjected to restrictions of environmento In addition, the 
cable can be fixed in a manne~, officially approved for the ground wire, 
of high voltage power lines o . 

The Power . G=Line has a length of 8 miles including 52 hopso G-Line 
cab l e and horns are attached to the top of the mast between the highest 
powe~ con.ductors and the ground wire o · . 

The installation of the power G- Line was effected by personnel wh~ch 
were i n no way special ized in the high frequency field o In spite ·of the 
great nu;mbe,r , of connections, .. defects were extremely rare o The mounting 
person~e l . ~ :tself was able to check t,he continuity of the signal path a 

After ·· the termi nal .equipment had. been connected, the line loss was 
measure~ . (fig o 1 2 ) o A satisfactory regularity was found as a function 
of the d istance; io e o, a ~n~rl homogenity in quality of installation. 
In ope:r;'ft.;tion, unt il now.,. neither distortion nor inter-modulation was 
notip~ab ·le! o , ,It, is }planped t .o •J..e.ave rthe G- Line in permanent · service and 
add a b.~.i'1P~ ~~o.t;i.on.al .. arnpli.td.;er art:· ,~~the midpoint of the · line, to demon
strc3:.i:~ ., .. tpeJ 1pps pib;i.l i:t:V pf ~ .. ex~endin~, ltlhe G-Line with the aid · of conven
tional ~R~Pee3ti; ~pq ,, to any, . tde.sJ.red .d.JJstance 0 

Ev~nJ:ua~l:n ., , .th~ ·! Gr Line will be . :naised in place of the · ground wire, 
which is on the top of t he high tens;ion lines o · There . it wial serve two 
funq~~on~~~~~ as , ~ gro~n~ ~ wine~ an~ as a broad-band transmission lineo 

J ( 1 / r J . .) 1 .U "( ) l I .} r: I • 1 J 4 ' 11 ;)Ji!•l l) !:-'., .l. .1.::.11 ! 

OTHER Il~Wt;LOlPM~ltJ';rS )) ~. I j ~:•!" . ;::. J J 

TV .J?ro .ao~afq:i:pg., at . tUUF. I f ·I'lequenc¥ hampered by inefficient feeder 
lin~{3:., ;· ~tt99;) ·:irl;<;~pable ·, Pft carrying ihlJigm power which it must in order to 
compet~;;:;·W ·_th e~is.::tinrg.. , ~HJf,., s.t .a,t.iomsL a.Iilrl reach the same amount of . viewers • 
The 9'7~~3-iltr ,b .¥J~kt)1. ::, .SUJ'cfaper;tWaye< ~ .apalDle.; of carrying a large amount of UHf 
power~ ::3 ,~~t}tay,t b&.4-flr&.J O.:Y~ ·rbe-<a:t~do cr.. A:dnega watt UHF G- Line (1000 kw) at a 
loss.~ f?fb oA j ~kf. ~Q.Pn ft ·. i ' ) I ,·-h: .' l !;) • .) bq d . 

6¥r'}:'llJEJB r'f.·ppg. i~q.tt; i~ns _, are(; in ) ·~Pte1nna lines up to 10 , 0 0 0 me and 
whichsd.?fO~,~df:., ?.t;lt~1)1J4 .. traljlsJ1liS;~ion._ q~ ) losses which are less than 50% of 
that gf. ·J a .I go,g~}q.ln ~ab;Lg §.Iild ~o!_\lpaFa.lL>le to th at of a wave guide, but 
COS ting, JI).~<?h , ~ftS S IC! r ., :1 · ; . r 

'J Qf p~~ }c _ ~~r, ~nter~s:4 ;for ' t~~h RIJoadcasting industry will be a 
UHF an~;ri?n<f r.-. t .~n~ pf ~XtJ?EFJlel,y , lqrgEf . pG>wero One of the great ·hindrances 
of UHFn~f ·.' Fh~ .. 1 fP:~} (1. t;hat :UHF; 1 is ~ s~pj ,~c~ to great Attenuation in the air 
and, t~Ar~t~r'~ 1n~~~~ ; WA~~ ~~d~~~§a ~power than VHF to reach an ·equal 
number · o f yc,ew~r~ o ':..-<~ , ~- • L.l ) 

01)~ ;. Qf r t .h7 ~?in faqt~rs liUlit:i,I)g radiated power at UHF is the 
anteJ?~~ -J ~e~qerr ulineo ,, J}.t LUHf: t: ev.en ~h~ . heaviest coaxial cables and wave 
guides have excessive , ~osses. , In Cg~~, moreover, the heat produced by 
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and wave guide structures are pr oh i bit ive c 
With · the G-Line, we expect to produce~ a t reasonable cost and 

low lossi UHF feeder lines, carrying f r om 1 00 to 1000 kw a 
In the G~ Line, the surface wave carries the energy through the 

outer air, and any heat produced is readi l y carried off o We expect 
to carry 1000 kw of UHF power at a l oss of less than o5 db/100 fto, 
on a wire of o36 OoDo only o 

CONCLUSIONS 
~Line, now a practical tool for indus t ries , requiring a 
private communications medium o The scientists directly affected 
industrial growth, first by mere speculation ~ then by experiment 
and finally, by practiceo Practical application hampered by un = 
orthodox appearance and lack of proof of reliability, inherent in 
any new developmento G-Line should overcome prejudice, first be~ 
caus~ it is sometimes irreplaceable , has been demonsrated and is now 
being used as a permanent communication medium in t he power industryo 
Why not· in CATV to which it is wel l adapted as a wiring technique, 
independent from government handout, as well as o l d established 
communicat ion carriers o In the power field fitting to its applica-

· tion, the simple wire wave guide has become a sophisticated multi
conductor' cable o 

Summarizing~ we see surface waves developing from an abstract 
concept into a practical tool capable of serving a number of indus
tries, like CATV~ which need low cost to reach into wide and low 
density areaso 

Other industries like the railroads need be t ter use of their 
own right of way, to expand speed and freight requirements ~ The 
power companies ·want the surface wave for communications , also in
dependent from government, and finally ~ there are the UHF TV broad
casters which wish to compete with the VHF stations on the same 
radiated power ·levelo 

Thus, we have here the living proof of the scien ist directly 
affecting the growth of an entire series of industries o 

The G-Line or surface wave transmission line, as it is called 
by the scientist, started as a purely mathematical conception~ and 
in the ensuing practical applications, the unorthodox appearance 
of the G-Line led to a slow, albeit progressing, recognition of 
properties otherwise difficult to believe o First~ the line was 
used as an antenna feeder line, temporarily replac ing coaxial 
cables, Microwave Relays and other media o Gradually, its use ex
tended to specific fields, and now it is about ·to become a general 
communicat ions medium for entire indus ries such as power distri
butiono 

There is no reason why the G- Line should not go fur her~ why 
it should not serve young industries llke CATV which have so mu9h 
difficulty to retain their rightful place i n t he communications 
business, a business dJminated to a grea extent by i s · senior mem-

· bers the large common carriers on one side and the broadcasting 
stations on the other o Is it not logical t hat the newc omer should 
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turn to new techniques so well adapted to his operations and that the 
G- Line should become for long distance what coaxial cable is for short 
distance wiring: a permanent instrument in CATV installations? This 
tool, in spite o f its unorthodox suspension methods, is much closer to 
the wiring techniques of CATV than microwave towers. 

The new technique could give Community and Pay Television relative 
independence not only from the FCC, but also from the old communication 
carriers in possession of established rights o 

It has become a transmission medium in its own right, usually super
ior and · frequently irreplaceabl~b It has also become more sophisticated. 

The development of the G-Line parallels the development of modern 
solid-state technique o This also started around 1950 with the intro
duction of germanium diodes used at the outset only as detectors, but 
gradually penetrating the entire amplifier technique in the form of 
mult i-electrode transistors o 

What was once a single wire G-Line has now become a multi-conduc
tor cable~ adding to the surface wave, the conduction of high tension 
current s ~ the grounding for safety, and the capability of coupling in 
transit e 

It can combine the ·functions of several components into a single 
unit having all these functions c 

This is progress o 

MR o TAYLOR ~ Thank you very much, Dr o Hafner, for a very interest
ing talk on a very interesting subject, which I have had some ·oppor
tunity to fool with myself, as you saids I think that ·we had best 
move alongo We started a half hour late because of the very remark
able performance we had at noontime and we have two very interesting 
and important papers .to hear this afternoono 

Mro Rudy Riley, President of Systems Engine ering, Inc. is sponsored 
in this paper by· Phelps - Dodge Electronics Products Company ·and he is 
speaking on "Just T~elve Inches Away"o Mrc Rileyo 

MRo RUDY RILEY (President~ Systems Engineering Inco): A casual 
glance at a well-constructed CATV plant reveals the striking similarity 
to its neighbor, just 12 inches away o ~ince the beginning of our in
dustry, telephone research, techniques and equipment have contributed · 
immeasurably to the success of CATVo 

Historically, the basic problems experienced by the telephone com
panies have proved to be common to all cabled communication networks. 

This paper will discuss the two factors that effect the ectinomics 
of a cable system most~ Cable and its maintainenceo 

Cable 
The advent of color television and all band transmission has 

created a demand _ for CATV cable with minimum frequency and· delay dis
tortion o* An air- insulated rigid coaxial cable meets these require
ments o In this cable the center conductor is supported with a minimum 
numh~r nf care~flJv spaced, low-loss insulators. However, this type of 
construction i~ not practical for use in strand supported CATV · systemso 
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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 

• 1 19 8 



.b 

e 

2 • 

3 • 

I LLU:JT;.HT I VT:: fl·:?LI FI ,R 
and 

cu:·to:!.:.'R HOOicm> 

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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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 



I205 

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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increase the level in dbs~ then you multi ply t he cr oss=mcx:l by the number that i s in 
the second column a ButS> again 9 as I sai d 9 there are many right ways of doing this 
thing and none i s better than the ot her o Soma are only more conveniento Thank Youo 
(Applause ) 

MR o TAYLOR g Thank you )) again 9 Dro Shekel 9 very mucho Maybe sorrebody will volun
teer to be chainnan of the Standards Corrmit t ee a You can see the problelllS that arise 
in those deliber ations o 

Our next presentation will bP an a subject that is somewhat new in this indus try, 
Envelope Delay in CA'No Gayloro Rogenessfrom AMECO in Phoenix )) Arizona , i s our speaker9 
and his background S> biographi cal sketch has been placed in your hands o Mro Rogeness a 

MRo GA.YLORD ROGENESSg Thank you )) Mro Tayl oro Thi s morning r um going t o speak to 
you on the subject ot ilivelope Delay in CA'IV Systems o 

Comparison of pictures prc.xiuced by off=t he=air signal s and signals that have been 
transmitted through long cascades indicate that the off=the=air signal prcx:luces a 
sharper 5> more crisp picture o This effect is a l so more noticeabl e an low band channels 
canpared t o the high band channelso The low band channe l s produce a picture that i s 
sorrewhat more fuzzy o 

These e ffects exist even though the amplifier cascade has been aligned for opti= 
mum amplitude response Sl the cross modul ation is at a minimum level 9 and the s i gnal- tO= 
noise rati o i s higho Enve l ope delay dist ortion is a quant ity which can explain same 
of these effects a Until recently 9 CAW syst ems have been provi ding pi ctures in areas 
where 'N reception has not exist ed or has been very poor" Hence ~ there was little 
need to consi der the more subtl e transmissi on system requi rement s o However ~ as CAW 
moves int o areas where competition with off =the=air reception exist s 9 and the trans= 
mission of good col or p~ctures 1.s required ._ the effects of envelope delay have to be 
consi dered a 

The objectives of my paper this morning are firs to define envelope delayo Se
cond 5> discuss the effect s of env lope del ay di s t or ~on of TV pictures a Third discuss 
the sour ces of envelope delay}) or where does envelope delay · origi nate in the CATV trens
rniss~on system? And fmall y v suggest possibl e measurement techni ques and soluti ons t o 
the problem of envelope del ay ctistO""''tlono 

The CATV system receives a TV s~gna at an antenna and fran this point has t o 
transmit the 'N p · cture s · gnal o -the home receiver through head.,.,end equipment ~ cabl e 
and repeater amplifiers o Therefore ,) t he transmissi on characteri sti cs of this equip= 
ment should be as cl ose t o the 1deal .rans~ssion characteris tic as possi ble in order 
t o pr ovide the hO!ni? receiver w1.th h e sa.ne picture quality t ha i s received at the CATV 

11 ' 1 i\1 , . ' • , ! I~ ld . ,. •N' I 
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antenna a 
1m. ideal system has a flat amplitude 

response with respect t o frequency and a 
phase shift characteristi c that is linearo 
Thi s is shown in FIGURE ONEo FIGURE 'IWO 
shows phase and delay charact eristi cs of 

he 1.deal systemo Envelope delay i s de-
fined as t he rate of change of phase shi ft 

[]_ _ _ _ 
~~, 
~ L ___ _ 

with respect t o frequency o Or ,in other 
words $) envelope delay is the incrementa l 
slope of the phase shift curve versus 
frequency o In an ideal system the phase 
response i s linear ~ so t hat the incre
rrental slope of the phase response is 

0 f c 0 fc 

FREQUENCY FREQUENCY 

AMPLITUDE RE SPONSE PHA SE RESPONSE cons :tant o Hence ~ each frequency has the 
sane value of envelope delayo It should 
a lso be noted that in an ideal system ~ time 
delay and envelope delay are equal o 
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A TV picture signal consists of a 
sum of pulses which in turn are the sum 
of nany frequency components o When thiS 
signal is transmitted through an ideal 
transmission system, each frequency com
ponent experiences the same delay o As 
a result~ the TV picture signal at the 
output of the transmission system is 
the same as that at the input but delay
ed in time o FIGURE 3A shoos a pulse ap
plied to the input of a CATV systemo 
If the ideal characteristic of flat am
plitude and linear phase over the band 
of frequencies being transmitted exists, 
the output will be a delayed replica of 
the input as shewn in FIGURE 3Bo The 
output pulse waveform will be exactly 
the same as the input pulse waveform and 
will occur at a later point in timeo 

The difference between envelope 
delay and time delay is shown in FIGURE 
FOUR o These quantities are compared at 
the frequency fc o Time delay is the 
phase shift at this frequency divided 
by the frequency ~ whereas envelope de
lay is the slope of the phase response 
at the frequency f co Note that the 
magnitude of envelope delay is larger 
than the time delay magnitudeo 
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FIGURE 4 B shoos a rough canparison 
of envel ope delay and time delay over 
the frequency range of interesta 

Speci ficati on of envelope delay de~ 
viation from a constant value is a means 
of restri cting variations in the trans
missi on system phase response o One of t 
the val ues of this specification lies in 
the fact that envelope delay is a measure 
of the rate of change of the phase res= 
ponse o Hence 1> not only is the ffi3.gni tude 
of deviation from phase linearity defined 9 

but al so the rate at which the phase re
sponse deviates from linearity o 

Phase dist ortion and therefore en= 
velope delay distortion in a practical 
system can normally be characteriz=e by 
two descr i ptions o One is a gradual devi
ation from t he l inear phase characteris
t i c 9 occurri ng over the major portion of 
the system passbanda This distortion is 
i mportant when comparing the transmission 
of color i nformation with the luminance 
i nformation through a systemo The second 
type of dist orti on involves variation 
from linearity over small sections of 
the passband (See FIGURE 5) o Both types 
of dis t ortion must be considered in the 
design and operat~on of high fidelity 
pulse (or 1V) transmission systems o 

Effects of.Del ay Di stortion 
An envelope delay response common 

in pr actical systems is shown in FIGURE 6a 
The high frequency components are delayed 
by a greater amount than the low frequency 
components o A pulse appli ed t o the trans
mission syst em wi th t his delay response 
i s shown in the cent er of f i gure 6 o The 
resulting output is shown at the bottan 
of f i gure 6 o Not e t hat due to delay di s
t ortion 9 the pulse at t he output now has 
bot h overshoot and undershoot o There 
are various types of delay distortion and 
each has effects on the fidelity of pulse 
transmissiono I will not go into these 
this momingo 

The next example which illustrates 
the effect of delay distortion involves 
t he generat ion of a test pattern on a 
1V seto 
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The bottom line of FIGURE 7 shows the de
sired test pattern o This test pattern is 
generated by the sum of three frequencies 
occurring in the time phase shown o The 
black portion of each frequency component 
shown corresponds to a voltage level and 
polarity that would cause the screen to 
be .dark o A positive polarity will be as
sumed for this caseo The light portion 
of each frequency component corresponds to 
a voltage level and polarity that causes 
the screen to be light o This voltage po
larity is assumed to be negativeo The 
darkest portion of the composite test pat~ 
tern is then generated when all three posi
tive voltages add at the same timeo The 
dark gray is produced when only two posi
tive voltages add o A completely white bar 
is produced wh~n the negative voltages of 
all three frequency components add at the 
same time o 

When all three frequency components 
are not delayed by the same amount during 
transmission to the TV picture tube~ a com
posite test pattern as shown in FIGURE 8 
could resulto A comparison of the desired 
test pattern produced by three frequencies 
and the test pattern generated by the same 
three frequencies but subjected to delay 
distortion is shown in FIGURE 9o Note that 
the distorted pattern does resemble the de' 
sired pattern o 

Consider next the effects of time delaY 
.. ,-s ~ .. . ~.Uw on a color., .. pi~~o. - The colgr 

p1cture is composed of two main signals -
the chraminance information which contains 
color information and the luminance signal 
which contains the brightness infor.mationo 
These signals are transmitted in different 
parts of the frequency spectrum~ so it is 
important that both signals arrive at the 
TV picture tube at the same time o Due to 
delay distortion the color information maY 
not coincide with the brightness information 
and an effect known as the "funny paper 
effectu occurs o Colors are displaced to 
the right or le_ft of . the ~ge~ ~epend0.g . . ~ 
upon -· the ·delay · .. ~ · --~·~he pl:-e"" 
ture carrier and color subca?riero The red 

· color is most sensitive to this effecto 
Sources of Envelope Delay in a TV 

Trans~ss1on S~stem 
Sources o envelope delay in a TV trans~ 
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mission system are depicted in FIGURE lOa 
A responsibility of the TV station is to 
transmit TV program material over the airo 
In so doing~ the TV signal passes through 
equipment which have amplitude and phase 
characteristics that are frequency depend
ento 

Next a relay station may be necessary 
before the CATV system received the signalo 
This relay station is a second source of 
distortion in the systemo 

The CATV system consists of head end 
equipment~ coaxial cable Sl and equalized 
amplifi ers o Each of these three i terns is 
a pot ential source of distortiono 

The signal finally arrives at the 
home recei ver where it is processed and 
displayed o Many sources of amplitude and 
delay dist ortion exist in a TV set that is 
not properly aligned o 

The FCC regulates t he characteristi cs of the col or TV signal being transmittedo 
The TV transmitter must have a prescribed envelope del ay characteristico This delay 
characteristi c is specified to compensate for t he del ay distortion produced in the 
frequency selective circuit s of the home receivero The manufacturers of TV receivers 
use the specified delay characteri stics of the transmitter to set design and manufac= 
turing tolerances on their TV sets o Therefore 1) any picture transmission equipment 
placed between the TV transmitter and home receiver must be near perfect in order to 
minimize distortion o 

Phase charact eristi cs of t he coaxial cable and equalized repeater amplifiers used 
in CATV systems wi l l be di scussed at some l ength t odayo 

Phase Characteristic of Coaxial Cable 
The transmiSSion of energy al ong a coaxial cable i s defined by the complex propa

gation constant o The propagation const ant has a real and imaginary componento The 
real part describes att enuation along ·.the cable and the imaginary component defines 
the phase shift const ant of the coaxial cableo The propagation constant is 

(( = ~ (R+jwL) (G+jwC 
1 

(l) 

For low loss cabl e Sl such as t hat used i n t he CATV indust ry 9 it is possible to 
simplify equation one and write the phase shi f t constant 

r adi ans / unit l ength ( 2 ) 

R)l Lo ~ and C are t he cable resistance l) inductance~ and capacitance per unit length 
and w is 21( t ines the frequency in cycl es per second o 

Rerrembering that envelope delay i s t he rate of change of phase shift with respect 
to frequency ~ the derivative of equation 2 yields the cable envelope delayo 

TE = ~~ = \[LC [1 = } ( ~ 2 ] seconds /unit length (3 

Note that envelope delay is not cons ant with frequency because of the ( ~)" 2 termo 
However Sl the magnitude of this deviati on fran a constant value is small enough to have 
negligible effecto A numerical example will show this g 

Constants taken from a cable manufacturer 0s data sheet for 75 ohm Alucel 1/2" 
coaxial cable are 

Capacity C = 16o5 pf/ foot 
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Velocity of Propagation V = Oo82 V
0 

= ~ = 7)87 X 108 ft/sec 
c JLC' 

Attenuation (V
0 

is free space velocity) 
~ = Oo006 db/ft at 54 me 
.::;(_ = 0 v 0065 db/ft at 60 me 

The diffe~nce in envelope delay between the frequencies 54 me and 60 me using 
the cable constants listed and equation 3 is 90o6 x 10 -18 seconds/footo 

For a 30 amplifier cascade extending 45 ~000 feet~ the delay between the frequen
cer 54 me and 60 me is 

T = 90o6 x 10=l8 x 45000 = 4ol x l0-12 seconds 
T = 4 o 1 micro= micro seconds o 

This ~elay distortion has negligible effect on TV signals transmitted along the 
cableo Th1s number of 4ol x 10 =I2 seconds agrees closely with the delay· distortion 
calculated from velocity of propagation measurements made by Rome Cable about three 
years agoo 
Repeater lifier bela Characteristics 

e next pro em 1s to descr1 the delay characteristics of the equalized re
peater amplifiero A theoretical response for the equalized repeater amplifier was 
postulated for an 18db length of cable o The amplifier response was assumed maximallY 
flat at both the low and high endo The high end roll off was assumed more steep than 
the low end because of the cut off characteristics of the transistorso 

The transfer function of an equalized amplifier can be written~ 
n t + j ~ ~ j w 

~ 

eout = wl w3 1 (4) 
e1n 

1 + j ~zJ n m w 
1 + j w 1+ j -- w4 w3 

deriv!~ ~~~!a:~: ::~
0

(: d)e~a:~~l th( ~s ~ :~:s:i::e( ~h\:e-~=~~ )i: fi:: 
· w1 w}' w3J \ W4 

:;l~~:t~~e~~2 i~ :~~~~i:at~~ [~~~:~~J-5I~th ~:~:;:~o} (~):G) 
FREQUENCY , 

20mc !50 me IOOmc 200mc 
+ 100,----------.--------.-----r-----.----, •20 

--- --- PHASE 

•ao~ -...................._ 

TIME~~ 
+10 

~ +60 ' 

fiG·. II . CALCULATED PHASE AND DELAY RESPONSES 

Phase Sl tirre delay l) and envelope delay 
were calculated as a function of frequ
ency using equation 5 and 6 are shown in 
FIGURE llo The following values were 
used in the calculationsg 

w= 
wl= 
w2= 
w3= 
w4= 

21ff 
21f X 49o5 X 106 
21f X 334 X 106 
21f X 40 X 106 
21( X 250 X 106 

n = 2 
m = 4 

Note that envelope delay is not constant 
with frequency as is required for an ideal 
transmission system~ Also note that chan
nel 2 is more susceptible to response ir
regularities than channel 13 because it oc-
cupies a higher percentage bandwidtho 
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OSCILLOSCOPE 

~---_} 
ENVELOPE DELAY TESTER 

(6 me bandwidth at 54 me compared to 210 
mc)o 

Envelo~ Delay Testing 
A bloc a~agram of a test set that 

measures envelope · delay is shown in 
FIGURE 12o The 200kc reference oscilla
tor output is applied to a frequency doub-
ler and balanced modulatoro The second 
input t o the balanced modulator is a sweep 
generatoro The output of the balanced 
modulator is two frequencies spaced at twice 
the reference oscillator frequency o These 
two signals are applied to the system under 
test and are swept across the frequency 
spectrum maintaining a constant spacingo 

The test signals are detected at the 
output of the system under test and then 

passed through a limitero The test signal at the output of the limiter is then com= 
p~d in a phase detector with the output of the frequency doublero Each of these 
signals i s at the same frequency o Havever ~ the doubler output has a const ant phase 

· reference while the signal passed through the system under test is measuring the in= 
cremental slope of the sys em phase responseo The output of the phase detector i s a 
DC voltage proportional to t he envelope delay of the system under testo 

The oscilloscope displ ays envelope delay on the vertical axis and frequency on 
the horizont al axi s o The vertical scale can be calibrated in terms of electrical de= 
grees or directly in units of tirre (microseconds or nanoseconds) o A frequency rrarker 
can be inserted into t he test set for calibration of the horizontal scaleo 

An envel ope delay tes t set was con= 
structed by utilizing the principles de= 
scribed in he preceding three oaragraphs o 
This test set is shO#n ir.. FIGURE 13 o Un= 
fortunately}) tirre did not permit the com= 
pletion of many delay measurement s before 
the convention a Hcwever }) the envelope 
delay of a cascade of t hree AMECO ATM- 0 
amplifiers and 75 db (2 20mc) of coaxial 
cable was rreasured a The envelope delay 
characteristic was constant from 40 me to 
about 90 me and then began gradually slop= 
ing through the high band a The difference 
in delay across any high band channel was 
less than three nanoseconds (3 x 10=9 
seconds)o 

The purpose of this next example is 
to point out that phase distortion ~ and 
hence delay distortion 9 can be rreasured 
and corrected in the field even though 
the transmitted and received signals are 
physically separated by l arge distances o 

The block dia~ of a test set used by a manufacturer of microwave equipment t o 
measure delay dist ortion of a microwave link i s shown in FIGURE 14 (next page o 

The crystal reference oscillator operates at about 500kc and modulates the RF 
source ~ The reference oscillator frequency is divided down to provide a sweep volt~ 
age to sweep th~ RF source through the passband of the transmission systemo The 
swept RF signal is transmitted over the microwave link and is received at the remote 
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location of the receivero The output of 
the receiver IF is- fed to a phase detector 
and compared to a local reference frequen' 
cy o The local reference frequency is gen
erated by a crystal oscillator which opera-
tes in a slow AFC loopo This insures that 
the ·reference frequency at the transmitter 
and receiver are identicalo The output 
of the phase detector is displayed on an 
oscilloscope o The vertical axis is pro7 
portional to envelope delay and the hor~
zontal axis is proportional to frequencyo 

Wat ching the test pattern on the 
oscilloscope ~ a phase equalized at the 
receiver IF output is adjusted until the 
transmission system delay distortion is 
minimized o 

Today I have defined envelope delay 
as the r ate of change of the transmission 

system phase responseo Some of the effects of delay distortion on the transmission 
of TV pictures were mentioned as a loss of crispness of the black and white signal and 
a funny paper effect on color pictureso 

I believe that we must now develop test equipment to accurately measure the CATV 
system delay Characteristicso After the delay characteristics have been measured, 
phase and/or delay equalizers can be designed to compensate for existing delay distor
tion o Thank you o (Applause ) 

MR o TAYLOR g Thank you very rnuch o I think we would have time for one or two 
questions if sanebody woul d like t oo I see one here o 

MR o WILLIAM CRUZ ~ (Coll ins Radi o) g I think it should be important at this point 
and time with your fine speech here t o separate the dist inction of envelope delay of 
your sweeping ~ the RF spectrum where cable activities =~ it 0 s all very proper~ very 
correcto I agree with you complet el yo Your discussion of sweeping the IF of an FM 
or microwave system i s al so correcto 

One other thing you are ~ sorry t o say rv leaving out is the difference in the en
velope delay of your RF syst em or your If system compared to your baseband where you 
are considering the envel ope delay of various color portions o I 0d like to bring up 
the point that they are qui e different envelope delayso we have two of them to worrY 
about o Thank you o 

MR o ROGENESS g Referring to f i gure 10 9 the sources of envelope delay in a TV 
transmission system are shown pi ctoriall yo A detailed discussion of this diagram was 
not made because of the time l imitation o It should be noted that the delay character
istic of a linear system is equal to the sum of the delay introduced by each sub- system 
contributing to the overall system responseo The single TV channel transmission system 

. delay characteristics are of importance hereo 

. As an example 9 follow the transmission of a 4o 2rnc video signal beginning at the 

. output of the TV camera at the broadcast studio and ending at the horre receivero In 
the transmissi on of this 4o 2rnc video signal fran the broadcast studio :to the horne re
ceiver~ the video signal will be translated a number of times o For example, the video 
signal at the broadcast studio ~is mixed or translated to an RF frequency for broa.dcasto 

. A microwave relay station may then. receive this signal~ translate it to IF frequencies 

. and amplify it 9 and then mix back up to a. microwave frequency for transmission at micro-' 
waveo The next relay station may then translate the signal from microwave back to RF 
frequencies /or re-transmission o 
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At t hi s poi nt a CATV syst em may rerei ve the signal off the airo The CATV head- . :-.;·_ 
end equiprrent may t hen translate the i ncoming channel to a different channel Pv -~: · 
either of two met hods a One method demcx:iulates the incoming TV channel to baseband 
and remodulat es the carrier of the channel to be transmitted over the cable o A 
second rrethod transl a t es the incoming channel down to IF frequencies and then back 
up to the channel desi red for t ransmission over the cableo 

The TV s i gnal now passes through coaxial cable and equalized repeater amplifiers 
before reaching t he hane receivero The TV signal in the home receiver passes through 
a number of frequency selective ci rcuits before it is demodulated and the video sig
nal presented on the pi cture tube o 

The preceding example indicat es that the 4o 2 me video signal is subjected to many 
sources of delay distortion o Each t ime it passes t hrough a network or transmission 
system wi th frequency selective characteri stics, delay distortion is possibleo This 
fact applies whether or not t he 4o2 me 'N signal is at video~ IF 9 RF or micr&ave 
frequencies o The delay charact eristi c of the TV transmission path between TV camera 
and the TV picture tube in the hone receiver is equal to the sum of the delay chara
cteristi cs of each frequency selective ne twork that the TV signal passes througho 

The CATV system has control of the t ransmission characteristics of the head-end 
equipment and the cable systemo Therefore SJ fran a knowledge of the delay character
istics of the transmission systems external to the CATV system and a knowledge of the 

· overall delay characteristic requi red to transmit an undistorted TV picture 9 the CATV 
system delay response can be s pecified o 

MR o SABI N FLORESCU SJ from Carl sbad Cabl e Division ~ We were talking about envelope 
problems in the RF t ransmission systems SJ j ust the same way Bill Cruz said ito Our 
biggest problems are i n the modulators o What do we do about them? 

MR o ROGENESS g There are two types of phase dist ortiono One is differential 
phase which i s a cross modulati on of the color and luminance signals and is a function 
of the nonlinearity of the modula or; whereas envelope delay - - or the characteristics 
I was talki ng about were related to the phase response of the transmission system which 
are constant o 

The delay response of head=end equipment between C/\TV antenna and coaxial cable 
rrust be const ant with frequency in order to solve Mro Florescu us problems o 

MR o TAYLOR g WellSJ I think that we ure runni ng a little behind timeo Mro Rogeness 
I am sure woul d be available t o discuss this questi ono I think it can also be safely 
said that i t 0s a rel ati vely new consi deration i n our industry and I am sure there 
are many things that are going t o change in t he f uture as a result of this discussion o 
Thank you Mro Rogeness o (Appl ause ) 

The next speaker wi ll talk on the subj ect of 9gAutornatic Gain Control in CATV" o 
Mro Irvi ng Kuzminsky SJ Director of Advanred Prcx:iuct Engineering of Entron, Inco And 9 

I beli eve t hat we have his bi ographical sketch to circulate if the pages will circul
ate themo Mro Kuzminsky ~ please o 

MR o I RVING KUZMI NSKY g Thank you ~ Archer o I n a CA'N sys tern, two types of si tua
tians arise which necessitate the use of gain controlo One is a narrCM-band single
charmel problem caused by signal variations at the antennao The other is a wide-band 
variat ion in t he transmissi on syst em caused by changes in either the cable or the 
amplifiers o · 

In order for the system to f unction properly SJ i t is necessary to first eliminate 
the v~iations in signal l evel whi ch are normally encountered at receiving siteso 
Let us consi der what might happen at t he cust omeru s rereiver if this were not donee 

Most present day CATV systems uti l ized adjacent=channel transmission as a means 
of most efficiently carryi ng t he maximum number of channels at a mi.niinum costo How
ever SJ as far as t he receivers are concerned SJ the adjacent channels are potential " 
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SOU!"ces of interference a Thi s was the reason that~ in t he early days of CATV ~ some 
people thought that adjacent-channel systems woul d not work o In order for these sys
tems to work properly ~ i t i s necessary t o accur at e l y control the levels of the signals 
with respect to each other so t hat t he receiver i s able to pi ck out t he selected sig
nal without objectionable interference from other signalso 

Once the single=channel signal s are combi ned onto a corrmon line )l random varia
tions of these s~gnals would be impossibl e t o handle o Thi s is because the gain of 
the trunk amplifiers is controll ed on a wi de=band basi s o That is l> the gain is varied 
in a coherent manner to all channels in the amplif i er passba.nd simul taneously o With 
random variation of each channel us s i gnal 9 cress modulation and noise problems would 
be encountered in the trunkline systemo Wi th s ome s i gnals going up l> sane going down, 
and others remaining constant)) g~n control would be impossi ble }) and the problems 
generated are obvious o Thus 2l s t abilization of t he ant enna s i gnals is mandatory before 
the signals are inserted into t he trunk sys t emo · 
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The var i ation i n antenna s i gnal level 
is usually handled by t he method . shCMn in 
FIGURE 1 o The signal i s amplified in a 
s i ngle=channe l RF ampli fiero The output sig~ 
nal i s det ect ed and provi des a DC control 
signal whi ch is indicative of the output 
signa l l evelo Thi s cont rol s i gnal is used 
t o vary the operating point of the interme
diate st ages and ~ by t hi s means ~ the gain 
of the ampl i f ier so as t o maint ain the out
put at a nearl y constant predetermined levelo 

FIGURE 2 is a plot of the output level 
of a typi cal s i ngl e=channel AGC amplifiero 
The ampl ifier being considered has a gain 
of 60 dbo Curve A indicat es that 9 with no 
AGC there is a linear relat ion between inac 
put and output except for high levels where 
the amplifier overloads o Curves B ~ C, and 
D shCM that~ for small signals ~ the output 
follows t he i nput o HCMever SJ once the ~C 
threshold is exceeded 9 t he output remains 
almost constanto Thus s; for proper AGC op
eration 9 a minimum signal level is required 
depending on the setting of an output level 
control a 

Thi s i s ca lled uudelayed AGC" because 
gain control is delayed until the threshold 
s i gnal i s reachedo Curves B5; CSJ and D repre"" 
sent di fferent delays o The maximum alla.vable 
input level is determined by t he overload 
charac eristi cs of t he amplif i ero 

Normally SJ the input and output stages 
are not varied Sl since varying the input 
stage affects noise figure and input match 9 

and varying the output s t age affects the 
overload level of this s t age o Because of 
these noise and overload limit ations )l sane 
ot her rrethod should be used where large sig-
nal level variations exi st o 
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factor is a matter of conjecture, the 
fact and can be predictedo 

Consider the block diagram shown in 
FIGURE 3. The RF input signal is ampli
fied and detected. When the detected sig
nal exceeds a predetermined amplitude a 
delay is activated and an attenuator is 
inserted between the antenna and the head 
end equi prent o When the signal decreases 
sufficiently, the attenuator is removedo 
A cascade of four such switchable attenu
ator sections--eac~ section having 10 db 
attenuation-- effectively reduces a 60 db 
signal swing to 2 0 db. This srraller swing 
can then be handled by the M;;C arrangement 
previously consideredo 

FIGURE 4 is a typical plot of output 
level VSo input level for a four-section 
controllerc. "A" i s a plot of output level 
vs ~ input level with no compensation and, 

and, of course, the changes in output level fol
low the changes in input level c The output level 
vs o input level is shown by "B" for increasing, 
and by "C" for decreasing signalo At any given 
l evel, the i nput can vary over a 20 db range 
with no switd1ing occurringo For example, at 
Point 1, with an input of 18 dbmv, two attenua
tors have been switcl:'led in so that the output is 
18 - 20 or -2 dbmv o As long as the input signal 
level rerrains between +10 and 30 dbmv, no switch
ing tvill occur, and operation will be along the 
joinging Points 2 and 3o 

Once the signal levels at the head end are 
stabilized , the signals are ready to be inserted 
into the transmission systemo Since the signals 
are stabilized, why is AGC necessary in the 
trunkline amplifiers ? To answer this question, 
it i s necess~J to look at tl1e entire trunkline 
systerno While the s i gnals may be stabilized at 
the input to the t runkline, they will still vary 
in the trunkline because of changes in cable at
tenuation with temperature variation and because 
of changes in amplifier gaino While the latter 
change in cable attenuation is a well known 

If the last amplifier at the end of the longest trunk is capable of handling the 
largest signal swing expected then AGC is not require do FIGURE 5 (next page) shCMs 
the correction factor which must be applied to the 68° value of cable attenuation to 
obtain the attenuation at some other temperatureo 

We can see that the extreme temperature to which the cable may be subjected, 
attenuation correction factors are obtained of lq06 at +l20°F and 0.90 at -20°Fo This 
means that for each 100 db of cable attenuation, there results an increase of 6 db at 
l20°F and a decrease of 10 db at -20°Fo 

A trunkline consisting of l/2 inch foam dielectric aluminum jacketed cable may 
typically have an attenuation of lo3 db per 100 feet at Channel 13 at 68°F. In a 
five mile line; this would amount to 340 db attenuation. However , at 120°F this would 
increase by 20 ol+ db, and at -20°F it would decrease by 34 dbo No presently existing 
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amplifier can take this sig
nal swinge Therefore, AGC 
would be a necessity in thiS 
system a 

Other problems, of course, 
al so arise because of this 
characteristic of cableo such 
a problem is the difference.W 
the attenuation change at d~f, 
ferent frequen·cies o One way 
of deal i ng with this problem 
is by us ing autanatic tilt 
control derived f rom two pilot 
car riers o Another way of 
dealing with the pr oblem is 
to use t hennal equa l izers o Ad 
third way is to spli t the baD 
so that the accumulated dif-
f erence in cable attenuation 
within each band i s within 
toler able limits o This leads 
t o two different types of 

t ransmission systems , the so-called "Split- Band" t ransmi ss ion system, and the broadband 
transmission system ~ The advantage of a split- band system is the reduction of change 
of tilt effects t o the point where they may be neglected , while the broadband system 
must use some method of automatic tilt controlo 

Regardless of whether a spl it-band or a broadband system is used, there are still 
many methods i n use today by which t he gain of the transmissi on system i s controlledo 
There are also many names by which t hese systems are known o Be it AGC, AOC , ALC , AVC, 
or A--you name it- - C, all of the methods in use have one common objective , and that 
is to vary the gain or l oss (in some cases) of an amplifier or an attenuator in an 
attempt to mai ntain a constant signal levelo Why do we all strive toward t his ·goal? 0 

As we have seen , signal swi ngs of 2 0 o-r 3 
9
, 

GAIN CONTROL 

SIGNAL 

CONTROL 

SIGNAL 

FIGURE 6 

FIGURE 6 • 

TRUNK OUT 

db are to be expected i n a relat ively short sY 
tern as t he t emperature varies over t he day and 
through t he year, if no AGC is used . 1he use 
of AGC reduces mai ntenance problems by elimi
nating the need for periodic r eset t ing of 
l evels o Too, compensation f or cable and equ ... 
iprrent aging is provided to some ext ento r..et 
us look at some of the different methods t hat 
are used t o achieve these goals o 

Whether the transmission system ·is broadb 
band or spli t -band, operation of the AGC ci-r ... 
cuits in either of t hese systems may be con
trolled by either TV signals or by pilot ca-r ... 
rier signals o Also , either a single signal 
or a multiplicity of signals may be used for' 
AGC purposes o Thus , many possible types of 
AGC systems exist o However, ·all of these 
methods are very similar in actual oper ationo 
FlGURE 6 is a block diagram whi ch illustrateS 
two methods which might be used with either 

·TV s ignal or pilot carrier AGC systems o 
In the first case, the amplifier i s 

operated below its maximum gain capability 
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so as to be able t o compensate for anti cipated changes i n input signal in either di
rection o Usually, only the gain of the interrnediate stages are varied so as to main
tain good noise figure and overload characteristics while t he input and output stages 
are at a fixed optimum operating point o The detector is tuned either to a single fre
quency or is broadband , depending on the type of AGC sys tem used c 

In the second system, the entire amplifier is rnai ntained at its optimum operating 
poi nt as far as noise figure and overload characteris t i cs are concerned ~ The attenu
ator ahead of the amplifier is varied t o change the overall gain at the amplifier sta
tion o The nominal operating point of the attenuator must provi de an insertion loss 
of at least the magnitude of the anticipated d~mwaro change in input signal level o 
The loss of the attenuator is then varied up or down t o correct for changes in input 
level a This arr angement, while allowing optimum operation of each stage of the am
plifier, effecti vely increases t he noise figure of the amplifier by the amount of the 
attenuator 9s nominal i nser tion loss o The best sol ution may be a combi nation of the 
two methods o That i s , pl ace the at tenuator at an int errrediate point in t he amplifier a 

This would allow opt imum operat ion of the active elements in the amplif ier and, at 
the same time~ provide a good noise fi gure a 

As stated previously~ the AGC may be der ived from either TV signals or from 
pilot carrier signalso A single TV signal cannot be used alone to acti vate t he 

. AGC because i f that channel went off f or any reason, all amplifiers woul d run wide 
openo 

Excessi ve gain would be accumulated, and over load would soon occur on t he re
maining channels o Therefore~ i f this met hod is used , a standby oscillat or is re
quired which is switched into the sys tem if the pr~nary source goes offo 

Another method is to sense the composi t e s ignal s i n the passband of t he amplif ier 
and adjust t he gain to t he composite leve l a Wi th t his method, i f a station goes off, 
the AGC is still operativeo No standby oscillator i s requi red since the AGC ci rcuit 
operates from t he remaining carriers o 

Still another mtthod utilizes only pilot carriers to drive the AGC ci rcuits o 
This system is i ndependent of the TV signal levels and has the advantage of providing 
a fixed standard signal to which the ent ire system may be referenced . 

To summarize, the main advantages of AGC are ~ 
(1 ) Stabilization of individual channel signals permits adjacent channel 
operati on and maximum utilization of t he transmission systemo 
(2) Proper signal levels may be mai ntained i n the t runk, thereby avoiding 
problems of noise and cross modulation o 
(3) Maintenance problems are reduced by eliminating the necessity t o reset 
levels with changes in temperature o 

Thank you a (Applause ) 

MRo TAYLOR~ I think we can take tim= for one or two questions o Anybody have a 
question t hey want to ask Mro Kuzminsky? One in t he back of the room. 

UNIDENTIFIED SPEAKER: This might be going back to this envelope delay problem, 
but I notice on the color set there was another image to the r i ght and I've had this 
problem an black and white a I don t t know what it is . Is it mi ss match? 

MR o KUZMINSKY: Well, sounds like ito 

UNIDENTI FIED SPEAKER~ Hiss match? 

MR e KUZMI NSKY : Yes o 

MR o TAYLOR :" Thank you o Thank you very much, Hr. Kuzminsky o (Applause ) 
Our next speaker i s Mr, Rober t Cowart, Vice President in Char ge of Construction 

for Viking Company a .And, he ' s going to t alk on "System Reliability" . I believe the 
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turn to new techniques so well adapted to his operations and that the 
G- Line should become for long distance what coaxial cable is for short 
distance wiring: a permanent instrument in CATV installations? This 
tool, in spite o f its unorthodox suspension methods, is much closer to 
the wiring techniques of CATV than microwave towers. 

The new technique could give Community and Pay Television relative 
independence not only from the FCC, but also from the old communication 
carriers in possession of established rights o 

It has become a transmission medium in its own right, usually super
ior and · frequently irreplaceabl~b It has also become more sophisticated. 

The development of the G-Line parallels the development of modern 
solid-state technique o This also started around 1950 with the intro
duction of germanium diodes used at the outset only as detectors, but 
gradually penetrating the entire amplifier technique in the form of 
mult i-electrode transistors o 

What was once a single wire G-Line has now become a multi-conduc
tor cable~ adding to the surface wave, the conduction of high tension 
current s ~ the grounding for safety, and the capability of coupling in 
transit e 

It can combine the ·functions of several components into a single 
unit having all these functions c 

This is progress o 

MR o TAYLOR ~ Thank you very much, Dr o Hafner, for a very interest
ing talk on a very interesting subject, which I have had some ·oppor
tunity to fool with myself, as you saids I think that ·we had best 
move alongo We started a half hour late because of the very remark
able performance we had at noontime and we have two very interesting 
and important papers .to hear this afternoono 

Mro Rudy Riley, President of Systems Engine ering, Inc. is sponsored 
in this paper by· Phelps - Dodge Electronics Products Company ·and he is 
speaking on "Just T~elve Inches Away"o Mrc Rileyo 

MRo RUDY RILEY (President~ Systems Engineering Inco): A casual 
glance at a well-constructed CATV plant reveals the striking similarity 
to its neighbor, just 12 inches away o ~ince the beginning of our in
dustry, telephone research, techniques and equipment have contributed · 
immeasurably to the success of CATVo 

Historically, the basic problems experienced by the telephone com
panies have proved to be common to all cabled communication networks. 

This paper will discuss the two factors that effect the ectinomics 
of a cable system most~ Cable and its maintainenceo 

Cable 
The advent of color television and all band transmission has 

created a demand _ for CATV cable with minimum frequency and· delay dis
tortion o* An air- insulated rigid coaxial cable meets these require
ments o In this cable the center conductor is supported with a minimum 
numh~r nf care~flJv spaced, low-loss insulators. However, this type of 
construction i~ not practical for use in strand supported CATV · systemso 
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Therefore, a semi-rigid cable using polyethylene~ to uniformly sup
port the · center conductor, is generally useda 

[* Subcommittee on Wire Communication of American Standards Assoc= 
iation Sectional Committee on Electrical Definitions o 
Frequency· Distortion - Frequency distortion is that form of 
distortion in which the change is in the relative magni t udes 
o f the different frequency components of a wave ~ provided Lhat 
the change is not caused by non ~ linear distortion o 
Delay · Distortion - Delay distortion is that form of distortion 
which occurs when the phase angle of -he transfer impedance 
with respect to two chosed pairs of terminals is no~ l inear 
with frequency within a desired range~ ~hus making the t ime 
o f transmission or delay vary with frequency in that range o ] 

In order to reduce RF losses ~ the dielectric constant of the 
l ine is reduced by foaming the polyettylene or using a spiral ribbon 
of the material to support the cent er conduc t or o To satisfy the 
a b ove mentioned criteria, extremely c l ose manufac t uring tolerances 
mus t be observed c Any anomalies in the supporting dielectric or the 
conce ntric cross section will cause wave reflections o .. These reflec
t i ons gi~e rise to delay distortion in Lhe form of echoes~ and~ 
therefore, cause picture degradation o 

Recent state -of -the ~art breakthroughs in cable design promise 
to reduce the wave distortion products t o an acceptable level c 

One of these cables uses a thin helical membrane as the center 
supp o rto Tests on several 1000 foot sections ~ using time domain 
ref l e ctometry techniques, reveals that the departure from the normal 
charac t e ristic impedance ·within the sect ion does no t exceed l%o The 
atte n uatio n is 6 o6 dbmv per thousand feet at 216 megacycles and 70 
degree s F o 

By usin g t h e ab ove described techniques, it is possible to de t e r
mine the e ffect of bending radius and splices o Evaluation of thes e 
tests e stablishes the fact that the radius should be not less than 15 
times the c able diameter and that splice VSWR should not exceed la04o 

Future development of high quality cab l es will undoubtedly foll ow 
thi s tre n d toward the air dielectric configuration a Therefore, the 
t hin supporting membranes will require new techniques for preventing 
excursions, with temperature~ of the center conductor at cable junc
tions o 

A new splice has been developed that requires no restrictive 
bends in the cable and exhibits a VSWR of l a02 Q This splice is so 
de signed that it might also serve as a bulkhead fitting for · a herm
etically sealed tap device a 

In light of these recent developments , it is highly probable 
that future CATV systems will be pressuri zed o 

Pressurization of · Cable 
Man y of the older CATV systems used pressurized cable a This 

c able exhibited excellent electrical characteristics a However, its 
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use was gradually discontinued because of several f actors. The major 
factor was de velopment of f oam dielectri c , alumi num sheathed, 75 ohm 
cable at a lower price~ Ot her factors were: 

A o- St anda rd-· c onfigura ti on had characteristi c impedance of 70 ohms • 
Be No sat isfactory connectors were a vai lable o 
Co I mproper i n stalla tion and maint enance o 
Do An almost total mis conception on t he p a rt of the installer and 

us e r c once r n i ng proper pressurization p rocedure . 
E o Lack o f industry s t andards o 
As s tated earlier in t his paper, the need f or cable witn a return 

loss in e xcess of · 36 db will probably dictate t h e r e turn to this or a 
similar t yp e o In addition, there are sever a l compe l l i n 6 reason9 why 
existing cables should b e pre s suri z ed o 

Why Pressurize·Cable 
Any pinhole or hairline crack that o c c urs i n the sheath of · a cable, 

regardle s s of its construction , becomes a potential source of trouble. 
The sheath · openings may be c a tegorized as fol low s: 

Manufacturing·Faults- Th ese ·faults , whi le compar atively ·rare, do 
exist o 

External -Caused by workmen, machines, ice, f ire , rodents, etco 
Electrical - Due to lightning, corrosion , ele ct r olysis, contact 

with wires~ etc o 

Moisture - Entry 
Moisture entering the cable by any means, e i t her in the form of 

wat er o r water vapor~ will h a ve a deleteriou s effect on system ~ perform
ance o 

Water in cables can cause s erious trouble o I f wa ter remains in the 
cable f o r long periods, electro l yt i c action o r ch e mic a l corrosion may 
set in and eventually eat away t he outer shield o r affect the · return loss 
of the cable o Water accumulating in the cable c a n f r e e ze; as it turns 
i n t o i c e and expands ~ it can puncture the sh i eld o 

Mo i s ture vapor can ent-er th e cable by "cable b r eat h ing "; this is 
caus ed b y - temperature changes i n n on - pressurized c a b l es o Air within 
such cab les expands with rising temperatures, t h erefo r e building up a 
pressure o In the presence of any sheath open i n g, th is pressure forces · 
air outo Conversely, with falli n g temperatures, air in the cable con
tracts and draws additional air int o the cableo Once i nside the cable, 
the vapor t e nds to migrate freely and will travel con s iderable distanceS • 
This vapor will frequently precip i tate out as free wa t er under conditions 
of temperat ure change o Conne c t o r s are parti cularly s usceptible · to · this 
water because there is usually some air space within the device~ 

Poly- she a thed, corrugated copper cable is s u s c e p t ible to moisture 
entry because . of·its "tender" sheath and its l ow pneumati c resistance. 

Positive Pre ssure 

By maint a i n ing a positive pre s s ure within the c ab l e, it i s possible 
to prevent t he n try of moistureo The cable will r emai n dry i f the inte~' 
nal pressure e xceeds the outside pressure; o r 1n the case · of buried cable, 
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if the cable pressure exceeds the hydr os t a t ic head of wat er exerted 
externally on the cable sheath e 

Standard telephone procedure is t o supply a i r to c able · networks 
at pressures ranging from 5 to _10 psi o The usual prac tice is to 
feed dry air at a pressure of 10 psi int o underground and buried 
cables and maintain them at 5 to 7 psi minimum· pressures o These min
imum figures ~re required to provi de such cables with protection 
a gainst the possible presence of hydrostatic heads of water in man
h o les, etco Water exerts slightly less than 1/2 · psi pressure for each 
f oot of deptho A manhole 8 feet deep fi l led with water would develop 
4 psi pressure on cables located near the bott omo Therefore, a mini
mum cable pressure of 4 psi would protect - against moisture entry 
t h rough a sheath break, but increasing t he minimum pressure to 5/7 
p s i increases the interval after ocaurence "· of a leak before the pres
sure in the cable falls to a dangerously ~ow level o 

The normal procedure on aerial cables is to pressurize them at 
7 psi unless they are very old and the sheath t oo weak to withstand 
t h is pressureo As noted previously ·, ·such ·cable is subject to rapid 
temperature changes, sometimes 50 to 60 degrees o Such variations can 
p r o duce pressures within the cables varying from l o5 to 2 psi from 
atmospheric du? to cable breathing o Experience has shown that a mini
mum end point pressure of 2 psi will supply the required protection 
f o r the entire network and prevent cable breathing of aerial cables o 

Pressurizing .Techniques _ and Mai_nte_nance 
Telephone cable is pressurized by admitting dry~ir from an air

dry i n g machine into the cable at the central office o Contactors are 
i ns t a lled at strategic points along the cable to provide alarm points 
f o r detecting leaks in the cable by the drop in the pressure which 
causes operation of the particular contactor in the vicinity of a 
1 e ak o _.. - ---- • ·• · • -

The c ontactor operates to connect a resistor across a working 
cable pairo This resistor has no ·effect ·on - dialing and transmission 
and t h e customer can use the circuit through the pair o The cable 
pairs associated with the connectors at different locations are per
iodi cally tested by the testboard personnel t o detect operated conn
ectors o. An operated connector is indicated · by a high resistance 
readin g on the testboard meter o 

It is possible to provide this ·alarm -- feature on CATV systems by 
d i plexing a tone interrogator into coaxial cableo Operated contactors 
wou l d be indicated by reed - type transponders o These transponders may 
also indicate amplifier levels o This method of ~etection is being 
u sed in a CATV system presently being constructed for Georgia TV 
Cab le Coo in . Athens, Georgiao There are several commercially avail 
a b le devices that can perform this operation o· It is also possible to 
l a s h cable pairs with the coaxial syster.:l o 'elephone companies will 
provide a similar service for approxlmately $3 -oOO per loop per montho 

Alarm devices are supplemented by · me-tering panels that measure 
air flow rates, delivered air humidity and pressure o .The -combina
t ion of these detection methods insures the continuity of plant 
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operation a 

When a leak is indicated, repairmen are dispatched t0 the approxi
mate location o The actual break is located by a .devi·ce-· which sprays a 
soap solution onto the cable o As the spray · passes over·· the hole, the 
escaping air causes a foaming action that is -visible from the ground. 

Another type of leak detector that was recently · developed makes use 
of an ultrasonic translator which picks up the sound ·· of · the air escaping 
from the holes in the sheath e These sounds are - very high in frequency, 
in the 35,000 to 45,000 cycle range which are converted into audible 
sounds by the translat or and heard in a headset receivere A barium
titanate detector probe is used on a carriage arrangement to pick up the 
ultrasonic frequencies o 

Removing Water from t he Cable 
When water has gained access through a sheath -opening and causes 

trouble, there i s no a lternative but to remove it ~· 

To remove wat er b y evaporation merely by pumping dry nitrogen or 
dry air through the cable - is impracticable because ·the cable section maY 
contain a large quanti ty of water plus the fact that a large (224 cubic 
foo~ c ylinder of n itrogen or equivalent volume of dry ·air will only 
evaporate four or fi ve t a blespoons of water at 60 degrees Fo 

A method fo r r e mov i ng wat er from cable has been · developed utiliz
ing acetone , a li qui d which mixes completely with · water in any propor
tion o A cable sect ion containing water is ~lushed · with acetone until 
the discharge l iqui d i ndicat es . a low water contento Then as much of 
the acetone a s poss i b le is forced out in liquid form and the remaining 
acetone is evaporat ed wit h nitrogen o Acetone has a low boiling ~oint 
of 133 degrees F and ~ t herefore , evaporates much more readily than water• 

There are cert a i n precautions, however·;- ·associated with the use of 
acetone o Since it i s a volatile and combustible liquid comparab~e to 
gasoline, flames :o r sparks must be avoidedo · Prior to injecting acetone 
into the cable , n i trogen should be pumped ·into ·· the section to purge the 
cable of oxygen ~ thereby minimizing the -possibility of creating a com
bustible mixture o f a i r and acetone o 

Moreover , s ince a c e tone is a mild cracking agent to polyethylene, 
and since it wil l a ttack polyvinyl chloride, it ·is · imperative that all 
acetone be removed from the cable section a·fte·r the ·water is flushed 
out o 

MR o TAYLOR ~ Thank you very much, ·Rudyo Our next speaker is talk
ing on a very import ant problemo Mro Eo Mark Wo1f, Assistant to the 
Vice -President of Engineering with the · Rome ·Cable Division of ALCOA. 
Mro Wolfe 

MRo Eo MARK WOLF (Ass i stant to the Vice-President of Engineering, 
Rome Calbe Divis~on of ALCOA) : Well, I think someone; and ·probably our 
good friend Mr o Taylor , deserves a high compliment ·for the efficiency 
of this · setup o ·· I have talked t o a lot of people about underground cable, 
but this is the first t i me I've gone underground to do it e · (Laughter) 
Maybe it ' s a god idea o But I guess we're ·here ·because we all have in 
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91 TECHNICIANSU DAY" 
THURSDAY MORNING = JULY 22 ~ 1965 

MRo ARCHER TAYLORg We will open our Technician ° s Day Session a 

For several years NCTA has had a committee studying various aspects 
of Industry technical standards o This has proven to be a very dif= 
ficult and very important jobo It 9 s~ therefore 9 quite gratifying 
to rre that this demonstration which you are about to see this mom= 
ing could be produced under the sponsorship of the Standards Commit= 
tee of NCTAo We have in our industry both in the manufactureru s 
design laboratories in the operation of systems a remarkable degree 
of technical confidence o A very l arge number of these engineers and 
technicians have participated in putting together this project to 
to demonstrate to you this m.orningo 

I would like to present to you to tell you about the demonstration Mro Ho Jo 
Schlaflyo Mro Schlafly is Senior Vice President of the Teleprompter Corporation~ one 
of the multiple owners of CA.TV systems o He is fonrerly President of the Telepro In= 
dustries ~ Incorporated~ served for six years as Director of Television Research for 
30th Century Fox~ was in the advance development laboratory of General Electric Com
pany o He holds a BSEE at the University of Notre Dame and has done graduate work at 
Syracuse Universityo He is a Fellow of the Society of Motion Picture and Television 
Engineers and is a Senior Member of the Institute of Electronic and Electrical Engi= 
neerso Mro Schlaflyo (Applause) 

MRo HUBERT SCHLA.FLY ~ Thank you ~ Archero The s ubject o this session is Meas= 
urement of Noise and Cross Modulationo I am representing the NCTA Ad Hoc Corrmittee 
on Technical Standards and am appearing here in no other capacity o 

Now~ noise and cross modulation are at least two of the items i n the life of a 
CATV operator that he could just as well do without o Most of us are familiar with 
noise o This is snow 9 dancing dots Sl picture grain or whatever you wish to call ito 
It spreads over the entire picture area ~ provides distraction to the viewer)) then 
loss of picture detail and finally i t curtains off the entire viewa 

Noise is random9 it has no pattern~ shape 9 fonn or periodo I i s unwanted sig
nal, containing no intelligence which competes with the picture o We know a good deal 
about random noise (some call it thermal noise o We can see it~ we understand it Sl 

We know how to measure ito I think that due to the shortness of time Sl with your per=
mission~ I will jt.nnp over any further remarks on random noise)) and go into ar qually 
serious area of concern to us - unwanted s i gnals o 

This kind of picture interference Sl I call the 99not=noise'0 Sl or the wvno =interfer
ence a" It is not random~ it is not easily understood Sl it i s not easy to measure and 
after it is measured9 the measure:ffient is not easily interpretedo This is cross modu-
lationo -

Cross modulation is an unwanted byproduct of any amplifier that is less than per~ 
feet as a linear amplifying device o If the output signal at any operating level is 
not a constant multiplying factor of the input signal or is not a constant umber of 
dbs added to the input level (for those of you who like to think in dbs ?> then Sl like 
the "Music Man" with 101 Trombones~ vvbrother)) you Vve got trouble i n Central City" 0 

Now~ in order not to confuse us oldtimes who understand tubes but aren 1 t so sure 
'We understand transistors~ let us refer to an amplifier as having a transfer charact= 
el:'istico If this transfer characteri sti c is linear Sl everything is greato If it is 
nonlinear · over the range that the designer choses to operate ~ you u ve go a whole bee
hive of possible signals that you never knew existedo If the ransfer characteristic 
changes its slope over the used range 9 you have second order effects o You have second 
harmonics and second order beats o Thanks to luck and to the foresight of the original 
system engineers and to the understanding of the engi neering staff. of the Federal Co~ 
munications Commission~ VHF channels were selected so that second order effects do not 
bother uso They exist~ but they don°t fall into the frequency bands in which we worko 
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But~ the rate at which t he trans fer characteristic changes slope produces thir~ 
order effects and these do bother us o Now ~ amplifier gain and level enters into th~5 
picture ~ because although an equipment designer can find some portions of a transfer 
charact eri s tic that is linear ~ the greater a portion of the transfer characteristic 
must be used the great er i s the chance for nonlinearity o So the harder you drive an 
amplifi er , t he less l i near it i s likely t o be and the greater will be these unwanted 
internally generated s i gnal s which we call cross modulation and inter.modulatiano 

Low l evel amplifiers generally have good linearity and have very low levels of 
these unwanted modulation effect s o High output level amplifiers, letvs say in the 
range of 40 to 50 DB~ can have i ncreasingly disturbing levels of this modulationo 
And ~ it increases rapi dl y with output level o A fairly accurate rule of thumb for a 
typical amplifier i s that every 1 db of increase in output level produces about 2 db 
increase in the relative cross mOdul ation i nterferenceo 

Third order nonlinearity generates beats (beat frequencies or spurious signals) 
that do fall i n portions of t he spectrum t hat we useo These generated frequencies 
are referred t o as·; 

Int ermodulations = 2 f +f 
a- b 

Thi rd Harmonies = 3fa 

and Tripl e Beats 

My analysis (which I do J t guarant ee to be wi thout error) shows that only two video 
carriers~ charme s 3 and 4 ;> have Thiro Harmonies whi ch fall in an upper band channelo 

Inter.modulation products of the video oarriers are confined ~o a reas0nahle n~ 
ber of frequencies in the TV channel s (over' hal f of which are avoided if adjacent 
channels are not usedv a Triple beats 1l which can occur almost anywhere~ have not been 
anal yzed by me on a statistical base o 

Since the peak of sync has t he greatest ampl itude in 'N signal, this unwanted 
vertical bar is noticed firsto Of course 2l itus not that the video modulation of the 
unwanted channel isn v t there~ ~ t .. s just that it 11 s at a l ower level and you don 't see 
ito If the synchornizing frequencies of the two t e l evision signals on different chaD ... 
nels are s t able and cons ant~ this vertical bar s t ands sti ll i n the pictureo ·'This rrilY' 
i n sorre cases 1l be less annoying than i f they were not synchronous ~ i n which case theY 
do not stand still and you get the famil i ar wi ndshi eld wiper effecto Cross modulation 
is hard t o measure and since this annoyance is largely subjective~ just as beauty is 
in t he eye of the beholder~ i is hard t o evaluat e o It is most easily seen on the 
blank screen o From here on we 'I re goi ng to wor k with an actual demonstration showing 
both broadcast picture and a closed circui t camera pi ck up of the oscilloscope displaY 
on this 8=foot wi de screen by means of this TV projectoro 

There i s a setup of equiprrent i n the back room9 int entionally in the back room~ 
because we want t o mak no reference in .this sessi on to any particular philosophy or 
any particul ar rranufacturerv s rrethcxls or equipmentso We have twelve picture . input 
channels and we have a CW generator whi ch can repl ace any one of the 12 pictureso 
All t hese s i gnal s are combined and fed to an input attenuatoro 

The output of that attenuator goes into the amplifier thAT vs under testo The 
out put of the amplifier goes t o an output attenuator which cuts down the combined 
signal to a s ui t able level tc put int o a televis i on receivero In this case, the tele ... 
visi on receiver will be a 'N proJector and we u 11 put in on the large screeno As the 
input attenuati on i s decreased meaning a higher dri ve signal , the amplifier will 
operate over a l arger portion of i ts transfer characteristic and will show an incre~se 
in cross modulati on eff ec o ~We adjust this output attenuator so that t he level to 
the receiver is const anto . 

We a lso have a se tup in the back room so that we can mea.Sure output level, not 
only t he level of the CW carri er but aiso the AC modulation of that carrier, which in 
this case can only be cross modul ation and we can view this on an oscilloscope . 
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This is a large screen view of the oscilloscope sh~ing cross mcxiulation as it 
is being rreasured right nav in our back room set-upo Can someone tell me how many 
channels are on this picture? One? One channelo One interferring charmelo Yeso 
This is one channel which is interferring with the CW carrier o The spike is the peak 
of the sync pulse 0 The signal i n between t hose two spikes t hat you see is incidental 
video ~ but the item that 3s going to cause he troubl e is that spikeo Now, let's add 
an additional channelo A second channel of TV pi cture will be added to the amplifier 
ax the i nputo Since the sync generators on the stations that we are using are non
synchronous~ you will note that the additional interfering channel will drift through o 
If the picture that you add is synchronous Sl that spike will increase in size rather 
than give the drift thru effec o Now I will turn t his projector over to the TV pic
tureo Thatu s cross modulation right there a 

Although ny raster isn ° synoed since we 0 re running on CW signal rather than on 
a nonral television pl-cture ll you can see those vertical bars o Let me turn over to 
another channel and get trus t:b.ing tuned up a little bit o Remove one of the inter
fering channelso All righi"o Now 9 its s t abili zed somewhato 

Of course you are see ng cross modulation on a blank screen where it is much 
easier to see o If we pu m~s onto a channel which had picture content you might not 
see it o his extent o But what you do see here is the interference that causes the 
trouble a 

Now change the level of the amplifiera Reduce the output level of the amplifier, 
remove sorre of the output attenuation to bring the l eve l back and see if we can ob
serve t he reduction in -r e cross modulation o This is 3 db less than you saw before 
and you can see t"llat the interference signal (Ivve lost sync again ~ lost stability, 
thereo That~s botterL is subs .antially less than you saw before and it would be 
less subjectively annqy~g on the p~ctureo 

Do you want o see a +h1rd interfering channel added? Put all of them on now 
and increase the output level so that we have an eas ier tirre seeing ito By increas
ing the output level of the amplifier we drive the amplifier hardero We use a great
er portion of the ransfer charac erist"c and we 9 re getting into the change of gain 
and to the rate of change o gain which generates second and t hird harmonic effects o 
You u re get ing sane bea h=~re also a 

We are in entional y ov_ror"ving this amplifier by a subs t antial amount just to 
accentuate the effect at you see hereo NON I 0 ll tum over to a picture channel o 
You can see the cross mod in rn picture i selfo Fairly stable here rather than the 
windshield w1per hat many s~e as more objectionableo Itu s an amazing thing that the 
modulation of one p1cture can s~t r:ght on the other picture and modul ate that carrier 
just as tho gh it was &"1 or:..ginal part of 1ts own signalo 

New~ this isn v new a This lSn v t a new thing that the cable television people 
dreamed upa In fact~ I ha" a textbook that I used ~n college (and that 9 s a long tirre 
ago) on he table there 9 

110Radi0 Engineeringuu by Ternano This book has 5 or 6 pages 
that give an excellent ana ys s of ~ problem of cross modulation o 

Now 9 red ce the outpu. ~P'el of the amplifier 9 gentlerren 9 by first 3 db and then 
£' db and et s wa1:ch th1s redu tiona Let 1's go 3 more Q And 9 3 morea 

I wan to renu.nd you li again v 1-llat we have been intentionally overdri ving this 
amplifier by terr1fic. amount .. order to accentuate the problem here o Bring it da..m 
to an acceptable le-velo let rre emphasize that word acceptableo Since it is a sub
jective problemS) he value can differo I must admit that we have not as yet agreed 
on exactl y the proper means of test- or on a figure of db cress mcxiulation must be 
down to be acceptable to the industry o That is the problem on which the NCTA Stand
ards Committee 1S workingo 

Now Sl. we have reduced he level of the output of the amplifier o We have removed 
a compensating amount of attenuat1on fran the output line to the receiver and we have 
reduced the cross modulation by a substantial amounto 

Let v s go back o a CW pic ure showing cross mcxi and the drift through of sync 
signals o Those signals look ynchronous to rre there o Maybe they 0·re flipping through 
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so f ast that I don °t see theme Yes~ now they do addo When they do come together, 
when they do becorre synchronous~ those spikes add in hei ght and of course you get a 
much worse condition temporarily o I haven u t satisfied myself whether the larger sig
nal is worse than the low frequency flip througho 

In order to take a photograph of an additive cros s modulation condition you may 
have to wait ten minutes to see it on the scope and when you di d see it ~ it might last 
only a fraction of a secondo 

I just want to say that this dem-:>nstration .has been a di ffi cult one to put on o 
It has taken much equipment and has taken much time and thoughto This was freely do
nated by several of the manufacturers who have not asked for ~ expect ~ nor will they 
get a plug~ on this NCTA sponsored demonstration o I wish to compl irrent them and the 

· industry o I have sat in many cornmi ttees and I have fought f or and seen fights for rriJT'!'i 
standardso I have never been in an industry where I have seen as such a wonderful ell~ 
mate of cooperation or spirit of fighting for our common cause agains t the common 
enemy as I have in the NCTAo With the recognition that we rust make our mark in a 
highly professional field that includes broadcasters~ networks ~ t e l ephone canpanies 
and others 9 this spirit of cooperation is vi talc I do not see hoo our industry can 
help but flourish to new growth and successo Thank youo (Applause) 

MRo TAYLORg I would like to point out that we have in this r oom manufacturers 5l 

engineers and system engineers who have done a lot of work in this fie l d o And 9 in ad"" l 
di tion to questions~ if one of yo has a contribution you u d · like to make t o this gene~a 
area of discussion$) we u d be deligh ed to spend a little tine listening to it o There J.5 

a microphone there or right hereo Yes$) sire Will you identify yourself? 

MR o DICK PECK 9 WREX TV 9 Rockfoxti 9 Illinoisg The demonstrati on that you shCMed -
presumedly the nor.mal amplification of the amplifier itself was somewhere i n the neigh"" 
borhood of 30 to 40 db? 

MRo SCHI.AFLYg I would say that itus probably in that areao 

MRo PECKg How far about that did yoo drive it? 

MRo SCHLAFLY g Well 9 in this particular case 9 let 0 s consider the r at ed output of 
the amplifier as 0 db and let me get an answer for vou fran the backroom here as to hdtle 
far they wento I think a considerable amounto The answer is twelve t o fif t een db ab0~ 
normal rated outputo And 9 you recall a rule of thumb was that every increase of db an 
output level brings about 2 db increase in cross modulationo You knCM that we were 
running pretty high here o 

. MRo TOM MORRISSEY 9 Denverg I was just wondering if t his was an all band or a 
split band amplifier and you might want o make a corrment as to the effect that might 
have on ito 

MR o SCHLAFLYg This is an all band amplifiero The nurrber of channel s that you 
use gives you that rrany more opportunities for cross modulationo I f you have separa
tion of the bands 9 you can substantially reduce sone of the beat frequency or spurious 
s ignal armoyances o 

In cross modulation 9 I vm under the impression 9 Tom ~ that itu s j ust a matter of 
how many channels you gre using 9 no necessarily whether they are hi gh band or lCM bando 
Would you like to correct a ? 

MR o MOPRISSEYg Well~ if w~ have a true split band amplifier 9 of course 9 we have 
two separate channels 1l the s~gnals are going . through~ and this i s . all I was suggestinS 9 

is that there are sorre of those in usee 
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MR e SCHIAFLY g Yes o 

MRe MORRISSEY g Where the signals simpl y don ° t mixe There is no corranon modula
t i on e 

MR e SCHIAFLY g Correct o 

MR e EARL QUAI11 2> Long Island Cable Divis i on g I noti ce that the interference with 
the vertical bare Why was it colored white rather t han black? Wasn ' t this a vertical 
sync bar? And $) wasn 9 t it in the bl ack area? 

MR e SCHIAFLY g Thi s was a vertical sync bare You notice that what video infor
mation you saw was negative o I hink that in t he mathematics analysis you come across 
that inversion of t he cross moo o I s t hat correct $) Ken? There is an inversion of sign 
in this modul ati on as against the nonral modulati on on t he channel that it i s influ
encingo 

MR o JACK T.HREAD3I LD $) Brady ?) Texas g You made measurerrent s here with both the 
scope method and t he W receiver rret hod and from t he pictures you showed us , it look
ed l ike you coul d pick out your cross modul ation bet ter us i ng rast er on a 'N seta 
Did you find this in all your experiements? In other words ~ whi ch way can you detect 

1 it? 

MR o SCHI.AFLYg The most critical met hod is the white screen method , but you 
don ° t get numbers out of the white screen rrethod e And I didn ~ t netni on it , but the 
scope there was calibrat ed in percent of modul ation$) cross modulation interference , 
which could be readily read off if we had chosen to do thato 

MR o T.HREAD3I LD g You can get a va l ue $) but the ot her one will tell you -- i t 
will show up t he problem quicker o 

MRo SCHIAFLY g This i s not an easy thing to measure and I think a good deal of 
thought is going t o have t o be given before we come up wi th an easy way of doing it 
or with a practical way of ding it in the field e Of course ~ the end result i s the 
picture i tself o Pnd $) this vari es greater from viewer t o vi ewere I t 0 s l ike j udging 
hi=fi o If itus your systeml> you think it vs pret ty goode (Laught er) 

MR o TAYLOR a I v 11 t ake a e more ques i ono Then I t hink ~ 0 11 get on with the 
program because we have a number of papers t hat are talking an t he general subject 
of the problems in amplifi ers o I see a hand back there? 

MR o FORESCA. $) Cosbed Cabl e Division g To answer the gentlenen us quest ion about 
the color of the sync baro At one i me I did sorre experiment s on ito If you do change 
t~e cathode bi as of t he te~ebed tha~u s involved . in the inte~odulation process , you 
Wl.ll find that as you go w~ th the b~as on one sJ..de . of the l mear portion you wi ll get 
one polarity sync pulse e As you go on the other sJ..de $) you get a different polarity 
sync pulseo 

MRo SCHIAFLYg Yes SJ I t hink that i s correcto 

MR o FORESCA.g My question is t hato To what extent the number of channel s would 
affect the intermodulation l eve l? 

MR e· SCHlAFLYg Thi s i s parti ally subjective ~ because i t depends on where it lands o 
But if it synchronous it i s an additive e I believe t hat i t is an additive situatione 
Do any of you gent lerren care to comnent on that? 
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MRo TAYLOR g This gentleman here has a questiono Letgs take one more o 

UNIDENTIFIED SPEAKER g Mine is not a questiono I just thought that JIB.ybe he rnigllt 
inform us as to how he set the CW signal on channel and then superimposed the other dl 
the test? 

MR. o SCHIAFLY g As to heM that was done ? 

UNIDENTIFIED SPEAKER ~ Just t o tell us hoW you set this up? 

MRo SCHLAFLYg There were 12 input channels and t here was a CW generatoro 'The 
input channel levels were set through those modulators and t he CW l evel was set at 
the sarre level as the carriers that we had from off-the""'air s ignalo 

UNIDENTIFIED SPEAKER g Bu ~- when you set the CW signal in this test you showed' 
do you kill t he other inf orrration on that channel? 

MR o SCHI.AFLY g Yes $) siro There was only the pure CW signal on t hat channel and 
it beat against the various s i gnals of the t e l evision channels t hat were superimposed, 
mixed at the input t o the amplifiero (Appl ause ) 

MR o TAYLORg Again I want to thank Mro Schlafly very~ very much for coordinating 
this study oo. behalf of the Ad Hoc Standards Corrmitteeo And)) again )) I want to express 
the tremendous cooperation that has been given to this project by a number of manufac; 
turerso We 011 delay just a moment or two while the gear is removed t o make possible 
soma other visual aids o 

I might say that many of the papers yoo will hear today are available in printed 
form and will be available on this tabl e against the wallo 

Our next speaker is Dro Jacob Shekel of the Spencer=Kennedy Laboratory o You have 
his sketch here showing his background and I will not take further tirre to introduce 
himo Dro Jacob Shekel o (Applause ) 

DRo JACOB SHEKELg My t alk will concern noise and cross=modul at ion from a few 
points of viewo We all realize that noise and cross-modulation are the factorS that 
ultimately limit the length of the system or the number of amplifiers that can be 
cascadedo But SJ I 0m not sure that everybody here knows exactly how t o estimate heM 
many of the amplifiers can be cascaded and when that limit is reached ; and how to do 
this before the system is built and before you find it out in effect o I want to sep ... 
arate the problem into three parts g First 9 hoo do we specify or measure or estimate 
the noise and cross=modulation of a single amplifier? Then)) knCMing that ~ hoo do we 
estimate the accumulation of noise and cross=modulation along the trunk line and dis ... 
tribution amplifiers'? And ~ the third question~ where do we stop'? How far do we let. 
it accumulate before we say this is as far as we go ~ because we cannot degrade the pJ.C ... 
ture any further? ' · 

I am not going to discuss the third question o I am not going t o give any numeri' 
cal values on what should be the final noi se or the final cross- modulation , because 
that i s really up to the Standards Commit~ee t o set upo I don ut think there is yet 
any complete agreerrent between the manufacturers or betv.een t he sys tem users on the 
ultimate deqradatian that can be allowedo But I will describe what I hope is a very 
simple way of how to figure out from the specification of a s ingle amplifier what 
the noise .and cross=modul ati on of the t ot al system are expected t o be at the furthest 
point a 

A simple way to estimate the noise at the end of the system j and one that I l<n~ 
i s used quite extensively by system operators )) is a s imple measurerrent with a field
s trength- metero You measure the level of a certain channel at the furthest point of 

. t he line a Then you tum off the channel ·at the head-end and see what rreasurement you 
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can read on the field~strength=meter o This measurement is due only to noise accumu
lated all along t he systemo You t ake the ratio of these two measurements--that is~ 
the difference of t he db readings=-and this i s what i s called carrier-to-noise ratio 
in decibels o 

Now 9 since t his is such a simple method to measure t he carrier= to-noise ratio 
of the system 9 we can a l s o define and specify tne amplifier the same wayo Suppcse 
we take a singl e amplifier of the kind that we 11 re usi ng in the trunk line 9 and con
nect the field-strength~meter at its out put, t erminat e the input and read the metero 
Let 11 s take as an example t hat the field=strength~meter reads at a certain Channel -
~28 dbmvo Then suppose that this ampli f i er i s specifi ed to be used at an output level 
of + 3 3 dbmv o By subt racting t he two numbers Sl remembering that one of them is negative, 
the carrier=to-noi se ratio of a s ingle amplif i er appears to be the difference between 
33 and minus 28 , which i s 61 decibels o This , I think , is the simplest way to measure 
and to estimat e the carrier=te=noise ratio of a s i ngl e amplifier 9 a measurement that 
every operat or can do right in his own off ice or in the field o 

Knowing the carrier=to=noise r atio of a single ampli f i er , what can I expect to 
be the carrier=te=noise ra io when I cas cade any number of them~ Or 9 an alternative 
question 9 hav many can I cascade if I want the carri er=to=noise ratio to be at least 
(let 0s say ) 45 db? 

Now , here we have to go a little into a t able of decibels o I want to show a 
very simple rrethod that every one of us can f ollow t o make up his cwn table of deci
bels without reference t o any handbook or any s lide rules o I think it us a very handy 
thing to knowo 

First 9 we have t o realize that the noise i s a r andom wavefonn ll and if you take 
the noise cont r ibutions of the various amplifiers they are not coherent o If you pi"Qa<> 
ject them on a s cope t here will be no s imilarities between the noise waveforms of 
the various amplifierso When such wavef onns are added, the paver of the total wave 
is equal to the sum of the powers of the various contribut ions a That rreans that a 
noise of two ampli fiers will be 3 db hi gher than t he noise ·of a single amplifier ll 
and the no~se in a trunk of 10 amplif i ers will be 10 db higher than that of a single 
amplifiero 

These are 
and '8 10 t irres 99 

the only two numbers tha t we have t o remember ll that 00 twice" is 3 db 
i s 10 db o I am going to write down the colt.mU1 of dbs from 0 to 10 o 

DB NUMUER DB 

0 1 10 

1 1.25 11 

2 1.6 12 

3 2 13 
-

4 2.5 14 

5 3.2 15 

6 4 16 

7 5 17 

8 6.4 18 

Q 8 19 

10 10 20 

Mult iply by 10 

Divide by 10 

Pig. 1 

NUMBER 

10 

12 . 5 

16 

20 

25 

32 

40 

50 

64 

80 

100 

For •a ch 
3 db step 

We knew t hat 0 db is a ratio of 1 ~ and every 
-t::iJre we add 3 db we double the ratioo Twice 
is the same as dbo So db would be 2 Sl 
and 6 db i s 4 9 and 9 db is 8 , and 12 db is 
1 5J 15 db i s 32 and 18 db is 64o No.v Sl we 
go the other way a lOdb is 10 tines o Going 
backwards 9 3 db below that 9 7 db would be 5 
t imes 9 and 3 db belcw that , 4 db 9 would be 
2 o I:\ 9 and db bel av that would be l o 2 5 .;) To 
compl e t e t he t abl e we no.v go sideways ~ mu1= 

i pl ying and dividing by lO o 
Mult i ply J r Divid• So ]) noo we know heM noise of various 

amplifiers wi l l combine 9 or hew the carrier= 
by 2 0=noi se ratio will change along the line o 

In our example I have used the carrier=to
noise r~tio of a single amplifier at 61 dbo 
If I had two amplifiers they will be 3 db 
worse 9 or 58 db ~ and with 10 amplifiers i 
it wil l be 51 dbo 

New S) let 11 s t ake the following question g. 
If I start with a 61 db carrier-to-noise 
ra io of a single amplifieri hew many can 
I cascade before I reach 45 db? The differ-
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ence between 61 and 45 is 16u Going to the t ablell 16 means 40 amplifierso So S) 40 
amplifiers of that type S) oper a ted a t t hat l evel 9 wi l l give a carrier=to-noise ration 
of 45 db o I can °t say whe ther t hat is acceptable or not $) but at least the system 
operator can go to the end of the system and measure t he carrier~te=noise ratio$) 
and i f the reading i s f ar from 45 db ?) then he knows right away that sanething must 
be w.rongo . . 

This is as far as we can es i mat e the carrier=te=noise r a t io of a single ampl~f~~ 
er and of a line wi h cascaded amplifierso And 9 you will have noticed that I am try~g 
here t o specify the noise of the amplif i er not by its noise f igure 9 which is a cert~n 
measurement refel:"red to t he input$) but by its noise output o Fi rst of all it is eas~er 
t o estimate the output C IN r atio $) and also i t v s a figure which is much easier to nea ... 
sure right in t he fie l d o . 

The second limitation on the system per formance is t he mat ter of cross-modulat~on o 
NCM SJ of course 9 I;1m not sure if we all know $) aft er the previous demonst ration $) what 
exactly cross=modulat· on ~So Maybe we know much more than we knew an hour agoo But ~ 
for the purpose of my talk i+ s ffi'"'es t 1.at we can put a number t o it o We say that 
an amplif i er operated a~ a certair level w th a given number of char~els will have a 
certain amount of cross=modu.ationo 

Fi rst of all$) i -r is important t:hat bot-ll 1"J1e l eve l and t he number of carriers be 
specifi ed SJ because he amount- of cross= modulati on changes with t hose two numbers ll as 
it was demonst rated before o Also 9 +.be number whi ch specified the cross...,modulation can 
be given in two ways" -+ can be gJ..ven in negative decibel s (or 99db down")$) or it can 
be gi ven as a percentage modulat"i·:no The treaning of the latt er i s t hat if we start . 1 
with a CW carri er as ou..,.., +;es"t s~gnal., the modulation imposed by the ot her carriers wJ.l 
be a certain percen .age o 

The two specificat~ons are equiva len't t o each ot }-l.,er and there is a very simple 
way of passing f rom one ,.o the other o t 

Let 0s l ook f..:.rs"t at jus the nu.ddle l ine of t he nanogram on page 165 $) the one tha 
is marked 99cross=modula--:~on tr" Here yo· see two scales~ one in decibel s and the ot~et 
in pel::"cent age o For example$) minus i-+0 db co~sponds t o 19.: )l minus 60 to o 10% and nunus 
72 corresponds t o o0259.:o 

Now I would like to suggest that s pecificati ons be given in percentage rather 
than db )) because t hen 't e way that cross=modulation accumu at es along the trunk is 
very simpl y compu ed~ You JUSt mu· 1- ..~..p y his number by th~ number of amplifiers o 

Let 0s t ake as an example tha-t- a tk amplif~er is speci fied t o have o008% cross- modU ... 
l ation when oper a ed at all o~ tp l ~ ·el of + 3 3 dbmv w~ th 12 channels o (How to get . 
this number i n the firs p laCP- wil oo sh.<Mn l a .era I t ·o ·l d be the number given dl.., 
rectl y by the manufacturer~ or ~t may have bee computed from an equiva l ent number 
given by t he manufacturer a) 5 

The cross=modula_1an ~s really a superposition of the modula i on of ot her chanDel 
onto the channel we are wa hinge And as we go a ong the line ~ all the contributions elS 
of all the amplif iers JUSt add p phase on top of each o her 9 because all the chaJ111 
progress along the l.J.ne a+ :he arre speedo If we have a ross=modulati on of a008% fori .. 
one ampl ifi er $) we will have a cross-=mod of o016 9.: for 2 ampli f i ers and o024% for 3 arnP1l~ 
f iers o Suppose we have ~a trunk amp ifierss and all of them operat ed a t the sarre leve 
the t otal cross=modulation WJ..ll be o00 8 -t-ines 0 9 whi ch i s o24% o .. !'

9 
Now 9 this i s onl y t he trunko We also add cross=modulat~on in a bridging ampl~~l~~ 

di s tribution ampl~fiers ~ lme extens~on amplif i ers a (In identally ~ in these amplif ~~ n, 
s i nce we try to oper at e th m at the highest l evel possible ~ we do have cross- modulatJ.O 
but we have almost no ef f ect on the nois~o Thatv s why I have di sregarded it in the 
f i rst part of my t alk)o 

We have o24% accumul at ed a l ong the trunk l ine a Suppose t hat noo we start from , 
here into a distri bution amplif i e r" and l e t 0 s take again as an exampl e that it is spe~e 
ified to have ol% cross =modulation a t +58 dbmv for 12=channel operati on o If we ope~a 
it at this level~ i t WJ.ll add o 1 9! cross ""'modo Again all the channel s cane to this aJllP' 
l i f i e r at the sarre t irre all ogether)) so on t op of the o249.: f rom the trunk line we 
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have t o add ol% of the dis tribution amplifier and we end up wi th o34%o . 
If we have no further amplifiers in the line ~ we can expect the cus torrer to have 

a cross- mod of o34%o Suppose that a cus t orrer is f urther a l ong the line ~ where we 
have another l ine=extension amplifier o All we have t o do again is to add the cross
modulation contributed by that amplif i ero And ~ t hus by a simple process of addition 
of the contributions of vari ous amplifiers we can very easi ly estimate the cross
modulation of t he pi ctures at the cust omer t apo 

ng There i s sane diff erence between noise and cross=mod rreasurerrents ~ because the 
n noise can easily be measured at the custaner tap and you can canpare this to the can~ 
r puted results ; whereas S) t he cross=mod measurement i s a little more canplicated and 

the equipnent i s usually not such that can be taken t o t he custaners u house or carried 
around in a trucko I hope that within a year or s o maybe some of t he manufacturers 

1o will come up wi th small kits t o measure cross,., modulat ion s when the Standard Comni ttee 
will have decided on a met hod t hat i s sati sfactory to everybodyo 

l 

Now ~ the only thing that remains i n th~s rrethod of es t irra.t ing noise and -;s= 
mod i s how to find the ross=modula i on of a single amplifiero In noi se s it was simple o 
\.Je j us t take an ampl i f i er and measure ito We disregard the manufacturer 9s specs ; we 
can check it every time o 

On cross=m<:xl we have to s t:art fran one number given by t he manufacturer ; and var
ious manufacturers have varo o s ways of specifyingo For example ~ some manufacturers 
specify the level at which t he cross=modul ation for a number of channel s i s 57 db S) 
while at least one other manufacturer specifies the level at whi ch the cross=modulation 
is o05% when only two carriers are used in t he t esto 
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The nomogram shows a way of com= 
paring these vari ous specifica= 

i ons ; and a l so a method to es= 
tirrate what the cross- mod woul d 
be a t t he leve l that you actual ly 
use in t he ampl ifiero 

There are three scales on 
this nomograrng The middle scal e 
i s the cPOSs=modulati on that we 
discussed before o The upper scale 
i s the output of the ampli fier i n 
dbmv ~ and he l ower scale is the 
number of carriers usedo This 
scale is really in two parts and 
we can use either of them ~ whi ch= 
ever is more conveni ento 

For a first example I ' 11 start 
wi th an amplif i er speci fied at o05% 
two carriers at 46 dbmv 9 and we 
want t o knav mat would be the 
cross=modulation if you operated 
12 carriers at +33 dbmva First )) 
we use the bottom part of the nomo
gram t o find what i s the effect of 
number of car.riers o Here I want 
to point out that the assumption 
on thi s nomogram is that the cross
modul ation from various carri ers 
will add incoherently o If we have 
many carri ers that are on the sarre 
network that produce coherent sync 

· pulses l! the addi tian will be more 
severe than it is here o) 



So 9 we join the point of "2 ca.rriers 9 " and o 05% cross-modulation ~ find the int:r-
section with line B9 and then connect the n12-carriervv point through that intersectlon 
point up to the cross=modulation scaleo This shows something around o 16% (we- don Q t 
really have to estimate this point exactly because this i s only a partial answer)o . 

Now~ we go to the upper part of the nomogram and see what e ffect the level will 
have o We have now changed the nwnber of carriers fran 2 to 12 o We take that inte:rm3"' 
diate point (which is roughly o 16% ) Sl correct it t o the +46 dbmv and go up to line Ao 

1 From that point we come down to the +3 ? dbmv point and we end up on the cross- mod scae 
at o008%o 

To s\..UilJTal:'lize 9 I u ve used the bottom part to see the effect of number of carriers 
at the same output level ; and the upper part for the effect of t he output level at a 
constant number of carriersa 

As a second example 9 suppose the amplifier is specified as havi ng - 57 db cross
mod at the level of +48 dbmv for 12 carriers a Here we don v t have t o change the num
ber of carri ers 9 and all we have t o work wi th is the upper part of the nomogram a We 
connect the poi nt a t = 7 db t o the +48 dbmv 9 go up to line Ao Now~ suppose we are 
using the amplifier a t a l eve l of +3 , dbmv ~ so we connect that point from scale A 
through the +3 7 and come up t o oOlO% cross=modulation o This is t he s t arting point 
for the computation of t he trunk l inea 

Well}) this is really all I wan ed to show a How we estimate~ or how we read the 
specification ll or how we measure noi se and cross-modulation with a single amplifier 
at the level we are going t o wor k i 9 how the noise and cross- mod accumulate along the 
line and what we can expect as the f i nal noise and cross-mod at the end of the linea 

Now}) are there any quest ions? 

MR o KEN SIMONS ~ This really isn ~ t a quest ion o I 0m cheatingo r um going to say 
two words a First 9 I want to thank Dr a Shekel for a very clear present at ion of some 
facts that are l ong overdue in this industry o And }) only one small point do I find 
that I would try to add a If you 0 re addi ng numbers 9 the easiest way t o add them is 
to add them }) 100 plus 100 i s 200a I f you 0re multiplying numbers~ particularly can
plex numbers 9 it 0s often convenient t o use logarithms o The log of 100 i s 2 ~ 2 plus 
2 is 4 }) 10 to the 4th is lO ~ OOO a It i s easier than to multiply the numbers them
selvesa In the same way I believe in this business of cross- modulation and in many . 
other facets of our canmunity bus i ness 9 we have to jump back and forth between dbs 
and percentS! and I believe we can )) as Dro Shekel has shown you here 9 greatly simplifY 
the relationships i nvolvedo Itqs much easi er t o say that each amplifier contributed 
al% cross=modulation than it i s t o say t hat dbs go up 6 db every time the number of 
amplifiers is doubled }) or something complicated l ike that o However 9 I wouldn ' t say 
this worked all the t i me a For instance Sl when you v re talking about change in levels ~ 
the amount of cross""'modulation goes up 2 db for each l db change in leve l , and thatv s 
easier to say than t o say t hat the percent age i s squaredo 

MR o TAYLOR g Thank you Sl Keno And ~ because we 0 re running a little behind t ime -
our demonstration took a lit t le l onger than we had counted on~ I think we 9ll pass 
onto another paper wi thout further quest ions o Thank youo 

DRa SHEKELg May I jus give a not=answer to the not ... questiono I just want to 
defend in a couple of words the method of percentage 9 although as I say they are both 
equivalent and you can easily pass from one to anothero First of all ~ i t seems to rre 
that percentage is easier when you have to add the contributions of var i ous types of 
amplifiers o The cross=modulati on of one i s multiplied by the number of amplifiers in 
the trunk; and when you add the distribution amplifier~ it is much easier using per
centagesa · 

As far as seeing t he effect of output level on cross- modulation when it is in pe~ 
. cent~ one · way would be using t;he nomogram ~ and the second way would be us ing the same 

table of dbs :that I just invented .10 minutes agoo Because 9 you _ will check that if you 
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increase the level in dbs~ then you multi ply t he cr oss=mcx:l by the number that i s in 
the second column a ButS> again 9 as I sai d 9 there are many right ways of doing this 
thing and none i s better than the ot her o Soma are only more conveniento Thank Youo 
(Applause ) 

MR o TAYLOR g Thank you )) again 9 Dro Shekel 9 very mucho Maybe sorrebody will volun
teer to be chainnan of the Standards Corrmit t ee a You can see the problelllS that arise 
in those deliber ations o 

Our next presentation will bP an a subject that is somewhat new in this indus try, 
Envelope Delay in CA'No Gayloro Rogenessfrom AMECO in Phoenix )) Arizona , i s our speaker9 
and his background S> biographi cal sketch has been placed in your hands o Mro Rogeness a 

MRo GA.YLORD ROGENESSg Thank you )) Mro Tayl oro Thi s morning r um going t o speak to 
you on the subject ot ilivelope Delay in CA'IV Systems o 

Comparison of pictures prc.xiuced by off=t he=air signal s and signals that have been 
transmitted through long cascades indicate that the off=the=air signal prcx:luces a 
sharper 5> more crisp picture o This effect is a l so more noticeabl e an low band channels 
canpared t o the high band channelso The low band channe l s produce a picture that i s 
sorrewhat more fuzzy o 

These e ffects exist even though the amplifier cascade has been aligned for opti= 
mum amplitude response Sl the cross modul ation is at a minimum level 9 and the s i gnal- tO= 
noise rati o i s higho Enve l ope delay dist ortion is a quant ity which can explain same 
of these effects a Until recently 9 CAW syst ems have been provi ding pi ctures in areas 
where 'N reception has not exist ed or has been very poor" Hence ~ there was little 
need to consi der the more subtl e transmissi on system requi rement s o However ~ as CAW 
moves int o areas where competition with off =the=air reception exist s 9 and the trans= 
mission of good col or p~ctures 1.s required ._ the effects of envelope delay have to be 
consi dered a 

The objectives of my paper this morning are firs to define envelope delayo Se
cond 5> discuss the effect s of env lope del ay di s t or ~on of TV pictures a Third discuss 
the sour ces of envelope delay}) or where does envelope delay · origi nate in the CATV trens
rniss~on system? And fmall y v suggest possibl e measurement techni ques and soluti ons t o 
the problem of envelope del ay ctistO""''tlono 

The CATV system receives a TV s~gna at an antenna and fran this point has t o 
transmit the 'N p · cture s · gnal o -the home receiver through head.,.,end equipment ~ cabl e 
and repeater amplifiers o Therefore ,) t he transmissi on characteri sti cs of this equip= 
ment should be as cl ose t o the 1deal .rans~ssion characteris tic as possi ble in order 
t o pr ovide the hO!ni? receiver w1.th h e sa.ne picture quality t ha i s received at the CATV 

11 ' 1 i\1 , . ' • , ! I~ ld . ,. •N' I 
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antenna a 
1m. ideal system has a flat amplitude 

response with respect t o frequency and a 
phase shift characteristi c that is linearo 
Thi s is shown in FIGURE ONEo FIGURE 'IWO 
shows phase and delay charact eristi cs of 

he 1.deal systemo Envelope delay i s de-
fined as t he rate of change of phase shi ft 

[]_ _ _ _ 
~~, 
~ L ___ _ 

with respect t o frequency o Or ,in other 
words $) envelope delay is the incrementa l 
slope of the phase shift curve versus 
frequency o In an ideal system the phase 
response i s linear ~ so t hat the incre
rrental slope of the phase response is 

0 f c 0 fc 

FREQUENCY FREQUENCY 

AMPLITUDE RE SPONSE PHA SE RESPONSE cons :tant o Hence ~ each frequency has the 
sane value of envelope delayo It should 
a lso be noted that in an ideal system ~ time 
delay and envelope delay are equal o 
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A TV picture signal consists of a 
sum of pulses which in turn are the sum 
of nany frequency components o When thiS 
signal is transmitted through an ideal 
transmission system, each frequency com
ponent experiences the same delay o As 
a result~ the TV picture signal at the 
output of the transmission system is 
the same as that at the input but delay
ed in time o FIGURE 3A shoos a pulse ap
plied to the input of a CATV systemo 
If the ideal characteristic of flat am
plitude and linear phase over the band 
of frequencies being transmitted exists, 
the output will be a delayed replica of 
the input as shewn in FIGURE 3Bo The 
output pulse waveform will be exactly 
the same as the input pulse waveform and 
will occur at a later point in timeo 

The difference between envelope 
delay and time delay is shown in FIGURE 
FOUR o These quantities are compared at 
the frequency fc o Time delay is the 
phase shift at this frequency divided 
by the frequency ~ whereas envelope de
lay is the slope of the phase response 
at the frequency f co Note that the 
magnitude of envelope delay is larger 
than the time delay magnitudeo 
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FIGURE 4 B shoos a rough canparison 
of envel ope delay and time delay over 
the frequency range of interesta 

Speci ficati on of envelope delay de~ 
viation from a constant value is a means 
of restri cting variations in the trans
missi on system phase response o One of t 
the val ues of this specification lies in 
the fact that envelope delay is a measure 
of the rate of change of the phase res= 
ponse o Hence 1> not only is the ffi3.gni tude 
of deviation from phase linearity defined 9 

but al so the rate at which the phase re
sponse deviates from linearity o 

Phase dist ortion and therefore en= 
velope delay distortion in a practical 
system can normally be characteriz=e by 
two descr i ptions o One is a gradual devi
ation from t he l inear phase characteris
t i c 9 occurri ng over the major portion of 
the system passbanda This distortion is 
i mportant when comparing the transmission 
of color i nformation with the luminance 
i nformation through a systemo The second 
type of dist orti on involves variation 
from linearity over small sections of 
the passband (See FIGURE 5) o Both types 
of dis t ortion must be considered in the 
design and operat~on of high fidelity 
pulse (or 1V) transmission systems o 

Effects of.Del ay Di stortion 
An envelope delay response common 

in pr actical systems is shown in FIGURE 6a 
The high frequency components are delayed 
by a greater amount than the low frequency 
components o A pulse appli ed t o the trans
mission syst em wi th t his delay response 
i s shown in the cent er of f i gure 6 o The 
resulting output is shown at the bottan 
of f i gure 6 o Not e t hat due to delay di s
t ortion 9 the pulse at t he output now has 
bot h overshoot and undershoot o There 
are various types of delay distortion and 
each has effects on the fidelity of pulse 
transmissiono I will not go into these 
this momingo 

The next example which illustrates 
the effect of delay distortion involves 
t he generat ion of a test pattern on a 
1V seto 
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The bottom line of FIGURE 7 shows the de
sired test pattern o This test pattern is 
generated by the sum of three frequencies 
occurring in the time phase shown o The 
black portion of each frequency component 
shown corresponds to a voltage level and 
polarity that would cause the screen to 
be .dark o A positive polarity will be as
sumed for this caseo The light portion 
of each frequency component corresponds to 
a voltage level and polarity that causes 
the screen to be light o This voltage po
larity is assumed to be negativeo The 
darkest portion of the composite test pat~ 
tern is then generated when all three posi
tive voltages add at the same timeo The 
dark gray is produced when only two posi
tive voltages add o A completely white bar 
is produced wh~n the negative voltages of 
all three frequency components add at the 
same time o 

When all three frequency components 
are not delayed by the same amount during 
transmission to the TV picture tube~ a com
posite test pattern as shown in FIGURE 8 
could resulto A comparison of the desired 
test pattern produced by three frequencies 
and the test pattern generated by the same 
three frequencies but subjected to delay 
distortion is shown in FIGURE 9o Note that 
the distorted pattern does resemble the de' 
sired pattern o 

Consider next the effects of time delaY 
.. ,-s ~ .. . ~.Uw on a color., .. pi~~o. - The colgr 

p1cture is composed of two main signals -
the chraminance information which contains 
color information and the luminance signal 
which contains the brightness infor.mationo 
These signals are transmitted in different 
parts of the frequency spectrum~ so it is 
important that both signals arrive at the 
TV picture tube at the same time o Due to 
delay distortion the color information maY 
not coincide with the brightness information 
and an effect known as the "funny paper 
effectu occurs o Colors are displaced to 
the right or le_ft of . the ~ge~ ~epend0.g . . ~ 
upon -· the ·delay · .. ~ · --~·~he pl:-e"" 
ture carrier and color subca?riero The red 

· color is most sensitive to this effecto 
Sources of Envelope Delay in a TV 

Trans~ss1on S~stem 
Sources o envelope delay in a TV trans~ 
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mission system are depicted in FIGURE lOa 
A responsibility of the TV station is to 
transmit TV program material over the airo 
In so doing~ the TV signal passes through 
equipment which have amplitude and phase 
characteristics that are frequency depend
ento 

Next a relay station may be necessary 
before the CATV system received the signalo 
This relay station is a second source of 
distortion in the systemo 

The CATV system consists of head end 
equipment~ coaxial cable Sl and equalized 
amplifi ers o Each of these three i terns is 
a pot ential source of distortiono 

The signal finally arrives at the 
home recei ver where it is processed and 
displayed o Many sources of amplitude and 
delay dist ortion exist in a TV set that is 
not properly aligned o 

The FCC regulates t he characteristi cs of the col or TV signal being transmittedo 
The TV transmitter must have a prescribed envelope del ay characteristico This delay 
characteristi c is specified to compensate for t he del ay distortion produced in the 
frequency selective circuit s of the home receivero The manufacturers of TV receivers 
use the specified delay characteri stics of the transmitter to set design and manufac= 
turing tolerances on their TV sets o Therefore 1) any picture transmission equipment 
placed between the TV transmitter and home receiver must be near perfect in order to 
minimize distortion o 

Phase charact eristi cs of t he coaxial cable and equalized repeater amplifiers used 
in CATV systems wi l l be di scussed at some l ength t odayo 

Phase Characteristic of Coaxial Cable 
The transmiSSion of energy al ong a coaxial cable i s defined by the complex propa

gation constant o The propagation const ant has a real and imaginary componento The 
real part describes att enuation along ·.the cable and the imaginary component defines 
the phase shift const ant of the coaxial cableo The propagation constant is 

(( = ~ (R+jwL) (G+jwC 
1 

(l) 

For low loss cabl e Sl such as t hat used i n t he CATV indust ry 9 it is possible to 
simplify equation one and write the phase shi f t constant 

r adi ans / unit l ength ( 2 ) 

R)l Lo ~ and C are t he cable resistance l) inductance~ and capacitance per unit length 
and w is 21( t ines the frequency in cycl es per second o 

Rerrembering that envelope delay i s t he rate of change of phase shift with respect 
to frequency ~ the derivative of equation 2 yields the cable envelope delayo 

TE = ~~ = \[LC [1 = } ( ~ 2 ] seconds /unit length (3 

Note that envelope delay is not cons ant with frequency because of the ( ~)" 2 termo 
However Sl the magnitude of this deviati on fran a constant value is small enough to have 
negligible effecto A numerical example will show this g 

Constants taken from a cable manufacturer 0s data sheet for 75 ohm Alucel 1/2" 
coaxial cable are 

Capacity C = 16o5 pf/ foot 
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Velocity of Propagation V = Oo82 V
0 

= ~ = 7)87 X 108 ft/sec 
c JLC' 

Attenuation (V
0 

is free space velocity) 
~ = Oo006 db/ft at 54 me 
.::;(_ = 0 v 0065 db/ft at 60 me 

The diffe~nce in envelope delay between the frequencies 54 me and 60 me using 
the cable constants listed and equation 3 is 90o6 x 10 -18 seconds/footo 

For a 30 amplifier cascade extending 45 ~000 feet~ the delay between the frequen
cer 54 me and 60 me is 

T = 90o6 x 10=l8 x 45000 = 4ol x l0-12 seconds 
T = 4 o 1 micro= micro seconds o 

This ~elay distortion has negligible effect on TV signals transmitted along the 
cableo Th1s number of 4ol x 10 =I2 seconds agrees closely with the delay· distortion 
calculated from velocity of propagation measurements made by Rome Cable about three 
years agoo 
Repeater lifier bela Characteristics 

e next pro em 1s to descr1 the delay characteristics of the equalized re
peater amplifiero A theoretical response for the equalized repeater amplifier was 
postulated for an 18db length of cable o The amplifier response was assumed maximallY 
flat at both the low and high endo The high end roll off was assumed more steep than 
the low end because of the cut off characteristics of the transistorso 

The transfer function of an equalized amplifier can be written~ 
n t + j ~ ~ j w 

~ 

eout = wl w3 1 (4) 
e1n 

1 + j ~zJ n m w 
1 + j w 1+ j -- w4 w3 

deriv!~ ~~~!a:~: ::~
0

(: d)e~a:~~l th( ~s ~ :~:s:i::e( ~h\:e-~=~~ )i: fi:: 
· w1 w}' w3J \ W4 

:;l~~:t~~e~~2 i~ :~~~~i:at~~ [~~~:~~J-5I~th ~:~:;:~o} (~):G) 
FREQUENCY , 

20mc !50 me IOOmc 200mc 
+ 100,----------.--------.-----r-----.----, •20 

--- --- PHASE 

•ao~ -...................._ 

TIME~~ 
+10 

~ +60 ' 

fiG·. II . CALCULATED PHASE AND DELAY RESPONSES 

Phase Sl tirre delay l) and envelope delay 
were calculated as a function of frequ
ency using equation 5 and 6 are shown in 
FIGURE llo The following values were 
used in the calculationsg 

w= 
wl= 
w2= 
w3= 
w4= 

21ff 
21f X 49o5 X 106 
21f X 334 X 106 
21f X 40 X 106 
21( X 250 X 106 

n = 2 
m = 4 

Note that envelope delay is not constant 
with frequency as is required for an ideal 
transmission system~ Also note that chan
nel 2 is more susceptible to response ir
regularities than channel 13 because it oc-
cupies a higher percentage bandwidtho 
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ENVELOPE DELAY TESTER 

(6 me bandwidth at 54 me compared to 210 
mc)o 

Envelo~ Delay Testing 
A bloc a~agram of a test set that 

measures envelope · delay is shown in 
FIGURE 12o The 200kc reference oscilla
tor output is applied to a frequency doub-
ler and balanced modulatoro The second 
input t o the balanced modulator is a sweep 
generatoro The output of the balanced 
modulator is two frequencies spaced at twice 
the reference oscillator frequency o These 
two signals are applied to the system under 
test and are swept across the frequency 
spectrum maintaining a constant spacingo 

The test signals are detected at the 
output of the system under test and then 

passed through a limitero The test signal at the output of the limiter is then com= 
p~d in a phase detector with the output of the frequency doublero Each of these 
signals i s at the same frequency o Havever ~ the doubler output has a const ant phase 

· reference while the signal passed through the system under test is measuring the in= 
cremental slope of the sys em phase responseo The output of the phase detector i s a 
DC voltage proportional to t he envelope delay of the system under testo 

The oscilloscope displ ays envelope delay on the vertical axis and frequency on 
the horizont al axi s o The vertical scale can be calibrated in terms of electrical de= 
grees or directly in units of tirre (microseconds or nanoseconds) o A frequency rrarker 
can be inserted into t he test set for calibration of the horizontal scaleo 

An envel ope delay tes t set was con= 
structed by utilizing the principles de= 
scribed in he preceding three oaragraphs o 
This test set is shO#n ir.. FIGURE 13 o Un= 
fortunately}) tirre did not permit the com= 
pletion of many delay measurement s before 
the convention a Hcwever }) the envelope 
delay of a cascade of t hree AMECO ATM- 0 
amplifiers and 75 db (2 20mc) of coaxial 
cable was rreasured a The envelope delay 
characteristic was constant from 40 me to 
about 90 me and then began gradually slop= 
ing through the high band a The difference 
in delay across any high band channel was 
less than three nanoseconds (3 x 10=9 
seconds)o 

The purpose of this next example is 
to point out that phase distortion ~ and 
hence delay distortion 9 can be rreasured 
and corrected in the field even though 
the transmitted and received signals are 
physically separated by l arge distances o 

The block dia~ of a test set used by a manufacturer of microwave equipment t o 
measure delay dist ortion of a microwave link i s shown in FIGURE 14 (next page o 

The crystal reference oscillator operates at about 500kc and modulates the RF 
source ~ The reference oscillator frequency is divided down to provide a sweep volt~ 
age to sweep th~ RF source through the passband of the transmission systemo The 
swept RF signal is transmitted over the microwave link and is received at the remote 
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location of the receivero The output of 
the receiver IF is- fed to a phase detector 
and compared to a local reference frequen' 
cy o The local reference frequency is gen
erated by a crystal oscillator which opera-
tes in a slow AFC loopo This insures that 
the ·reference frequency at the transmitter 
and receiver are identicalo The output 
of the phase detector is displayed on an 
oscilloscope o The vertical axis is pro7 
portional to envelope delay and the hor~
zontal axis is proportional to frequencyo 

Wat ching the test pattern on the 
oscilloscope ~ a phase equalized at the 
receiver IF output is adjusted until the 
transmission system delay distortion is 
minimized o 

Today I have defined envelope delay 
as the r ate of change of the transmission 

system phase responseo Some of the effects of delay distortion on the transmission 
of TV pictures were mentioned as a loss of crispness of the black and white signal and 
a funny paper effect on color pictureso 

I believe that we must now develop test equipment to accurately measure the CATV 
system delay Characteristicso After the delay characteristics have been measured, 
phase and/or delay equalizers can be designed to compensate for existing delay distor
tion o Thank you o (Applause ) 

MR o TAYLOR g Thank you very rnuch o I think we would have time for one or two 
questions if sanebody woul d like t oo I see one here o 

MR o WILLIAM CRUZ ~ (Coll ins Radi o) g I think it should be important at this point 
and time with your fine speech here t o separate the dist inction of envelope delay of 
your sweeping ~ the RF spectrum where cable activities =~ it 0 s all very proper~ very 
correcto I agree with you complet el yo Your discussion of sweeping the IF of an FM 
or microwave system i s al so correcto 

One other thing you are ~ sorry t o say rv leaving out is the difference in the en
velope delay of your RF syst em or your If system compared to your baseband where you 
are considering the envel ope delay of various color portions o I 0d like to bring up 
the point that they are qui e different envelope delayso we have two of them to worrY 
about o Thank you o 

MR o ROGENESS g Referring to f i gure 10 9 the sources of envelope delay in a TV 
transmission system are shown pi ctoriall yo A detailed discussion of this diagram was 
not made because of the time l imitation o It should be noted that the delay character
istic of a linear system is equal to the sum of the delay introduced by each sub- system 
contributing to the overall system responseo The single TV channel transmission system 

. delay characteristics are of importance hereo 

. As an example 9 follow the transmission of a 4o 2rnc video signal beginning at the 

. output of the TV camera at the broadcast studio and ending at the horre receivero In 
the transmissi on of this 4o 2rnc video signal fran the broadcast studio :to the horne re
ceiver~ the video signal will be translated a number of times o For example, the video 
signal at the broadcast studio ~is mixed or translated to an RF frequency for broa.dcasto 

. A microwave relay station may then. receive this signal~ translate it to IF frequencies 

. and amplify it 9 and then mix back up to a. microwave frequency for transmission at micro-' 
waveo The next relay station may then translate the signal from microwave back to RF 
frequencies /or re-transmission o 
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At t hi s poi nt a CATV syst em may rerei ve the signal off the airo The CATV head- . :-.;·_ 
end equiprrent may t hen translate the i ncoming channel to a different channel Pv -~: · 
either of two met hods a One method demcx:iulates the incoming TV channel to baseband 
and remodulat es the carrier of the channel to be transmitted over the cable o A 
second rrethod transl a t es the incoming channel down to IF frequencies and then back 
up to the channel desi red for t ransmission over the cableo 

The TV s i gnal now passes through coaxial cable and equalized repeater amplifiers 
before reaching t he hane receivero The TV signal in the home receiver passes through 
a number of frequency selective ci rcuits before it is demodulated and the video sig
nal presented on the pi cture tube o 

The preceding example indicat es that the 4o 2 me video signal is subjected to many 
sources of delay distortion o Each t ime it passes t hrough a network or transmission 
system wi th frequency selective characteri stics, delay distortion is possibleo This 
fact applies whether or not t he 4o2 me 'N signal is at video~ IF 9 RF or micr&ave 
frequencies o The delay charact eristi c of the TV transmission path between TV camera 
and the TV picture tube in the hone receiver is equal to the sum of the delay chara
cteristi cs of each frequency selective ne twork that the TV signal passes througho 

The CATV system has control of the t ransmission characteristics of the head-end 
equipment and the cable systemo Therefore SJ fran a knowledge of the delay character
istics of the transmission systems external to the CATV system and a knowledge of the 

· overall delay characteristic requi red to transmit an undistorted TV picture 9 the CATV 
system delay response can be s pecified o 

MR o SABI N FLORESCU SJ from Carl sbad Cabl e Division ~ We were talking about envelope 
problems in the RF t ransmission systems SJ j ust the same way Bill Cruz said ito Our 
biggest problems are i n the modulators o What do we do about them? 

MR o ROGENESS g There are two types of phase dist ortiono One is differential 
phase which i s a cross modulati on of the color and luminance signals and is a function 
of the nonlinearity of the modula or; whereas envelope delay - - or the characteristics 
I was talki ng about were related to the phase response of the transmission system which 
are constant o 

The delay response of head=end equipment between C/\TV antenna and coaxial cable 
rrust be const ant with frequency in order to solve Mro Florescu us problems o 

MR o TAYLOR g WellSJ I think that we ure runni ng a little behind timeo Mro Rogeness 
I am sure woul d be available t o discuss this questi ono I think it can also be safely 
said that i t 0s a rel ati vely new consi deration i n our industry and I am sure there 
are many things that are going t o change in t he f uture as a result of this discussion o 
Thank you Mro Rogeness o (Appl ause ) 

The next speaker wi ll talk on the subj ect of 9gAutornatic Gain Control in CATV" o 
Mro Irvi ng Kuzminsky SJ Director of Advanred Prcx:iuct Engineering of Entron, Inco And 9 

I beli eve t hat we have his bi ographical sketch to circulate if the pages will circul
ate themo Mro Kuzminsky ~ please o 

MR o I RVING KUZMI NSKY g Thank you ~ Archer o I n a CA'N sys tern, two types of si tua
tians arise which necessitate the use of gain controlo One is a narrCM-band single
charmel problem caused by signal variations at the antennao The other is a wide-band 
variat ion in t he transmissi on syst em caused by changes in either the cable or the 
amplifiers o · 

In order for the system to f unction properly SJ i t is necessary to first eliminate 
the v~iations in signal l evel whi ch are normally encountered at receiving siteso 
Let us consi der what might happen at t he cust omeru s rereiver if this were not donee 

Most present day CATV systems uti l ized adjacent=channel transmission as a means 
of most efficiently carryi ng t he maximum number of channels at a mi.niinum costo How
ever SJ as far as t he receivers are concerned SJ the adjacent channels are potential " 
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SOU!"ces of interference a Thi s was the reason that~ in t he early days of CATV ~ some 
people thought that adjacent-channel systems woul d not work o In order for these sys
tems to work properly ~ i t i s necessary t o accur at e l y control the levels of the signals 
with respect to each other so t hat t he receiver i s able to pi ck out t he selected sig
nal without objectionable interference from other signalso 

Once the single=channel signal s are combi ned onto a corrmon line )l random varia
tions of these s~gnals would be impossibl e t o handle o Thi s is because the gain of 
the trunk amplifiers is controll ed on a wi de=band basi s o That is l> the gain is varied 
in a coherent manner to all channels in the amplif i er passba.nd simul taneously o With 
random variation of each channel us s i gnal 9 cress modulation and noise problems would 
be encountered in the trunkline systemo Wi th s ome s i gnals going up l> sane going down, 
and others remaining constant)) g~n control would be impossi ble }) and the problems 
generated are obvious o Thus 2l s t abilization of t he ant enna s i gnals is mandatory before 
the signals are inserted into t he trunk sys t emo · 
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The var i ation i n antenna s i gnal level 
is usually handled by t he method . shCMn in 
FIGURE 1 o The signal i s amplified in a 
s i ngle=channe l RF ampli fiero The output sig~ 
nal i s det ect ed and provi des a DC control 
signal whi ch is indicative of the output 
signa l l evelo Thi s cont rol s i gnal is used 
t o vary the operating point of the interme
diate st ages and ~ by t hi s means ~ the gain 
of the ampl i f ier so as t o maint ain the out
put at a nearl y constant predetermined levelo 

FIGURE 2 is a plot of the output level 
of a typi cal s i ngl e=channel AGC amplifiero 
The ampl ifier being considered has a gain 
of 60 dbo Curve A indicat es that 9 with no 
AGC there is a linear relat ion between inac 
put and output except for high levels where 
the amplifier overloads o Curves B ~ C, and 
D shCM that~ for small signals ~ the output 
follows t he i nput o HCMever SJ once the ~C 
threshold is exceeded 9 t he output remains 
almost constanto Thus s; for proper AGC op
eration 9 a minimum signal level is required 
depending on the setting of an output level 
control a 

Thi s i s ca lled uudelayed AGC" because 
gain control is delayed until the threshold 
s i gnal i s reachedo Curves B5; CSJ and D repre"" 
sent di fferent delays o The maximum alla.vable 
input level is determined by t he overload 
charac eristi cs of t he amplif i ero 

Normally SJ the input and output stages 
are not varied Sl since varying the input 
stage affects noise figure and input match 9 

and varying the output s t age affects the 
overload level of this s t age o Because of 
these noise and overload limit ations )l sane 
ot her rrethod should be used where large sig-
nal level variations exi st o 
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factor is a matter of conjecture, the 
fact and can be predictedo 

Consider the block diagram shown in 
FIGURE 3. The RF input signal is ampli
fied and detected. When the detected sig
nal exceeds a predetermined amplitude a 
delay is activated and an attenuator is 
inserted between the antenna and the head 
end equi prent o When the signal decreases 
sufficiently, the attenuator is removedo 
A cascade of four such switchable attenu
ator sections--eac~ section having 10 db 
attenuation-- effectively reduces a 60 db 
signal swing to 2 0 db. This srraller swing 
can then be handled by the M;;C arrangement 
previously consideredo 

FIGURE 4 is a typical plot of output 
level VSo input level for a four-section 
controllerc. "A" i s a plot of output level 
vs ~ input level with no compensation and, 

and, of course, the changes in output level fol
low the changes in input level c The output level 
vs o input level is shown by "B" for increasing, 
and by "C" for decreasing signalo At any given 
l evel, the i nput can vary over a 20 db range 
with no switd1ing occurringo For example, at 
Point 1, with an input of 18 dbmv, two attenua
tors have been switcl:'led in so that the output is 
18 - 20 or -2 dbmv o As long as the input signal 
level rerrains between +10 and 30 dbmv, no switch
ing tvill occur, and operation will be along the 
joinging Points 2 and 3o 

Once the signal levels at the head end are 
stabilized , the signals are ready to be inserted 
into the transmission systemo Since the signals 
are stabilized, why is AGC necessary in the 
trunkline amplifiers ? To answer this question, 
it i s necess~J to look at tl1e entire trunkline 
systerno While the s i gnals may be stabilized at 
the input to the t runkline, they will still vary 
in the trunkline because of changes in cable at
tenuation with temperature variation and because 
of changes in amplifier gaino While the latter 
change in cable attenuation is a well known 

If the last amplifier at the end of the longest trunk is capable of handling the 
largest signal swing expected then AGC is not require do FIGURE 5 (next page) shCMs 
the correction factor which must be applied to the 68° value of cable attenuation to 
obtain the attenuation at some other temperatureo 

We can see that the extreme temperature to which the cable may be subjected, 
attenuation correction factors are obtained of lq06 at +l20°F and 0.90 at -20°Fo This 
means that for each 100 db of cable attenuation, there results an increase of 6 db at 
l20°F and a decrease of 10 db at -20°Fo 

A trunkline consisting of l/2 inch foam dielectric aluminum jacketed cable may 
typically have an attenuation of lo3 db per 100 feet at Channel 13 at 68°F. In a 
five mile line; this would amount to 340 db attenuation. However , at 120°F this would 
increase by 20 ol+ db, and at -20°F it would decrease by 34 dbo No presently existing 
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amplifier can take this sig
nal swinge Therefore, AGC 
would be a necessity in thiS 
system a 

Other problems, of course, 
al so arise because of this 
characteristic of cableo such 
a problem is the difference.W 
the attenuation change at d~f, 
ferent frequen·cies o One way 
of deal i ng with this problem 
is by us ing autanatic tilt 
control derived f rom two pilot 
car riers o Another way of 
dealing with the pr oblem is 
to use t hennal equa l izers o Ad 
third way is to spli t the baD 
so that the accumulated dif-
f erence in cable attenuation 
within each band i s within 
toler able limits o This leads 
t o two different types of 

t ransmission systems , the so-called "Split- Band" t ransmi ss ion system, and the broadband 
transmission system ~ The advantage of a split- band system is the reduction of change 
of tilt effects t o the point where they may be neglected , while the broadband system 
must use some method of automatic tilt controlo 

Regardless of whether a spl it-band or a broadband system is used, there are still 
many methods i n use today by which t he gain of the transmissi on system i s controlledo 
There are also many names by which t hese systems are known o Be it AGC, AOC , ALC , AVC, 
or A--you name it- - C, all of the methods in use have one common objective , and that 
is to vary the gain or l oss (in some cases) of an amplifier or an attenuator in an 
attempt to mai ntain a constant signal levelo Why do we all strive toward t his ·goal? 0 

As we have seen , signal swi ngs of 2 0 o-r 3 
9
, 

GAIN CONTROL 

SIGNAL 

CONTROL 

SIGNAL 

FIGURE 6 

FIGURE 6 • 

TRUNK OUT 

db are to be expected i n a relat ively short sY 
tern as t he t emperature varies over t he day and 
through t he year, if no AGC is used . 1he use 
of AGC reduces mai ntenance problems by elimi
nating the need for periodic r eset t ing of 
l evels o Too, compensation f or cable and equ ... 
iprrent aging is provided to some ext ento r..et 
us look at some of the different methods t hat 
are used t o achieve these goals o 

Whether the transmission system ·is broadb 
band or spli t -band, operation of the AGC ci-r ... 
cuits in either of t hese systems may be con
trolled by either TV signals or by pilot ca-r ... 
rier signals o Also , either a single signal 
or a multiplicity of signals may be used for' 
AGC purposes o Thus , many possible types of 
AGC systems exist o However, ·all of these 
methods are very similar in actual oper ationo 
FlGURE 6 is a block diagram whi ch illustrateS 
two methods which might be used with either 

·TV s ignal or pilot carrier AGC systems o 
In the first case, the amplifier i s 

operated below its maximum gain capability 
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so as to be able t o compensate for anti cipated changes i n input signal in either di
rection o Usually, only the gain of the interrnediate stages are varied so as to main
tain good noise figure and overload characteristics while t he input and output stages 
are at a fixed optimum operating point o The detector is tuned either to a single fre
quency or is broadband , depending on the type of AGC sys tem used c 

In the second system, the entire amplifier is rnai ntained at its optimum operating 
poi nt as far as noise figure and overload characteris t i cs are concerned ~ The attenu
ator ahead of the amplifier is varied t o change the overall gain at the amplifier sta
tion o The nominal operating point of the attenuator must provi de an insertion loss 
of at least the magnitude of the anticipated d~mwaro change in input signal level o 
The loss of the attenuator is then varied up or down t o correct for changes in input 
level a This arr angement, while allowing optimum operation of each stage of the am
plifier, effecti vely increases t he noise figure of the amplifier by the amount of the 
attenuator 9s nominal i nser tion loss o The best sol ution may be a combi nation of the 
two methods o That i s , pl ace the at tenuator at an int errrediate point in t he amplifier a 

This would allow opt imum operat ion of the active elements in the amplif ier and, at 
the same time~ provide a good noise fi gure a 

As stated previously~ the AGC may be der ived from either TV signals or from 
pilot carrier signalso A single TV signal cannot be used alone to acti vate t he 

. AGC because i f that channel went off f or any reason, all amplifiers woul d run wide 
openo 

Excessi ve gain would be accumulated, and over load would soon occur on t he re
maining channels o Therefore~ i f this met hod is used , a standby oscillat or is re
quired which is switched into the sys tem if the pr~nary source goes offo 

Another method is to sense the composi t e s ignal s i n the passband of t he amplif ier 
and adjust t he gain to t he composite leve l a Wi th t his method, i f a station goes off, 
the AGC is still operativeo No standby oscillator i s requi red since the AGC ci rcuit 
operates from t he remaining carriers o 

Still another mtthod utilizes only pilot carriers to drive the AGC ci rcuits o 
This system is i ndependent of the TV signal levels and has the advantage of providing 
a fixed standard signal to which the ent ire system may be referenced . 

To summarize, the main advantages of AGC are ~ 
(1 ) Stabilization of individual channel signals permits adjacent channel 
operati on and maximum utilization of t he transmission systemo 
(2) Proper signal levels may be mai ntained i n the t runk, thereby avoiding 
problems of noise and cross modulation o 
(3) Maintenance problems are reduced by eliminating the necessity t o reset 
levels with changes in temperature o 

Thank you a (Applause ) 

MRo TAYLOR~ I think we can take tim= for one or two questions o Anybody have a 
question t hey want to ask Mro Kuzminsky? One in t he back of the room. 

UNIDENTIFIED SPEAKER: This might be going back to this envelope delay problem, 
but I notice on the color set there was another image to the r i ght and I've had this 
problem an black and white a I don t t know what it is . Is it mi ss match? 

MR o KUZMINSKY: Well, sounds like ito 

UNIDENTI FIED SPEAKER~ Hiss match? 

MR e KUZMI NSKY : Yes o 

MR o TAYLOR :" Thank you o Thank you very much, Hr. Kuzminsky o (Applause ) 
Our next speaker i s Mr, Rober t Cowart, Vice President in Char ge of Construction 

for Viking Company a .And, he ' s going to t alk on "System Reliability" . I believe the 
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sketches will be cir culated while he! s talkingo Mro l~obert Cowart a 

MRe ROBERT COWART ~ I like in part icular that ETA part, so I ' ll be very briefo 
I ' d like t o talk to you this morning briefl y on system reliabilityo 

These days we find outselves building more and more systems into areas that alreadY 
have available to t hem s trong high quality , hi~ly rel iable , local off-the-air signalSo 
In order for a system to compete under t hese conditions, t he system must be engineered 
in such a fashi on t hat it could successfully compet e in terms of t he same quality, re
liability and perf ormance as these off-the-air s i gnals o The preli minary deter.minan~s 
of quality are signal-to-noise ratio, cross modulation and ghosts e You are all f~~ 
liar with these terms as a result of the industry school s which outline and detail 
methods of qualitative determinatione I am sure that by now you are all familiar with 
these tenns, with thei r method of determinat ion and know of many ways in which to irn ... 
prove theme A fourth ~ extremely important~ f actor is reliabilityo A subject which 
has frequently been. ignored both in the past and at t he present a My purpose today 
i s to acquai nt you with the basics of reliability and to point out to you same methods 
by which present sys tem reliability can be i mproved a 

Many studi es have been made in the past bot h by military and commercial interests 
in the pursuit of those factors that control and influence reliability o In almost e
very case explored the most highly reliable system was t he simplest systemo I am sure 
you will al l agree from your own experience that t his is the caseo The military ans ... 
wer for increased reliability is redundancy o This means having almost two complete 
sets of basic equipment, one ready to take over the f unction of t he first , should it 
failo The commercial solution to reliability i s primarily by increasing the relia- . 
bili ty of the components and increasing the size, weight and mass of the device o ThlS 
is more or less the brute force approache 

In CATV, neither of these two standard appr oaches is really available to us be
cause of t he unusual demands we make of the device o In t ransistorized equipment we 
sacrifice virtually everything for the sake of a lower noise figure or increased out~ 
put capability o We are pushing the upper l imits of the State of t he Art o We can ' t 
use redundancy because of coste We can~t use hi gher reliable components because high 
reliable, hig;h per f ormance transistors are not available yet a We must achieve ·our 
reliability i n the method in which we construct our systems, and in the method in 
which we utili ze the manufacture's producto 

Most manufacturers today design equipment t hat i s inherently rel i able o In rrany, 
many cases that we have examined we find that this inherent reliability of the de
vice is lost in its applicationo 

Reliabili ty in electronics systems is gener ally considered t o mean the length of 
time between events that render the system i ncapable of performing i ts designed func ... 
tion e In indust ry , exhaustive and extremely expensive studies are made to detennine 
and assi gn quantitative yalues for the time between failure o This period is often re' 
ferred to as mean time between failure or· i1TBF o In CATV these nwnbers are not avail~ 
able but the principle guiding the establishment of t hese numbers is available and it 
is with this principle that we will concern this discussion o 

If all of the components of an electroni cs system are considered to be function
ally in series and i f the failure of any components in this series chain results in 
a system failure then the overall system rel i abilit y can be expressed by a very simple 
formula e This fornula states that the overall system reliability , designated by the 
symbol "R"., is equal to the reliability of each of the series components raised to 
the power of the number of those components that are in series a 

R = rD 
Where r = rrean reliability (proba.bili ty function) of each component a 

n = number of components i n series o 
This expression demonstrates something that you know intuitively +.o be true o In 

other words, the longer your trunk l ine i n a system the greater t he prob.1bili ty of faiJ:' 
ure of a ccfponent of the trunko Conversely, the shorter the line ·tne less chance of 
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failureo The formula also allows us to show mathematically that given two different 
amplifiers if twice as many amplifiers are used in a system of Type "A" as are Type 
"B" and Type "B" has half the reliability of Type "A" then the overall reliability 
of the system is exactly the same because there are t~ice as many pieces used but 

Y the reliability of each piece is twice as greato You intuitively know that the state
ment is correcto 

The formula also shows that the high reliability system would have few parts and 
each part in itself should have the highest possiole reliability o T&ards accomplish
ing this end we custorrarily, in large systems, use extremely low loss trunk cable such 
as 3/4" aluminum and the highest possible db spacing between amplifiers because in our 
trunk system the highest reliability component is the cable; secondly, would undoubted
ly be the connector; thirdly, the accessory items, splitters, directional couplers, 
etco; and lastly with least reliability is the amplifier itselfo Our major signifi
cant contribution to reliability of that trunk segment would be to decrease, by what
ever means we could the cable loss, utilize wide amplifier spacing, etc., the number 
of amplifiers funct ionally i n series o In our ef forts to increase the reliability of 
that trunk segment we would attempt to reduce the t otal number of objects with l esser 
reliability than t he cable t o a mini mumo This would mean we would reduce the number 
of splices, if possible~ by care in our construction; we would reduce the number of 
splitters , directional couplers$ equalizers and other objects inserted in the lines 
and try and make as much of the line as we could, sheer cable : Because, of course , 
the cable is the most highly reliable item of our componentso 

The same reasoning establishes a guide line in the design of equipment and has 
prompted most major manufacturers to abandon the practice of using splitters to gener
ate inputs to associated distribution equipment and to instead build into the trunk 
amplifier chassis a fixed directional coupler to provide the· input to distributiono 
When this is done we eliminate a jumper and several connectors that we used to use 
in the past to accomplish t his o The same reasoning demands that in transistorized 
equipment the equipment should be mounted without equipment enclosureso That means 
not with the use of an equipment cabinet o When an equipment cabinet is used the 
signal must pass through a bulkhead connector ~ a rra.ting connector internally in the 
cabinet , a jumper~ and finally through another connector on the end of the jumper and 
into the amplifier chassis o The same thing is true on the output of the amplifier a 

When this is done there are five additional elements functionally in series with the 
signal between the two ends of the trunk cable o Al thou~_,h connectors have inherently 
high reliability, by removing the eight connector assemblies fran the line and repla
cing them with two direct entry connectors, we have thus improved the reliability of 
each amplifier stat ion four times o You intuitively know that the reliability of this 
configuration is far less than t he direct entry type connector permanently mounted to 
the amplifier chassis o 

In an operating system when you examine at the end of the year the maintenance 
that has been given to the system, you find some rather curious things o You find first 
of all that many of your syst em outages were not caused by any inherent failure of the 
amplifier itselfo You find that they were caused by such unrelated things as power 
failures; by cars breaking off power poles; by trees falling across distribution and 
trunk cables; by the failure of fuses as a function of temperature; by lightning 
strikes; and by employee carelessness in leaving amplif iers disconnected, etcc Ano
ther important point that gains in significance as we move into the area of transis
torized system construct ion with many, many , amplifiers dependant on a single power 
supply is that extreme caution should be used in selecting the location for the power 
supplyo I am·sure that you have all had an experience where a certain amplifier in 
your system continually caused you trouble because of failure of secondary voltage 
delivered by the .power company o We have seen amplifiers installed and taking power 
from power company transformers already seriously over-loadedo Few of· you have given 
any thought to requesting the power company to provide you with your own transformer, 
which need not be very large, to assure yourself of a non-interrupted source of powero 
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The cost i c:; very l ow and the reward in terms of i ncreased reliability is greato 'The~e 
t hings again point up t he f act that in system design, a syst em should be engineered 111 
such a fashi on so that the absol ute minimum of active element s of the systern are in 
cascade o Ideally , as we have all discussed many times in the past , a system would be 
arranged in the manner of a wheel; with the cent er of t he wl1eel the point of signal 
origination and of radial lines f rom the wr1eel hub t o t he outlyi ng distribution area5o 
Although t his i s obviousl y impractical in most cases , an attempt to accomplish this 
type of construction can be made by the adoption and usage of extremely low loss mas
ter trunk cables as a backbone of the systemo This nevJ confi gurat i on will resemble 
somewhat the skeleton of a fish ; with the master trunk cabl e being the backbone of 
the skeleton and distribut i on at right angles t o this mast er trunk but in much, much 
smaller Seg]Ilents a ·· 

Many of you have suggested i n the past that you accompl ished a form of redundancY 
by paralleling master trunks perhaps several blocks or half a mile or so apart 9 but 
when you examine the situation existing in parallel trunk , you find that you have not 
accomplished your purpose because t he basic law of system reliability catches up with 
youo Remember, it states that t he reliability decreases exponentially i n proportion 
to t he number of active elements in cascade o By paralleling mas t er trunk you are in 
effect doubling t he number of elements in cascade o Now i t is t rue t hat by the redun
dant parallel trunk met hod you do restrict t he service fault t o a smaller area , how
ever, if the two or more trunk segnents are exactly the same length, then t he system 
reliability itself, on the basis of our defi ni tion of fault~ i s actually impaired by 
t he same number of trunk lines exist ingo 

In summary, l et 9s recap the maj or points that we have es t abl i shedo A system 
gains RELIABILITY by SIMPLICITY o This means that when you make your new layouts, 1ooJ< 
at them carefully t o detenrune if you have taken the shortest r oute, i f you have ar
ranged your construction to utilize a minimum of connectors and splices , see if your 
power feeds come from a reliable source and r~e sure that you are ut i lizing as fullY 
as possible the reliability delivered t o you by the rnanufacturers o 

Thank you o (Appl ause ) 

MR o TAYLOR ~ I would open the floor to questions on any of t he subjects we ' ve 
been answeringo Leta s take any quest i ons t o Bob Cowart f irst, if you have them , how
evera Are there any questions on this Syst ems Rel iabi l i ty that you' d l ike t o ask Bob 
Cowart? Well~ if there are no questions specif ically t o Bob , they may arise l ater o 
I shut off a number of questions earlier~ part icularl y on the subject of envelope 
delayo Ken Simons a 

MR o SIMONS g Again ~ this isnut a quest ion a I would l ike to t ake a few minutes 
if you don 1 t mind t o show you a little scheme that we have used f or some years in our 
l ab t o rreasure group delayo You might call it Do- it=yourself-gr oup- delay-measurement o 
I t t akes equipment that most of you wi ll have in your service shop or lab and I thinJ< 
there ' s enough time to sket ch it outa The accuracy is not of the hi ghes t order but 
perhaps we nll make up for t hat i n the cheapness of the equipment usedo 

I should give a credit hereo The very fine grease pencil I "m about to use is 
t hrough the courtesy of VIKTI~G o 

Now, t he basis of t his method of group delay measurement is the constant delay 
of a l ong piece of cableo If you have a reel of cable and I wll represent it this 
wayo Thatns a piece of cableo It ' s on a reel and you ure l ooking at it in 4th dimen
SJ.On o The delay from here t o here is constant , approximat ely cons tant as Mro Rogeness 
told us a ·Bow we can use t his . onstant delay t hi ng t o help us in measuring the delay 
error or the actual group del ay of. a piece of equipment? Well , .we s t art over here 
with a sweep frequency generator a 1here .are a good many reputabl e manufacturers -
you can take your choice a 

We spl~t two ways wit h either a 6 db resistive splitter or a 3 db reactive spli
tero We hafe now two outputs, one .going here and one here o Thi s one goes up to the 
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cable and now over here we combine agaJ.no And, we do nothing hereo We just put in 
a jumper, very simple o Over here we put a detector and we put it on the scope o 

Now, because we have two pads here combining at this point, we have reinforce
rent at frequencies where the two signals are in phase o We have cancellation at fre
quencies where they are out of phase and net result: We have a pattern which is this 
one and if the cable is quite long it does it quite ofteno High frequency ripple pat
tern you might call ito 

Because the delay of the cable is constant, the ripples occur at precisely spaced 
frequencies and a very simple relation exists at the frequency separation between ad
jacent minima and gives us the group delayo 

The frequencies in microseconds and then we have microseconds., If the frequency 
is in megacycles, the time delay is in microseconds o TI1e only limitation the method 
has -- it has two limitations o You want a good piece of cable that has a very uni
fonn and impedance characteristic just so that various anoTIB.lies don't get in. The 
loss of the cable -- no -- the accuracy of balanceo I left one item out of hereo 
You have to put an attenuator in because the signal at this point is reduced by the 
loss of the cable, - - a low loss cable works better and you put in a certain amount 
of attenuation just so that the rniniTIB. gets sharp, the nose are sharpo 

Now, having very sharp nose, you can very precisely determine this frequency 
and take their difference and get the group delayo You first do this with just the 
cable and get a delay characteristic of the cable, which is approximately constant, 
surprisingly constant in practice , and then you put in whatever you want to rreasure 
here - system or amplifiero It adds delay to this lag and ripples becorre more clcse
ly spaced where the group delay is steep and space outward isn't o So you have a group 
delay characteristic, calculated and plotted on papero Anq I don't think it costs 
anything providing you have all the equipment o (Applause) 

MRo TAYLOR: Thank you, Ken o I see a question right hereo Will you identify 
yourself, please? 

MRo DONALD LEVINSON, Wheeli ng, West Virginia: I would like to knew whether any
body in the industry has been using the AT&T VIT signals and whether any work has 
been done in their field to evaluate our systems? 

MR o TAYLOR ~ Does anybody care to respond on that? Will you identify yourself? 

MR o BOB LEWIS, Dubuque, Ohio : The problem using these VIT Signals you end up 
taking tronoscope or scope for the time delay o I used it for checking microwave and 
I used it for taking times 24 scope o It is a good indication of color responseo 
You can use it on the systemo We ' ve done this, but it takes a wide band detector, 
so there's problems in doing it but it is a good checko 

MRo TAYLOR : Thank you o Anybody have further questions t Thank you all. 
Meeting is adjournedo 
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MRo TAYLOR g This gentleman here has a questiono Letgs take one more o 

UNIDENTIFIED SPEAKER g Mine is not a questiono I just thought that JIB.ybe he rnigllt 
inform us as to how he set the CW signal on channel and then superimposed the other dl 
the test? 

MR. o SCHIAFLY g As to heM that was done ? 

UNIDENTIFIED SPEAKER ~ Just t o tell us hoW you set this up? 

MRo SCHLAFLYg There were 12 input channels and t here was a CW generatoro 'The 
input channel levels were set through those modulators and t he CW l evel was set at 
the sarre level as the carriers that we had from off-the""'air s ignalo 

UNIDENTIFIED SPEAKER g Bu ~- when you set the CW signal in this test you showed' 
do you kill t he other inf orrration on that channel? 

MR o SCHI.AFLY g Yes $) siro There was only the pure CW signal on t hat channel and 
it beat against the various s i gnals of the t e l evision channels t hat were superimposed, 
mixed at the input t o the amplifiero (Appl ause ) 

MR o TAYLORg Again I want to thank Mro Schlafly very~ very much for coordinating 
this study oo. behalf of the Ad Hoc Standards Corrmitteeo And)) again )) I want to express 
the tremendous cooperation that has been given to this project by a number of manufac; 
turerso We 011 delay just a moment or two while the gear is removed t o make possible 
soma other visual aids o 

I might say that many of the papers yoo will hear today are available in printed 
form and will be available on this tabl e against the wallo 

Our next speaker is Dro Jacob Shekel of the Spencer=Kennedy Laboratory o You have 
his sketch here showing his background and I will not take further tirre to introduce 
himo Dro Jacob Shekel o (Applause ) 

DRo JACOB SHEKELg My t alk will concern noise and cross=modul at ion from a few 
points of viewo We all realize that noise and cross-modulation are the factorS that 
ultimately limit the length of the system or the number of amplifiers that can be 
cascadedo But SJ I 0m not sure that everybody here knows exactly how t o estimate heM 
many of the amplifiers can be cascaded and when that limit is reached ; and how to do 
this before the system is built and before you find it out in effect o I want to sep ... 
arate the problem into three parts g First 9 hoo do we specify or measure or estimate 
the noise and cross=modulation of a single amplifier? Then)) knCMing that ~ hoo do we 
estimate the accumulation of noise and cross=modulation along the trunk line and dis ... 
tribution amplifiers'? And ~ the third question~ where do we stop'? How far do we let. 
it accumulate before we say this is as far as we go ~ because we cannot degrade the pJ.C ... 
ture any further? ' · 

I am not going to discuss the third question o I am not going t o give any numeri' 
cal values on what should be the final noi se or the final cross- modulation , because 
that i s really up to the Standards Commit~ee t o set upo I don ut think there is yet 
any complete agreerrent between the manufacturers or betv.een t he sys tem users on the 
ultimate deqradatian that can be allowedo But I will describe what I hope is a very 
simple way of how to figure out from the specification of a s ingle amplifier what 
the noise .and cross=modul ati on of the t ot al system are expected t o be at the furthest 
point a 

A simple way to estimate the noise at the end of the system j and one that I l<n~ 
i s used quite extensively by system operators )) is a s imple measurerrent with a field
s trength- metero You measure the level of a certain channel at the furthest point of 

. t he line a Then you tum off the channel ·at the head-end and see what rreasurement you 
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can read on the field~strength=meter o This measurement is due only to noise accumu
lated all along t he systemo You t ake the ratio of these two measurements--that is~ 
the difference of t he db readings=-and this i s what i s called carrier-to-noise ratio 
in decibels o 

Now 9 since t his is such a simple method to measure t he carrier= to-noise ratio 
of the system 9 we can a l s o define and specify tne amplifier the same wayo Suppcse 
we take a singl e amplifier of the kind that we 11 re usi ng in the trunk line 9 and con
nect the field-strength~meter at its out put, t erminat e the input and read the metero 
Let 11 s take as an example t hat the field=strength~meter reads at a certain Channel -
~28 dbmvo Then suppose that this ampli f i er i s specifi ed to be used at an output level 
of + 3 3 dbmv o By subt racting t he two numbers Sl remembering that one of them is negative, 
the carrier=to-noi se ratio of a s ingle amplif i er appears to be the difference between 
33 and minus 28 , which i s 61 decibels o This , I think , is the simplest way to measure 
and to estimat e the carrier=te=noise ratio of a s i ngl e amplifier 9 a measurement that 
every operat or can do right in his own off ice or in the field o 

Knowing the carrier=to=noise r atio of a single ampli f i er , what can I expect to 
be the carrier=te=noise ra io when I cas cade any number of them~ Or 9 an alternative 
question 9 hav many can I cascade if I want the carri er=to=noise ratio to be at least 
(let 0s say ) 45 db? 

Now , here we have to go a little into a t able of decibels o I want to show a 
very simple rrethod that every one of us can f ollow t o make up his cwn table of deci
bels without reference t o any handbook or any s lide rules o I think it us a very handy 
thing to knowo 

First 9 we have t o realize that the noise i s a r andom wavefonn ll and if you take 
the noise cont r ibutions of the various amplifiers they are not coherent o If you pi"Qa<> 
ject them on a s cope t here will be no s imilarities between the noise waveforms of 
the various amplifierso When such wavef onns are added, the paver of the total wave 
is equal to the sum of the powers of the various contribut ions a That rreans that a 
noise of two ampli fiers will be 3 db hi gher than t he noise ·of a single amplifier ll 
and the no~se in a trunk of 10 amplif i ers will be 10 db higher than that of a single 
amplifiero 

These are 
and '8 10 t irres 99 

the only two numbers tha t we have t o remember ll that 00 twice" is 3 db 
i s 10 db o I am going to write down the colt.mU1 of dbs from 0 to 10 o 

DB NUMUER DB 

0 1 10 

1 1.25 11 

2 1.6 12 

3 2 13 
-

4 2.5 14 

5 3.2 15 

6 4 16 

7 5 17 

8 6.4 18 

Q 8 19 

10 10 20 

Mult iply by 10 

Divide by 10 

Pig. 1 

NUMBER 

10 

12 . 5 

16 

20 

25 

32 

40 

50 

64 

80 

100 

For •a ch 
3 db step 

We knew t hat 0 db is a ratio of 1 ~ and every 
-t::iJre we add 3 db we double the ratioo Twice 
is the same as dbo So db would be 2 Sl 
and 6 db i s 4 9 and 9 db is 8 , and 12 db is 
1 5J 15 db i s 32 and 18 db is 64o No.v Sl we 
go the other way a lOdb is 10 tines o Going 
backwards 9 3 db below that 9 7 db would be 5 
t imes 9 and 3 db belcw that , 4 db 9 would be 
2 o I:\ 9 and db bel av that would be l o 2 5 .;) To 
compl e t e t he t abl e we no.v go sideways ~ mu1= 

i pl ying and dividing by lO o 
Mult i ply J r Divid• So ]) noo we know heM noise of various 

amplifiers wi l l combine 9 or hew the carrier= 
by 2 0=noi se ratio will change along the line o 

In our example I have used the carrier=to
noise r~tio of a single amplifier at 61 dbo 
If I had two amplifiers they will be 3 db 
worse 9 or 58 db ~ and with 10 amplifiers i 
it wil l be 51 dbo 

New S) let 11 s t ake the following question g. 
If I start with a 61 db carrier-to-noise 
ra io of a single amplifieri hew many can 
I cascade before I reach 45 db? The differ-
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ence between 61 and 45 is 16u Going to the t ablell 16 means 40 amplifierso So S) 40 
amplifiers of that type S) oper a ted a t t hat l evel 9 wi l l give a carrier=to-noise ration 
of 45 db o I can °t say whe ther t hat is acceptable or not $) but at least the system 
operator can go to the end of the system and measure t he carrier~te=noise ratio$) 
and i f the reading i s f ar from 45 db ?) then he knows right away that sanething must 
be w.rongo . . 

This is as far as we can es i mat e the carrier=te=noise r a t io of a single ampl~f~~ 
er and of a line wi h cascaded amplifierso And 9 you will have noticed that I am try~g 
here t o specify the noise of the amplif i er not by its noise f igure 9 which is a cert~n 
measurement refel:"red to t he input$) but by its noise output o Fi rst of all it is eas~er 
t o estimate the output C IN r atio $) and also i t v s a figure which is much easier to nea ... 
sure right in t he fie l d o . 

The second limitation on the system per formance is t he mat ter of cross-modulat~on o 
NCM SJ of course 9 I;1m not sure if we all know $) aft er the previous demonst ration $) what 
exactly cross=modulat· on ~So Maybe we know much more than we knew an hour agoo But ~ 
for the purpose of my talk i+ s ffi'"'es t 1.at we can put a number t o it o We say that 
an amplif i er operated a~ a certair level w th a given number of char~els will have a 
certain amount of cross=modu.ationo 

Fi rst of all$) i -r is important t:hat bot-ll 1"J1e l eve l and t he number of carriers be 
specifi ed SJ because he amount- of cross= modulati on changes with t hose two numbers ll as 
it was demonst rated before o Also 9 +.be number whi ch specified the cross...,modulation can 
be given in two ways" -+ can be gJ..ven in negative decibel s (or 99db down")$) or it can 
be gi ven as a percentage modulat"i·:no The treaning of the latt er i s t hat if we start . 1 
with a CW carri er as ou..,.., +;es"t s~gnal., the modulation imposed by the ot her carriers wJ.l 
be a certain percen .age o 

The two specificat~ons are equiva len't t o each ot }-l.,er and there is a very simple 
way of passing f rom one ,.o the other o t 

Let 0s l ook f..:.rs"t at jus the nu.ddle l ine of t he nanogram on page 165 $) the one tha 
is marked 99cross=modula--:~on tr" Here yo· see two scales~ one in decibel s and the ot~et 
in pel::"cent age o For example$) minus i-+0 db co~sponds t o 19.: )l minus 60 to o 10% and nunus 
72 corresponds t o o0259.:o 

Now I would like to suggest that s pecificati ons be given in percentage rather 
than db )) because t hen 't e way that cross=modulation accumu at es along the trunk is 
very simpl y compu ed~ You JUSt mu· 1- ..~..p y his number by th~ number of amplifiers o 

Let 0s t ake as an example tha-t- a tk amplif~er is speci fied t o have o008% cross- modU ... 
l ation when oper a ed at all o~ tp l ~ ·el of + 3 3 dbmv w~ th 12 channels o (How to get . 
this number i n the firs p laCP- wil oo sh.<Mn l a .era I t ·o ·l d be the number given dl.., 
rectl y by the manufacturer~ or ~t may have bee computed from an equiva l ent number 
given by t he manufacturer a) 5 

The cross=modula_1an ~s really a superposition of the modula i on of ot her chanDel 
onto the channel we are wa hinge And as we go a ong the line ~ all the contributions elS 
of all the amplif iers JUSt add p phase on top of each o her 9 because all the chaJ111 
progress along the l.J.ne a+ :he arre speedo If we have a ross=modulati on of a008% fori .. 
one ampl ifi er $) we will have a cross-=mod of o016 9.: for 2 ampli f i ers and o024% for 3 arnP1l~ 
f iers o Suppose we have ~a trunk amp ifierss and all of them operat ed a t the sarre leve 
the t otal cross=modulation WJ..ll be o00 8 -t-ines 0 9 whi ch i s o24% o .. !'

9 
Now 9 this i s onl y t he trunko We also add cross=modulat~on in a bridging ampl~~l~~ 

di s tribution ampl~fiers ~ lme extens~on amplif i ers a (In identally ~ in these amplif ~~ n, 
s i nce we try to oper at e th m at the highest l evel possible ~ we do have cross- modulatJ.O 
but we have almost no ef f ect on the nois~o Thatv s why I have di sregarded it in the 
f i rst part of my t alk)o 

We have o24% accumul at ed a l ong the trunk l ine a Suppose t hat noo we start from , 
here into a distri bution amplif i e r" and l e t 0 s take again as an exampl e that it is spe~e 
ified to have ol% cross =modulation a t +58 dbmv for 12=channel operati on o If we ope~a 
it at this level~ i t WJ.ll add o 1 9! cross ""'modo Again all the channel s cane to this aJllP' 
l i f i e r at the sarre t irre all ogether)) so on t op of the o249.: f rom the trunk line we 
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have t o add ol% of the dis tribution amplifier and we end up wi th o34%o . 
If we have no further amplifiers in the line ~ we can expect the cus torrer to have 

a cross- mod of o34%o Suppose that a cus t orrer is f urther a l ong the line ~ where we 
have another l ine=extension amplifier o All we have t o do again is to add the cross
modulation contributed by that amplif i ero And ~ t hus by a simple process of addition 
of the contributions of vari ous amplifiers we can very easi ly estimate the cross
modulation of t he pi ctures at the cust omer t apo 

ng There i s sane diff erence between noise and cross=mod rreasurerrents ~ because the 
n noise can easily be measured at the custaner tap and you can canpare this to the can~ 
r puted results ; whereas S) t he cross=mod measurement i s a little more canplicated and 

the equipnent i s usually not such that can be taken t o t he custaners u house or carried 
around in a trucko I hope that within a year or s o maybe some of t he manufacturers 

1o will come up wi th small kits t o measure cross,., modulat ion s when the Standard Comni ttee 
will have decided on a met hod t hat i s sati sfactory to everybodyo 

l 

Now ~ the only thing that remains i n th~s rrethod of es t irra.t ing noise and -;s= 
mod i s how to find the ross=modula i on of a single amplifiero In noi se s it was simple o 
\.Je j us t take an ampl i f i er and measure ito We disregard the manufacturer 9s specs ; we 
can check it every time o 

On cross=m<:xl we have to s t:art fran one number given by t he manufacturer ; and var
ious manufacturers have varo o s ways of specifyingo For example ~ some manufacturers 
specify the level at which t he cross=modul ation for a number of channel s i s 57 db S) 
while at least one other manufacturer specifies the level at whi ch the cross=modulation 
is o05% when only two carriers are used in t he t esto 
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The nomogram shows a way of com= 
paring these vari ous specifica= 

i ons ; and a l so a method to es= 
tirrate what the cross- mod woul d 
be a t t he leve l that you actual ly 
use in t he ampl ifiero 

There are three scales on 
this nomograrng The middle scal e 
i s the cPOSs=modulati on that we 
discussed before o The upper scale 
i s the output of the ampli fier i n 
dbmv ~ and he l ower scale is the 
number of carriers usedo This 
scale is really in two parts and 
we can use either of them ~ whi ch= 
ever is more conveni ento 

For a first example I ' 11 start 
wi th an amplif i er speci fied at o05% 
two carriers at 46 dbmv 9 and we 
want t o knav mat would be the 
cross=modulation if you operated 
12 carriers at +33 dbmva First )) 
we use the bottom part of the nomo
gram t o find what i s the effect of 
number of car.riers o Here I want 
to point out that the assumption 
on thi s nomogram is that the cross
modul ation from various carri ers 
will add incoherently o If we have 
many carri ers that are on the sarre 
network that produce coherent sync 

· pulses l! the addi tian will be more 
severe than it is here o) 



So 9 we join the point of "2 ca.rriers 9 " and o 05% cross-modulation ~ find the int:r-
section with line B9 and then connect the n12-carriervv point through that intersectlon 
point up to the cross=modulation scaleo This shows something around o 16% (we- don Q t 
really have to estimate this point exactly because this i s only a partial answer)o . 

Now~ we go to the upper part of the nomogram and see what e ffect the level will 
have o We have now changed the nwnber of carriers fran 2 to 12 o We take that inte:rm3"' 
diate point (which is roughly o 16% ) Sl correct it t o the +46 dbmv and go up to line Ao 

1 From that point we come down to the +3 ? dbmv point and we end up on the cross- mod scae 
at o008%o 

To s\..UilJTal:'lize 9 I u ve used the bottom part to see the effect of number of carriers 
at the same output level ; and the upper part for the effect of t he output level at a 
constant number of carriersa 

As a second example 9 suppose the amplifier is specified as havi ng - 57 db cross
mod at the level of +48 dbmv for 12 carriers a Here we don v t have t o change the num
ber of carri ers 9 and all we have t o work wi th is the upper part of the nomogram a We 
connect the poi nt a t = 7 db t o the +48 dbmv 9 go up to line Ao Now~ suppose we are 
using the amplifier a t a l eve l of +3 , dbmv ~ so we connect that point from scale A 
through the +3 7 and come up t o oOlO% cross=modulation o This is t he s t arting point 
for the computation of t he trunk l inea 

Well}) this is really all I wan ed to show a How we estimate~ or how we read the 
specification ll or how we measure noi se and cross-modulation with a single amplifier 
at the level we are going t o wor k i 9 how the noise and cross- mod accumulate along the 
line and what we can expect as the f i nal noise and cross-mod at the end of the linea 

Now}) are there any quest ions? 

MR o KEN SIMONS ~ This really isn ~ t a quest ion o I 0m cheatingo r um going to say 
two words a First 9 I want to thank Dr a Shekel for a very clear present at ion of some 
facts that are l ong overdue in this industry o And }) only one small point do I find 
that I would try to add a If you 0 re addi ng numbers 9 the easiest way t o add them is 
to add them }) 100 plus 100 i s 200a I f you 0re multiplying numbers~ particularly can
plex numbers 9 it 0s often convenient t o use logarithms o The log of 100 i s 2 ~ 2 plus 
2 is 4 }) 10 to the 4th is lO ~ OOO a It i s easier than to multiply the numbers them
selvesa In the same way I believe in this business of cross- modulation and in many . 
other facets of our canmunity bus i ness 9 we have to jump back and forth between dbs 
and percentS! and I believe we can )) as Dro Shekel has shown you here 9 greatly simplifY 
the relationships i nvolvedo Itqs much easi er t o say that each amplifier contributed 
al% cross=modulation than it i s t o say t hat dbs go up 6 db every time the number of 
amplifiers is doubled }) or something complicated l ike that o However 9 I wouldn ' t say 
this worked all the t i me a For instance Sl when you v re talking about change in levels ~ 
the amount of cross""'modulation goes up 2 db for each l db change in leve l , and thatv s 
easier to say than t o say t hat the percent age i s squaredo 

MR o TAYLOR g Thank you Sl Keno And ~ because we 0 re running a little behind t ime -
our demonstration took a lit t le l onger than we had counted on~ I think we 9ll pass 
onto another paper wi thout further quest ions o Thank youo 

DRa SHEKELg May I jus give a not=answer to the not ... questiono I just want to 
defend in a couple of words the method of percentage 9 although as I say they are both 
equivalent and you can easily pass from one to anothero First of all ~ i t seems to rre 
that percentage is easier when you have to add the contributions of var i ous types of 
amplifiers o The cross=modulati on of one i s multiplied by the number of amplifiers in 
the trunk; and when you add the distribution amplifier~ it is much easier using per
centagesa · 

As far as seeing t he effect of output level on cross- modulation when it is in pe~ 
. cent~ one · way would be using t;he nomogram ~ and the second way would be us ing the same 

table of dbs :that I just invented .10 minutes agoo Because 9 you _ will check that if you 
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MRo KRUSE: With the load isolator~ I believe, although I have not had any test 
in this direction, that the load isolator would absorb the reflected signal from the 
missmatch at the antenna and dissipate ito The result would generally be a change in 
amplitude response onlyo That is what I believe should happeno I'd be glad to dis
cuss it further with anyone as far as perhaps some future testing in this directiono 

MRo COOLEY : I thank you very mucho Let ' s give him another hand, gentlemeno 
(Applause) 

Our next subject on today ' s agenda is entitled, "Problems in Using Line Powered 
CATV Systems", and the gentleman that's going to provide that information is the 
Plant Manager for CAS Manu£ acturing Company in Irving, Texas; formerly served as pro
duction manager for Johnson Service Company., Electronics Division; also was produc
tion Tn:1I1ager for Fishbach and Mooreo A native of D3.llas, he attended the University 
of Texas and Southern Methodist University and has nine years of management back
ground o Gentlemen, l'1ro Preston Spradlin is going to give us a little story on using 
line powered CATV equipment o Let's give him a hand as he comes upo (Applause) 

s MRo PRESTON SPRADLIN~ Thank you very much, Mro Cooley o I'd like to express my 
appreciation in being able to participate in this technician's sessiono 

The title of my presentation is "Problems in Using Line Pcwered CAW Systems o" 
Since the miracle of electronics, narrely the transistor, enables us to use line pCMT
ering but at the same time it creates problems, the question of why transistors for 
CATV should be answered first o May I have the first slide, pleaseo (Illustrations 
next page) 

Io AC vs DC Line Powerin~ Line paweringj the natural and economical way to power 
.e transistor amplifiers in caole systems' is in reality' a relatively simple matter and 

consequently , not too much thought has been devoted to this "life ... line" of CATV. Yet, 
through experience j the. majority of transistor failures and associated rraintenance 
problems may be traced directly to problems in line poweringo . 

CAS tv1anufacturing Company, as a result of several years of experience in line 
powering, has detennined that adherance to the following procedures nake possible 
maximum transistor performance-

The necessary power requirements of a conventional CATV system utilizing trans
istors is between 15 and 20 volts DCo In earlier systems, and as recently as 1960, 
CAS, like other manufact urers, used pure DC for line poweringo This approach, being 
quite easily attainable, simplified standby systems and required little or no filter
ing networks in individual ~nplifiers o 

The power supply was conventional and a wet cell could be used as a standby re-
Ll serve o 
;h Using pure DC, no problems were foreseen in the planning stage o However, in 

actual operation, continuous trouble caused by electrolysis and AC hum made it obvious 
to switch to AC line poweringo A simple experiment demonstrating electrolysis is to 
fill a fitting with water and apply first AC and then DC and observe the action of 
each currento The application of DC builds up a carbon path and shorts the fitting 
or causes a high resistance leakage patho Even a small amount of moisture is suffi
cient to cause electrolysis when DC voltage is appliedo 

IIo Regulated vs Non-Regulated Supplies In tube systems, constant voltage trans
formers became a necessity to prolong tube l1fe and to furnish some degree of protec-

:;e• tion from lightning surges o In transistor systems, a constant voltage supply is nor
mally built into each amplifier by using constant current transistor power supplies o 
Since this feature is inherent in transistor systems, the importance of having constant 
transofmrer voltage, although desirable, is not as important as in tube systems o Also, 
fast transients that may be destructive to transistors can pass readily through a re
gulated transformer diminishing afforded protection enjoyed so in tube amplifierso 

Basically, there are two types of constant current transformers - a sinusoidal 
and a normal harmonic a The sinusoidal type normally produces only a 3 percent harmonic 
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WHY TRANSISTORS FOR CATV? 

1. Constant gain characteri~ics 
2. Low power consumption 

3. Feasibility of line poweri g 

4. Compactness · 

5. Theoretically maintenanc~ free 

FIGURE 1 

WAVE SHAPES BEFORE ADDING EXTENDER 
+24¥ +24¥ 

-24¥ -24¥ 

FIGURE 3 

CAS TRANSISTORIZED TRUNK SYSTEM 

23v 

1 

24v 

2 

Power 
24vac 

FIGURE 2 

3 

TRANSISTORIZED TRUNK SYSTEM 

FIGURE 4 

TRANSISTORIZED TRUNK SYSTEM 

FIGURE 5 
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content and is particularly well suited for applications involving rectifiers and 
other equipment affected by harmonics in the supply voltage o Special electronic 
types which are sinusoidal are used for filament and plate regulation circuitso 
The normal harmonic type provides the same regulation, + percent, and is a reliable 
voltage source for electrical loads such as filaments, relays, solenoids and other 
loads not affected by harmonics in the supply voltageo All types of transformers pro
vide filaments with stabilized voltages which contribute greatly to reliable opera
tion, longer life, thus reducing service costs o Another advantage of using a constant 
current transformer is the elimination of extra capacitors and chokeso 

In a conventional transistor regulated supply, nonnally the base voltage of the 
transistor is held constant by a zener diode and since the voltage existing from the 
base to the emitter is inherently constant, a regulated supply is easily obtainedo 
The physical size is such that an individual regulator may be conveniently placed in 
each arnplifiero 

Negative output voltages are obtained through the use of germanium power regu
lators and positive outputs by the use of silicon transistorso CAS currently is us
ing both silicon and germanium power regulators a Silicon, although more expensive, 
offers greater protection against lightning surges a Obviously~ line powered systems 
with transistor regulators offer many advantages over non-regulated systerns o Con
sequently, the widespread use of transistor regulators is commono 

IIIo ralf-Wave Line Pov1ering In using a single center conductor for line power
ing, it is:llnposs1 e to use o~1er than a half-wave power supply without the use of 
bulky, inefficient isolation transofmrers a Therefore , all manufacturers, to our 
knowledge , use a half-wave rectifier to develop the necessary positive or negative 
supply voltage for the transistorso 

Until recently, available power transistors have dictated th~ use of a negative 
supply o The half wave rectifier, since it utilizes only one-half of the AC cycle, 
is necessarily only 50 percent efficient a Thus, a circuit requiring o 5 amperes DC 
will require a source capability of approximately 1 ampere ACo 

For reasons I will explain later, CAS decided to positively power the trunk 
systemo This lends itself nicely to biasing the transistors, although a more expen
sive silicon transistor was required for powero An inherent bonus feature of the si
licon power transistor is its ability to better v.~i thstand surges and etco in the recti
fying circuito 

Using a positive trunk system~ CAS lays out 4 trunk amplifiers like this: 

CAS TRN~SISTORIZED TRUNK SYSTEM 

23v 24v 

Power 
24vac 

22v 2lv 

For purposes of explanation, 24 VAC is depicted as the supply inputo In actual 
practice 9 this voltage would be 28V nominalo 24 VAC input would be a minimum input 
due to general low primary voltageo Let's assume that th~ voltage is traveling from 
amplifier number 1 through amplifiers 2, 3, and 4, etco The 24 VAC is fed into the 
system at amplifier 1 and forward to amplifiers 3 and 4o Let's further assume that 
each amplifier requires 1 amp, the initial starting voltage 24 VAC and one ohm resis
tance per length of cable between the amplifiers o With this assumption, amplifier 2 
will be supplied 2 4 volts o The combined current of amplifiers number 3 and number 4 
is 2 amps and by Ohm s Law E = IR or E drop = 2 amps X l ohm is (equal to 2 volts drop) 
the voltage at number 3 amplifier is 22 volts since the supply was 24o By use of the 
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same formula, amplifier number 1 has 23 volts availableo Amplifier number 4, due to. 
the line resistance, has a f urther drop of 1 volt and therefore, the voltage at ampll
fier number 4 is 21 volts, the bare minimumo 

Since amplifier number 4 has 21 volts available, it will operateo If extenders 
are added to the line as shown, we can obtain the following results: 

TRANSISTORIZED TRUN"K SYSTEN 

Assuming that each of the fifteen extenders added on #3 and #4, as shown, requiret 
.1 amp, the total current requirements for the extenders are loS amp, the total curren 
requirerrents for the extenders are l oS amps. By Ohm's Law, a 3o5 volt drop exists be: 
tween the supply and amplifier #3 and a further drop of lo7 volts exists between ampll' 
fiers #3 and #4 which results in the line voltage of 20o 5 volts at amplifier 113 and 
18.8 volts at amplifier #4o Keep in mind that each amplifier requires 1 amp. NCM, 
note that the 18 o 8 volts at amplifier #4 is below the required voltage, and due to 
further drops in the extender lines, the last extender has a bare 18 volts from whidh 
to o~rate. The obvious answer in making this system work is to up the supply voltage . 
from 24' to 33 or 34 voltso The disadvantag~s of this solution are: 

lo The voltages exceed the safety limits specified by the National Electrical 
Safety Codeo 

2 c The first amplifiers #1 and #2 have to dissipate more pc:Mer, resulting in 
over heating, etco 

There is another solution - -- Looking back to the AC supply, the output voltage 
appears like this before the extenders are added: 

WAVE SFffiPES BEFORE ADDING EXTENDERS 

+24v +24v 

+2lv 

0 

-24v 

Note that the first cycle of the sine wave from the supply is symetricalo At am' 
plifier #3, the positive half-cycle is clipped and appears on the scope as shCMn at a vel• 
22 volt level. The voltage at amplifier #4 is clipped further and is at a 21 volt 1e afl 
Notice that the negative half-cycle remains symetrical and is at a higher amplitude tnt 
the positive half-cycle. At the level of 22 and 21 volts . sufficient voltage is presen 
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for proper regulation and we have a workable ~ystern without the additional loading 
.- of the extenderso 

:::h 
3.ge 

e 

a.Jll"" 
t a 

leVE 
o tn' ;sen1 

IV o Positive and Negative Approach to Line Powering Suppose that the extenders 
are designed to operate on the negatlve half-cycle of the AC waveo Since additional 
loading will not be added to the positive half-cycle, the voltage an a combined trunk 
and feeder system will appear like this~ 

TRANSISTORIZED TRUNK SYSTEM 

-;._r~-
~ pr;'~r g &22v 2lv 

Proper supply voltages are now present at the amplifiers., as if there were no 
extenders present, and equally good voltages appear at the extenders o Ten extenders 
may be powered through each amplifier without loading the supply to a point where in
adequate voltages would be present at the extenderso 

By utilizing both halves of the AC wave, the following addi tiq1al features be-
come apparent ~ 

lo We can accurat~ly predict the number of trunk amplifiers per power supply 
as well as distances without regard to the number of extenders to be added 
either now or latera 
2o The supply voltage level may be kept well within the limits prescribed 
by the National Safety Code o It is no longer necessary to boost the supply 
level beyond 30 volts to compensate for drops and to raise the law extender 
voltageso The lower voltage reduces the shock hazardo 
3o Transients on both the positive and negative cycles are suppressed by the 
dampening effect of the transistor power supply loadingo 
4 o Efficiency of the system now approaches 90 percent as opposed to 50 percent 
efficiency when using only one-half of the AC cycleo 
AC line powering provides the ultimate in flexibilityo The added advantage of 

utilizing both the negative and positive method of line powering should be strongly 
considered when planning new systems or modernizing existing ones a 

Vo Lightning and Transients Probably the greatest maintenance problems in 
CATV are the ever present lightning discharges and transients which can cause night
mares for servicemeno 

CAS protects all power supply circuits with lightning arrestors and circuit br
eakers o When fast transients or over-loads appear due to the inherent time lag cha
racteristics of breakers 'j they do not open the circui to These transients must be 
absorbed by the amplifier system as they pass through power supply transformers, 
regulated or not o Each amplifier must be able to take a peak voltage on the order 
of 100 volts or moreo By utilizing both the negative and positive cycles, we damp 
both and keep the transients to a minimum peak voltage a Power transistors with high 
peak voltage characteristics have become a rnust in each individual amplifiero 

VIo Short Circuits in Line Powered Systems Accidental shorting of the CATV 
cables by technlclans, installers, or equlprrent failures is commonplace a Naturally, 
the power transformers and associated equipment must be protected by fuses or some 
other means o It is very time consuming and frustrating for the technician to acciden
tally short the cable, causing him to have to climb down the pole and replace a fuse 
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in some other remote location before finishing his jobo This can very easily be pre
vented by the use of automatic overload relays which remake after the short is removedo 
No fuses are used in CAS line powered systemso Relays are used throughouto 

In summarizing, for a successful line powered system with few maintenance problems 
we suggest the following ~ 

lo Full use of both negative and positive cycles of the AC sourceo 
2o Automatic overload protection for line powered shortso 
3o Adequate lightning arrestor usage and high peak voltage power transistors 

in each amplifiera 
Thank youo (Applause) May I answer any questions you may have at this time? 

QUESTION: When you're using regulated transformers and only using half the cycle 
does this disturb the regulation of th~ transformer? 

1'1Ra SPRADLIN ~ No, it does nota There are two types of constant current trans
formerso A sinusoidal type and a normal harmonic typeo If you use the sinusoidal type, 
you wouldn't have any problem with regulationo 

QUESTION~ How about the norwal harmonic type? 

MRo SPAADLIN: The normal harmonic type does provide the same regulation as a s 
sinusoidal type, but nonnally you'd find the normal harmonic type used in filaments o 
relays and solenoidsa Since the s inusoidal type normally produces only 3% harmonics 
you would use this one for power supply circuitsa Each constant voltage transformer 
has different characteristicsa You may find one that puts out a square wave works b 
better in some places and not as well in others o It depends strictly upon the loado 

QUESTION~ Does each amplifier that your company makes have a built in regulator 
and is it AC or DC powered 7 

i'1R o SPRADLIN ~ Yes o CAS Manufacturing Company has all transistor regulator sup
plies built into each individual amplifiero There is AC going into the amplifier prope~o 
It is converted to DC by a regulated circuit inside each individual amplifiero The AC 
power continues down the cable until it is converted to DC to power each individual 
amplifiero 

QUESTION: You· said the amplifiers were AC powered but do you mean because it is 
halfwave rectified it is DCpowered? 

MRo SPRADLIN g On the line proper~ you have AC voltage but past the transistorized 
regulator direct current is used to power the transistorso 

QUESTION ~ But you have DC current in the ·cableo You're on an alternating vol~
age system but a direct current systemo 

MRo SPRADLIN: Noa Remember the AC for line powering is by-passed back into the 
cable for further line powering while the DC is blockedo 

QUESTION ~ How do you block the DC from the next amplifier? 

MRo SPRADLIN: We block the DC by means of capacitors o 

QUESTION: · Who manufactures a reliable rese~ting overloading relay? 

MR o SPRADLIN: CAS Manufacturing Company is using a line of circuit breakers 
manufactured by Klixon which is a branch of Texas Instruments Supply Company in DallaSo 
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~li~on iq ~ very ~opd ~it. 

· Ql]l::STIOtJ; Yo4 ~t~~ep that DC line pawer;i.ng pa,used electrolysis. You have furth
~r s~ated thq.t ~11~~ is DC w the amplif;l.er, Wl+Y ~qesn 1 t tnif? Cq\,lse e:Lectrolysis in 
1=he f~ttinga1 

MR.- SPRADLIN: Since tpe DC component is blppke~ by capacitors it does not go 
t~ugh the fittin~s. . 

MR. COOI.£Y; MY mn;; qu~E?tions, g~n't;leman; Well., I 1r})ank '.fOU very much, Mro 
~pradlin, (Appla~se) · 

The p~~ ppper is ent!tled 1 "~ Effects pf Co~al Jumpers". Our speaker is the 
d~re~tor of Re~earch and Q4q.li ty Control··for ?uper,ior Cable eor1poration ~ He was edu
c~ted at I.eno:re RyfU'l Co+ ;Lege in Hickory, North ~rolina. He has a BS degree, major 
in chemistry, phys:l-c~ and nathernatics. He has ~ yecms in the \Jni t~q States Army in 
~lass;ified wo~ on the Se~uri ty Agen~y. Two years in the Sheph~rd Enterprises, Inc. 
as a chemist. T~n ye~s in the Sll.perfOr Caple Corporation qS q technician' research 
and laboratory qevelop~nt ~ngineer, He is presently Director of Research and Quality 
Control, Gen't;leroon, Mr, Walter Robevts. (A~plause) . 

MR. WALTER ROBERTS; ThM}< you. ~s everyone nave a copy of this paper? "Impe-
4~n~e Dj,~COJlt:inui ties and CATV Cab+es", 'rfle pa.Mr itself, ~hie}) I hope YOll' 11 have 
t~ to reaq in more detqil later and wni~h I won't try to dis~u~s in complete detail, 
begil)s wt th an rintFOQ\1CfTt;i.~n of why unifqnni ty in CATV pystems is important. And, I'm 
S',J.~ 'yo'1 folks can tel~ 100 rrore ~aso11:;; it's importc311t ~han I can tel], you. In fact, 
I was iri t~~ tran~mission lin~ of bus~ne9s quite a while before I found out broad
Qqnded didn't have qpything to do witp an all-gir~ orohes't;ra. 

But, in tl)iq little va~r qOITe qf the factors qffecting unifonnity and coaxial 
cab~e pl~ ~ disc~s~ed, Tnere is no atte~r.t made t~ at least directly describe 
~he eff~c;rts of non~l.,lTl!formiti~p in ~~pciqted electronic ~quiprrent, except for sore 
grq.phs which I ho~ tq Rhow you on co~~eq ~ffects. 

D€7rnand~ for iffiprqverrents :tp sigpal ~ransmis~~9n unifqrmi ty have probably been 
e~per~epced ¥1 evepy CATV system pper~t;;ing toqc;ty ~ The ne~p for ~pgrading existing 
se~ic~ thro~gh agd~tional channels pas oft~~ ~~psed syst~m non-uniformities which 
were not at all opyiou~ wl)il~ carnying only q f~w channe:},s ~ Sipri.lar problems have 
beeoJTa evid~nt only after 1Jlitiation of color transrnis~ion. In recent years, new 
~yqtems involv~g longer cable t~ rup~ hGve shown effects from irregularities which 
w94ld p~Qab+y ~a¥~ go~~ upd~tected in sl)ort~r runs. 

So~ of t~ factors fl,ff~qting un~formity in co~ial ca};)le plant are reviewed in 
'this ~per. E~cept for the ~ffeets on qab~e ~mpeqance I characteristics, no attempt is 
made to des~r~be pqn~~fo~t~es in ~~sq~iatect el1ptroni9 ~q~ip~nt inserted into the 
c~ble ~ystem. l1Dpt of the descr.iptions are based op the eff~cts the discontinuity pro
qu~~s on a ~~si~nt P41Se along the line~ These are much ~asier to visual-
i~e thAJ1 in the case of steady ... stq.te al temat.ing q~~nts fffid, anyway, the two m:xies 
are complet~ly cprrelat~d mathe~~i~a~ly, 

the effeGt of impeqan~e diqcont~uities o~ steqdy~s~ate operation is best deter
minep through il!)P41; ~pedpnce Tref!Sureroonts <and qalcula~ions) • Input impedance of the 
l~e ~Y Pe measureq ~t a p~ticular qiqcontinuity or ~t may be at a point along 
the c~pf~ ~J1Pte frpm tl1e location of tp~ nonWl~formi t~~s. 'fhe perform:mce of the line' 
q~ ~~P de~iation f~m nprmal, is d~termined by the impedancq it ~xhibits at a frequencY 
or panq 9f frequ~ncies, 

Also preq~nt~d qre charts showing re~ation$n4ps Q~~~en GaPle impedance uniformitY 
and ~tt~n~~tion 4nif9rmity, These are spown Oath for th~ case of discrete discontin
~~~~es ~d for the ca~ of periodic, di9trib~te¢ discontinuities alopg the c~ble. 
These two so~rcep 4o ~ot result in equivalent imped~c~ deviqtion attenuation relation
ships, 
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MR ~ ARCHER S .. TAYLOR, CHAI MAN~ Our first paper this morning is 
on the "Sweep Testing of CoAxial Cable" by Mro Ken Simons of the 
Jerrold Corporation ~ Ken Simons graduated from the University of 
Pennsylvania in 1938 o He's been in CATV since 1951_ He helped design 
the 704 -B field-strength meter~ the UBC 26 - B ampljfter and the 9008 
sweep generat o r o He is formerly chief engineer of the Jerrold Corp~ 
oration and is now Vice-President for Research and Development ~ Mro 
Ken Simons o [Applauseo] 

MRo KEN SIMONS: Sweep testing is essential for coaxi~l cables 
used in ETV and CATV distribution systemsQ This article compares 
three basic methods: measurement of transmission loss, measurement 
of input imp edance, and measureme nt of reflection coefficient ( 

The technical re _uirements for -lexible coaxial cable were organ
iz e d in Military Specification JAN-C-17 originally issued in 1944 c 
This speci fication and its subsequent revisions spell out in detail 
the requirements :for physical construction and a number of electrical 
parameters , including attenuation and dielectric strength of the 
cableo Regarding the characteristic impedance, JAN-C-1 7 specified 
the nomina l impedance which was determined by a calculation involving 
the total measured capacitance of a reel o f cable, and the delay fac
tor measured on a short sample, for cables of relatively short lengths, 
this specification was adequate; but the advent of CATV systems, where 
TV signals are transmitted through many miles of cable, uncovered the 
need for an additional specificationo 

The problem first came to light in our organization about twelve 
years ago when one of our field engineers returned to the laboratory 
a reel of cable which, he claimed, would not pass TV channel 16 G 
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Figure l shows the mea
sured attenuat i on of this 
reel of r.nhl~~ indicating an 
attenuation spike 50 db deep 
at 87 me! 

Investigation showed that 
this effect was due to perio
dic discontinuities o Some
thing i n the manufacture of 
the cable produced variations 
in characteristic impedance 
recurring at precisely spaced 
intervals throughout the 
length of the cable w D -e to 
this precise spacing many re
flections, precisely phased 
at a certain frequency 
arrived back at the input end 
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of the cable, causing this 
severe distortion of the 
transmission characTeristico 

To prevent the recurr
ence of this problem, a pro
gram of factory tests was be
guno The original test method 
involved measuring the trans
mission loss through each reel 
of cable over the frequency 
bands then in use o A reel of 
cable was re j ected ~f the loss 
in these bands dipped more 
th an Do2b db below the smoothed 
attenuat~on characteristicso 

After this transmission 
loss measurement method had 
been used for several years, 
it became evident that a more 
sensitive test was needed o I t 
was found that a measurement 
of the input impedance aT each 
end of a reel of cable gave a 
more sensitive indication of 
the ex·~T~nce of oeriodic re-

flections o Experience 
with the impedance mea
surement method showed 
two major defects . 
it was difficult to 

VARIABLE 
TERMINATION 

TO SCOPE 
VERTICAL INPUT 

Equipment Con nee t ion For lmpedanc e Test 

arrive at an accurate 
calibration and the 
measured devia ion was 
a critical function of 
cable length o Removing 
two or three feet from 
the end of the cable 
would change the entire 
pattern ~ To overcome 
these defects a test 
method was developed 
employing a bridge ; 
this method allowed ob-

FIG 5 

f ig 0 5 
servation and measure

ment of the reflections from the cable end, eliminat~ng uncertainity 
and allowing easier calibration~ This reflection measure~ent method 
has been used by a number of cable manufacturers during the past five 
years and has provided a satisfactory way of controlling periodic 
defects o 
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The r e lative merit s of 
the t hree me t hods of swee p f r e 
quency c ab le t esting c a n per 
haps bes t b e developed b y des 
cribing e ach me t hod in s ome 
de t ail and comparing res ultso 

Impedance Test On 1000• Sample Of RG59/U 

Figure 2 shows a diagram 
of the equi pment used in the 
sweep frequency technique f o r 
measuring cable loss v s a fre
quenc y o A wide =band sweep fre ~ 
quency t ransmiss"on measuring 
set is connected alternately t o 
the cab le under test a nd to a 
variable standard attenuator v 
~his arrangement provi des a n 
attenuation ref_ren c e line on 
the osci lloscope against which 
the loss of ~he ~ab l e can b e 
compared ~ For accura· e meas ure 
ment ~ i t is essent "cl th a t th e 
cable face a well matched i mo e -

VARIABLE 
STANDARD 

Variable 

! 10% 

Bridge 

Fig. 7 

FIG 6 

IN 

For Cable 

FIG 7 

TERMINATION 

I NS ERTION LOSS FROM "IN" TO "OUT" (in db) 
= 12. 5 - RETURN LOSS OF CABLE 

RE TU RN LOSS = 20LOG
10 

(reflection coefficient) 

Reflection Testing 

dance at each endo 
10-db fixed attenu-
ators are used t o 
establish this condi ~ 
t · on . 

Figure 3 illus
tra es th loss charac ' 
teristic of a parTicU' 
lci_ reel o f cable mea~ 

sured with this t ech ~ 

nique v The f r e quencY 
r a n ge was ch osen t o 
include a major de 
fect at 137 mc u. The 
rapid change in atten~ 
uaLion wi h freque ncY 

e"' mak es a ccura e measur 
men t of the dip at 
13 7 me difficultG The 
me a suremen is eas ier 
by inserting an eq ual~ 
izer 1n series with 

the cable so that the average loss is flat and t h e irregularity is more 
clearly displayed and measured, as shown in Figure 4o One of · he defect S 
of the transmission ·loss measurement method appe a rs on his plo a With 
the high end to-end attenuation present on th is reel ~ the single shield 
allowed suff1cient ·coupling to produce ripple s. i n the frequ~ncy charac 
teristic!) 
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Same as Fig. 9 with gain increased and reference 

changed. 
FIG 10. 

Fig . 1 0 

0,1db ~-----'-----1 
1 db 

Measurement of a cable defect by the Transmission 

Method 
FIG II 

33 db RL 
2.2%reflection 

A more sensi t i ve te s t, 
free from this c o up l ing pro~ 
b l em is obtained by us i ng 
t h e technique diagramme d in 
Fi gure 5. The output of a 
wi de -band generator is fe d 
t h r ough a bridgi ng de t e c t or 
to one en d of t he c ab l e 
un d er t e st, wit h t he o ther 
end accurately t erminated v 
The detector me a s ures var
iatio n s in input vo lt age 
a a functic. of f reque ncy . 
With a well~matche d sou rce 
( ass ured by t h e 1 0 -db atten
uator) he i npu . vol t age 
vari e s almost direc~ ly 
w~th the m~~n1tud e of th e 
""able~ s inp ·- im_ edance v 

AnJ impera ce p ot ma de by 
t h is technique f o r t he 
same reeL ~,f c.abl e i s ill 
ustrate figure b ( c om
pa r e with Figur~ )D Cal
ibration Ha!=: ol,· a1 ned b y 

suJ s t i t u t "ng - n ec~se 7 -ohm t erm
ina to r f J t 1 e catlP ena an( varyin g 
the a t t e nuat or alove and e l ow 10 db 

y a n a mo unt corresponding t o th~ 

i n d i c ated i npedanc evels. 
Th e b r idge sed for reflect i o n 

te s ting i s d "a gramme· ·n Fi g1re 7o 
Wh en the va r i ab le standard arm o f 
the bridge i s adju~ted to e qual t he 
a v e r age c h ara c teristic i mp e da nce o f 
t he c a ble, t he br"dge ac_s a s a 
dire ct i on a l coupler wit_ direct ivitY 
:n e xcess of 50 db and a ,onstant 
i n s ert"on loss of about ~l 5 d b ~ 
'I'he b ridge is co nected into a e s t 

Fig o 11 s y s tem, as s h own in Figure 8b Th e 
variable atten uator ~enerates a 

reference trace which i s s et to cro s s t he cab .e race at peak· of t h e 
reflection characteri stic ~ Sinc e t h e meas u r ement is made in dbs the 
results are most convenient l y exp r e s s ed i n t he s e terms ~ T e reflect ion 
coeff icient expressed in db is the " re t u r n los s" "~ a nd the return l o ss 
characteristic of c ab le, du e ~o p eriod i c vari a t i on s in its structure ~ has 
become known as- the " strtAct u ra l .re t u r n loc s " o 

Fi gure 9 illus t~ates a s t ruc tural ret u rn loss plot with the charac 
teristic of the same cab l e de f ect a s shown on the curves in Figure s 4 and 
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Same defect as FIG. II measured by the Impedance Method 

FIG 12 

Fig o 12 

6. The sensitivity of this method is illustrated by Figure 10, which 
is similar to Figure 9, but shows a 15 - db increase in sensitivi ty o 
Return loss variations as low as 50 db (O o3% reflectio; . ) can be 
clearly displayedo 

Although the defect plotted in Figures 3, 4, 6 and 9 showed up 
clearly in all three tests, it should be noted that it was a parti
cularly bad defect1 ioeo, one that would cause picture distortion if 
it fell within a television channel o A defect which is about the 
worst that can be tolerated in a cable television system is illus
trated in Figures 11 9 12 and 13o Figure 11, illustrating the trans
mission loss measurement of such a defect, shows the difficulty of 
this method: using all the scale expansion available , and equaliz
ing the transmission characteristic, the Ool - db variation is diff
icult to discern and impossible to measure accurately o Figure 12 
shows a great improvement in sensitivity obtained by impedance meas
urement; but also illustrates- the weakness of this method in that 
four different measurements were obtained , depending critically on 
small variation~ in the point at which the cable was connected to 
the detector o The reading on this part i cular defect varied from 
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4o4% to 12o 3%, depending 
on the length of the con
necti ono 

Figure 13 shows the 
advantage of the return 
loss bridge method ~ which 
gives a high degree of 
sensitivity with essentiallY 
the same reading~ regard 
less of the point of con
nection (compare with Fig 
ure 12)o 

lfa A added This comparison is 
further illustrated by 
measurements made on a 
ree l of good CATV trunk 
line cableo Figure 14 
illustrates the return loss 
characteristic taken over 
the entire TV spectrum, 
showing excellent struc= 
tural return loss cha rac
teristics o Figures 15 and 
16 show transmission loss 

% A added measurements near t he worst 
de fect o Note that the 

Some defect as FIGS II 8 12 measured by the Reflection Method 

Fig. 13 

I 
so 

I 
100 

fmc 

I 
150 

I 
200 

Reflection Test On Sample Reel Of CATV Trunk Line 

Cable 

FIG 14 

Il92 

FIG. 13 transmission loss varia
tion , at this point, can 
hardly be seen or measured 
by this method e Figure 17 
illustrates an impedance 
test of this worst defect, 

30db 

40db 

and figures 18 and 19 show 
return loss tests in this 
same frequency range o 

Fig o 14 
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Reflection Test on sa me ree I near worst defect. 
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figo 19 

In summary, three methods that have been used to determine the 
existence of electrical problems due to periodic discontinuities ~n 
cable have been describedo The transmission measurement method 
suffers from low sensitivity and the need for equalization o The im
pedance measurement method presents difficulties in calibration and 
is ambiguous because of variations peculiar to the point of connec
tion between cable and test seto In contrast, the reflection test 
method, using a return loss bridge adjusted to the average impedance 
of the cable under test, provides a high degree of sensitivity, ease 
of calibration, and freedom from ambiguous readingso 

MRo TAYLOR: Thank you very much, Ken o We have a few minutes, 
if anyone would ·like to raise a question o 

MRo .EARL QUARR: Mro Earl Quarr, Long Island Cable Division o 
Did I understand you correctly? Should you measure return loss from 
both ends of the cable? 

MR. SIMONS: Very definitely, and I would say it Ys an encourag
ing sign if you measure the same from both ends o This says that par
ticular reel probably has a uniform characteristic througho~t o Gen
erally, you should measure a reel from both ends and the characteristic 
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should be good from b oth ends ~ 

MR ~ QUARR ~ Thank youc 

MR v TAYLOR. Dutch? 

MR ~ SHOTSEL ~ Dutch Shotseli Dallds. Ken~ would you comment on t he 
pos sibilities of time-domain reflectometry? 

MR c SIMONS o I 1 o be very nappy to , This is a very act.ive s ubje c t " 
Th e time domain technique nas t .rri~ic applications ana is most help ful 
in the p roduction or coaxial cable l t vJi.ll shovJ rdJ1er'e t.he (lis contin ~ 
u i ty occurs, as contras t eG with the reTurr~. loss te~r~~Tc e '..Jnicn show s 
how it affects the frequency spectrum r!la t you're golng t o use ·1 S ince a 
manufacturer is most interested not only in the .fact that a g1.ve n ree l 
o f c able is bad, but in what ·to d o abou'l i t~ 'l'D J-· cctn be a terrifically 
use f u l tool .. 

There is one mi. nor dif l · ctl ty · rL ::~. r a : t t .:'lct t. .rte ava.i. 1alJ c TDR 
(an d 1 may .be doi ng somebou/ an· injustic.::. Lt.n. ·:.he Gill~' on-2 1 Kn oH . b o ut 
is the He wle'tt- Packard) 1 as a S U ohm so-· .• Cf:: impe dance You cc.1n work 
with this~ but it introduce...., a ·s :Iiall pr•CJt:lem ir: Ln, idc'L l.nat you get 
multiple reflections~ J f there is a.n ec:.o l.~r.,cm tne ca.~; Lc ~ i 1: goe.J back 
to t h e 50 ohm source and is re~reflec ·red. ·~ince d r,)s l of -che di scon ti n 
u ities are small$ th is d.oesn~t g .1.ve much r1"'0ul >. J'h~ IleT.'lctt Packard 
enginee r s have told me they have d t e chnique - 1.d·· rhey uel.ieve. will be 
sa t i s fact ory in giving a ma-rched 7 5 ohm source ,-:tnd \rJ • til or \ i Tnout th is 
improvemen t I believe the TDR is a tremendously ·1s~ful tool_ 

MR l KU SHNER: Mra Al Kushner, Times Wire G Ken~ we 1 v e used yo ur 
bridge , o r c o urse, i n the factory, quite a bit and there's one th i ng we 9 ve 
not i c ed ') If we first display on the scope SO to 2L0 megacycles a n d me a 
sure a 30 db spike , and then reduce the sweep width so we're only loo k i ng 
at plus o r mi nus te n me, the readi n g will increase sometimes by ar 2 db o 
Does t h is corre spo nd with your results? 

MR a S I MONS= It certainly does o The difficulty here is a simple one 9 
and we d o have a fairly effect ive corr~ct1on for it~ If you look at th e 
RF s igna l that comes out of the bridge as an ampli tude modulated one; the 
amp lit u de modu lation has a very high percenta ge and 1:l1c detector~ ten ds 
to exhibit pe ak clipping ( In addition there is a problem wi th envelope 
f requency response ~ If you sweep past a ripple too fast it is not di s 
played accurately and the correction which we found quite effecti ve is 
t o put a l i ttle high frequency boost in the audio output It is adjusted 
by first spreading the pattern way out~ ge tting a reading~ then sweep 
maximum bandwidth and adjust the "boost" for t he same reading;) 

M ._ KUSHNER : There is one other thing0 Since we've bee n worki n g 
wi t h 30 db cab l e s we . found that~ when we get above 30 db return loss th e 
TDR shows reflection s of 60 to 70db dow n 
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MRo SIMONS: TDR is most useful for isolated problems - lump dis
continuities or for analyzing the nature of t he periodicity as to 
whether it is a sinusoidal variation in diameter or what ever it may beo 

MRo TAYLOR ~ Someone in the back of the room had his hand upo 
Dro Shekel? 

DRo SHEKEL ~ Dro Jacob Shekel, Spencer Kennedy Labs o I just 
want to describe an alternative method for balancing out t he average 
impedance of the cable a 

As Ken pointed out~ we have to eliminate effect s due to varia
tions in the average impedance of the cable from reel t o reel o Now, 
one way of doing it is putting a variable resistor and capacitor on 

·one side of the bridge and balancing out until the minima come down 
to the baseline, as Ken described o 

We have found another method which gives equivalent results o 
In effect we balance one end of the cable agains t t he ot her a For 
this you have to have a bridge al l owing access to bot h connectors o 
Instead of building the standard impe dance a s part of t he bridgej 
you have two outputs that you can bal ance against each other o 

(~ :CN 
j. 'j; 

. ~ -.,. 

~ll,..--r;..'.:.:...,./~ 

l~j 
oul 
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CABLE UNDER TEST 

Now, this is the same basic bridge that Ken us been describing 
except that I have now two openings for two things to balance against 
each other o What we do i n this case is to connect both ends of the 
cable to both ends o f the bridge o The average impedance of the cable 
is likely to be the same at both ends since the cable was not espec
ially made to taper from one end to the other o But the manufacturer 
tried to make it uniform j so the average impedance would balance out 
and wouldn't show on the output o If there is any mismatch in the 
connectorsj there is one on each side of the bridge and their mis 
matches would balance out a 

Now, if there is any chance that the attenuation is not enough 
and the signal may go in on .one side and come out through the other 
side, and look as if it were a reflect ionj there is also a similar 
signal going . the other way o And again ~ they will bal ance out o The 
only thing which is left is the random reflections which come from 
each end and because they are random, they are incoherent and they 
will not balance out o Moreover, each of them has the wave form of a 
nojse o Thus we have, in effect, two noise wave forms that add up t o 
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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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so as to be able t o compensate for anti cipated changes i n input signal in either di
rection o Usually, only the gain of the interrnediate stages are varied so as to main
tain good noise figure and overload characteristics while t he input and output stages 
are at a fixed optimum operating point o The detector is tuned either to a single fre
quency or is broadband , depending on the type of AGC sys tem used c 

In the second system, the entire amplifier is rnai ntained at its optimum operating 
poi nt as far as noise figure and overload characteris t i cs are concerned ~ The attenu
ator ahead of the amplifier is varied t o change the overall gain at the amplifier sta
tion o The nominal operating point of the attenuator must provi de an insertion loss 
of at least the magnitude of the anticipated d~mwaro change in input signal level o 
The loss of the attenuator is then varied up or down t o correct for changes in input 
level a This arr angement, while allowing optimum operation of each stage of the am
plifier, effecti vely increases t he noise figure of the amplifier by the amount of the 
attenuator 9s nominal i nser tion loss o The best sol ution may be a combi nation of the 
two methods o That i s , pl ace the at tenuator at an int errrediate point in t he amplifier a 

This would allow opt imum operat ion of the active elements in the amplif ier and, at 
the same time~ provide a good noise fi gure a 

As stated previously~ the AGC may be der ived from either TV signals or from 
pilot carrier signalso A single TV signal cannot be used alone to acti vate t he 

. AGC because i f that channel went off f or any reason, all amplifiers woul d run wide 
openo 

Excessi ve gain would be accumulated, and over load would soon occur on t he re
maining channels o Therefore~ i f this met hod is used , a standby oscillat or is re
quired which is switched into the sys tem if the pr~nary source goes offo 

Another method is to sense the composi t e s ignal s i n the passband of t he amplif ier 
and adjust t he gain to t he composite leve l a Wi th t his method, i f a station goes off, 
the AGC is still operativeo No standby oscillator i s requi red since the AGC ci rcuit 
operates from t he remaining carriers o 

Still another mtthod utilizes only pilot carriers to drive the AGC ci rcuits o 
This system is i ndependent of the TV signal levels and has the advantage of providing 
a fixed standard signal to which the ent ire system may be referenced . 

To summarize, the main advantages of AGC are ~ 
(1 ) Stabilization of individual channel signals permits adjacent channel 
operati on and maximum utilization of t he transmission systemo 
(2) Proper signal levels may be mai ntained i n the t runk, thereby avoiding 
problems of noise and cross modulation o 
(3) Maintenance problems are reduced by eliminating the necessity t o reset 
levels with changes in temperature o 

Thank you a (Applause ) 

MRo TAYLOR~ I think we can take tim= for one or two questions o Anybody have a 
question t hey want to ask Mro Kuzminsky? One in t he back of the room. 

UNIDENTIFIED SPEAKER: This might be going back to this envelope delay problem, 
but I notice on the color set there was another image to the r i ght and I've had this 
problem an black and white a I don t t know what it is . Is it mi ss match? 

MR o KUZMINSKY: Well, sounds like ito 

UNIDENTI FIED SPEAKER~ Hiss match? 

MR e KUZMI NSKY : Yes o 

MR o TAYLOR :" Thank you o Thank you very much, Hr. Kuzminsky o (Applause ) 
Our next speaker i s Mr, Rober t Cowart, Vice President in Char ge of Construction 

for Viking Company a .And, he ' s going to t alk on "System Reliability" . I believe the 
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sketches will be cir culated while he! s talkingo Mro l~obert Cowart a 

MRe ROBERT COWART ~ I like in part icular that ETA part, so I ' ll be very briefo 
I ' d like t o talk to you this morning briefl y on system reliabilityo 

These days we find outselves building more and more systems into areas that alreadY 
have available to t hem s trong high quality , hi~ly rel iable , local off-the-air signalSo 
In order for a system to compete under t hese conditions, t he system must be engineered 
in such a fashi on t hat it could successfully compet e in terms of t he same quality, re
liability and perf ormance as these off-the-air s i gnals o The preli minary deter.minan~s 
of quality are signal-to-noise ratio, cross modulation and ghosts e You are all f~~ 
liar with these terms as a result of the industry school s which outline and detail 
methods of qualitative determinatione I am sure that by now you are all familiar with 
these tenns, with thei r method of determinat ion and know of many ways in which to irn ... 
prove theme A fourth ~ extremely important~ f actor is reliabilityo A subject which 
has frequently been. ignored both in the past and at t he present a My purpose today 
i s to acquai nt you with the basics of reliability and to point out to you same methods 
by which present sys tem reliability can be i mproved a 

Many studi es have been made in the past bot h by military and commercial interests 
in the pursuit of those factors that control and influence reliability o In almost e
very case explored the most highly reliable system was t he simplest systemo I am sure 
you will al l agree from your own experience that t his is the caseo The military ans ... 
wer for increased reliability is redundancy o This means having almost two complete 
sets of basic equipment, one ready to take over the f unction of t he first , should it 
failo The commercial solution to reliability i s primarily by increasing the relia- . 
bili ty of the components and increasing the size, weight and mass of the device o ThlS 
is more or less the brute force approache 

In CATV, neither of these two standard appr oaches is really available to us be
cause of t he unusual demands we make of the device o In t ransistorized equipment we 
sacrifice virtually everything for the sake of a lower noise figure or increased out~ 
put capability o We are pushing the upper l imits of the State of t he Art o We can ' t 
use redundancy because of coste We can~t use hi gher reliable components because high 
reliable, hig;h per f ormance transistors are not available yet a We must achieve ·our 
reliability i n the method in which we construct our systems, and in the method in 
which we utili ze the manufacture's producto 

Most manufacturers today design equipment t hat i s inherently rel i able o In rrany, 
many cases that we have examined we find that this inherent reliability of the de
vice is lost in its applicationo 

Reliabili ty in electronics systems is gener ally considered t o mean the length of 
time between events that render the system i ncapable of performing i ts designed func ... 
tion e In indust ry , exhaustive and extremely expensive studies are made to detennine 
and assi gn quantitative yalues for the time between failure o This period is often re' 
ferred to as mean time between failure or· i1TBF o In CATV these nwnbers are not avail~ 
able but the principle guiding the establishment of t hese numbers is available and it 
is with this principle that we will concern this discussion o 

If all of the components of an electroni cs system are considered to be function
ally in series and i f the failure of any components in this series chain results in 
a system failure then the overall system rel i abilit y can be expressed by a very simple 
formula e This fornula states that the overall system reliability , designated by the 
symbol "R"., is equal to the reliability of each of the series components raised to 
the power of the number of those components that are in series a 

R = rD 
Where r = rrean reliability (proba.bili ty function) of each component a 

n = number of components i n series o 
This expression demonstrates something that you know intuitively +.o be true o In 

other words, the longer your trunk l ine i n a system the greater t he prob.1bili ty of faiJ:' 
ure of a ccfponent of the trunko Conversely, the shorter the line ·tne less chance of 
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failureo The formula also allows us to show mathematically that given two different 
amplifiers if twice as many amplifiers are used in a system of Type "A" as are Type 
"B" and Type "B" has half the reliability of Type "A" then the overall reliability 
of the system is exactly the same because there are t~ice as many pieces used but 

Y the reliability of each piece is twice as greato You intuitively know that the state
ment is correcto 

The formula also shows that the high reliability system would have few parts and 
each part in itself should have the highest possiole reliability o T&ards accomplish
ing this end we custorrarily, in large systems, use extremely low loss trunk cable such 
as 3/4" aluminum and the highest possible db spacing between amplifiers because in our 
trunk system the highest reliability component is the cable; secondly, would undoubted
ly be the connector; thirdly, the accessory items, splitters, directional couplers, 
etco; and lastly with least reliability is the amplifier itselfo Our major signifi
cant contribution to reliability of that trunk segment would be to decrease, by what
ever means we could the cable loss, utilize wide amplifier spacing, etc., the number 
of amplifiers funct ionally i n series o In our ef forts to increase the reliability of 
that trunk segment we would attempt to reduce the t otal number of objects with l esser 
reliability than t he cable t o a mini mumo This would mean we would reduce the number 
of splices, if possible~ by care in our construction; we would reduce the number of 
splitters , directional couplers$ equalizers and other objects inserted in the lines 
and try and make as much of the line as we could, sheer cable : Because, of course , 
the cable is the most highly reliable item of our componentso 

The same reasoning establishes a guide line in the design of equipment and has 
prompted most major manufacturers to abandon the practice of using splitters to gener
ate inputs to associated distribution equipment and to instead build into the trunk 
amplifier chassis a fixed directional coupler to provide the· input to distributiono 
When this is done we eliminate a jumper and several connectors that we used to use 
in the past to accomplish t his o The same reasoning demands that in transistorized 
equipment the equipment should be mounted without equipment enclosureso That means 
not with the use of an equipment cabinet o When an equipment cabinet is used the 
signal must pass through a bulkhead connector ~ a rra.ting connector internally in the 
cabinet , a jumper~ and finally through another connector on the end of the jumper and 
into the amplifier chassis o The same thing is true on the output of the amplifier a 

When this is done there are five additional elements functionally in series with the 
signal between the two ends of the trunk cable o Al thou~_,h connectors have inherently 
high reliability, by removing the eight connector assemblies fran the line and repla
cing them with two direct entry connectors, we have thus improved the reliability of 
each amplifier stat ion four times o You intuitively know that the reliability of this 
configuration is far less than t he direct entry type connector permanently mounted to 
the amplifier chassis o 

In an operating system when you examine at the end of the year the maintenance 
that has been given to the system, you find some rather curious things o You find first 
of all that many of your syst em outages were not caused by any inherent failure of the 
amplifier itselfo You find that they were caused by such unrelated things as power 
failures; by cars breaking off power poles; by trees falling across distribution and 
trunk cables; by the failure of fuses as a function of temperature; by lightning 
strikes; and by employee carelessness in leaving amplif iers disconnected, etcc Ano
ther important point that gains in significance as we move into the area of transis
torized system construct ion with many, many , amplifiers dependant on a single power 
supply is that extreme caution should be used in selecting the location for the power 
supplyo I am·sure that you have all had an experience where a certain amplifier in 
your system continually caused you trouble because of failure of secondary voltage 
delivered by the .power company o We have seen amplifiers installed and taking power 
from power company transformers already seriously over-loadedo Few of· you have given 
any thought to requesting the power company to provide you with your own transformer, 
which need not be very large, to assure yourself of a non-interrupted source of powero 
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The cost i c:; very l ow and the reward in terms of i ncreased reliability is greato 'The~e 
t hings again point up t he f act that in system design, a syst em should be engineered 111 
such a fashi on so that the absol ute minimum of active element s of the systern are in 
cascade o Ideally , as we have all discussed many times in the past , a system would be 
arranged in the manner of a wheel; with the cent er of t he wl1eel the point of signal 
origination and of radial lines f rom the wr1eel hub t o t he outlyi ng distribution area5o 
Although t his i s obviousl y impractical in most cases , an attempt to accomplish this 
type of construction can be made by the adoption and usage of extremely low loss mas
ter trunk cables as a backbone of the systemo This nevJ confi gurat i on will resemble 
somewhat the skeleton of a fish ; with the master trunk cabl e being the backbone of 
the skeleton and distribut i on at right angles t o this mast er trunk but in much, much 
smaller Seg]Ilents a ·· 

Many of you have suggested i n the past that you accompl ished a form of redundancY 
by paralleling master trunks perhaps several blocks or half a mile or so apart 9 but 
when you examine the situation existing in parallel trunk , you find that you have not 
accomplished your purpose because t he basic law of system reliability catches up with 
youo Remember, it states that t he reliability decreases exponentially i n proportion 
to t he number of active elements in cascade o By paralleling mas t er trunk you are in 
effect doubling t he number of elements in cascade o Now i t is t rue t hat by the redun
dant parallel trunk met hod you do restrict t he service fault t o a smaller area , how
ever, if the two or more trunk segnents are exactly the same length, then t he system 
reliability itself, on the basis of our defi ni tion of fault~ i s actually impaired by 
t he same number of trunk lines exist ingo 

In summary, l et 9s recap the maj or points that we have es t abl i shedo A system 
gains RELIABILITY by SIMPLICITY o This means that when you make your new layouts, 1ooJ< 
at them carefully t o detenrune if you have taken the shortest r oute, i f you have ar
ranged your construction to utilize a minimum of connectors and splices , see if your 
power feeds come from a reliable source and r~e sure that you are ut i lizing as fullY 
as possible the reliability delivered t o you by the rnanufacturers o 

Thank you o (Appl ause ) 

MR o TAYLOR ~ I would open the floor to questions on any of t he subjects we ' ve 
been answeringo Leta s take any quest i ons t o Bob Cowart f irst, if you have them , how
evera Are there any questions on this Syst ems Rel iabi l i ty that you' d l ike t o ask Bob 
Cowart? Well~ if there are no questions specif ically t o Bob , they may arise l ater o 
I shut off a number of questions earlier~ part icularl y on the subject of envelope 
delayo Ken Simons a 

MR o SIMONS g Again ~ this isnut a quest ion a I would l ike to t ake a few minutes 
if you don 1 t mind t o show you a little scheme that we have used f or some years in our 
l ab t o rreasure group delayo You might call it Do- it=yourself-gr oup- delay-measurement o 
I t t akes equipment that most of you wi ll have in your service shop or lab and I thinJ< 
there ' s enough time to sket ch it outa The accuracy is not of the hi ghes t order but 
perhaps we nll make up for t hat i n the cheapness of the equipment usedo 

I should give a credit hereo The very fine grease pencil I "m about to use is 
t hrough the courtesy of VIKTI~G o 

Now, t he basis of t his method of group delay measurement is the constant delay 
of a l ong piece of cableo If you have a reel of cable and I wll represent it this 
wayo Thatns a piece of cableo It ' s on a reel and you ure l ooking at it in 4th dimen
SJ.On o The delay from here t o here is constant , approximat ely cons tant as Mro Rogeness 
told us a ·Bow we can use t his . onstant delay t hi ng t o help us in measuring the delay 
error or the actual group del ay of. a piece of equipment? Well , .we s t art over here 
with a sweep frequency generator a 1here .are a good many reputabl e manufacturers -
you can take your choice a 

We spl~t two ways wit h either a 6 db resistive splitter or a 3 db reactive spli
tero We hafe now two outputs, one .going here and one here o Thi s one goes up to the 
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SYST£HS AND AHTCNNAS 
THURSDAY Af'TEPJ'JOON - JULY 22 1965 

l'-1Rc CAYWOOD Cl COOU:Y~ 1 hop. you wi ll give some considera ·ion 
to the act that I knew t his about ten minutes ago and to the bes 
of my ability I ' 11 try to serve as you 11oderator this afternoon c 

Our first subject today is ~nti t l e d "Color 'IV--From Stu io to 
Your C 1stomE:r " r. And the gentl ernt: +h tt s ~oing to deliver this i.s 
an engineer from t he Col lins Radio Cor_r) ration \vi th more than 27 
years of experience in ra io corrmunica ... ions , television, photography 
and optics c He is a mernber of t.1e Socie y of Hotion Picture and 
Television Engineers ~d he att.::.nded ·Jrigh Junior College . the Ar
mour Insti tute, the Lewis Institute of Chicaeo, and tLe 1j8 l Tel e 
phone School for ', ar lr ini g .. 1 see l e 's got quite a Di t of paraphE;:nalia an ~ slides 
and t lks 00 I'm go ·.ng t o c i -on and enj oy t ie . rogr with y )U _ v~e n ve nalf an 

our an at about the .S m.·. t s pericx · in erval we will stop and hope r.-Je n ve an op-
portunity to attempt . .J answer your quewtions .. 1"· '· Wo Pr Kruse o Nn I say'n "t ... ight 
sir? 

I•IR(J 'vJ P RUSE~ Yo, ,. reno ce i rip,ht, but it's the wrong e unci tio. e ·n·1ank 
you, Jv1ro Cooley L ' he 1a.me is K~u.:;e ii you c.on't mind -. ~ bject: "Color ' V from Stu
dio to Your Cus-romero" irst oi all , in in· roduction, color TV is a perrranent part 
of our economy at this ay an l c ge '11 e quan l . ty of our programs is in reasing month
lye We are not here to d · s--~uss .he quality of programrru ng Werre here to improve 
the transmiwsio of the d. ,a..:.lab .e te : l"i .. q r'!s,. 1\t one end, o r ;,Ource of s · gnal is 
the Color TJ c rrera at th ~ s · udioc On t h:. othc end we hdve a c s ·omer lo king aT 
1 is color TV receiver" '~tJe d t11e broa cds ers are between these two encs ~ 'The broad-
caster will prcduce a ' program rom any o the follo 1ing switchable sour,.,es: 1) A lo
cal c01or rrv camera, which rray come from a live remote s cene using FI-1 rni ..:ru..;ave relay, 
coa· cable or twisted shi ld rep· · r _ It l1BY aJ so come from a localized s d .· o scene . 
It rray come f om ilrn illld s l ides o 2) The program may be corning from a ideo tape 
whi h does use n -1 record ar d p1ay back echniques c TI1e third source of o· s dio' s 
program is network, of ("'1"'\urse The program wi11 get to that given stu io · i Bl rni
crow- v ..... relay, coa.xia ca )le or occ sionally t v1isted shield repairo Telepho:1e com
pany l s tl ese various metl ods in their long lines division o 

A single buildinR broa r.ast·ing plant co ld direct. y co .~ cable fran _ e se ected 
program to the AM TJ transmitter systemo In many places~ here is no room or the 
transmitter tower and equipment :in the downtottm location They would then have a mul
tip e ,..1il ing p. a that you would usua l y use an I"l microwave STL,. STL in this case 
is a ...., t1 dio Transmitter Link between the studio and the Al1 transmitter site~ I hope 
y u will bear with e i my parti empha>:J · s on the difference between the . " and th 
Fl'1 transmissions, because this is an · mportant part of what I'm going to t y bring 

iS horre to yo people o 
Ou business is handling the signal betv-1een the of f- the- air broadcast an the 

cable to our custamere It iw our responsibili~; t o add as li tle echnical degrada
tion as economically possible ,j We add rrany components to t e syste ; however you 
do have control over tne off-the air em enna l ocati on, the off ·the- ir PH re e.i.ver, 
t .e intervening microwave fil transmitter, its antenna the oll ing receiving 
te a, the interve ing microwave Fl·'I receivero Yo the n have your video bc~.ck ~ It 
then goes into your cable- d ivi g Ar transmitter yo r eable distributi g ~ p ifiers 

d cable to your custon~r' s /\H receiver v Already we have two H·1s probabl y an tr..;o 
PJ 1s be fore the cus.tomer gets to his picture o 

1he many conversions o the 1V signal involve numerous posc·ibili ties of degrade · 
receptiono Our cust orrers are becoming i ncreasingly disce · ng as ·o pict .e q~dli t:y o 

Our operating on the signal must be accanplished with great careo There re rrany 
factors involved o t t imes the signal must be predistor~ed to correct for l er an 
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inherent distortions in your customer' s receivero 
In color television, as we are going t o primarily emphasize this talk, we do 

have to be concerned with the over-all economic system, what the people are going to 
see in their homes in their color receiverso We do and will start with the very first 
i tern and that is , what can the eye see? 

lo The human eye is capable of seeing large objects in full colora As the ob
j ect viewed is decreased in size, the eye loses perception of greenish-yellcw and blue
ist purple or magenta colors a Your ey~ cont inues t o_ see small i terns in o::ange-red and 
blue-green or cyan colora Very small 1. terns are seen only in black and wh1. teo The 
exact amount of this color rendition of our eyes depends on individual persons , but 
there are generalized rules that are met and f ound quite widely in the various opti
cal magazines and texts a 

The above characteristics will, however, allow appreciable simplification of our 
color TV techniquese n~ size of the_object at a given scanning distance is a given 
band width required out of that camerae If you can ' t see certain colors below a cer
tain size , then you don't need band width for that color you can' t see anyway o 

2 e We have a few tenns to make sure we agree on our wordi ng before we go on in
to the main portion of our texta The advent of televis ion produced new meaning for 
some ordinary words and many new words e As an example , a grouping of words that ap
ply to a subject fo~lows g Th~ foll~wing ~ in groups e~sential~y meaning about the 
same thinge 1) Br~ghtness ~ l.ntensl. ty, lUffil.nous percept l.on of ll.ght, or we may even 
say the cathode ray tube current that produces that light they were going to look ato 
2) Contrast, picture, video level are some of the t enns we may use o The ratio be
tween the maximum and minimum brightness in the picture o Of ten we ' 11 say the video 
amplitudeo Those factors are a group on the same s ubjecto Item 3) Color may be 
called by tint~ its hue and into electronics we'll s ay i ts color phase or color angleo 
The angle represents a specific hue as calculated by the 1V color fonnula o 4) We 
have chroma or color gain or same receivers wil l mark it in for the customer to use 
and call it color brightness o These words essentially mean one iri the same thingo 

In this direction, a further explanation of chroma, color gain or color bright
ness, the physicist, the opticians will say saturation , purity of color, compared to 
gray or whitea Black is the absence of coloro The amplit ude of the color informa
tion, or color gaino These in i tern 4 are all in t he same direction o 

The nUJI'U:)er of different terminologies f or a given subject i n t hese four listings 
here can lead to confusion unless we do agree upon what words you're going to call 
theme Unfortunately sometimes for variety we may go on and call t hem di fferent narres 
and make our speech try and sound a little bit better a 

3 o Now, the nain part of the text a Color signal generati on a The present US FCC 
standards follow the recorrmendations of much of the TV industry o The color band pass 
requirements are to provide full color to all images of large area o This corresponds 
to televized i terrs producing a video spectrum response from DC t o about 0 o 6 of a me
gacycle for full colore Objects that are smaller than given s ize that would produce 
a video spectrum higher frequency than Oo6 of a megacycle would then not be seen in 
certain colors o Green-yellow or purple color i terns are transmitt ed i n black and white 
from 0 e 6 through 4 e 2 rregacycles e Green-blue and orange- red color i tens are transmit
ted in black and white when a TV scan size is small enough t o pr oduce a video spectrum 
above loS same megacyclese In other words, the l::and pass requi rements are: 1) high 
definition black and white 0 to 4o2 megacycles; 2 ) Partial col ore Green-blue and 
orange-red from 0 to 1 a 5 megacycles; 3) Full col or including gree-yell<NJ and purple
rragenta, 0 to 0 o 6 megacycles a These three different band widt hs are i n use in the 
broadcasting of our color in our present TV standards o 

Means have been found for inserting the col or i nf ormation into t he normal band 
width of the black and white signale The camera outputs are various amplitudes of 
the harmonics of only ~he horizontal and vertical s canni ng frequencies o All the 
s paces between the -horl.zontal frequency harmonics can be call ed t he "Vast Waste lands 
of TVa" 
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in relation to trapping used in many different manufacturer 's models of TV receive~o 
The AM broadcaster is required to have a delay equalizer to predistort for th~s 

effecto The result is any AM transmitter and any AM recei ver should therefore be com-
patible o This delay is o~ten referred to.as the funny pa~r af~ect o . . 

The Sunday color cooocs are often pr~nted out of reg~ster 1n any d1rect1on, be-
ing a low-cost color printing processo In TV , however, a color misregistration can 
be to the left or right onlyo The excellent paper thi s morning on envelope delay had 
a very good slide, showing a man in the boat with a col or about half to an inch away 
from where it belonged compared to his brightness components o 

Color to the left is caused by insufficient phase de lay or a leading phaseo To 
the right is excessive phase delayo This phase can be most sensitively measured with 
the concept of envelope delayo 

Envelope delay is defined as the change of phase in degrees per Change of frequ-
ency or the mathematicians will say DQYDf, the Change of phase with relation to fre-
quency o 

Now, this frequency I nm referring to is that of the video; the microwave boys 
v7ill say the base band or the telephone company may say base band o It will also, 
however , be including t he AM side band of our AM transmitter and our AM receivers o 

This delay of t he envelope is that of the high frequency monochrome and all color 
components compared to the low frequency camponentso After all the low frequency com
ponents or the monochrane signal should be at the sane TV screen location as the low 
frequency color components o 

Commercial test equipment and finished design equalizers are available for enve-
lope delay usage o Every color AM TV transmitter is required t o correct for the color 
AM TV receiver9 s envelope delay o The· receiver's envelope delay is caused by the sound 
trap for one and partially due to the vestigial side band transmission of the receiver 
and transmitter acting togethera 

Observable improvements are made when this correction is rra.de a The main part I 
wanted to show is (this page of a paper whiCh was available at our booth) is this 
chart saying~ Overall envelope delays shown with Al1 transmitter powers o 

Now, you see that across here we do have a straight line o This is the transmit
ter and receiver together properly compensatedo Just f or emphasis of the tolerances 
of the system, I included the dotted lines to shaw the AM t ransmitter tolerances of . 
its filteringo Its filtering is supposedly from the carrera terminals to an ideal de
modulator off the transmitter9 s transmission lineso 

We have a chart here in frequency in megacycles going as far as video is concern
ed from Oo2 megacyles ~ 1, 2ol8, 3o At 2al8 our color startsa At 3 , all of our colo 
is started, 3o58 is our color subcarrier and all over at 4ol8 MCo Tolerance is tight
ened progressively through the exact part of subcar.rier frequency o 

We have the vertical components here of this chart in microseconds of envelope 
delay o It is given in time, in tenths of a microsecond and the existing AM transmitter 
broadcasting tolerance is plus and minus o 1 microseconds from o 2 megacycles upo Then 
the tolerance gets increasingly tighter as you . get to the 3 o 58 MC color subcarrier 
where the tolerance is only plus or minus o 05 micrcseconds or we can express that as 
plus and minus 5 C nano-seconds o 

A major item list for observing envelope delay includes a video sweep generator, 
envelope delay generator, a video envelope delay equalizer, a video vestigual side 
band filter, an AM transmitter with amplifier either set f or VSP or a passive filter, 
your AM TV receiver, your envelope delay receiver and an oscillcscope o 

5o Now, to go on, once we have used the AM transmit t er 's r adiations into a 
head-end receiver, that head-end receiver has sound trapso We have then used up the 
correction ; the straight line is now available to us at that head-end receivero We 
pass it into the FM microwave, either STL or your CATV micr cwave 0 The video ampli
fiers in FM as wel~ as AM that lead to modulation and those following demodulation 
are both equally susceptable to producing envelope delay o The microwave and IF band 
pass components can influence envelope delay in FM as well as AM; however, it is ,. J234 



.-

.d 

ter 
1 

easier to maintain an excellent ~lase versus frequency through 4o2 megacycles in an 
overall pass band that is nomina lly flat through 7 to 8 me gacycles o It's the action 
of the traps a t the aura l i nt ercarrier 4o5 that cause trouble in the 3 to 4 mega
cycl e region o 

There is no trapping of 4o5 in 1nicrowave equi pment unless our customers do that 
on his own head end or terminal equipment o This lack of t rapping at 4o5 megacycles 
precludes most phase shift at 4 r- 2 megacycles o In general , the envelope delay will 
be negligible in the FH microwaveo 

6 s Envelope delay in AH CATV o Your customers ' AM r eceiver has sound traps 
a t IF and at 4 o 5 in video ampl ifiers o It should be preceded by an envelope delay 
filter at the CATV ~1 transmitter or your name for it is a cable modulatoro 

7 o We have spectrum conse rva t ion in our Al'1 TV transmit ters, AM receivers -
therefore your customers' receivers - your head-end cabl e driving transmi tters o In 
order to get your 6 s 8, 10, 12 channels i n some applications onto one cable, you 
are definit e ly using adjacent charmel operation a You will, therefore, have to es
sentially adhere to tl1e vestigia l side band transinis sion that the broadcasters use o 
Their problems and your probl~._ ~ in t hat di rection are one in the same o 

Vestigial side bands v Vestigial means remnant or partialo The vestigial la~er 
side band in the case of the AM broadcast TV transini t t er has a flat response from 
carrier t o o 7 5 megacycles instead of 4 o 2 o That ' s speaking of the lCMer side bando 
Using 200 KC as a zero db refe rence, the vestigial side band response is down 20 db 
a t 1 1/4 megacycles on the low end inst ead of 4o75 o Subt racting , 4o75 minus l o7 5 
you have a spectrum saving of 3 1/4 me gacycles for every 5 megacycles channels in 
use o Thi s s aving of actual spectrum space has been in use f or 15-20 years or bettero 
You are usi ng ito 

The vest i gial side bandus amplitude response is accomplished at the carrier fre
que ncyo The attenuation may t ake place either by passive f ilters . or the tuning of 
linear amplif iers o Th~s carrier is transmitted without att enuation o 

The solid line is that of the AM transmi ttero Tne carrier s i tting here at fv o 
The response goes out flat to three-quarters of a megacycle and then goes to better 
than 20 db down 1 1/4 meg outo Thi s is f or the lONer side bando The upper side 
band is s t i ll flat to 4o2 megacycleso The transmitter is used with a passive filter 
or tuning procedureo Your corresponding AM receiver t hen has its IF response running 
along the dotted lineo Your visual carrier is 6 db dONn from the normal flat re
cept~on , i deally flat to Lto 2 and s ound t r aps at 4o 5 megacycles o 

TI1is combination when all amplifiers and f i lters are properly aligned will give 
you a 100% modulation output that is level f rom 0 to 4o 2 me gacycles a It can be done o 
Your cable driving transmitt er, its tuning 9 the normal -- I soouldn ' t say normal but 
the idealized and proper tuning of t he receiver - - can produce an 0 to 4o2 meg flat 
video response o 

8o Al'1 VSB for CATV use o The cable modulator or CATV transmitter today is gene
rally designed to be tuned to a VSB response o The CATV system will generally produce 
a better overall pi cture quality when a VSB or low frequency phase filter is used 
This is used bef ore modulation a It is quit e simple to check with a 100 KC square v.1ave 
or a white wi ndow from a TV test generator and a decent scope, a receiver whose I F 
is tuned proper lyo 

Adjust for optimum rectangular pulseo Another method if not a better way to 
check the vestigial side band filters , both video predistortion, RF per channel fil
tering, your receiver slopes, your receiver sound traps, is to use an overall enve
lope delay response a One comrrerci al test set covers from a o 5 to a 4o 2 megacycles 
in one sweepo The AM broodcaster uses a 4o 7 5 megacycle l ow pass fil tero This keeps 
all his important s :i.de bands i nside his 6 megacycle channel o It does interfere with 
m e envelope delay but fortunately you are not required to have that filter, neither 
legally nor technically a The broadcaster has already mopped i t up for you o A few 
exceptions may be for same of your adj acent channel duty o 

9 o The rrain portion of t he discussion here is color differential phase and gain o 
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Amplitude linearity and phase linearity is a big f act or here o I'm speaking of the 
phase and gain linearity of our video component as t he picture goes from black through 
gray to whiteo The phase shall not change, because t he phase is what tint our picture 
wi ll be at any W1i t area o If a person walks around the s tudio from dark to light 
areas of s tudio lighting, we don ' t want their face t o change coloro This can happen 
if you have poor differential phase o The amplitude l i nearity should be good and it 
is call ed differential gaino The means for measur ing differentia l phase and gain is 
basically a two-tone test and that has been coming q~te widely knowno It amounts 
to our color television procedures taking our 3o5 megacycl e s i gn waves and adding it 
to a horizontal TV component, 15,750 cycle stairstep sawtooth sign wave ~ It ' s not 
real important what the wave is of the low frequency , the 15 KC signal, so long as it 
excursions from black to gray to white in some known manner o Test sets are available 
from several sources o To measure the change of phase as you go from black to gray to 
white and back, to measure the change of gain , although you can often do that with a 
scope directlyo 

lOo Your customer ' s AH TV color receiver is the final end actiono We do have 
to bring the result over to there o ltJe 're starting off with t he AM transmitter in the 
broadcaster ' s equipment buildingo He has the filt ers ino Your head end receiver uses 
up all the filtering that he put ino Those problems do not exi st in normal FM micro
wave either for the CA1V operator or the STL connection from studio to transmittero 
However, one point that I'~ trying to bring across as a main f act or in this paper is 
thiso Your cable driving modulator and your home customer's color TV receiver, they 
are both today running vestigial side bands o They have many aural traps at 4o5 or 
equivalento Neither one of which I know of, as far as now, is bei ng corrected for 
in your CATV head end location o It can be shown that t he pict ure improvement is defi
nitely noticeableo The video vestigial side band filtering i s quite inexpensive o The 
test equipment, most of you have or can actually all but use the off-the-air TV sine 
pulse directo 

I'll be the first one to point out that envelope de lay procedures can be quite 
expens i veo They are legally required for your AM counterpart and so far they are not 
in use in CATV procedures, but I vm positive - I ' m sure that that t ime will be comingo 

Test sets are available, expensive, yeso Some consultant s may eventually be 
having them to make trips and go around and check t hi ngso The actual envelope delay 
equalizer has to be correlated with the CATV head end modulating unit o Then and then 
only will we have the optimum picture o When all time de l ays, which is really what 
this whole discussion is about, are corrected, the result can produce a show at your 
customer's home tha~ can approach the use of tl1at same receiver coupled to the AM TV 
transmi ttero 

In conclusion, we must give considerable thought, energy and money to the overall 
concepto It may seem complex~ have many apparently confl icting requirements, but each 
unit is simple o Consider each area separately and "Al l your problems will be little 
ones" o 

We have discussed the many trials and tribulations 
Our industry is progressingo There are many things we 
and mathematical concepts only yesteryearo Let us all 
and let's use today's technology today o I thank youo 

of the path of the TV signalo 
do t oday that were laboratory 
earn and l earn by experience 
(Applause) 

.MRo COOLEY: Thank you very m~ch o . I wonder if there are any questions from the 
f l oor , gentlemen? I'm sure color lS gomg to be more and more important o Yes , please• 

UNIDENTIFIED SPEAKER: About the missmatch in the FM transmission between the 
microwave antenna and, say, a lineo Now, I'm talking of a set down i n t he 2000 mega
c~cle region wh~re you use a l ine rather than wave gui de, say a 50 ohm transmissi on 
~meo .Then ,.at the bottom you have.a load isola~or f or say as much as 20 db load 
1solat1on , Wl th the -effect of the ffilssmdtch at the antenna. What, if . any, what is 
the effect on the envelope delay? 
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MRo KRUSE: With the load isolator~ I believe, although I have not had any test 
in this direction, that the load isolator would absorb the reflected signal from the 
missmatch at the antenna and dissipate ito The result would generally be a change in 
amplitude response onlyo That is what I believe should happeno I'd be glad to dis
cuss it further with anyone as far as perhaps some future testing in this directiono 

MRo COOLEY : I thank you very mucho Let ' s give him another hand, gentlemeno 
(Applause) 

Our next subject on today ' s agenda is entitled, "Problems in Using Line Powered 
CATV Systems", and the gentleman that's going to provide that information is the 
Plant Manager for CAS Manu£ acturing Company in Irving, Texas; formerly served as pro
duction manager for Johnson Service Company., Electronics Division; also was produc
tion Tn:1I1ager for Fishbach and Mooreo A native of D3.llas, he attended the University 
of Texas and Southern Methodist University and has nine years of management back
ground o Gentlemen, l'1ro Preston Spradlin is going to give us a little story on using 
line powered CATV equipment o Let's give him a hand as he comes upo (Applause) 

s MRo PRESTON SPRADLIN~ Thank you very much, Mro Cooley o I'd like to express my 
appreciation in being able to participate in this technician's sessiono 

The title of my presentation is "Problems in Using Line Pcwered CAW Systems o" 
Since the miracle of electronics, narrely the transistor, enables us to use line pCMT
ering but at the same time it creates problems, the question of why transistors for 
CATV should be answered first o May I have the first slide, pleaseo (Illustrations 
next page) 

Io AC vs DC Line Powerin~ Line paweringj the natural and economical way to power 
.e transistor amplifiers in caole systems' is in reality' a relatively simple matter and 

consequently , not too much thought has been devoted to this "life ... line" of CATV. Yet, 
through experience j the. majority of transistor failures and associated rraintenance 
problems may be traced directly to problems in line poweringo . 

CAS tv1anufacturing Company, as a result of several years of experience in line 
powering, has detennined that adherance to the following procedures nake possible 
maximum transistor performance-

The necessary power requirements of a conventional CATV system utilizing trans
istors is between 15 and 20 volts DCo In earlier systems, and as recently as 1960, 
CAS, like other manufact urers, used pure DC for line poweringo This approach, being 
quite easily attainable, simplified standby systems and required little or no filter
ing networks in individual ~nplifiers o 

The power supply was conventional and a wet cell could be used as a standby re-
Ll serve o 
;h Using pure DC, no problems were foreseen in the planning stage o However, in 

actual operation, continuous trouble caused by electrolysis and AC hum made it obvious 
to switch to AC line poweringo A simple experiment demonstrating electrolysis is to 
fill a fitting with water and apply first AC and then DC and observe the action of 
each currento The application of DC builds up a carbon path and shorts the fitting 
or causes a high resistance leakage patho Even a small amount of moisture is suffi
cient to cause electrolysis when DC voltage is appliedo 

IIo Regulated vs Non-Regulated Supplies In tube systems, constant voltage trans
formers became a necessity to prolong tube l1fe and to furnish some degree of protec-

:;e• tion from lightning surges o In transistor systems, a constant voltage supply is nor
mally built into each amplifier by using constant current transistor power supplies o 
Since this feature is inherent in transistor systems, the importance of having constant 
transofmrer voltage, although desirable, is not as important as in tube systems o Also, 
fast transients that may be destructive to transistors can pass readily through a re
gulated transformer diminishing afforded protection enjoyed so in tube amplifierso 

Basically, there are two types of constant current transformers - a sinusoidal 
and a normal harmonic a The sinusoidal type normally produces only a 3 percent harmonic 
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~li~on iq ~ very ~opd ~it. 

· Ql]l::STIOtJ; Yo4 ~t~~ep that DC line pawer;i.ng pa,used electrolysis. You have furth
~r s~ated thq.t ~11~~ is DC w the amplif;l.er, Wl+Y ~qesn 1 t tnif? Cq\,lse e:Lectrolysis in 
1=he f~ttinga1 

MR.- SPRADLIN: Since tpe DC component is blppke~ by capacitors it does not go 
t~ugh the fittin~s. . 

MR. COOI.£Y; MY mn;; qu~E?tions, g~n't;leman; Well., I 1r})ank '.fOU very much, Mro 
~pradlin, (Appla~se) · 

The p~~ ppper is ent!tled 1 "~ Effects pf Co~al Jumpers". Our speaker is the 
d~re~tor of Re~earch and Q4q.li ty Control··for ?uper,ior Cable eor1poration ~ He was edu
c~ted at I.eno:re RyfU'l Co+ ;Lege in Hickory, North ~rolina. He has a BS degree, major 
in chemistry, phys:l-c~ and nathernatics. He has ~ yecms in the \Jni t~q States Army in 
~lass;ified wo~ on the Se~uri ty Agen~y. Two years in the Sheph~rd Enterprises, Inc. 
as a chemist. T~n ye~s in the Sll.perfOr Caple Corporation qS q technician' research 
and laboratory qevelop~nt ~ngineer, He is presently Director of Research and Quality 
Control, Gen't;leroon, Mr, Walter Robevts. (A~plause) . 

MR. WALTER ROBERTS; ThM}< you. ~s everyone nave a copy of this paper? "Impe-
4~n~e Dj,~COJlt:inui ties and CATV Cab+es", 'rfle pa.Mr itself, ~hie}) I hope YOll' 11 have 
t~ to reaq in more detqil later and wni~h I won't try to dis~u~s in complete detail, 
begil)s wt th an rintFOQ\1CfTt;i.~n of why unifqnni ty in CATV pystems is important. And, I'm 
S',J.~ 'yo'1 folks can tel~ 100 rrore ~aso11:;; it's importc311t ~han I can tel], you. In fact, 
I was iri t~~ tran~mission lin~ of bus~ne9s quite a while before I found out broad
Qqnded didn't have qpything to do witp an all-gir~ orohes't;ra. 

But, in tl)iq little va~r qOITe qf the factors qffecting unifonnity and coaxial 
cab~e pl~ ~ disc~s~ed, Tnere is no atte~r.t made t~ at least directly describe 
~he eff~c;rts of non~l.,lTl!formiti~p in ~~pciqted electronic ~quiprrent, except for sore 
grq.phs which I ho~ tq Rhow you on co~~eq ~ffects. 

D€7rnand~ for iffiprqverrents :tp sigpal ~ransmis~~9n unifqrmi ty have probably been 
e~per~epced ¥1 evepy CATV system pper~t;;ing toqc;ty ~ The ne~p for ~pgrading existing 
se~ic~ thro~gh agd~tional channels pas oft~~ ~~psed syst~m non-uniformities which 
were not at all opyiou~ wl)il~ carnying only q f~w channe:},s ~ Sipri.lar problems have 
beeoJTa evid~nt only after 1Jlitiation of color transrnis~ion. In recent years, new 
~yqtems involv~g longer cable t~ rup~ hGve shown effects from irregularities which 
w94ld p~Qab+y ~a¥~ go~~ upd~tected in sl)ort~r runs. 

So~ of t~ factors fl,ff~qting un~formity in co~ial ca};)le plant are reviewed in 
'this ~per. E~cept for the ~ffeets on qab~e ~mpeqance I characteristics, no attempt is 
made to des~r~be pqn~~fo~t~es in ~~sq~iatect el1ptroni9 ~q~ip~nt inserted into the 
c~ble ~ystem. l1Dpt of the descr.iptions are based op the eff~cts the discontinuity pro
qu~~s on a ~~si~nt P41Se along the line~ These are much ~asier to visual-
i~e thAJ1 in the case of steady ... stq.te al temat.ing q~~nts fffid, anyway, the two m:xies 
are complet~ly cprrelat~d mathe~~i~a~ly, 

the effeGt of impeqan~e diqcont~uities o~ steqdy~s~ate operation is best deter
minep through il!)P41; ~pedpnce Tref!Sureroonts <and qalcula~ions) • Input impedance of the 
l~e ~Y Pe measureq ~t a p~ticular qiqcontinuity or ~t may be at a point along 
the c~pf~ ~J1Pte frpm tl1e location of tp~ nonWl~formi t~~s. 'fhe perform:mce of the line' 
q~ ~~P de~iation f~m nprmal, is d~termined by the impedancq it ~xhibits at a frequencY 
or panq 9f frequ~ncies, 

Also preq~nt~d qre charts showing re~ation$n4ps Q~~~en GaPle impedance uniformitY 
and ~tt~n~~tion 4nif9rmity, These are spown Oath for th~ case of discrete discontin
~~~~es ~d for the ca~ of periodic, di9trib~te¢ discontinuities alopg the c~ble. 
These two so~rcep 4o ~ot result in equivalent imped~c~ deviqtion attenuation relation
ships, 



One of the most common source of discrete discontinuities in trunk cable results 
from the use of jumper cables, usually at amplifier locationso Actual test data show
ing effects on return loss and transmission uniformity are given for same typical 
jumper - amplifier combinationso Also displated are curves showing effects of mois
ture in connectors at these junctions and, particularly, the frequency dependence of 
these effectso 

Single and Double Impedance Discontinuities Consider a "long" coaxial cable 
whose impedance 1s un1for.m along the length Lut which abruptly increases to a larger 
value at a single point, then remains uniform over the remainder of the lengtho The 
cable is "long" in both directions from the discontinuityo 

Assume a positive polarity pulse is traveling at the velocity of propagation 
of the cable and suppose it passes through the junction into the larger impedance 
portion of the cable o At the junction some of the energy is reflected back toward 
the origino Encountering an impedance increase at the junction, the reflected pulse 
is also of positive polarity and its shape is a replica of the pulse just as it en
countered the junction o (The pulse shape may te distorted from its original shape 
but this is a result of at tenuation and phase distortion while traveling fran the 
point of origin along the cableo) The magnitude of the pulse is proportional to the 
impedance change o o for small impedance differences o In the extreme case of an in
crease in impedance ( i o e o , an open circuit) all of the energy is reflected o 

If the pulse were traveling from the opposite direction and thus encountered n 
an impedance decrease ~ the only difference from the above case would be that the 
polarity of the reflected pulse w0uld become reversedo In the extreme case of a short 
circuit, again all of the energy would be reflected but the voltage amplitude at that 
point would be zero o 

Instead of one, imagine two discrete impedance increases separated a short dis
tance from each other but otherwise located a long distance from either cable endo 

Again, assurne 'a positive pulse traveling from the smaller toward the greater im
pedance section of cable o A portion of the energy is reflected from the first junc
tion without polarity reversal and an additional portion is similarly reflected fran 
the second junction o If the transit time of the pulse between the two junctions (round 
trip) is small compared to the time duration of the pulse, then the amplitudes of the 
two reflected pulses tend to add togethero As the separation between junctions in
creases (or if the width of the pulse is decreased), the two reflections tend tore
solve into distinct pulses o 

If a signal of positive and negative pulses alternating at a fixed frequency is 
applied to this cable, a special case arises where the pulse transit time between 
discontinuities is comparable to the time between successive pulseso When the junc
tion separation and pulse repetition rate are such that a pulse returns to the first 
junction just as the next pulse reflection occurs (a quarter-wave section) the two 
reflections tend to subtract by virtue of their opposite polarityo If the distance 
between junctions were doubled (producing a half wave section), a reflected pulse 
would return to the first junction at the instant a reflection of like polarity had 
occurred at the first junction o Thus the amplitudes add to each other and produce 
a very pronounced effect under this set of circumstanceso 

Another form of double discontinuity occurs when an impedance increase is fol
lowed by a second junction at which the impedance decreases o Here polarity reversal 
of a pulse occurs at one junction and the two reflected pulses tend to cancel when 
the trensi t time between junctions is small compared to the pulse durationo As the 
separation between junctions increases, the time delay becomes sufficient that sepa
rate reflected pulses are resolvedo 

For a repetitive set of alternating pulses as described previously, the results 
applied to this case must Le interchanged because of the polarity reversal; ioeo, 
reinforcement of the . reflections occurs for a quarter-wave section, subtraction oc
curs for a half-wave sectiono 

One other variation of the double (increase-decrease) discontinuity which is of 
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practical importance can arise when two short (compared to the pulse width) double 
discontinuities occur separated by a distance comparable to the quarter or half-wave 
sections already discussed o Two double discontinuities representing impedance in
creases (or decreases) affect repetitive alternating pulses much as in the case of 
the stairstep type discontinuity just discussedo Pairs of double discontinuities 
changing in opposite directions are slinilar to the double (increase-decrease) discon
tinuitye In such cases as these, the resultant reflected pulses are not replicas of 
the incident pulse shape o · 

Many combinations of these discontinuities can be conceived but the preceding 
illustrate same of the more common forms encounteredo A simple rule for visualizing 
results of various combinations of discontinuities is to remember that phase reversal 
accompanies reflection from a decreasing impedance junction -- no reversal from an 
increasing impedance junction o __ 

Input Impedance Deviations The input impedance of a line containing discontinu
ities can vary radlcally over even a narrow band of applied frequencies o In fact, 
measurement of input im~dance deviations of cables provides one of the most sensi
tive known means of detecting discontinuitieso The most common technique employs 
swept-frequency equipment and results are usually reported as return loss in decibels 
or as VSWR (See Table I) o In practical work only the modulus of the input impedance 
deviation is determined o 

TABLE I 

Return Loss Reflection Attenu3.tion Deviations 
(db) VSWR Coefficient Period1c {%~~·· Junction (d~ 
l 17 ol5 Oo89Q 860 6o8 
5 3o56 Oo562 92 lo7 

10 l o93 Oo316 23 Oo45 

13 L.57 Oo224 ll Oo22 
16 l o38 Ool58 5o0 OolO 
19 l o 25 Ooll2 2o5 Oo056 

21 lo20 Oo09Q l o6 0.,036 
24 l ol4 Oo063 loO Oo020 
27 l o09 Oo045 Oo5 Oo006 
30 l o064 Oo031 Oo2 0 ~ 004 

32 l o057 Oo025 Ool Oo003 

~··At the "resonant" frequency of the cable periodicityct 

A single impedance discon'tinui ty along an otherwise uniform cable produces an 
input impedance deviation whose modulus is constant even though it contains non-con~ 
stant real and imaginary components o Naturally the magnitude is a function of the 
size of the impedance step at the junctiono But it is also a function of the distance 
between the junction and the point of measurement o If this distance is too great, the 
effect on input impedance is small even for large junction steps o The reflected energY 
is attenuated on the way back f rom the junction and therefore produces little effect 
at the point of _measuremento This particular effect, incidentally, is responsible 
for one major limitation of t he use of r eturn loss measurements to determir.e cable 
uniformity -- the method is sensit i ve only to discontinuities located near the ends 
accessible for measuremento ~ 

Figure l (next page) shows impedance deviation (return loss) for several combi
nations of double discont i nuities as measured from a point along the cable not too 
far awayo 
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Curve number 3 in Figure 1 is 
10~--------~----------+----------+--~ of special interest -- the magnitudes 

of the impedance steps are not equalo 
At no frequency does the impedance 
deviation became zero., Complex vari
ants of such curves as this are the 
rule while idealistic curves such as 
numbers 1 and 2 are seldom encountered 
in system measurements. As in the 
cases described for alternating pulses, 
oppositely directed discontinuities 
result in interchanged input impedance 
deviations - compare curves 1 and 2. 

10 

~ 20 

40 

50 

L= 

Increas ing Frequency -+ 

Increasing Frequency 

FIGURE 1 - Calculated Return Loss vs Frequ
ency of Various Double Discontinuity Cable 
Sectionso (1) 90-ohm cable, 75-ohm section 
L, 60-or@ cable; (2) 90-ohm cable, 75-ohm 
section L, 90-ohm cable; (3) 125-ohm cable 
75-ohm section L, 60-ohm cableo 

Tenninations at electronic de
vices may exhibit mismatches which 
act in conjunction with nearby dis
continuities to produce double dis
continuities generally showing chara
cteristics of some of the pairs jus 
discussedo In the following section 
are presented details of just such 
effectso 

Coaxial Jumper Cables - Though it is highly desirable to avoid the use of jumper 
cables ln Ckrv systems, conditions arise where the practice cannot be avoidedo How
ever, the chances for creating a substantial double discontinuity are provided by the 
terminal equipment and conditions in the connector or splice o The use of an impedance 
matched connector avoids the more obvious source of mismatch at this junction but en
vironmental conditions (such as the presence of water in the connector) can readily 
spoil the matched connectiono Input and output terminals of typical amplifiers show 
substantial impedance deviations which also vary considerable over the working fre-
quency rangeo 

j 
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;< -~ -
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"" \; v 

70 90 110 130 15? 170 190 210 

Frequency (meso) 

FIGURE 2 - Return Loss vs Frequency - Ampli
fier Input with 18" Stub Cableo (1) Amplifi
er Input (SKL 222A), (2) Solid PE dielectric 
75-ohm 18" jumper cable, (3 J Ampl o Input incl. 
18" jumper, with dry 75-ohm "N" connectors o 
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The combination of moist con
nectors and amplifier terminals can 
produce same startling effectso Fig
ure~ 2 and 3 are drawn from data 
measured on actual jumper cable-amp
lifier combinationso The amolifier 
specifications indicate better than 
20 db return loss, a fact which was 
substantiated by measuremento However 
results as poor as 17 db (Figure 2) 
were obtained with jumper cable-con
nector combinations which measured 
32 db minimum before connecting to 
the amplifier inputo As can be noted 
in Figure 3, extremely poor return 
loss values can result when the con
nector has been moistened. 

The effects on an operating sys
tem ·can be better compared if the ac
tual attenuation component resulting 
from a particular value of return loss 
is selected from Table Io For example, 
in Figure 2, a total of Oo026 db would 
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FI GURE 3 - Return Loss vs Frequency - Am
plifier Output With 24" ,Jumper rr1ble o (1) 
Amplifier Output (SKL 222A) , (2) Solid PE 
dielectric 75-ohm 24" jumper, (3) Ampl e 
Output incl o 24" j umper$ with dry 75-ohm 
"N" connectors 9 ( 4) Same as ( 3) except 
connector moist ened with vJater o 

10 ~--+---4---~---+---+--~--~r---+-~ 

170 190 210 

Frequency (mes o) 

FIGURE 4 - Return Loss vs Frequency f or 
Various Length Jumper Cables Connected 
Through Half-Step Equalizer (SKL 499) to 
Amplif ier Input (SKL 222A) (1) 12" solid PC 
dielectric jumper cabl e , (2) 18" solid PE 
cable, ( 3 ) 24" solid PE cablep 

be suffered at 175 meso f or t he two 
junctions while a total of Dol2 db 
would occur at 210 mes o If a l ong 
cascaded trunk utilized the sarre len
gth i nput jumpers at each l oca tion, 
several decibels differential loss 
would show up even from a very well 
matched set of jumperso 

A more serious situation i s 
shown in Figure 3, curve 4o Attenu
ation at 17~ mes o may exceed that at 
105 mes o by as much as Oo 2 db per 
output location o Six or eight decibels 
of differential attenuation could ac
cue in a long run o Furthermore, trans
ient dry and moist conditions can cause 
unpredictable and quickl y changing 
differentials o Obviously this would 
represent an intolerable situation 
and most certainly t he moisture must 
be eliminated o 

If jumper cable lengths are to 
be limited to less t han a quarter wav~ 
length, their utility is losto A sol~d 
polyethylene dielectric jumper would 
be limited to less t han about 8 incheS 
at 210 mes o Figure 4 illustrates one 
means of reducing the frequency sen
sitive result s which would accrue with 
a large number of equal length jumpers o 
By deliberately varying the lengths9 
the effects can be spread over the 
working frequency range o Note parti
cularly that jumpers 2 to 1 in length 
ratio 9 produce effects which approxi 
mately annul each other so l ong as the 
same terminal impedance i s usede 

Certainly the mast desirable prac
tice is to eliminate jumpers wherever 
possible o Where they must be used, 
only a well matched connector should 
be employed and all possible precau
tions should be taken to maintain the 
connector dry and physically stable o 

Cable Periodicities - An impedance change does not have to occur abruptly to pro
duce a dlscontlnulty and accompanying reflections o Smoothly changing cyclic variations 
in local impedance al ong cable lengths have plagued cable manufacturers at almost eve!Y 
stage of cable fabricationo The resulting effects on input impedance and transmission 
properties are , in principle, much as has already been described for discrete disconti
nuities o At a f requency for which the impedance variation peri od equals a half-wave 
section, the input i mpedance increases and a significant increase in attenuation occurs 
for extreme cases Q _ 

At the frequenci es encountered in CATV systems, these discontinuities (or suckouts 
as commonl y termed ). occur over very narrow frequency ranges - i n the order of a couple 
megacycles . The impedance variations , cycling · every few feet, can repeat several hun
dred or thousand t imes throughout a cable lengtho In practice, the narrow band width • J248 
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of the suckout is the primary feature distinguishing this type of discontinuity from 
the types discussed aboveo 

Almost unbelievably small cable diameter variations, if periodic, can cause a 
substantial impedance and attenuation discontinuityo Cable diameter variations in a 
half inch cable of the order of one mil CooOOl") can cause intolerable impedance dis
continuities in finished cableo 

The fourth column in Table I shows the percent variation in attenuation corres
ponding to a given return loss value if the impedance deviation resulted from peri
odic impedance variations distributed-uniformly along the length of the cableo Noticee 
that the attenuation differential (from normal) is proportional to the cable length 
while that resulting from a single junction is a fixed quantityo If a cable containing 
a periodicity is inserted into an otherwise uniform system, the distributed attenuation 
excess would occur and, in addition, junction reflections would occur at the terminal 
ends of the cable because of the mismatch in input impedance at that band of frequen
cieso 

/ 

100 200 JOO 400 500 
Frequency (mcs .) 

length (feet) 

FIGURE 5 - Return Loss at 148 mes o vs Length 
for RG 58/U with a Periodic Discontinuityo 
Period of discontinuity, 2 6 o 7" o Amplitude of 
discontinuity, +O o0008" (Nonnal attenuation at 
148 meso, 7 db/Ioo ft o 

Figure 5 shows another trait ex
hibited by a cable with a periodic 
impedance discontinuityo The effec
tive value of the return loss inc
reases with cable length only over 
a limited length o This is natural 
because the attenuation of the re
flected energy farther down the 
length prevents a substantial con-
tribution to the energy reflected 
from points nearbyo A single dis
continuity located a reasonably 
short distance from a cable end can 
produce the same apparent return 
loss as would a set of small but 
periodic discontinuitieso Yet, if 
these should persist, the small 
variations can accumulate a large 
attenuation discontinuity while the 
effect of the single discontinuity 
would have been negligible by 
comparison a 

Conclusions - Undesirable signal reflections occur from all sources of impedance 
discont~u1t1es in coaxial cableo The most serious sources of reflections for the 
CATV system are those resulting from double discontinuities which, in turn, arise 
from any number of sourceso The most objectionable problem created by double dis
continuities is the frequency sensitivity of the input impedanceo 

Coaxial jumpers in conjunction with equiprrent terminal impedances can result in 
serious double discontinuities in trunk runs, particularly if all jumpers are of equal 
lengtho Staggered jumper lengths and well matched and protected connectors will al
leviate problems of this source o 

For a given input impedance deviation, periodic impedance variations in a cable 
can produce far more serious attenuation variations than would a single or double 
discontinuity a 

Thank youo (Applause) 

MRo COOLEY: Thank you, Mro Robertso The next subject on the agenda is "A New 
Antenna for CATV" and our speaker is a graduate of Mississippi State University with 
a BSEEo He did graduate work at Southern Methodist and worked for Ling Temco, All 
Products Company and Scientific Atlantao He has published papers on a high gain space 
telemetering array and engineering report on a high frequency ratable log periodic 
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operation a 

When a leak is indicated, repairmen are dispatched t0 the approxi
mate location o The actual break is located by a .devi·ce-· which sprays a 
soap solution onto the cable o As the spray · passes over·· the hole, the 
escaping air causes a foaming action that is -visible from the ground. 

Another type of leak detector that was recently · developed makes use 
of an ultrasonic translator which picks up the sound ·· of · the air escaping 
from the holes in the sheath e These sounds are - very high in frequency, 
in the 35,000 to 45,000 cycle range which are converted into audible 
sounds by the translat or and heard in a headset receivere A barium
titanate detector probe is used on a carriage arrangement to pick up the 
ultrasonic frequencies o 

Removing Water from t he Cable 
When water has gained access through a sheath -opening and causes 

trouble, there i s no a lternative but to remove it ~· 

To remove wat er b y evaporation merely by pumping dry nitrogen or 
dry air through the cable - is impracticable because ·the cable section maY 
contain a large quanti ty of water plus the fact that a large (224 cubic 
foo~ c ylinder of n itrogen or equivalent volume of dry ·air will only 
evaporate four or fi ve t a blespoons of water at 60 degrees Fo 

A method fo r r e mov i ng wat er from cable has been · developed utiliz
ing acetone , a li qui d which mixes completely with · water in any propor
tion o A cable sect ion containing water is ~lushed · with acetone until 
the discharge l iqui d i ndicat es . a low water contento Then as much of 
the acetone a s poss i b le is forced out in liquid form and the remaining 
acetone is evaporat ed wit h nitrogen o Acetone has a low boiling ~oint 
of 133 degrees F and ~ t herefore , evaporates much more readily than water• 

There are cert a i n precautions, however·;- ·associated with the use of 
acetone o Since it i s a volatile and combustible liquid comparab~e to 
gasoline, flames :o r sparks must be avoidedo · Prior to injecting acetone 
into the cable , n i trogen should be pumped ·into ·· the section to purge the 
cable of oxygen ~ thereby minimizing the -possibility of creating a com
bustible mixture o f a i r and acetone o 

Moreover , s ince a c e tone is a mild cracking agent to polyethylene, 
and since it wil l a ttack polyvinyl chloride, it ·is · imperative that all 
acetone be removed from the cable section a·fte·r the ·water is flushed 
out o 

MR o TAYLOR ~ Thank you very much, ·Rudyo Our next speaker is talk
ing on a very import ant problemo Mro Eo Mark Wo1f, Assistant to the 
Vice -President of Engineering with the · Rome ·Cable Division of ALCOA. 
Mro Wolfe 

MRo Eo MARK WOLF (Ass i stant to the Vice-President of Engineering, 
Rome Calbe Divis~on of ALCOA) : Well, I think someone; and ·probably our 
good friend Mr o Taylor , deserves a high compliment ·for the efficiency 
of this · setup o ·· I have talked t o a lot of people about underground cable, 
but this is the first t i me I've gone underground to do it e · (Laughter) 
Maybe it ' s a god idea o But I guess we're ·here ·because we all have in 

I224 



common an interest in the problems of going underground with CATV; 
I think any list of problems probably has somewhere near the top the 
cost of su~h an installation and its reliability o ~hese are bot h 
problems and important problems ~ but t hey should · not be approached 
with fear and with worry~ becn.nse we believe· that underground CATV 
systems can be both reliable and . economical ~ 

We'll have a look here, a very short · look , at some of t he very 
extensive experience that exists~ the background of engineering ex
perience that exists, the background of engineering knowledge that 
goes with it in ·the· manufacture and the us~ ~of · underground power cable 
and underground telephone cable o And~ I ·think ·we will see tha t much 
of this knowledge . and experience is direct·ly applicable to · our prob
lems in CATV o 

In the CATV system construction field there are few subject which 
generate so much real concern as that of- underground cable installa
tion o. Most of this concern · centers around ·two· ·areas; ei her fear that 
an underground system will prove unreliable ·and costly to maintain, 
or a conviction that initial cost will be unreasonably high o We do 
not believe that either of these worries is ·justified, and hope that 
by explaining to you our reasons we can help you to sleep a little 
better the next time the subject of going underground c·onfronts youo 

First of allj underground cable installation is not new o Power 
companies and telephone companies have been installing cable under
ground f or many VPMrs o Thirty or forty years ago these installations 
were very cost J y, and some of them gave · trouble o But in t he past 
decade there have been remarkable changes in both cable design and 
installation techniqueso Today , both cable cost and installation 
cost are drastically lower, and underground installations are giving 
very reliable and trouble-free service experience o Utilities are 
able and willing to cope with, and in some areas even o promote, 
complete underground systems o 

It is worth examining the accumulated engineering knowledge and 
experience in putting power and ·t elephone cables underground~ since 
much of this knowledge and experience · is directly applicable to CATV 
cables a 

In St o Louis, Missouri, in April 1964 ~ the Institute of Electri
cal and Electronics Engineers (IEEE) sponsored a three - day technical 
conference on Underground ·Residential Dis ributiono Over 30 techni 
cal papers were presented and discussed at this meeting, by engin
eers from power companies, telephone companies cable manufacturers, 
transformer and accessory manufacturers o IEEE have bound t he se 
papers into a volume which can be purchased o This compilation r e
cords in de t ail the practices and experiences of the nationis lead~ 
ing utilities and manufacturers in providing ·underground power and 
commun ication servi.ces to residential neighborhoods o It is recom
mended to · you as a reference book for underground techniques a 

In applying this knowledge and experience to our own problems 
in putting CATV services underground , we shuuld .first examine the 
CATV cable itself to be certain that the · construction used is ade
quate for the underground environment o · We ·are ·talking about the 
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modern low loss c o a xi a l cable , with a n i nner copper conductor, foamed 
po l yethylene d i e l ect r i c , and an out er aluminum ·conductor (sheath)o 

Fo amed pol yet h y lene must not be e xposed to the wet underground en
v ironment o Th i s i s t r ue wheth e r the c able is to be directly buried, 
o r enclosed i n conduit or duct o In th is respect , foamed polyethylene 
is similar to t he paper i nsulation l o ng used in both telephone cables 
a n d p ower cab l e s o The s e i nsu l ations must operate in a dry, stable en.,.. 
vironment 9 un a ff e cted by ext ernal c ondi tione other than t~mperature. 
Thi s r equi rement i s n i ce l y me t by enc l os i n g the dielectric in a com
pletely i mpervi ous s eaml ess aluminum s heath o Aluminum has the necessarY 
~lectrical a n d me chan i cal ch aracteristi cs, and is more economical than 
o t her me t a ls whi ch might b e chosen o 

The r e maining p roblem is a physical o r chemical one , rather than 
electrical o We have the ins u l a t ed inner c onductor ·enclosed in a seam
less met a llic sheath, and th us isolated complete ly and permanently from 
external environmental affects, and have only th e problem of protecting 
this sheat h from unfriendly environments which migh t cause damaging cor
rosion o Practical and e conomi cal solutions to · this problem exist and 
have been widely and success f ully employed ·b y ·oth e r s o 

The protective covering over the aluminum sheath must perform sev
eral functions ~ 

l o It must provide a n imperv i ous barrier b etween the sheath and the 
undergro und environme nto 

2 o It mu s t be h e avy enough a nd t ough e nou gh t o withstand handling 
inci dent to installationo 

3 o It must withstand widely varying s oil condi t i ons without deter
iorationo 

4o It must withstand expos ur e t o atmospheric conditions, sunlight 
and weather without degrada t ion o 

We know of no material better suited t o fulf i ll these needs than 
a member o f the polyethylene family o Fortunately, the polyethylenes are 
also more economical for such ap plication than any other materials which 
might be considered · as candidates a t present o This may change in the 
future , since we are always eva l ua t i ng promising new materials o 

Po l y ethylene can provide t he impervi ous barrier needed o The only 
requirement~ other than freedom from holes; is t h a t it be in intimate 
contact with the aluminum sheath e The polye t hyle ne jacket must fit 
tightly s o that there are no ai r pockets or vo i ds b et ween it and the 
sheath e Th e pre sence of an ai r pocket, under certain conditions, can 
permit t he jacket to act as a n osmot ic memb rane a nd pas s moisture vapor, 
even though t h e polyethylene itself will not ·a b sorb moisture o Appli
cation of a ti ght-fittin g jacket over the a l uminum sheath is easily 
with in the capa b ility of modern manufact urin g··techniques o 

Polyethylen e is tough e no ugh to withstand a ·reasonable amount of 
abuse in handling during installation o It s hould ·be handled with care 
and r e spect, b ut certa~nly not wi th any "kid glove" techniques ~ The 
object is to ge t the ca.ble in p lace without a ny deep s crapes, cuts, or 
go uges in the jacketo 

The thickn s of the polyethylene jacket i s determined by two fac
tors o One is the ability o f modern. plastic ext ru~ ion equipment . to 

I226 



- - ' 

Average Jacket 

-- ~ ~ -- -- -

reliably apply a homogeneous 9 continuous 
jacket~ free from hol es or o her discon= 
t•nuiries o The purpose of he dielec ric, 
or "spark" tes t on the jacket is to assure 

Diameter Over 
Aluminum Shcnth 

Inches T~~~~~~ss its freedom from such imperfections o This 
0 - 0,750 

0 . 751 - 1. 500 
1.501 - 2 , 250 

Fi gure 1 

0,050 
0 . 065 
0 . 080 

Average TI1ickness of lh ermoplastic 
Jacket over Aluminum Sheathed Cable 
From IPCilA S-61-402 

figo 1 

test is usual ly accomplished in he extru
sion line by running the jacketed cable 
( with sheath grounded) through a charged 
electrode severa ~ fee t longo The vol age 
on the electrode is selec ed so ha lf 
the jacket has hol es or thin spots ~ an a rc, 
or voltage breakdown wil occur 9 and an 
a larm will be set off o 

The other factor determining jacket 
t h ickness is the need to withstand "reas on~ 

able abuse" during instal lation and 1:0 withstand the moderate press
ure or abrasion from ground movement during period of freezing and 
thawing, etco Neither of these requlrements is peculiar o CATV 
cable, and we can u~e t he e xp erience of power cable engineers in de
termining the proper and saf e jacket thicknesses to be usedo The 
Insulated Power Cable Engine e rs Association publish the most compre
hensive wire and cable specifications which we have in this industryo 
They are highly regarded and widely used by public utilities; They 
reflect quite accurately the needs of cable users as well as the cap
abilities of cable producerso These standards specify the wall 
thicknesses to be used when a thermoplastic jacket is required over 
an aluminum sheath , The ade quacy of these thicknesses is supported 
by extensive e xperi ence with h eavy power cables ~ and we would be 
foolish not to profit by ito 
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Fig o · 2 

IPCEA standards specify that thermo 
p lastic jackets over aluminum sheathed 
c able shall have an average hickness 
no t less than than shown in Figure lo 

The type · of polyethylene used f or 
t h is jacket is also importanto Poly 
ethylene is a family of rna erials o Mem
bers of the family are all identical 
chemically ~ but differ in molecular 
struc ure o In the. early days of poly
ethylene he importance of hese diff
erences was no comp l e ely understoodj 
a n d there were many cases of undergroun d 
cable fai ure o Today the mechanism of 

these failures is we ll understoodo We now have s andard industry 
tests for envi ronment a l adequacy s and it is well known tha what we 
call Hi gh Mo l ecular We ight p o lyethylenes are comple ely reliable 
underground o It i s inte restin g to no e tha this is ·the ype poly 
ethylene used on modern t r a n s oceanic telephone cables o 

Polyethylene jacket s s hould also con ain proper blacJ 

I227 



-·- J' 

l 
.... .: . ~,: 

Fig o 3 

ri; .urtJ s 
TlU;i\G:I:fl 

Fig o 4 

Fig o 5 

. : I 

, pigmentation to protect them from deter
ioration where exposed ·to sunlight. Such 
a cable, properly installed, will give 
many years of reliable and trouble-free 
underground serviceo 

Now let's examine the meaning of 
"properly installed"o 

Here is where things can get a bit 
confused~ because the term has several 
definitions, depending upon who is mak-
ing the rules, and what part of the coun
try we are talking abouto We will discuss 
some of the practices in use by various 
utilities , and the reasons for them~ If 
you become involved in 9 or are considering 
underground CATV system installation, you 
should first find out what the local ruleS 
and practices areo The local power comp
any underground engineer is one good place 
to get this informationo You are a cust
omer of his, and he should have an inter
est in helping youo His background and 
experience is valuable, and for the most 
part, directly applicable to your problemS· 

Let ' s look first at the trenching praC' 
tices in use by several typical utilitie&o 

Figure 2 shows the trench profile 
specified by Portland General Electric Coo 
(Oregon) o It shows the use of a single 
trench for primary ·power, secondary power, 
and telephone cables, with each class of 
service at its own levelo Note the 12" 
separation specified, and also the minimum 
below - grade stipulationo Also required in 
this instance is a sand cushion around each 
nf the power cable runso The sand back
fi l l is specified where the particular ter~ 
rain introduces the hazard of sharp rocks, 
etc c , which might rupture the cable jacket• 

~igure 2 also shows 0n~ nrofile re
quired by Detroit Edisono This . shows pri
mary and secondary power all at the same 
level below grade, and again the 12" sep
aration between power and telephoneo 

Figure 3 is -the p~ofile used by Mississippi Power & Light Coo It 
shows separate trenches for power and telephone cableso 

And finally, Figure 3 also shows two profiles used by Commonwealth 
Edison Coo of CJilicago o One shows the 12" separation between power and 
telephone cable, and the other shows the practice of random lay. In 
this case, all cables are placed i n the trench in a random ~anner, with 
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no separat ion be t ween o This provi des a 
substantial saving ~ since it permits back
filling in a single operat iono Which of 
these pract ice s ~ or variaTions of them~ 
may be used wil l depend on what is per= 
mitted by local approving agencies v Ran
dom lay is rapidly gaining wide accept
ance due to its obvious economy c 

Where the shar ed trench idea is not 
feasible~ t he practices are simpler o 
Preferably the cable should a l ways be at 
least 24" below grade o 36" is even bet
ter o This largely avoids trouble from 
accidental dig - ins 5 from soi l bact eria~ 

and from frost heaving o The sand cush
ion is noT necessary un l ess the terrain 

has sharp rockso Trench i n g equipment comes in many s i zes and shapes, 
as shown in Figures 4 - 7o Some of these are part icularly interest
ing where installation must be made under es t ablished l awns or grade s o 
Trenchers are availa?le wh ich open a slit less t han 1" wide c Back
fill is often not necessary, and the scar disappears in a 'short timeo 
Also, the trench can fol l ow a n irregul ar path to avqid shrubbery or 
other obstructions o Depe nd i ng on the loca l ity ~ you may find rench
ing equipment is availab l e locally on a c on ract or r ental basis o 
Your local power company is a good p l ace to go fo r advice on t his 
matter o 

Obviously trenching c osts will vary 
wi de ly ~ depending upon a number of things o 
Many powe r companies figure that under 
"normal" conditions they can trench and 
backfill for 30 =35 cents per foo o This can 
run a s low as 10 cents ~ but could also run 
higher under adverse conditions o The econom
ic advantage of joint trench use is obviou s o 

I n recent years there has been intense 
and increasing in erest ~ for URD systems , in 
a .pre a ssembled cab l e i n coilable p l astic 
p i pe o In this construction ~ t he cable, 
i n stalled in plastic pipe is delivered to the 
j ob ~site in long l eng hs on ree l s , ready for 

Figo 7 ins t allation o The pipi is made from another 
member of the polyethylene fami ly, black 

high-density polyethyleneo Th is material is tough ~ strong ~ abrasion 
resistant, and very economical compare d t o me a llic pipe ~ or duct of 
other materials o u·se o f this ··ystem accomplishes several things~ 

lo It provides a hole i n t h e ground for c ab l e replacement ~ if ever 
needed a 

2o It protects the cab le from damage during instal lat ion o 
3 o It reduces the need f or sand cushion in rocky terrain, or for 

protective planking under roadways o 
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4o It can provide for possible future 
expansiono 

At present there are no industry stand
ards for preassembled cable in pipe, but work 
on such specifications is under way in an in
dustry committeeo In the meantime, individual 
manufacturers, working with power company- en
gineers, have developed workable stand rds of 
their own o These standards define the proper
ties and dimensions of the various sizes of 
pipe , the percent fill to be used in determin
ing · the proper pipe size, as well as the ·var
ious Cc:lble construct-ions to be furnished o 
Figure- 8 shows Rome Cable's publication describ
ing this product and its use for power cableo 
Experience has provided simple rules for dete~
proper pipe size to be used with various cable 
sizes o A number of other manu£acturers have 

similar publications describing their producto This construction should 
be equally attractive for CATV systems o The added protection given to 
the cable during installat i on is a distinct advantage, and in many cases 
makes installation -easier and faster o The built-in hole in the ground 
can be · extremely · valuable ~ particularly where system expansion or cable 
replacement would ·otherwise dig up establis·hed lawns or rear lot line 
shrubbery plantings ; The added cost for one cable preassembled in pipe 
would probably be about 8- 12 cents per foot e If you choose tC?, buy the 
pipe and pull it in yourself ~ you can save about 5 cents of thiso One 
very important principle to remember is that the cable used, whether 
directly buried or preassembled in pipe, should be suitable for exposure 
to the underground ·environmento Whether directly buried or preassembled 
in pipe , cable terminations should be stubbed up into a pedestal · which 
can be sealed -from moisture o Straight - through splices can be protected 
for direct burial using mat eri a l s and prorP.rl, res well known to po~er and 
telephone cable manufact urers and users o 

An increasing number of -power companies and telephone companies are 
coming to the concl usion that underground cable systems are little, if -
any more costly, than aerial installat ions ~ Some even -say that under
ground· is cheaper o They are finding that · maintenance and servicing ·costs 
are ·significantly less because t he · cable is in a protected environment; 
unaffected by storms , accident s , etc o Add to this your · additional sav~ngs 

·· from elimination · of po-le rental s , pole hardware, messenger, lashing wire, 
·etco, the economics of underground CATV would not appear to be discourag
ingo In fact ,- it may well be almost a stand-off with overhead, without 
even considering the reduced maintenance and servicing costso [ApplauseoJ 

MRo TAYLOR ~ Thank you very much , Mark Wolf, for a very interesting 
talk o This concludes the f ormal presentations o Thank you very much for 
comingo 
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