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A NEW INSTRUMENT FOR UNATTENDED CATV MEASUREMENTS FOR YEARLY PROOF

OF PERFORMANCE AND ROUTINE MAINTENANCE

Albert Helfrick

Kay Elemetrics Corp. Pine Brook N. J.

ABSTRACT

This paper presents a new instrument, the Kay 9021, and
discusses the methods and equipment required for automatic, un-
attended CATV measurements. The authors discuss the types of
parameters that may be measured, and the data-iogging equip-
ment that is required. Methods of reducing interference to the
subscriber are analyzed. Included is a description of a new high-
level sweep system receiver and its application to unattended
measurements. Also discussed is a useful piece of auxiliary equip-
ment not commercially available but which may be constructed
by the system operator. Results of actual system tests are
presented and analyzed.

Time history measurements are required by the Federal
Communications Commission for yearly proof of performance.
Time study measurements are often helpful in locating and pre-
dicting system failures as well as a method of status monitoring.
Such measurements, when manually performed, can be rather
expensive, prone to errors and can tie up valuable manpower and
equipment for days at a time.

This paper describes methods of unattended system meas-
urements using the Kay 9021 “Digital Recording Receiver.” Also
described is a “"home-brew’ item which even a small system
operator could construct that makes possible automatic time
annotation.

TYPES OF UNATTENDED MEASUREMENTS

Almost any system parameter may be studied over periods
of time. These parameters may be studied at the head end, at
the trunk amplifiers, at the subscriber terminals, etc., depending
on which part of the CATV system is to be isolated for fault
analysis.

Some of the more important parameters to be analyzed are:
(1) System frequency response, {2) Carrier levels by wide-band
spectrum analysis, (3) Spurious signals, such as co-channel by
narrow-band spectrum analysis, and (4) Any other parameter
that may be suspect such as a specific voltage, frequency, etc.

This paper deals with the first two categories of unattended
measurement. The need for measurement of specific voltages
and currents is usually indicative of a special problem and is not
required by the FCC nor is it useful in the isolation of routine
problems.
EQUIPMENT REQUIREMENTS FOR UNATTENDED
MEASUREMENTS

Since it would be desirable to do the measurements without
continuous services of a technician or engineer, sorfie means
must be provided for automatic data logging. Automatic data
logging takes several forms. Analog data recorders are relatively
inexpensive and useful. There are several strip-chart recorders
or modifications of the basic strip chart recorder such as an X-Y
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recorder, drum recorder, or circular chart recorder. Or, some ap-
plications would require a digital logging device such as a strip
printer or teletype machine. Generally, digital printers are use-
ful only when the data analyzed is in a digital format such as
frequency. But, converting analog data to digital numbers is
often self defeating since it is much easier 10 see general trends
from a histogram than scanning columns of figures.

The authors have found the strip chart recorder the most
useful and cost effective. There are two modes of operating the
strip chart recorder. One is to use a chart driven by a clock
motor. But, this allows the measurement of only one parameter
on a continuous basis. The second mode is to drive the chart at
a rapid rate, such as a few centimeters per second but allowing
the unit to run for only a /ew seconds during the accurately
known time period, when the actual measurements take place.
The beginning and ending of the chart motion is thus syn-
chronized with the independent variable of another instru-
ment such as a spectrum analyzer. There will be a series of
plots inter-connected on a continuous strip of paper each one
separated from the other by a fixed period of time. This
intermittent operation allows a huge number of data points
to be generated and studied on one piece of paper.

The 9021 Digital Recording Receiver has such a strip
chart recorder. Recorders with timers and specialized instru-
ments using recorders as an integral part of the system are also
sometimes avaiiable to the CATV system operator.

SPECIAL CONSIDERATIONS FOR TEST EQUIPMENT USED
IN UNATTENDED OPERATION

Reliability is one of the most important characteristics
of any test equipment used for recorded measurements. The
measuring eqguipment is often required to operate for lony
periods of time without adjustment or maintenance. The reli-
.2, must be established for the environment in which the
ot . oo take place. Extremes of temperature and humidity
are the usue stresses which cause problems.

All electronic instruments have some measure of tem-
perature instability. It is necessary to have some idea of the
magnitude of this temperature dependence especially if the
instrument is used in the uncontrolied environment of field
equipment. Sometimes the error introduced by temperature
is of little consequence to the actual measured amount. However,
if the error is great, then the temperature compensation factor
must be known if the equipment is to be successfully used in
the CATV environment.

If the equipment s located in a place that has no electrical
power, battery operation must be used. Sometimes an auto-
mobile battery is the most cost-effective battery to use. But, be
sure that the battery has sufficient ampere hour capacity to
operate the eguipment for the desired time. Aiso note that the
ampere hour capacity of most batteries decreases with lowered
temperature. Check the specifications of the energy storage




system you intend to use.

If equipment that operates only on 117V AC is employed
it will be necessary to supply either power from the mains or to
use an inverter. However, unless the equipment to be operated
from an inverter is of unusually low power consumption, the
battery size for a continuous 24 hour operation would be
prohibitive. For example, if a spectrum analyzer requiring 100
watts is operated for 24 hours from an inverter of 50 percent
efficiency, the required ampere hour rating for a 12-volt bat-
tery would be 400 ampere hours. This would require at least
six automotive batteries and that is ordinarily impractical.
However, to reduce the battery requirements it is possible to
power the equipment only during the actual operating period,
which is only a tiny fraction of the total time. A battery op-
erated timer may be used to drive a large relay to apply power
to the inverter for only ten minutes out of every hour. This
allows sufficient time for the equipment to warm up and sta-
bilize and still reduce the battery load by a factor of more than
six. The factor is actually more than six since battery systems
tend to last longer if a rest period is allowed between discharges.
Therefore, the system may operate a full 24 hours from only
one fully-charged automotive battery.

The 9021 employs such a design philosophy. Despite the
capability of such a system to operate from batteries it is obvi-
ously preferable to use a location which has available AC power.
However for the yearly proof of performance tests, the loca-
tions of the test points are set by law and usually do not have
such power-equipped enclosures.

A weatherproof and theft proof enclosure must often be
used. A variety of military surplus equipment cases are avail-
able for this purpose. The equipment, placed inside such
boxes, is sealed against the weather, locked against vandals
and may be chained to a utility pole. If power is available, the
box may be insulated and heated with a small electrical heater.
The degree of sophistication is limited only by the system
operator.

ACTUAL TEST RESULTS

Several parameters were measured on the Telecommunica-
tions Inc. system in Dover, N.J. by using the Kay 9021 Digital
Recording Receiver. This system has nearly 400 miles of cable
and serves several towns.

Two basic parameters were measured: frequency response
and carrier level.

The test systems were set up and debugged using the cable
system office. The facility offered the convenience of a heated
location where plenty of bench space and power were available
to evaluate the test systems. Communication was available to
the head end, which proved to be an absolute necessity during
the early phases of the test system development.

The high level sweep system transmitter used was the Kay
90598. The receiver used was the Kay model 9021. This re-
ceiver was specifically designed in 1975 for the CATV industry
using state of the art techniques and the design philosophy pre-
sented in this paper.
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The high level (15 dB above the carriers) sweeping signal
covers the entire spectrum of interest in 2.56 milliseconds. Since
this produces a slight but visible interference to a television re-
ceiver, the repetition rate is usually limited to one every six
seconds or longer. The sweep can be detected anywhere along the
system with a wide-band amplifier and detector. Because the
sweep is short and the repetition time so long, some method of
storing the sweep is required. This was done with a storage
oscilloscope in the older Kay 9020 receiver.

Please refer to Fig. 1 which presents a block diagram of
the 9021 to assist in following the details of the circuit. The
RF input is applied to a O to 29 dB calibrated attenuator. This
attenuator is marked with the carrier amplitudes in DBMV.
Because the carriers are usually known or could be easily
determined, this level is the most useful for reference. The RF
is amplified by a wideband RF amplifier and then envelope
detected. The detected amplitude is converted to 256 eight-bit
binary words and then stored in a 2000 bit digital MOS memory.
A 50 MHz narrowband amplifier/detector provides a signal for
triggering the storage cycle. The entire storage is accomplished
in 2.56 milliseconds allowing 10 microseconds for each eight-bit
word. The data remains in the memory until updated by the next
sweep. A print command is entered manually by the operator
or automatically by the internal timer and either will cause a
printout without loss of stored data.

FIG. 1o KAY MODEL 9021 SWEEP RECEIVER

The print cycle operates at a much siower rate to match
the relatively slow speed of the chart recorder. The 256 words
are read out of the memory in about four seconds and applied
to a D/A converter which converts the digital data to analog
form. This analog data is amplified and printed on the chart

recorder.



Tests on the Dover system were run on two different
trunks: one 12 amplifiers deep and the other 27 amplifiers deep.
The tests were run for 24 and 60 hours respectively, Fortunately
both locations were heated structures since outside temperatures
were near zero several nights.

Fig. 4 shows six successive frequency response traces taken
at a test point after a 12 amplifier cascade. The frequency re-
sponse is measured from 50 MHz at the low end to 300 MHz at
the upper end. Since the frequency response of this system had
been set up in the past using only the carriers normally handied
on this system and a field strength meter, there were two areas
with dips in the response. The sharp peak at the 270 MHz end of
spectrum is due to the cumulative effect of mistuning the high
end peaking coils to improve the high end performance when
channel R was added to the existing system.
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To reduce the interference to the subscriber to an absolute
minimum it was decided to sweep the system only once during
each measurement time period. At either once or twice an hour
it was obviously necessary to synchronize the sweeper and the re-
ceiver so that the receiver would be ““on’’ and “‘listening”” when
the sweeper was triggered. This was accomplished with a battery
operated crystal controlled clock. Two CMOS chips, a crystal,
and a handfui of resistors and capacitors were used to construct
an accurate battery operated timer. The schematic of the timer
may be found in Fig. 3. Battery operation is essential to avoid
errors due to power outages. The timer will run for months on
four standard D cells.

When synchronizing the clocks, a very handy reference is
the time of day service provided by one of the system channels.
Should the transmitter and receiver clocks become unsynchro-
nized, it is a simple matter to reset the system. The sweeper
at the head end is timed to sweep 10 seconds after the exact
hour and exact half hour. The timer may be overriden at any
time for routine maintenance chores without upsetting the
timed measurements.
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FIG. 3 BATTERY OPERATED TIMER SCHEMATIC
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Notice that for the five and one half hour period from 3:30
pm to 9:00 pm the high end dropped by 3 dB and the low end
by 1 dB. The temperature dropped by about 12° Farenheit. For
a cascade of only 12 amplifiers this was considered a faulty sys-
tem. Subsequent investigation did show an incorrect pilot carrier
level at the head end. This unit was repaired and the system
rebalanced. Fig. 5 shows the sweep response of the repaired
system. The system now had a more correct tilt and the dips
were not quite as bad. Notice the traces during the five and one
half hour from 2:50 pm to 8:20 pm. The high end had gone
down by 1.5 dB and the low end had remained relatively
unchanged.

FIG. 4



ryr - ~0dB
b -1am

/740 MFE CORPORATION

24a0

LN il
SALEM, NEW HAMPRHIRL, U 84,

m‘ny-',gv'

FREQUENCY RESPONSE TRACES
OF REPAIRED SYSTEM

FIG. §

During the time that these measurements were made there
were no customer complaints and none of the routine measure-
ments made by the instaliers and technicians indicated any
trouble despite the existence of a bona fide malfunction.

Typical test results of the wideband spectrum analysis are
shown in Fig. 7. No serious problems were encountered in these
traces. These strip chart recordings are documented by an online
time code generator. This time code generator indicates the time
of day by injecting three RF signals into the CATV system. The
time is then coded as a binary number, the amplitude of the
three signals indicating zeros or ones. Fig. 6 shows an expanded
spectrum analyzer trace of the time code signal showing the
binary number 101. Since only three RF signals are used, the
unit will repeat after eight hours. Therefore, additional informa-
tion will be required for completely unambiguous annotation.
The addition of this device to the system aillows the technician
to place the equipment in the fieild without requiring an exact
knowledge of the precise time the equipment was started (see
Table 1). Furthermore, the annotation allows the data to be
reconstructed should the strip become damaged or if any of the
measurements are missing due to equipment matfunction or
loss of power.
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TIME TIME CODE
0000 000
0100 001
0200 010
0300 on
0700 11
0800 000
1500 111
1600 000
2300 111
TABLE 1

The time code generator is not at present a commercially
available device and was constructed for these tests. The unit con-
sists of three oscillators operating at 110, 115 and 120 MHz. The
level of these oscillators is controlled by a crystal controlled
clock; the higher level indicates a binary ““one’’ and the ten dB
lower level indicates a binary ““zero.”’

Fig. 7 shows three spectrum analyzer traces taken at one
hour intervals. The time code of the trace at the bottom of the
display is the binary number 101 which in this case, corresponds
to 1:00 pm. The middle trace is 2:00 pm and the top is 3:00 pm.
The vertical scale is five dB per major division.
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Several differences between the results of sweep testing and
the results found with wideband spectrum analysis are apparent.
The five dB per division scale of the spectrum analyzer trace
makes it difficult to resolve one dB variations. The trace could be
expanded to two dB per division but the speed required tends
to tax the speed capability of the chart recorder. Furthermore,
the apparent signal ampiitude depends on the nature of the mod-
ulation at the time of the measurement. Compare channet G
amplitude at 1:00 pm and the amplitude at 2:00 pm. Note the
change in apparent amplitude leve! although therc iy actuel's -
change in carrier level.

For the two reasons mentioned' firsi, the difticulty in meas-
uring smail differences in carrier level because of the compressed
scale and the second, the errors introduced by the effects of
modulation, it was determined that the sweep method was
actually superior to the spectrum analyzer technique in locating
small deviations in frequency response and temperature induced
variations.

Although the conclusion here is that the high level sweep
check is superior to the measurement of carrier levels for the de-
termination of system response, it is still debatabie whether the
high level sweep measurements may be used in lieu of carrier
level measurements. The FCC regulations do specify that the
visual signal level cannot vary more than 12 dB during a 24 hour
period. if one measures the relative gain of the system as a
function of frequency then it is necessary to know the level of
the visual signals at the head end tor that time period to certify
the signal fevel at the test point. This can be accomplished by
using a recording spectrum analyzer but this may be unnecessary.
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lJsually the signal levels at the head end are very stable and re-
iiable and thus able to provide the desired reference. Perhaps a
one-time measurement should be made at the head end with a
recording spectrum analyzer. And, this will document the fact
that the signal variation due to the head end is negligible.

Consider the money saving aspects of unattended measure-
ments for yearly proof or performance measurements.

Usually to monitor three test points over a 24 hour period
would require the services of four technicians: three for a full
eight hour shift This would involve climbing three poles and
installing drop cables. (These cables may be tied up about 8 feet
for each access.) One technician is required to make the rounds
using a field strength meter to record manually the carrier levels,
This would be required to continue for the full 24 hours. During
the last round of measurements the drops must also be removed
again requiring two technicians.

Using a figure of $14.00 per hour this amounts to a cost of
$272.00 for the entire job. The $14.00 per hour reflects the cost
of salaries, fringe benefits and overhead (such as gasoline, oil,
equipment expense, etc.).

But, using automatic battery operated equipment only
two technicians are required to set up the measurements and to
remove the equipment 24 hours later. Assuming this requires four
manhours each, this cost is $112.00, a saving of $160.00 per each
24 hour measurement. Particularly in large systems, where it may
be necessary to repeat the operation in several towns, the total
cost saved will be substantial and well worth the cost of the
equipment required. This equipment is also valuable for attended
operation usage where the written records of system faults and
corrections and the easy portability from the small size and self
contained battery operation make it easy to troubleshoot any
system problems.

To summarizc the conclusions of this paper, two basic
types of unattended RF measurements applicable to CATV sys-
tems have been discussed. The equipment required for such
mrasurements has been outlined and the description of the units
has been presented. An actual system malfunction was dis
covered, repaired, and verified using the high level sweep system
and the Kay 9021 Digital Recording Receiver.

The use of unattended measurements should .be helpful in
ciagnosing system fauits and as a money and time saving device
tor the y. - and pront of performance measurements.

" OQur thanks to Bob Geissler of Vitek Electronics
for the use of their Spectrum Recorder Timer ,
mode! SRT-1, in the preparation of this paper “
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AMPLIFIER LINEARIZATION BY COMPLEMENTARY PRE OR POST DISTORTION*

A. Prochazka, P. Lancaster, R. Neumann

Delta-Benco-Cascade Ltd., Rexdale, Ontario, Canada

ABSTRACT

A technique of amplifier linearization through the use of
complementary pre or post distortion correction circuits is
investigated. Using the Volterra series representation distor-
tion cancellation constraints imposed on the correction
circuit are derived. A simple distortion correction circuit
consisting of a diode, a resistor and a capacitor (inductor)
is then devised to meet the above constraints for cancella-
tion of the amplifier's third order distortion products.

A theoretical analysis of distortion generated in both a
single stage transistor amplifier and a complementary distor-
tion correction circuit {(C.D.C.C.) is carried out to verify the
realizability of this linearization technique.

* Patent Pending

INTRODUCTION

The design and manufacture of transistors and semicon-
ductor diodes has advanced significantly since their intro-
duction many years ago. This has resulted in the availability
of semiconductor components with higher gain - bandwidth
products, low noise, high power and better linearity.

Despite the advanced state of the art in the overall perfor-
mance of semiconductor diodes and transistors the remaining
distortion and noise are still the primary obstacles to the
construction of large CATV systems. However, there are
several design techniques used quite often in muitistage
amplifiers which help further minimize nonlinear distor-
tion. {1] Feedback, push-pull and cascode amplifier design
are the ones most common today. Others, such as feedfor-
ward and distortion compensation techniques are now being
implemented.

Cascode amplifiers connected in push-pull usually suppress
second order distortion far below the level considered object-
ionable. Also, as evidenced from theory [2]-[4] and suppor-
ted by experimental observations, some partial canceitation
of second order distortion along the CATV trunk always
exists. The third order distortion, however, is only slightly
improved in a push-pull amplifier. A significant reduction in
the magnitude of the third order distortion is obtained if a

cascode amplifier is used. Despite this improvement, a
cascode connection is not as efficient for suppression of the
third order products as push-pull is for the second order
products. Also, if the amplifiers are exactly alike, crossmod-
ulation and triple beat products f1-f2+f3 will generally
increase by 6 dB any time the number of amplifiers is
doubled [2]-{4]. (In practice, cancellation of these products
has also been observed and can be accounted for by the non-
uniform magnitude and phase of the aforementioned distor-
tion products in the amplifiers.) In conclusion, we can say
that it is either crossmoduiation or a build-up of triple beat
products of the type f{-fa+f4 which affects the performance
of a vast majority of new CATV systems.

Some five years ago, a research program was undertaken
by Delta-Benco-Cascade to develop a technique for a substan-
tial reduction of crossmodulation distortion in CATV ampli-
fiers. Out of a number of promising ideas a complementary
distortion correction technique was singled out and pursued
further. The scope of the research program was later extend-
ed to include a reduction of voltage additive triple beat
products. This technique provides a circuit which may be
connected across the signal path on either the input or the
output side of an amplifier and which is designed to distort
the signal in a manner complementary to the crossmodula-
tion or triple beat distortion contributed by the amplifier
itself.

MATHEMATICAL REPRESENTATION OF A CASCADE

Let us restrict our attention to the complementary post
distortion correction circuit shown in Fig. 1.
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Fig. I- Amplifier With A Post Distortion Correction Circuit

At low frequencies, where reactive effects can be neglected

the transfer characteristic of a nonlinear device, such as an
amplifier, can be expressed by a power series. At high fre-
quencies capacitive and inductive parasitics and components
affect the overall performance of an amplifier. The device
has a memory and can not, in general, be represented by a
power series. A different analysis such as one employing the
Volterra series approach, must be used. The Volterra series



can account for frequency dependence and give the phase
as well as the magnitude of distortion products.

For small enough signal leveis and small transistor non-
linearities a third order product, such as crossmodulation
or a triple beat, can be predicted accurately using a third
order Volterra series. Assuming that the conditions for
existence of the Volterra series are satisfied we can represent
the output of a time invariant nonlinear system with memory
(such as the amplifier in Fig. 1) by a third order Volterra
series

3 -

- n
\/(t)=n§1 £ dr1...__f dv'nb,.‘(q,...,rn)r=ﬂ1 x({t-r,) (1)
bn(1'1,...,1'n)=0 forr, <0

where bs(7) is the implige response of the amplifier. The
terms in 11) are, in fact, n"' order convolution integrals. Each
kernel b, is assumed to be a symmetrical function of its
argumenps. Since the output corresponding to sinusoidal
signals is of interest all computations can be carried out in
the frequency domain by means of Volterra transfer func-
tions Bn(s1,...sn) defined as follows:

BnlSqs Syl [ dr... fd7r b (Ty...7,).
expl-jlwyryt.twyry)] 2)

If B, is known and the input consists of a linear superpo-
sition of sinusoidal signals the output can be expressed in
terms of the transform B of the kernel by, as will be shown
later.

Similarly the output z of the post distortion correction
circuit is expressed as the Volterra series of the input signal

\
3 = n

z(t)= L f drq... fdrcpirq.,r) I yitr) (3)
n=1 .= -- =1

The Volterra transfer functions C,, are related to c,, accor-

ding to equation (2). Both C, and c,, are symmetric func-

tions of their arguments. The overall first, second and third

order Voiterra transfer functions are given, respectively, by

(5].

H1(S)=B1(S)C1(S' {4)
H2(51 ,52)=82(S1,52)C1 (51 ﬂz)"‘B 1 (51)81 (52).02(51 ,52) (5)
H3(S1,52,S3)=C1 ($1+52ﬂ3)8 (S],S ,S3)+2C ‘51,52+S3).

The fundamental, second and third order components at
the output of the cascade can be expressed as follows

z1=x°m| H,(s)l cos(wqt-nq) )]
z12=k1x°“)xo(2)l Holsq.89) | cosl{twqtwyltn,] {8)
21237 %" o Px o Hylsy 89l
cos[{tw 2w, twaltng] (9
$y=tjw, sttiwy  symEiwg
with
(1) (2) (3)

x=xg' 'coswtx ' “Icoswottx 'V coswat (10)
k1, k2, are constants characterizing a specific type of second
or third order ggstortion, respectively. n, (w) is the relative
phase of the k! order Volterra transfer .*unction H, at the

fundamental, product frequency.

DISTORTION CANCELLATION CONSTRAINTS

By neglecting the second order interaction term in {6) and
assuming the shunt impedance presented by the post distor-
tion correction circuit is large compared to the output imped-
ance of the amplifier we can simplify (6) to

H3(s1,52.53)=B3(s1,52,53)+Cq(sq,55,53).

G.expl-jle 1 +pg+o3) ¥ -i(2witwotwglt ] (1)
where G=|B1(s1).B4(sp).B4(sq)] (12)

py=t1 for 2w,

pg=21 for twy (13}

p3=*1 for twq

Y is the zero frequency phase intercept of the amplifier. A
constant group delay (linear phase vs frequency dependence)
in the amplifier is assumed. In order to minimize a specific
third order product at frequency smsytiptsg we require

|H3(S1,52.33”’0 (14)

Using the substitutions
83(51 ,52,53)
——| =K (15)
C3(S1 ,52,53).6

1383 (P togtpgl¥-(tw twotwglt =k

we can express the magnitude of (11) as
'H3(51,52,53)|=IC3(S1,52,53)-G'. ((K+cosx)2+(smx)2] '/:( 16)

So the constraints imposed on the magnitude and phase of
the third order product generated by the post distortion
correction circuit are found to be

133(51.52,53)|=G|C3(S1,$2,$3” (17)
¥3+B3 (01 +potpg)¥-(2 witwot walt =(2n+1)n (18)

for some n=%1,22 ...

For a specific type of distortion these constraints can be
reduced as follows
a) vector crossmodulation distortion

The signal at the input of the amplifier is expressed as
a sum of two sinusoidal signals, one of them modulated
by a sine wave with a modulation frequency f., and mod-
ulation factor m {xq" ''=x'<'=xg =x°)

x=‘/zx°(”(1+mcoswmt)cosw1t+xo(3)cosw3t (19)
It then follows (6)

s1=iw1 s2=-iw1 53=iw3 (20)
and [Baljw . -jwq,jw3)I=GIC3(jwy, jwqiws)l {21)

-‘73+ﬁ3‘ V- w3t°=(2n+‘l ) (22)

73(w), ﬁ3(w) are the relative phases of the third order
Volterra transfer functions B3,C , respectively, at the pro-
duct frequency w=wq-witws. (Fig. 2)

b) triple beat distortion
The input signal is now given by (10). We now have

s1=iwy sy=iwy s3= jwg (23)



The constraints are simplified to
B3(iw1.'iw2,iw3)=G|C3(iw1.'iw2.iw3)l (24)
Yy3¥B3- w-(w1-w2+w3)to-(2n+1)1r (25)

where 7?;: p32refer now to the product frequency w=wq-

ig.

wotwg. with -w replaced by -w5). Note that for
wq=wy these constraints are identical to (21),(22).

- o)+ w
I.AJ,l U1U=

Im 3
(MM (3

W K xo xo XO1B](01)-01:“3)|
o
7/

Z ,—"w'“

“J{ INPUT X Re

M wm | N-lproty)
k2yo yo yo IQ\("'ﬁ"’x ) )l
Fig. 2: C vion Of Vector C

MINIMIZATION OF AMPLITUDE CROSSMODULATION

As this high frequency distortion analysis enables one to
bring into focus the phase characteristic of nonlinearities, the
concept of transfer of modulation from one- carrier onto
another one (crossmodulation) is changed as well. Using the
low frequency model (power series), only the amplitude of
the originally unmodulated carrier was seen to be affected.
The high frequency analysis by means of the Volterra series
reveals that both the amplitude and the phase of the unmod-
ulated carrier become modulated.[6] Let the input to the
amplifier be given by (19). The total output from the amp-
lifier at frequency w3 is then determined from

=x°(3) 1B1{jw3)i(1+m scosv s coswt).

Y¢03
.cos(wat:fq+m 4 siny ACOswWt) (26)
where
1 . = .
_3m (Xo( ))2133(lw1rlw1.lw3)| (27)
MA~ 4 1Bq{jewq

is the magnitude of the vector crossmoduilation (Fig. 3} and

va=-B3*B4 (28)
where 34(w) is the linear phase delay through the amplifier at
frequency wq and B3z(w) is the relative phase of the third
order Volterra transfer function of the amplifier at product
frequency w=w-wqtwy.

According to the NCTA Engineering Standards crossmod-
ulation is defined as the ratio of the peak-to-peak variation
of the amplitude of the test signal w3, due to crossmodula-
tion, to the amplitude of the test signal with the interference
signals removed. Applying this definition to equation (26) we
deduce that the NCTA crossmodulation ratio is identical to
twice the amplitude crossmodulation ratio

NCTA XM = 2M, . (A)=2m s cosv (29)

the corresponding phase crossmodulation ratio is expressed as
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Fig. 3: Vector Rep ion of Ci
Mxm(meAsinvA (30)

The ratio of the amplitude to phase crossmodulation is
determined solely by the phase relationship between the
Volterra transfer functions of the amplifier. In practicat
amplifiers v is determined by the transistor characteristics
and by the feedback and other circuitry used. Since the amp-
lifier design is governed by many other criterii one can hardly
exercise full control of vp when designing an amplifier.
Amplitude crossmodulation is thus likely to be inevitable in
any amplifier design and is more easily minimized by the use
of C.D.C.C.

Let us consider the aforementioned cascade made up of an
amplifier and a post distortion correction circuit. The signal
at frequency wq at the output of a cascade is found to be

zw3=xo(3)| Hqliwg)l (1+mccosvccoswmt) .

) {31)
cos(w3t-n1+mcsmvccoswmt)
3m (X°(1))2|H3(iw1.‘iw1, iw3)| (32)
m, ===
[ 4 }H1(1w3)l

in order to minimize amplitude crossmodulation we must
have

ve=ngtny= G (33)
after substitution for n4 from
n1=w+w3t° (34)

and for n, from (11) we arrive at
3

1 [Ksin(w+wato-ﬁ3) - siny.

3 =
vo=tan Kcosw+w3t°-63)+cos73:l +rror=0#1.. (35

b1
It can be shown that v, will attain a value of 2 + nm provided
that the denominator

Kcos{y+wqt B3)+cosy3=0 (36)

For a given amplifier many combinations of K and y3 will
satisfy this condition. As an example let us assume that
K=1. The relative phase of the vector crossmoduiation
generated by the correction circuit must be 180° out of
phase with the vector crossmoduiation generated in an
ampilifier, ie:

73-{33+w+w3t°=1r+2n1r (37)

This condition is basically the same as that given by (22).

It is obvious that if the vector crossmodulation at the output

?;.a cza)scade vanishes so does the amplitude crossmodulation
ig. 2).



The other example we are going to mention is the situation
where 73=0. It then turns out from (36) that the projection
of the vector crossmodulation generated in an amplifier must
be equal to the magnitude of the vector crossmodulation
generated in a post distortion correction circuit (Fig. 4).

| B (jw1. jw.l,jwailcos(w+w3t Ba)=
liwg jwqiw (38)
Note ?\ere that sugngls producmg the crossmodulation distor-
tion in a post distortion correction circuit are first amplified
pefore being fed to the correction circuit.
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COMPLEMENTARY DISTORTION CORRECTION
CIRCUIT

The following complementary distortion correction
circuit (Fig. 5) was devised to cancel amplitude crossmodula-
tion and triple beat distortion generated in the nonlinear
amplifier. it is made up of a semiconductor diode in series
with an external resistor Re’ plus the biasing circuitry (not
shown). The magnitude of this series external resistance must
be sufficiently high so as not to appreciably affect the gain of
the amplifier. From the aspect of operating point adjustment
it has been found advantageous to use a Schottky or hot
carrier diode with a very low junction capacitance. Usually, a
reactive element in either series or parallel to the diode is
needed when elimination of triple beat distortion is desired.

] o

Rs

Fig. 5: Equivalent Circuit of C.D.C.C.

For purposes of analysis, the diode is represented by
its small signal equivalent circuit consisting of the non-
linear junction conductance, nonlinear junction capacitance,
series bulk resistance and series lead inductance. An extensive
analysis of nonlinear distortion produced in a Schottky diode
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in series with an external impedance has been carried out and
published in the literature [7]. We shall briefy summarize
some results of that report. The nonlinear currents i, and

are each first expressed as a Taylor series in v,, the junc-
tlon voltage. This is accomplished by the expansion of

Iptig = Iolexp(a(VD+vdH-1] (39)

) dq(Vz)
e T dt

(40}

about the DC bias. The output voltage v4=2 is then expressed
as a Volterra series expansion of the generator voltage v
{equal to 2y, when RL RG, Rs >> RG) given by

V1=Cq 81V HCals59) v 24 C3ley sgsy) v “n

where * denotes an operator. By applying Kirchoff's Law,
representing the impedances by their transforms and
collecting all the terms of each degree we can successively
find the Volterra transfer functions C1(s),02(s1,52),
C3<S1,$2,$3). [7]

A time sharing computer was used to compute the sum
and difference intermodulstion distortion and triple beat
distortion. The computed and measured values of second
order sum beat distortion at 266.5 MHz (Channel 13 video +
Channel 2 video) are shown in Fig. 6. The magnltude of this
distortion product in dB was measured using a Dix Hills
Electronics $X-16 Frequency Source and R-12 Distortion
Analyzer. The output level of each carrier was set at 34
dBmV. Figure 7 summarizes the computed and measured
values of single channel amplitude crossmoduiation. The
computed and measured values of triple beat distortion at
65.26 MHz (Channel 12 video - Channel 13 video + Channel
3 video) at two different output levels are shown in Fig. 8.
As can be seen there is a significant difference between the
measured and computed values at an output level of 34
dBmV and at low bias. This is probably due to the higher
order terms (7th, 9th) and a package capacitance which were
neglected in our analysis, However, when using the C.D.C.C.
to cancel the third order distortion of the amplifier, the
direct current values of more than .1mA are selected. Specif-
ically, when the DC current reaches imA, the fifth and higher
order contributions are negligible for signal levels below 50
dBmV.The following values were used for calculations:

3;—1000(2 Cpn varying from 1.8pF to 3pF at ImA,
a=

35, Rg=R| =15Q.
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As mentioned above, at higher bias currents, when
the ogenerated third order product is practically in
phase with the fundamental signal, the fullfiiment of the
phase constraints (22), (36) is accomplished by means of
an external reactive impedance. Calculated as well as
measured results indicate that the magnitude of the
triple beat or vector crossmodulation is only slightly
changed when a b5-10pF capacitor is connected in
series with the diode and a 100002 resistor. Such a
capacitor, however, produces a sufficient change in the
phase of the third order product generated in the C.D.C.C.
so as to cancel a specific third order product generated in
most broadband amplifiers. Sometimes, the capacitor must
be replaced by an inductor in order to eliminate a specific
third order product produced in a nonlinear amplifier.
Cancellation of amplitude crossmodulation can be obtained
with or without an external reactive element (see Section

on Amplitude Crossmodulation).

DISTORTION PRODUCED IN A NONLINEAR
AMPLIFIER

Let us consider a nonlinear amplifier as shown in Fig. 9.
Derivation of closed form expressions for the second and
third order Volterra transfer functions is an extremely
difficult if not impossible task. If, however, the intrinsic
parameters of a transistor are known these Voiterra trans-
fer functions can be evaluated with the help of a computer.
As the phase of third order distortion products was of
utmost importance to us we decided to computer-analyze
distortion generated in a wideband amplifier.

A low distortion amplifier, incorporating both emitter
and collector feedback, was built using a 500mW transistor
having a gain bandwidth product of 5 GHz (Fig. 9). A
thorough knowledge of the distortion processes in this
amplifier provides insight into methods for reducing the
amplifier distortion by means of adjusting the bias and the
component values, and in particular, by the use of C.D.C.C.
The latter method requires that both magnitude and phase
of the distortion products be known so that the canceliation
conditions {17), (18) can be applied. Just as in the case of the
C.D.C.C., such magnitude and phase information were
o?tained by a Voiterra series analysis of the transistor amp-
lifier.
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The transistor model and the method of circuit analysis
follow the case of Narayanan {5]. Fig. 9 shows the nonlinear
T-model of the transistor with the addition of the collector-
base feedback elements and a fourth node for the emitter
feedback components. The nonlinearities included in the
maodel are: base emitter nonlinear resistance and capacitance,
avalanche and gain nonlinearity and collector-base noniinear
capacitance. The last noniinearity was found to contribute
negligibly to overall amplifier distortion and will henceforth
be ignored.

A request for assistance in transistor modelling to several
major manufacturers of CATV devices was met only by
Philips who have been very co-operative in this matter. Using
instruments such as Tektronix Curve Tracer 576, Boonton
Capacitive Bridge 250A, Rohde & Schwarz network analyzer
ZWA, we have obtained the basic model parameters for two
Philips’ transistors built around the same chip. The remaining
parameters such as ..’ r. were supplied by Philips,
Eindhoven. For actual calicula&on, the device with a 500mw
power dissipation (stripline package) was selected. The
nonlinear parameters on the other hand, had to be measured
individually, as they vary from transistor to transistor,
particularly in the case of the gain and avalanche nonlinearities.
Accurate measurements of the transistor’s nonlinear charac-
teristics yield data which can be fitted to the theoretical
expressions applicable to each nonlinearity. The nonlinear
resistance r. Can be obtained from the base emitter |-V
characteristic.
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with |,=.36mA, n=1, 35 as fitted values. The nonlinear
capacttance Cb'e consists of two components: a depletion
capacitance, Cj , measured with the base emitter junction
reverse biased

42)

¢
€™ Vae 11
{(1- —— )
Vo

and a diffusion cepacitance Cp obtained from forward bias
measurements.

Both components are expressed here as functions of V.
leng of measured values gave C1= 4.3pF, EG

650pF/A. Differentiation of the above expressions
yn%lds the higher order terms required for the second and
third order Voiterra series. Measurements of low frequency
gain vs collector current were fitted by a simple polynomial
which was then manipulated to give values for the nonlinear
parameter a and its derivatives. The avalanche nonlinearity
was determined by measuring ¢ then taking the
rauo of the curved | charactenmc Qo the straight line

characteristic whicl’ would have been obtained in the
agsenee of avalanche muitiplication, and fitting it to the

equation
1

Vee ]n
Veso

M

with resulting values of Vg™ 26V, n= 4. Derivatives of
this 1ast equation combmeg with the previously determined
nonlinear parameters and their derivatives, plus the linear
transgistor parameters, complete the nonlinear T-model of
Fig.

A complete program was written to analyze this T-model,
in a manner similar to the analysis of the C.D.C.C. mentioned
above. The calculations yleld the voitages of each of the
circuit nodes as a Volterra series of the input voltage v:. With
v; consisting of either 2 or 3 input signals, 2nd and 3r& order
distortion, respectively {Intermodulation, Crossmodulation,
Triple Beat) can be calculated. All transistor parameters can
be varied in value as desired and each of the nonlinear elements
can be turned ‘on’ or ‘off’ to determine the contribution of
each individual nonlinearity to the overail ampiifier distortion.
Equally important are the calculated values for the phases of
the distortion products - required information for the
?esi)gn( oé)the C.D.C.C. according to the constraints given by
17), (18).

The theoretical distortion levels are obtained by calcula-
ting the appropriate 2nd or 3rd order distortion product at
the desired frequency and comparing it to the linear output
which the amplifier would produce at the same frequency.
For example, a triple beat is calculated as the ratio, in dB, of
the 3rd order term of the Volterra series of the output
voltage at product frequency fq- to the linear (ist order
term) output at frequency f—f t2 f3 Fig. 10 shows repre-
sentative calculated and measured values of triple beat distor-
tion at Ch 2, 13 vs collector current | The calculated
results show a definite minimum in distomon at about 50mA
bias. This minimum, or ‘troughing’ may be explained by care-
ful consideration of the individual distortion contributions of
the various noniinear transistor parameters as shown in Fig. 11.
The phase of each distortion component, approximately

(45)
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constant over the range of bias current, shows that the rye

and gain components, similar in magnitude, are nearly in
phase, while the avalanche component is about opposite in
phase to the latter two. It is thus to be expected that, at
some values of coliector current, there will be a considerable
degree of distortion cancellation. The depth of this minimum
and its exact location depend on many factors. Where the
dominant components cancel to a large degree, the residual
distortion is determined by those factors which were pre-
viously neglected, the capacitive noniinesrities and higher
order distortion components (5th, 7th order, etc.) due to
the higher order terms in the Volterra series. The depth and
location of the minimum are as well both sensitive to the
exact values of magnitude and phase of the distortion com-
ponents, which in turn depend on the accuracy with which
the nonlinearities of this particular transistor could be
determined. Considerable variation in, or even the complete
absence of the distortion minimum could be expected due to
variations from transistor to transistor. The experimental
results of Fig. 10 indicate a distortion minimum occuring at
a collector current of about 60mA, somewhat higher than the
theoretical vaiue. Agreement in magnitude between theory and
experiments is close enough that theoretical values for the
phase of the distortion products can be used in the equations
for the C.D.C.C. Only near the distortion mlmmum do phase
values vary greatly, undergoing a nominal 180° change.
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Theoretical values for the phase and amplitude crossmod-
ulation can be obtained from the triple best calculations
according to (29), (30) for -w;’-w,. Fig. 12 compares the
measured and computed values of amplitude crossmodulation.
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DISTORTION CANCELLATION RESULTS

a) Narrowband Distortion Cancellation

In order to obtain perfect cancellstion of a particulsr
tripie beat or vector crossmodulation distortion generated by
the nonlinear amplifier, one must voltage add another product
of the same frequency, magnitude and opposite phase. This
additional product is produced by a compiementary post
distortion correction circuit. The same three signals which
give rise to a triple beat or vector crossmodulation in the
amplifier are, after passing through the amplifier, fed to the
C.D.C.C. This circuit will then produce, due to the second and
third order terms of the diode’s nonlinear V-I characteristic,
a distortion product at the same frequency. The magnitude
of this product produced in the correction circuit is controtied
by an external resistance Rg’ in series with the diode and by
adjustments of the DC bias. The relative phase of this distor-
tion product is controlled by either a capacitor or inductor
in series with the diode or in paraliel to it. Other arrangements
for controlling the magnitude and relative phase of this
product have also been tried and found effective.

Let us turn our attention back to the amplifier shown in
Fig. 9 with the C.D.C.C. of Fig. 5 connected at the output.
Assume first that the diode is biased at lnc™ ImA. The
situation could now be represented as shown ,ﬁ Fig. 4 where
-wy is replaced by -wy it the triple beat distortion itﬁonsid-
ered. If the resistancé Rg™> o> the magnitude koy 'y (2)
Y |1C (jw],-jw Jjwa) approaches zero a &e ird
order di¥tortion prodlct generated in the amplifier is not
atfected. |f the resistance R¢’ is reduced the overall triple
beat or vector crossmodulation of this cascade will start to
decrease. The minimum value is attained when the vector
representing the triple beat or crossmodulation distortion of
this cascade is normal to the vector representing the amplifier
fundamental output signal at the product frequency. This
improvement in the triple beat or vector crossmodulation is
given by -20 log | siny, |.
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Table | summarizes the measured values of the triple beat
improvement. The improvement in vector crossmodulation
could not be measured using the Dix Hills distortion set-up
3s it yields only amplitude crossmodulation. However, some
confirmation was obtained at higher output levels when a
spectrum analyzer could be used. Table | aiso gives the value
of the series resistance R’ measured when the minimum was
obtained. Fig. 4 indicates that this null is quite broad and so
practically the same resulits could be obtained with a value
Re' set somewhere midway between 700 ohms and 610 ohms,
F%, 13 gives the magnitude of the triple beat product pro-
duced in the diode circuit for a given vaiue of Rq’. Compar-
ison of calculated values of R’ with those needed for this

partial cancellation shows good agreement.
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The capacitor Cc’ = 1500pF is now replaced with a vari-
able 2-18pF capaciltor. The triple beat or vector crossmodu-
lation generated by the correction circuit must now attain a
relative phase of 180-lv,| (see Fig. 4) with respect to the
horizontal axis in order to achieve a complete cancellation.
Calculations have indicated that " of 10pF results in
-73=-330°. This was verified experimentally when a value of

from 7-10pF was needed to arrive at perfect cancellation
of triple beat and vector crossmodulation distortion on Ch 2
and Ch 6. Since the magnitude of the third order distortion
product produced in the correction circuit starts decreasing
slightly for C¢’ below 10pF the value of the resistor Rs' has
to be Ioweredsby about 10%. A slight further decrease in Rg'
{compared to partial cancellation as mentioned above) was
necessary since now the opposing vectors have equal magni-
tudes. Canceliation of distortion products on Ch 7 and Ch 13
was obtained with vaiues of Cg’ around SpF.

As indicated by the computed results complete cancel-
lation for one particular frequency can aiso be obtained with

' = 1500pF and an inductor of 200nH in parallel with
the diode. In practice, much higher values of inductance
had to be used to compensate for the intrinsic diode
capacitance. Note again that inclusion of any reactive
element in the C.D.C.C. makes this circuit effective in a
narrow band of frequencies only.

When a value of Re’ much below 1000 ohms is needed
the amplifier gain is slightly affected. This can be avoided
by changing the bias current, connecting two diodes in
series etc. However, DC bias of ImA for the diode was
generally used when amplifiers built with Philips, TRW,
or MSC stud devices were linearized and so it was used here
as well. In practice, % dB change in amplifier gain can be
tolerated.



b) Broadband Distortion Cancellation
Broadband cancellation of the amplifier triple beat and
vector crossmodulation products through the use of a simple
C.D.C.C. (Fig. 5) is possible provided that the magnitude of
these products is approximately constant and | v, | = 180° or
over the frequency range of interest. Amplifiers incorpo-
rating transistors with a high gain bandwidth product f
often come close to meeting these two conditions. In such a
situation, the parameters of the C.D.C.C. are adjusted for a
complete cancellation of the triple beat and vector crossmod-
ulation distortion at the high frequency end (ampilifier triple
beat usually increases with frequency) with only a partial
cancellation of these products at the low frequency end.

We have verified both theoretically and experimentally [ 1}
that the level of distortion noise due to a iarge number of
triple beat products generated in a typical CATV trunk
amplifier is much higher in a channel near the 300 MHz end.
Using the simple C.D.C.C. of Fig. 5 we can reduce the level
of this distortion noise by 6—8 dB at the high frequency
channel while the level of distortion noise at the low fre-
quency channel is improved by 1-2 dB. The fact that a
complete elimination of this compaosite triple beat can not
be realized may be accounted for by the higher order terms
of the nonlinear transfer characteristics and as well by the
dependence of the Volterra transfer functions on the input
frequencies.

The amplifier second order distortion is not affected
because the level of the second order distortion produced in
the C.D.C.C. is much lower (see Fig. 6 at DC bias of TmA).
1f, however, the second order distortion of the amplifier were
degraded by the C.D.C.C. one could empioy two diodes in a
push-pull arrangement to suppress the second order distor-
tion from the C.D.C.C.

In a more general case, the magnitude of the triple beat
and vector crossmodulation distortion generated in the amp-
lifier increases with frequency and the relative phase | vl
varies monotonically over the frequency range of intereé.
Such was the case with our model amplifier of Fig. 9. It was
found that a broadband cancellation of the triple beat and
vector crossmodulation products was possible provided that
a parallel resonant circuit was incorporated in the design of
the C.D.C.C.

c)  Amplitude Crossmodulation Minimization

The vector representation of amplitude crossmodulation
minimization is shown in Fig. 4. In order to eliminate ampli-
tude crossmodulation produced in a nonlinear amplifier the
post distortion correction circuit must produce amplitude
crossmodulation of the same magnitude. The magnitudes of
the corresponding vector crossmodulations may however
differ. Amplitude crossmodulation of a cascade comprised
of a nonlinear amplifier and a post distortion correction
circuit {Fig. 4) vanishes as soon as the vector sum of

k2Yo' !y esliwy jesicg) and
kzxo(1)x°(2)x°(3)33(jw1,.jwTjw3) is normal to the

vector x (3)81 {w3). The magnitude of the overall vector
crossmod%lation reaches a minimum when amplitude
crossmodulation vanishes (all amplitude crossmoduiation
converted into phase crossmodulation).

The experimental investigation has confirmed that ampli-
tude crossmodulation can be made to vanish at any product
frequency by properly adjusting the DC bias and the resistor
Rg in series with the diode. Table 1l summarizes the mea-
sured values of the NCTA crossmodulation ratio of the
amplifier shown in Fig. 9. The measurement was done with
eleven amplitude modulated carriers whose peak levels at
the modulation crest were equal to the peak level of the test
{unmodulated) carrier. Reductions of the NCTA crossmod-

ulation ratio of more than 30 dB at an output level of 35 dBmV
could be observed on the distortion analyzer. Actual improve-
ments were much higher but the distortion analyzer can only
measure the distortion product magnitude down to about
-120 dB. When the amplifier output level was increased
to 45 dBmV, improvements of 50 dB could be observed
{NCTA crossmodulation ratio reduced from -70 dB down to
less than -120 dB).

Table 1! gives the measured values of the NCTA crossmod-
ulation ratio before the C.D.C.C. was connected at the output
and the values of the resistor Rs' needed to cause the NCTA
crossmodulation ratio of this cascade to vanish. |f we relate
these values of Re’ to the NCTA crossmodulation ratio
according to Fig. 7 (note that the values given in Fig. 7 must
be degraded by approximately 20 log 11 to sum up contri-
butions from all amplitude modulated carriers) we find good
agreement between the measured values of the NCTA cross-
modulation ratio of the amplifier and the C.D.C.C. All the
above tests were done with the diode in the C.D.C.C. biased
at ImA and Cg’ = 1500pF). Similar results could be achieved
at a different BC bias (ie: Inc=.7mA).
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1t should be understood that narrow band amplitude cross-
modulation cancellation is also possible at much lower values
of diode bias current even though the relative phase 13 of
the vector representing the crossmodulation generated in the
C.D.C.C. is not equal to zero {see equation {36)}. Minimization
could aiso be achieved if we used other values of series or
parallel capacitance (inductance). As mentioned above ampli-
tude crossmoduiation vanishes if the vector crossmodulation
is cancelled (Fig. 2). Note also that minimization of ampli-
tude crossmodulation is accompanied by a partial cancella-
tion of the triple beat distortion at the same product frequency
(see Fig. 4 with -w{ replaced by -w2).

Theoretical as well as experimental investigations indicate
that amplitude crossmodulation in wideband amplifiers varies
with frequency. Under such conditions acomplete elimination
of amplitude crossmodulation over the frequency band of
interest by means of a simple C.D.C.C. is not possible. The
amount of broadband improvement (partial reduction) is
related to the actual difference in measured amplitude cross-
modulation at different product frequencies. With capacitor
Ce’ set to 1500pF, a minimum broadband improvement
(éh 2 through Ch 13) of 16 dB could be obtained with our
model amplifier of Fig. 9. Expected as well as measured
improvements in the NCTA crossmodulation ratio on four
tested carriers at one particular value of the linearizing
resistor Rg" = 790 ohms are given in Table II.

A broadband improvement of more than 20 dB in 12
channel NCTA crossmodulation ratio was attained with
Cg' set to 7pF (see Fig. 14). If desired, even better results
can be achieved if a resonant circuit is incorporated in the
C.D.C.C.
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BODE 'S VARIABLE EQUALIZER

Donald E. Groff

JERROLD ELECTRONICS CORPORATION
Horsham, Pennsylvania

The Bode Equalizer, an adjustable equalizer

circuit long used in the telephone industry at
voice carrier frequencies, is finding its way
into the CATV industry at VHF frequencies.
This type of circult provides superior cable
tracking accuracy and ease of adjustment, com-
pared to circuits used in the past. The de-
sign of these equalizers can be accomplished
by a straightforward bench procedure, or by
computer aided design techniques. The theory,
design, and application of the Bode Equalizer
are discussed in this paper, and a sample

CAD program used in its design is presented.

BODE 'S VARIABLE EQUALIZER

Introduction

The CATV industry has borrowed terminology
as well as technology from a number of other
fields. One obvious source is the telephone
industry, especially carrier telephony. This
paper discusses one recent acquisition.

In the April, 1938, Bell System Technical
Journal, H. W. Bode described a type of vari-
able equalizer circuit, which has come to be
known as the Bode. equalizer. The name Bode
is familiar to engineers through his many other
contributions toelectrical engineering. The
original application was for telephone carrier
systems, with top frequencies of a few Mega-
hertz or so. A number of articles have appear-
ed in print on the subject over the years,
usually related to the same frequency range.
The technique is readily adaptable to the VHF
range for CATV purposes, and this has been done
in recent years.
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Equalization

In any cable-repeater amplifier system,
equalization of the cable attenuation is a
fundamental requirement. For the frequencies
and transmission lines of interest in CATV,
the decibel attenuation is very nearly pro-
portioned to the square root of the frequency.
In order to maintain uniform signal levels
over a long cascade of cable spans and repeat-
er amplifiers, unity gain must be preserved.
The repeater amplifier must complement the
cable loss, i.e., the amplifier must have high
gain at high frequencies and low gain at low
frequencies. This can be done by arranging
the active devices themselves to have the de-
sired gain-versus-frequency characteristic.
But the more common pattern nowadays is to
use a more or less flat broadband amplifier
with a separate passive equalizer. This
equalizer is usually a bridged-T circuit, and
may have any number of adjustments available
to achieve system flatness.

The major concern of this article is the
need for variable equalization. The need
arises because as the cable temperature
changes, its attenuation changes, in a fashion
also proportional to frequency. The normal
rule of thumb is that attenuation changes by
.2% per ©°C (.11% per ©OF.), at any frequency.

A 22 dB span of cable at 20° C will be a 23 dB
span at 439C and a 21 dB span at -3°C. To
preserve unity gain, the corresponding ampli-
fier must change its gain by +1 4B -1 dB at
the top frequency, and by lesser amounts at
lower frequencies, with the same frequency
characteristic. This needs to be done auto-
matically, simply, and reliably.

The usual passive equalizer is designed
with minimum loss at the top frequency, and a
variety of controls for the loss at lower
frequencies. It does not lend itself well to
the thermal compensation problem described
above. A variety of "handles'" is desirable
for setting-up a system, but a simple and
reliable control system for automatic opera-
tion of a number of controls is difficult to
conceive, to say the least.



What is needed then is a separate network
to perform the gain adjustment function. It
should have a single control point, and be
capable of precise gain-versus-frequency con-
trol. The Bode equalizer fills this need.

Bridged-T Networks

First a brief review of some pertinent net-
work theory. The bridged-T network is a famil-
iar circuit in CATV.
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a Figure 1 b
Bridged-T Networks

Frequently used for equalizers and attenuators,
it has the property of showing a purely resis-
tive input impedance of Ro ohms if the series
network and the shunt network are duals of

each other, and the network is properly ter-
minated. Referring te Figure la, this means
that the product of the series network im-
pedance ind the shunt network impedance must
equal Ro“, and the network must be terminated
with Ro. Another way of saying this is if the
series network impedance is Zo, then the shunt
network impedance must be Ro“/Zo. For the usual
case of Ro = 75(\, this might be as simple as a
68l resistor for Zo, and an 82[) resistor for
Ro“/Zo, in which case you would have a 5.6 dB
flat pad. Figure 1lb, shows a simple kind of
equalizer circuit. The parallel RC network in
the series leg and the series RL network in the
shunt leg are duals.

It is sometimes stated that the series net-
work controls the response of the entire
bridged-T network. This is true, and can be
carried even further; the series network of a
bridged-T network in an Ro ohm system can be
lifted out and placed in series in an Ro/2
system to yield exactly the same insertion loss
characteristic. Moreover, the shunt network can
be likewise taken out and placed in shunt in a
2 Ro ohm system, also with the same insertion
loss. :

z [
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Figure 2
Three Networks with the same Insertion Loss

Of course the new networks will not be
matched; they will not have the Ro input im-
pedance of the bridged-T circuit. But the
notion is very useful for analysis and dis-
cussion, and, with due caution, for bench
testing.

Another point to mention is that if the
bridged-T network is not terminated in its
characteristic impedance will not in general
even be resistive, let alone equal to Ro.

The Bode Equalizer

The curves of Figure 3 represent a sweep
system display of an equalized length of
cable at three different temperatures. The
coordinates are chosen to correspond to a
conventional scope display. The idea here is
that the cable has been perfectly equalized
by a passive network at a nominal temperature.
For low temperatures, the loss decreases in a
manner proportional to frequency and for high
temperatures the loss increases in a similar
fashion.

Frequency

_ cold
ﬂcmma'

Loss —————
het

Figure 3
Loss of Equalized Length of Cable
at Various Temperatures




We now look for a network capable of keep-
ing the transmission flat across the band by
some simple control. Figure 4 shows what kind
of characteristics this network must have, con-
sidering only series attenuator networks, as
discussed earlier. For low temperatures, a
series RL network of 4a with attenuate the high
frequencies more than the low, in effect
simulating cable, because of the increasing
reactance of the inductor with frequency. At
midrange, the resistor of 4b causes flat loss.
For high temperatures, the parallel RC of é4c
will have less attenuation at high frequencies,
due to the decreasing reactance of the capacitoy
and will act like a cable equalizer.

The Bode equalizer is a circuit which will
vary smoothly and controllably between the
three states of Figure 4. It is itself a
bridged-T circuit, with a variable termination.

a b c
Figure 4
Desired Variable Equalizer Characteristics

74

Q35

Figure 5
Bode Equalizer - Series Version

Referring to Figure 5, the parallel RC
and the series RL are made to be duals of
each other with respect to R, such that the
product of their impedances is equal to Rzz.
This is similar to the network of Figure 1lb.
Now when this bridged-T circuit is properly
terminated, i.e., when Rx = R2, the input
impedance is equal to R2, and this is simply
in parallel with Ry, and we have the condition
of Figure 4b. When is shorted, the paral-
lel RC is placed across R]l, yielding essential-
ly the condition of Figure -4c. And when
Ry = e , the general effect is to comnect
the series RL network in series in the line,

The critical point is the ability of the
network to vary smoothly, predictably, and
symmetrically through the three states de-
scribed on Figure 4, when only the terminating
resistance Ry is varied. It is the reflection

coe 1cie£t of Ry with respect to R2 or
p= - , which determines what fraction

X
of the total range of the equalizer is brougt
into play. Figure 6 indicates the behavior

of a Bode equalizer for various terminations.

Appendix IT presents a proof that the
above statements of the previous paragraph
are true. The proof indicates how R} and R2
are to be chosen, but if one accepts on faith
the symmetry property, it is not difficult to
see how to pick R; and R2.

Design Procedure

The starting point is the desired flat
loss of the network, called on Figure 6,

Frequency N

Vo= L

p=-%

! / p=0
P——
QPJ‘ p=1

Figure 6
Loss of a Bode Equalizer



This will usually be somewhat more than half
the total range of control desired. Going back
to Figure 5, the equalizer will be flat when
Ry = R2. The input impedance to the R2
bridged-T network will be R2 ohms, and this will
be in parallel with Rj. This establishes that
R2 in parallel with Ry is the resistance that
determines the flat loss of the Bode equalizer.
Also from Figure 5 notice that for Rx = oo,
at very high frequencies, the series inductor
takes everything out of the picture except Rj.
Now back to Figure 6, and the realization that
for that situation, the symmetry condition re-
quires that R} be associated with 2« , twice
the flat loss. In other words, if this cir-
cuit is to be symmetrical about a flat loss of
o dB, then its two extremes have to be O dB
and 2 dB.

To sum it up; pick R] to yield twice the
desired flat loss, and pick R2 such that
Rzll R] ylelds the desired flat loss.

The more difficult part lies ahead; how
to choose the reactances to yield the desired
equalization. But the theory of the Bode
equalizer simplifies this task enormously.
With Rx set to zero, you design an equalizer
by your favorite method; ''tweaking' at the
bench, calculating breakpoints, or computer
programs, Once the equalizer is designed on
a Bode basis, one can be confident that vary-
ing Rx will produce the desired symmetrical
behavior. Appendix I 1is an example of a CAD
program used to design a Bode equalizer.
0f course, if we are dealing with broadband
VHF, the accuracy of the final result will
depend on how well the stray impedances are
dealt with. And that is a significant qualifi-
cation.

The equalizer based on a parallel RC de-
scribed above is about as simple as possible.
The need for wider bandwidth, increased pre-
cision, or wider range may require a more com-
plex network to start with, e.g., two parallel
RC's in series, or a series LC,

The Bode equalizer is by no means limited
to the specific usage described above. Any
variable gain versus frequency characteristic
which is symmetrical about a flat loss can be
accomplished this way. Figure 7 shows some of
the possibilities. Figure 7a shows what is

~ . N

ot a shox ‘
Figure 7 E
Other Bode Type Equalizers
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usually called a slope control, normally used
to interpolate between fixed values of main
equalizer for set-up purposes. Another con-
ceivable version is shown in 7b, which is an
adjustable bow or sag.

To be useful in CATV, the Bode equalizer
must be used in an impedance matched version.
This is accomplished by providing the 75 1L
dual in the shunt position of a 75 L T.

The dual of a bridged-T network is itself a
bridged-T network. The dual of the termina-
ting resistor must also be provided. Figure 8
shows a full dual version of the circuit of
Figure 5.

In a fully matched Bode equalizer the
terminating resistor must also be provided
dually. There are a variety of ways of doing
this. Dual potentiometers are available, but
are not suitable for automatic control.

PIN diodes and thermistors are candidates for
Rx. The PIN diodes may be controlled by an
AGC loop, or perhaps by a thermistor. One
thing to keep in mind is that to achieve to
full range of the Bode equalizer. Rx must

vary very widely, from a short to an open
circuit.

primes 0
indicate {

cus s — W
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Figure 8
Full Dual Bode Equalizer
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Appendix 1

This 1s a CAD program used for designing
a Bode equalizer. It is written for COMPACT,
a network analysis and optimization program,
which is available on UCS timesharing and
elsevhere. This equalizer uses two parallel
RC networks in series, They are assigned in
lines 100-120. In line 190 the terminating
resistance is set to 10 ohms, 1ILine 250 puts
4.5 dB of cable in series with the equalizer,
and lines 290 and 320 instruct the program
to look at 5 to 115 MHz, and make the total
loss 5.7 dB.

00100 PRC AA SE -75 -100
00110 PRC BB SE -33 =-240
00120 CAS AA BB

00130 RES BB PA 204

00140 RES CC SE 110

00150 INV DD AA 110

00160 RES EE SE 110

00170 CAX BB EE

00180 PAR AA BB

00190 SBR AA AA 10

00200 RES BB SE 75

00210 INV CC AA 75

00220 RES DD SE 75

00230 CAX BB DD

00240 PAR AA BB

00250 CAB BB SE 4.5 .05 . 0007
00260 CAS AA BB

00270 PRI AA S1 75

00280 END

00290 5 115 10

00300 END

00310 0.1

00320 0 0 10 -5.7

00330 END
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CABLE AND SATELLITES--NEW OPPORTUNITIES FOR SERVICE

Frank W. Norwood

Joint Council on Educational Telecommunications

Washington,

A review of the similarities
and differences between existing com-
mercial satellite configurations and
the NASA experimental communications
satellites ATS-6 and CTS. CATV system
operators are urged to consider ex-
perimentation on the latter, particu-
larly in the area of continuing edu-
cation-~-a movement gaining increased
momentum in this country.

At the 1969 NCTA convention
there was a major Engineering and
Management session on "CATV via Sat-
ellite." Fred Ford and Irving Kahn
were on that panel and I was too. The
argument was made that it was both
desirable and inevitable that CATV
systems would soon be linked together
by satellite. Now, with the added in-
gredient of pay television providing
the catalyst, that prediction is coming
true.

My contribution to the 1969 panel
was to call attention to the fact that
education’'s interest in the new tech-
nologies are complementary to your own
and that linking cable and satellites
must surely open up new opportunities
for us to cooperate to our mutual ad-
vantage.

I believe that now even more
strongly than I did in 1969. Let me
cite one significant example-~the
technology of communication satellites.

Domestic communications satel-
lite services currently available are
more marked by their similarities than
their differences. The common config-
uration, 5-watt transponders at 4 GHz,
makes compelling sense for communica-
tions systems whose primary mission is
long-haul traffic between and among
major population centers. The cen-
straints such a configuration puts upon
ground requirements are as familiar to
you as they are to me: "small" earth

D.C.

stations require 30-foot antennas and
cost upwards of $70,000. In major urban
areas, problems of frequency coordi-
nation require earth station siting at
locations far from the user's premises
and add the costly burden of microwave
"tails" to the system regquirements.

This is not to be critical of
the domsat carriers or the satellite
designers. Current systems are appro-
priately sized for the work they were
designed to do. Earth station instal-
lations at $100,000 apiece are not
prohibitively expensive if 99.99% re-
liability is required and if only a
limited number of ground terminals is
needed. Those of us in education,
health and other public service fields,
however, find such costs well beyond
our reach, In addition, schools, uni-
versities, hospitals and the like--
especially those which most need the
help that communications can bring--are
not neatly clustered in the nation’'s
major metropolitan areas.

Our constituents--and there
are many of them--are scattered all
across the 50 states. I trust you're
beginning to sense that there is an
interesting parallel here between our
constituency and yours. Cable tele-
vision head-ends are also widely dis-~
persed, and there are many of them. A
satellite communications system when
configured to meet the needs of educa-
tion and health would resemble pretty
closely the kind of system which would
be required if satellite interconnec-
tion of all cable systems should be-
come a reality.

One of our prime criteria is
low earth station cost. Not only is
that important in terms of bringing
the benefits of satellite communica-~
tions to small institutions at a price
they can afford, but because earth

station costs have an enormous impact
on "the bottom line."” There are more



than 22,000 school districts in the
United States. If a satellite system
were to serve one school in each
district, a $1,000 reduction in the
cost of earth terminals would save
$22,000,000. For satellite systems re-
quiring more than a few thousand termi-
nals, it is the cost of the ground
stations, not the cost of the satel-
lite, which drives the system.

For that reason, we in education
have been keenly interested in the
possibilities which new communications
satellite technology has opened up. The
National Aeronautics and Space Admin-
istration's ATS-6 delivered color tele-
vision signals of more-than-acceptable
quality into earth stations with
antennas only ten feet in diameter and
stations of the same size could be used
to transmit television programming back
to the satellite. (Such two-way "in-
tensive terminals” were permissible
only in Alaska: their use was pre-
cluded from the Lower 48 not by the lim-
itations of the technology but by in-
surmountable problems of frequency co-
ordination).

what makes such a startlingly
different television service available
via ATS-6 are the satellite's greater
power, the ability of its 30-foot
space-deployed antenna to concentrate
all of the available energy into a re-
latively small footprint, and the fact
that ATS-6 transmitted not at 4 GHz
but at 2.5.

what satellite experts call the
2.5 GHz band, instructional television
users refer to as 2500 MHz. Terres-
trially, the band is assigned to the
Instructional Television Fixed Service
but the sharing criteria are such that
interference problems are no where near
so horrendous as at 4 GHz. In the
ATS-6 experiments, two satellite re-
ceive points were in cities with ITFS
installations. 1In Huntsville, Alabama,
the space and terrestrial services were
able to operate without difficulty. 1In
Las Vegas, Nevada, one ATS terminal was
located at the city schools' head-
quarters where the schools' ITFS trans-
mitter is also located. wWhen the
terrestrial system was operating, re-
ception of space signals was impossible.
However, the satellite receiver at the
University of Nevada-lLas Vegas, a few
miles away, could receive the satel-
lite signal without interference.
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At the 1971 World Administrative
Radio Conference, the United States was
successful in securing reservation of
the 2.5 GHz band for satellite broad-
casting for education and community
development. While that allocation
precludes the use of the band for re-
laying commercial entertainment to CATV
systems, a first step in cooperation
between our two communities was taken
in the Satellite Technology Demonstra-
tion project of the Federation of Rocky
Mountain States. STD school and commu-
nity programming transmitted on ATS-6
went directly to 56 rural schools and
to public television stations in the
Rocky Mountain area, but in Osburn,
Idaho, and Elko, Nevada, the ATS-6 ter-
minals were located at the head end of
the local cable systems. They are the
true pioneers of satellite cable inter-
connection.

ATS-6's 15-watt transponders are
three times more powerful than those of
WESTAR and SATCOM. The Communications
Technology Satellite, launched in Janu-
ary, carries two television trans-
ponders, one at 20-watts and one at 200.
CTS, a joint venture of NASA and Cana-
da's Department of Communication, will
soon be providing television into small
terminals, similar to those used for
ATS-6. The coverage area of CTS,
however, will be far larger than those
of the earlier satellite. Each of its
two independently-steerable beams can
cover an entire U.S. time zone.

During the first year of its
operation, a variety of experiments in
education and health care will fill
CTS's schedule. SECA--the Southern
Educational Communications Association
-~plans to explore the use of CTS for
regional TV networking. SECA is the
largest of public television's region-
al associations and its Southern Edu-
cational Network extends from Virginia
to Texas.

The SECA experiment is not to
be confused with the plans of the
Corporation for Public Broadcasting
and the Public Broadcasting Service to
interconnect PBS stations on an oper-
ational basis via WESTAR transponders
leased from Western Union. Nationally,
public broadcasting like pay cable,
must look to existing systems with es-
tablished technology as a basis of any
operational enterprise. Like all CTS
users, SECA is engaging in an experi-



ment and the results of that experi-
ment may be of considerable use in de-
veloping the next generation of commu-
nications satellite systems.

The Joint Council on Educational
Telecommunications works closely with
NASA on both ATS-6 and CTS experiments
and if any of the U.S. or Canadian CTS
experiments proposed for the first year
involve cable television, I am not
aware of it. Albert Whalen and others
are better qualified to speak to the
technological considerations, but it
appears to me that cable television
should be as interested in gaining first
hand experience with satellites at the
12 GHz band as we in education are.

The opportunities to explore
what high power satellites can do for
cable and education (separately or to-
gether) are too attractive to resist.
The CTS schedule is only firm for its
first year of operation and, while the
satellite has a design life of two
years, the launch last January was so
nearly perfect that there is enough
fuel on board to maintain station-
keeping for an additional two years.
Further, ATS-6 becomes available for
its third year of operation after the
conclusion of India's Satellite In-
structional Television Experiment.

While members of the cable com-
munity are free to propose their own
CTS or ATS-6 experiments to NASA with-
out any assistance from us, I continue
to be as enthusiastic as I was in 1969
for finding areas of common interest
where we might work together and gain
mutual benefits from our explorations
in programming as well as in technolo-
gy. Let me sketch out some areas in
which I think cable and education might
try out cable satellite interconnection,
whether by CTS, ATS-6, WESTAR or SATCOM.

At the same time that pay cable
has been drawing the increased atten-
tion of the cable industry an equally
exciting development has been afoot in
post-gsecondary education. I'm sure
that most of you have read about the
British Open University which is now
providing tens of thousands of British
citizens with a "second chance" to pur-
sue a University degree. While the
Open University of the United Kingdom
is internationally known, it is a mani-
festation of the trend that is going on
all around the world. Here in the
United States there are such projects

1"

as the University of Mid-America which
like the British OU makes television a
principal ingredient (but not the only
one) in its college-level course offer-
ings. Other projects, here and abroad,
may or may not use television but all
are directed at bringing opportunities
in post-secondary education to a large,
eager, and previously under-served
clientele: those who are past 25 and
whose work and/or family responsibili-
ties preclude them from returning to
the campus to enroll in conventional
college programs.

The University of Mid-America
was spawned by the University of
Nebraska, and its growth has taken it
beyond the border of the Cornhusker
State and now involves established
state universities in Kansas, Iowa and
Missouri as well. Another important
trend is to be found in the develop-
ment of college courses around such
outstanding public television series
as AMERICA, CLASSIC THEATRE, and THE
ASCENT OF MAN. The University of Ca-
lifornia-San Diego and Miami-Dade Com-
munity College district have been
leaders in seizing the opportunity
which such outstanding television fare
provides. Working closely with print
publishers, they have developed work
books, teacher guides, additional read-
ing materials, and the like to assemble
a complete "package" which enables any
cooperating college or university to
offer a course, on- or off-campus. The
success of that approach may be measur-
ed by the fact that more than 300 col-
leges enrolled 23,000 students in the
course based upon THE ASCENT OF MAN
during its first run on PBS in the
spring of 1975. During the second run,
in the fall, an estimated 30,000
students were enrolled.

These programs have, of course,
been on open circuit television just
as their predecessors on NBC's old
CONTINENTAL CLASSROOM and New York Uni-
versity's perennial SUNRISE SEMESTER.
In the past, such educational programs
had to measure their success by count-
ing the total of viewers--and at 6 AM
those numbers were never large. The
number of students enrolled for credit--
and paying fees--has never been more
than a small percentage of the total
number of viewers--some casual, but
some quite as avid as those who enroll
as college students.



On the college campus, interest-
ed students and citizens of the commu-
nity who want to "audit" a popular
course need not take nor pay for credit
but in most institutions they are ex~
pected to register as "auditors" and
pay at a somewhat reduced rate. Broad-
cast television has always "let the
auditors in free" because there was no
way of tapping that source of potential
revenue.

University deans and business
managers in public as well as private
institutions are quite comfortable with
the idea of charging money for the edu-
cational product their institutions
offer. That pay cable could provide
the necessary technology is a fact of
which most of them are simply unaware.

To explore this opportunity
would clearly require the participation
of cable television operators, pay
channel entrepreneurs, institutions of
higher education, and satellite inter-
connection., To mount an experiment in
higher education by pay cable and do it
well is likely to require more than
local resources. A conventional cable
system and a local college are almost
certainly doomed to the kind of Great
Talking Face lectures which were all
too characteristic of instructional
television in the days before SESAME
STREET and Jacob Bronowski. In this
area, as in entertainment, substantial
critical mass will have to be achieved
before such a development has any chance
of success.

On the other hand, the price of
getting started is not so immense as to
be beyond our combined grasp. The Bri-
tish Parliament charted and funded the
Open University and made a long term
commitment to the development of a new
national institute of higher learning
which would eventually give undergradu-
ate and graduate degrees in a wide va-
riety of disciplines. To explore what
cable, higher education, and satel-
lites might do in combination on this
side of the Atlantic requires no such
resources or commitment. Software
now exists at the University of Mid-
America, as well as the public tele-
vigsion programs which have provided
the basis for college courses. We are
not talking about television programs
alone: each series has its set of an-
cillary materials--text, course out-
lines, and the like.
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Finally, across the country
there are hundreds of colleges and
universities which have already had
successful experience with these ma-
terials or others like them and which
have demonstrated their willingness to
offer academic credit.

At a different academic level
there are also several already-developed
and tested television series keyed to
the General Educational Development
tests. The prestigious American Council
on Education (one of the founding mem-
bers of the JCET) administers these GED
tests and in almost every state and
Canadian province, local education au-
thorities are prepared to grant a high
school diploma on the basis of success-
ful completion of these GED exams.
Whether on pay or open channels the
combination of these television mate-
rials and nationally accepted tests
offers yet another opportunity to mount
a program which could both meet a press-
ing national need and provide its own
economic support.

In 1969, I ended my remarks by
saying that "our interests are rapidly
converging--in fact, they have already
converged. . . . Toward establishing
our broader dialogue, let me close by
offering you whatever help the Joint
Council on Educational Telecommunica-
tions can provide."



CABLE TELEVISION - ITS ROLE IN DATA TRANSMISSION
A CASE STUDY AT BANKERS TRUST COMPANY

ALAN C. MALTZ

Bankers Trust Company
Telecommunications Department

INTRODUCTION

Commercial Data Transmission in dense metro-
politan areas i1s a CATV "natural", both because
the system capacity is there, and because coaxial
cable is inherently one of the cleanest mediums
for the transmission of computer data. Virtually
any building in the CATV franchise area can
easily be entered and cabled internally, thus
making the system accessible to most business
offices.

COMMERCIAL DATA TRANSMISSION REQUIREMENTS

Just ten years ago, low-speed teletype cir-
cuits comprised the majority of remote data pro-
cessing line networks. Technological advances
in equipment design have necessitated increased
data throughput requirements, often to megabit
per second transmission., Two years ago 2400 bps
was the maximum through-put on private leased
line circuits. It is now possible to transmit
4800 bps on dial-up lines and 9600 bps on pri-
vate-unconditioned leased lines; a four-fold
increase in just two years!

The data transmission environment in New York
City is almost totally analog in nature, in-
terconnected by telephone circuits. With the
enormous growth of electronic data processing
and on-line remote terminal usage over the past
few years, the telephone network is having dif-
ficulty keeping pace with the ever-increasing
network demands.

One group of typical data users are the
banks. One bank might have as many as thirty
branches in the Manhattan area that must commu-
nicate extensively with the central data file,
Typically these networks are used to update
savings, demand-deposit and installment loan
accounts. They are generally polled networks,
where the central computer interrogates the
terminal at each branch office requesting a
response back to the computer. Systems of
this type often use medium speed transmission
(1.2 ~ 4.8 kbps).

Another requirement is transmission between
the data center and an operations center some
miles apart. These systems currently utilize
wideband synchronous data transmission with
rates from 19.2 - 230.4 kbps. Remote job entry
(RJE) sites would fit into this category. Many
of these signals are carried in multiplexed
form where several lower rate channels are
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combined into a single high data stream. The
same type of service is often required by busi-
nesses for control of finances, inventories,
shipments, etc. The financial community employs
extensive data communications between branch
offices and central computer.

Facsimile is another area of broadening
interest. With the advent of high speed fac-
simile machines, letter size documents can te
sent in just a few seconds; however, transmis-
sion bandwidths as high as 250 khz are required.
Many firms have found facsimile transmission
desirable over conventional forms of record
transmission (TELEX, TWX) due to the convenience
of obtaining standard forms rather than handling
unwieldy lists of received data and obviating the
cost of message preparation and transcripticn.

GENERAL OVERVIEW

As a Telecommunications analyst with Bankers
Trust Company, I have been involved in a joint
venture with Manhattan Cable Television for the
past year employing their cable system for syn-
chronous transmission at data rates of 50 to
230.4 kbps. Subsequently, I will describe in
greater detail our network design and the re-
sults of our studies.

The CATV plant in NYC has enormous over-ca-
pacity for its basic purpose of distributing
entertainment TV to 65,000 subscribers (a busi-
ness that is only now showing a bottem line
trend toward a profit) and Time, Inc. (parent
company of Manhattan Cable) has been evaluatins
supplemental potential revenue-generating uses
for the system.

Manhattan Cable Television is franchised tc
operate in New York City south of 79th Street on
the West side and 86th Street on the East side.
This area inclucdes some 350,000 dwelling units
and encompasses the entire midtown Manhattan
business district and the concentrated Wall
Street financial community. This represents
one of the world’s highest concentrations of
business and financial cffices. In seeking
sources of revenue outside of domestic televi-
sion service, carriage of commercial data became
a prime candidate. A good deal of effort has
been expended by Manahattan and other interestern
parties in surveying this market potential. Tre
conclusions have been very encouraging to the
point of initiating technical studies, tests,
syatem design and equipment development.



CABLE TELEVISION AS A TRANSMISSION MEDIUM

INTRODUCTION

There are literally thousands of miles of
wideband local distribution circuits in the U. S.
potentially available to be used for business
communications. The network is installed, under
constant maintenance and ready for usage. This
broadband plant is CATV. While most people think
of it as a means of getting the Knicks and Rangers
without "ghosts"; to engineers the CATV system
is a rudimentary, frequency division multiplex
transmission system with potential far exceeding
the transmission requirements of 20 channels
of entertainment television.

Cable television employs "coaxial cable"
as its highway for transmitting signals. Coaxial
cable consist of an outer conductor concentric
to an inner conductor, separated from each other
by insulating material. The outer conductor is
called the "shield" and is covered by a plastic
insulation.

We can easily consider the half-inch dia-
meter coaxial cable as the equivalent of 30,000
full duplex telephone pairs. This provides a
great savings in space, cost and has capability
of providing far more transmission than we nor-
mally consider as the capability of 30,000 paper
insulated copper telephone pairs; copper pairs
can carry video signals only short distances.

Although much developmental work is in pro-
gress, commercial data transmission on CATV is
still in its infancy. Cable is in use as an
industrial communications link within some dozen
mid-USA industrial complexes. These include
plants of General Motors, American Motors, Dow
Chemical, and Kellogg Cereals. In these plants,
Interactive Systems Inc., of Ann Arbor, Michigan,
has installed their Video Data System. This
technique employs a bi-directional CATV type
system, in-house, to carry multi-channel closed
circuit TV, digital data, and voice communica-
tions. The present installation handles data
rates to 48,000 baud. I repeat again that this
particular application is used for in-house
services and is not on the general transmission
system. At the present time, Bankers Trust Conm-
pany, New York, has the only operational data
network on a general entertainment network.

CABLE OPERATOR’S PERSPECTIVE

The cable systems and equipment designs
which evolved over the past two decades concen-
trated on the wideband carriage of analog TV
signals, little else was needed but the ability
to carry as many TV signals as possible. 1In
recent years, designs considered bi-directional
service for a host of hoped for, "blue sky"
interactive consumer services. Amplifiers were
improved, cables shielding and installation prac-
tices made more consistent.

All of these actions and changes in design
make the cable a far more useful conduit for
business information than it was a few short
years ago.

An important factor to be considered is the
degree of the CATV operator’s involvement in the

sophisticated realm of EDP. Reviewing the appli-
cations previously discussed, it can be seen that
many phases of data communications are involved.
Such terms as Time Division Multiplex, store and
forward, etc; are encountered and we find that
the modes of transmission are far from uniform.
In this regard it was the desire of Manhattan
CATV that direct involvement in the details of
user’s data transmission systems, data formats,
etc., be avoided. Standard eatablished inter-
faces would be used (RS-232 for speed up to

9.6 kbps, 301/303 current interface-19.2 kbps
and above).

The use of Time Division Multiplexing has
been explored and suggested by some. This would
mean that a basic system must be set up in the
data channel of interest (this would have to be
in some RF channel, or, for the sake of discus-
sion, some television channel). Each terminal in
the system would then be asaigned a specific time
slot and could transmit or receive its data, bit
by bit, each time the assigned time slot occur-
red. There are two major disadvantages of this
approach. First the timing of a "tree" type
system, such as a CATV system, becomes quite
complex. Secondly, the TDM "modem" becomes a
rather sophisticated device especially when the
timing system must include operation at RF fre-
quencies. It is estimated that a terminal will
cost in the order of $2000 in reasonable quanti-
ties after development. The TDM approach was
seriously considered but was not accepted due
to these limitations.

With all these factors in mind it becomes
plain that the parameters for successful CATV
data transmission are:

1. Provision of point-to-point (not
switched) service.

2. Sold and utilized strictly on a band-
width requirement basis, independent
of user’s data format.

3j. Easy to operate, dependable, and easily
maintainable by CATV technicians i.e.
FDM analog.

THE OPERATION OF THE CATV DATA NETWORK

The Cable Television network employs Fre-
quency Division Multiplexing (FDM) for the trans-
mission of signals whether they be television,
FM radio or data. In this method each signal
occupies a different portion of the frequency
spectrum. For example television channel 2 ope-
rates at a portion of the spectrum surrounding
54-60 Megahertz (MHz - million cycles per second)
while channel 13 broadcasts at 210-216 MHz. In
so far as television and FM radio broadcast is
concerned, we are transmitting to the home con-
sumer in a uni-directional mode.

While using the CATV system for data trans-
mission we must have the capability of full-duplex
operation; i.e., transmitting and receiving simul-
taneously. Previously, this was accomplished by
using one coaxial cable for transmitting, and
another cable for receiving: each cable is used
uni-directionally. The most recent circuit



installed at Bankers Trust employed coaxial cable
operation in a bi-directional mode.

To study the operation of the data network
operation the starting point would be the Data
Terminal Equipment (channel equipment). The data
stream 13 encoded using fcur level Amplitude
Modulation. The encoded data is then frequency
translated on the "upstream" cable (transmit
cable). A sub-low radio frequency (R.F.) in
the 5.75-11.75 MHz band 1is used as the transmit
carrier frequency. This upstream signal is sent
to the Cable Television "head-end"™ located at
Columbus Circle; here the signal 1s heterodyned
(shifted in frequency) to the 246-252 MHz region.
This signal is now impressed on the "downstream"
(receive) cable, and down shifted in frequency
in the RF section at the other terminal end.
receive signal is next decoded and sent to the
data channel equipment.

Hopefully, Figure 1 will clarify the descrip-
tion in the above paragraph.

The

THE ADVANTAGES OF CATV AS A DATA TRANSMISSION
MEDIUM SERVICEABILITY

Inherent in the CATV scheme lies the fact
that all signals, whether they be television,
radio or data are transmitted on the same coaxial
cable. While this might appear as a shortcoming,
it in fact adds to the reliability and servicea-
bility of the system.

Manhattan Cable’s primary trunk line now runs
down 9th Ave., and they are presently installing a
redundant cable down Broadway. Monitoring equip-
ment located in the head-end will automatically
switch between these two trunk cables in the event
of signal degradation; providing complete redun-
dancy on signal paths.

REPAIRABILITY

The restoral time in the event of service
outages on the CATV system is generally better
than that on the equivalent Telephone Co. circuit.
Since all signals on the CATV system are transmit-
ted on just a single coaxial cable, disasters such
as a cut cable can be repaired with only one con-
nection. In Telephone cables, on the other hand,
as many as two-thousand twisted wire pairs need
to be spliced when damage occurs. The inherent
ability of a CATV technician to pinpoint network
problems quickly and without the customer’s in-
tervention, is a marked advantage for the system.
The performance of the cable system is inherently
better, but the burden falls on the cable operator
to maintain it this way.

3. COST

The excellence of the medium allows less ter-
minal equipment complexity for services such as
high speed data transmission. Bankers Trust Co.
has realized savings of 25-50% over the cost of
equivalent Telephone Company wideband channels.

4, FLEXIBILITY

Once again, since all transmissions are sent
on one cable; once a building is wired, all new
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requirements can be accommodated with a minimum
of additional cabling.

5. INCREASED THROUGHPUT

There are apparently many misconceptions on
the viability of using FDM for data communica-
tions, a carry-over from the days of low-speed
teletype transmission. The CATV hardware employs
a highly effective coding technique and a unique
filtering method resulting in a high-performance
data highway.

The high signal-to-noise ratio on the CATV
network, makes it an inherently clean medium
for the transmission of computer data. Tests
at Bankers Trust indicate that bit error rates
are two orders of magnitude better than can be
expected on conventional analog data lines.

A CASE STUDY - BANKERS TRUST CO., NEW YORK
BACKGROUND

Back in 1971, Bankers Trust was plagued
by excessive downtime on private voice-grade
data lines: they were not providing the highly
reliable, error-free performance required for
on-line banking applications.

Specifically two 2400 bps conditioned
voice grade lines to 1775 Broadway from Wall
Street servicing IBM 2848 CRT controllers for
BankAmericard credit card authorization were
frequently out of service. Participating Bank-
Americard merchants in the tri-state area of
New York, New Jersey and Connecticut were calling
the Authorization Center while their customers
were waiting. While the lines were down, the
cards could not be properly verified: long waits
and irate customers ensued.

At the same time the bank was employling a
New York Telephone 50 kbps “"Wideband Data Line"
interfacing to a IBM System/360 Model 20 when
operating in a remote job entry mode to the Data
Center S/360-65. Experience proved that the
50 kbps line was consistently solid while only
19.2 kbps of the total bandwidth was used for
the RJE operation.

A time division multiplexed network was
proposed, utilizing the existing 50 kbps wide-
band line, permitting the multiplexing of both
the RJE and authorization applications on the
same wideband link. (I might add that the
Multiplexing of a wideband Common Carrier line
by a user was a pioneering first by Bankeras
Trust). The network was configured to accom=-
modate not only the two existing CRT controllers
and the Model 20 but also another Model 20
and one more CRT systea.

It should be noted that the same TDM network
is still in use today linked by a 50 kbps CATV
channel, backed up by the Telco wideband line,
providing reliable service to our users.

MULTIPLEXING WIDEBAND SERVICE

Until recently, almost all TDM networks
available to the EDP community were configured
to operate over voice-grade private lines with
aggregate bit rates of 2400-9600 bps. Such



multiplexers have found wide spread use in ap-
plications involving low-speed teletypeuwriter
terminals. More and more applications are now
appearing where low-speed communications facili-
ties are not able to satisfy user needs. Appli-
cations involving RJE line printers designed to
run at 300 lines per minute will not operate at
desired speeds if the communications channel’s
throughput is less than 4800 bps.

One of the more important design criteria
faced by designers of on-line teleprocessing
systems 1s to make a clear distinction between
the volume of traffic to be carried on the data
communications links and the response time re-
quired by the operators of the various terminal
equipment. Much too often, teleprocessing sys-
tems have been designed using the historical
precedent of teletypewriter networks, which con-
centrates on the total yolume of information to
be transmitted over a relatively long period of
time. The fact that a single message often takes
several minutes to be transmitted; and messages
must line up in a Queue is of secondary impor-
tance. In on-line teleprocessing systems, res-
ponse time considerations demand a whole new
approach to the engineering of communications
circuits. Facilities with data rate capabili-
ties significantly higher than teletypewriter
speeds are becoming mandatory requisites of these
systems. These facilities are attainable by ef-
ficiently multiplexing wideband service, readily
provided by existing common carriers - and now
offered by CATV, at least within the confines
of the Manhattan Cable franchise area.

Wideband channels are data lines which
operate over more than a single voice-grade
channel bandwidth within the common carrier
facilities. For example, a Type 8801
channel with an aggregate data rate of 50
kbps has the analog equivalent bandwidth

of twelve voice-grade channels.

NOTE:

A PILOT VENTURE WITH CATV

In 1973, Time, Inc. (parent company of
Manhattan CATV) was conducting interviews with
Telecommunications Managers as part of a survey
to assess the commercial potential of the trans-
mittal of data over CATV facilities.

With the ambitious forward planning in
progress at Bankers Trust concerning on-line
branching and point-of-sale terminals in retail
locations; Stevens H. Harrison -V.P., Telecommu-
nications viewed CATV as a possible significant
alternative to Telephone Company circuits for
a widely deployed intracity point-cf-sale network:
provided CATV’s projected performance, pricing
and marketing claims proved true.

The talks that ensued led to a joint pilot
venture wherein Bankers Trust would parallel their
existing 50 kbps Telephone Co. wideband links
between 1775 Broadway and the Wall Street Data
Center with a Manhattan CATV data channel. The
Bank would offer “live’ data and their existing
multiplex channel equipment, while CATV would de-
velop the necessary interface devices and arrange
to pull cable to both sites.

In April, 1974 the CATV ‘modem’ equipment had

92

been designed and built. It had been “cooking’ in
the E~-COM laboratories (consultants to CATV) with
success for months. Now was the time for the

real test,

Two 50 kpbs CATV channels were to parallel
existing telephone wideband channels, to be driven
by Computer Transmission Corporation (TRAN) multi-
plex equipment. To be quite honest, the CATV
Data Interface was somewhat clumsy looking -- it
housed the data encoder/decoder; the R. F. Trans-
mitter/ receiver, and the front panel had large
‘bat-handled” manual switches permitting the
multiplexer to run on either CATV or Telco.

The CATV channel interface equipment was
installed on Saturday April 6, 1974. It was
an instant success. OQur first and only failure
during a test period of four months (to August)
occurred just four days after installation - a
line amplifier lost power near City Hall. The
trouble was reported at 9:45 A.M.; cleared at
11:00 A.M. ~ time to repair just a little over
one hour. For our twelve hour day, six-day
a week operation we had an uptime factor of
99.9%1

Using a test device capable of transmitting
and detecting a pseudo-random data bit pattern
we observed one bit error in 100 million bits
transmitted (10~8 ). We did have periods where
zero errors were detected in a 36 hour period.

‘MOVING® A DATA CENTER

During the Summer of 1974, Bankers Trust
moved its downtown operations center from the
16 Wall Street location to it’s just completed
building, 1 Bankers Trust Plaza. A multi-million
dollar Data Center was established at the Plaza
site paralleling the existing location. All ap-
plications had to be fully tested with the new
equipment before the final "switch™ was thrown.

Two high-speed (230.4 kbps) CATV channels
and two Telephone Co. wideband links mutually
backing up each other were established between
the existing and the new data center. By use of
a TRAN custom designed switching array, applica-
tions could run from the old site during the
day and be switched to the new system at night
for testing.

The CATV channels were private, point-to-
point cables driven by INTERTRAN line drivers.
The channel equipment used was TRAN Multiplexers
providing synchronous channels of 19.2, 9.6,4.8
and 2.4 kbps.

It is difficult to relate in a paragraph
or two the intense involvement of all parties
concerned in making this move go. The bottom
line -- the data center was established at the
new location one month ahead of schedule! These
CATV links are still in use today supporting
applications located at 16 Wall Street. There
has not been a single outage on these CATV
facilities in over a full year of operation!

FURTHER SYSTEM REFINEMENTS

Now that the move to the new Data Center
was complete it was time to reterminate the data
links from 1775 Broadway (which at the time were
going to the now non-existent 16 Wall Street



Data Center) to the Bankers Trust Plaza Operations
Center.

A CATV data channel paralleled by a Telephone
Co. Wideband link was established to the new data
center. The CATV channel equipment was now begin-
ning to look like a commercial offering; it was
rack-mounted, with a plexiglass cover.

One of the shortcomings with the original
network was the manual switching required between
CATV and Telco, in the event of a facility outage
(we did not normally staff our 1775 Broadway
location). For this new link we requested a
remote switching arrangement which would permit
the switching of the multiplex channel equipment
to either CATV or Telco from either terminal
location. Figure 2 depicts the existing network
configuration between our Data Center and our
1775 Broadway operations center.

This equipment was installed in Novesmber,
1974 and as of this writing (late - April, 1975
we have had two CATV outages, total downtime
was six hours, for a 99.6% performance record.

I might add at this point, that with the remote
switching capability, downtime to our users in
this period was measured in minutes.

The latest CATV data ‘modem’ housing the data
encoder/decoder, and the necessary RF equipment
fits in a standard 19" rack, and measures just 5"
high. Quite a change from the original “basement
special .

CONCLUSIONS

While the specific data transmission services
discussed in this paper are presently offered only
in the confines of lower Manhattan, it is encoura-
ging to note that these services can be profitably
offered in much smaller urban (and even suburban)
communities, The decision to employ Frequency
Division Multiplexing with its low up-front costs
makes it feasible for a small cable coampany to
install one or two circuits profitably since
no expensive computer system is required.

INTERCONNECTION - THE SPECIALIZED COMMON CARRIERS

Within the last few years (as a result of the
landmark Carterfone case - 1969) there has been a
birth of a new telecommunications industry - the
Specialized Common Carriers (SCC’s). These car-
riers, regulated by the FCC, offer private line
voice/data service, primarily between large urban
areas. While the marketing impetus for these ven-
dors has primarily been for voice applications,
it is interesting to note that a cable system can
quite easily interface to these analog circuits.

5CC’s provide interstate microwave radio
channels between central city locations. It
is now necessary to connect the microwave radios
located in some tall building (say the Empire
State) with the customer’s location, say Wall
Street. This portion of the circuit, while only
a small fraction of the overall circuit mileage,
comprises the Telecommunications manager s.night-
mare, the infamous "local loop™; it is this sec-
tion of the circuit that tends to cause a major-
ity of the recorded outages. Presently the Bell
System usually provides these local loops for
the SCC’s probably at an economic loss, because
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of the amount of maintenance required. There

are presently many requests for increased tariffs
for these loops by Bell System operating companies
across the coutry,

While it would probably be uneconomic for a
CATV company to provide a single loop between
microwave hub and customer, it would seem gquite
possible and plausible for a Cable System to pro-
vide loops for multi-channel customers or those
with broadband requirements. An example of this
could be local interconnection-of a television
broadcast studio for nationwide transmission.

The future of Cable Television in this area
depends not on the ability of the system to handle
this requirement, but on the future demand of the
SCC’s for local distribution facilities indepen-
dent of the Telephone Company.

POINT-OF SALE APPLICATIONS

The introduction of point-of-sale terminals
at merchant locations and the growth of branch
bank automation within the last few years present
an interesting application for the cable system.

These networks typically operate in a polled
environment wherein the central-site computer
sequentially interrogates the terminals/branches
eliciting responses. The FDM approach employed
suits these requirements ideally, since these
locations can be asaigned to a single data channel.
The terminal devices would be equipped with the
necessary control circuits to raise a "Request-to-
send” when a transmission is desired.

Typical credit-card verification systems
employ leased voice-grade circuits configured in
a multi-drop configuration, using polled operation
through audio tones. These terminals with their
built-in modems could economically operate via
"voice-grade® cable links.

The fact that Manhattan Cable’s data service
is sold on a "no mileage™ basis and with minimal
additional charges for wmulti-drops make it a
viable alternate to the telephone network for
POS applications.

SUMMARY

In recent years, there has been considerable
speculation concerning the viability of CATV sys-
tens, designed to transmit television programming,
in the transmission of computer data.

The CATV network, it turns out, because of
the innate cleanness of the medium, the ample
bandwidth and low incremental costs, its reliabil-
ity and ease of repair is ideal for this purpose.

The joint Bankers Trust-Manhattan Cable pilot
effort is the country’s first successful, large-
scale application of this technology and the
implications are significant. It has now been
proven feasible to communicate between intracity
locations at data transmission speeds that have
not been economically practical in the past.

It is also safe to say that the growth of
data communication requirements will provide a
real need for a amore reliable local distribution
system complementing the Specialized Common Car-
rier’s interstate network.

The next few years will tell.
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COMMUNICATION SATELLITE AND CABLE TV

ROMAN ZAPUTOWITZ and BERNARD MIROWSKI

WESTERN UNION

Of approximately 3000 cable TV systems, approx-
imately 2/3 have 1000 or fewer subscribers.
Many of these have looked forward to taking
advantage of distributed cost of high quality
programming by using the wide area brovadcast
capability of communication satellites in con-
junction with low cost receive only stations
ard redistribution networks. Regulatory re-
quirements, state of art hardware, spectrum
availability, and in-place and planned space
segments seem to forestall this hope. This
paper explores the more significant system and
econcmic considerations affecting the use of
the space segment as it relates to satellite
video and the associated redistribution
networks.

Satellite cammnication systems became a reality
in the last few years, when synchronous satel-
lite technology became perfected. The most
known and currently operational are ATS-6,
INTELSAT's, ANIK, SATOOM and Western Union's
WESTAR I and II; others are soon to follow.

In general all these geostationary satellites
are capable of handling voice and data telephony,
digital data and, primarily of interest to this
audience, video and program material.

The quality of transmission is superior to that
achieved by terrestrial systems. The overall
reliability is at 99.95% (i.e., 43.2 seconds
non-availability) and in practice achieves 100%
on a short term (24 hour) basis.

In view of the above, cammnication satellites

suddenly became not only the most desired means
for point-to-point transmission of intelligence
but also for simultanecus wide area Television

and Broadcast program distribution.
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~.5. COVERAGE FROM
SEOSTATIONARY ORBIT

This feature suggests that a number of suitable
ground stations can be built for local rebroad-
cast purposes ard, using satellite characteristic
performance parameters, can be sized for a maxi-
mized econany in an envisioned application.

Presently the transmission is at 4/6 GHz (C-Band)
and the trend is to shift to 12/14 GHz (Ku-Band)
for the next, advanced technology, generation of
camunication satellites of 1980°s.

This paper presents the technical background and
establishes the rationale for this trend.

As a starting point one must be intimately fami-
liar with parameters such as effective isotropi-
cally radiated power (EIRP), transmission
frequency, location in orbit, polarization of
the beam and useful bandwidth per transponder.

An overview of this type information is shown in
Table I.

TABLE I

TTEM INTELSAT TV ANIK SATOOM ATS-6 WESTAR I & II
Launch Data 1969 1972 1975 1974 1974

No. of X-ponders 12 12 24 3 12
TWT Output W 5 5 4 10 5
X-ponder BW, MHz 36 34 34 30 16
Uplink Freq. GHz nom. 6 6 6 6 6 -
Downlink Freq. Gliz 4 4 3 EY
Avg. EIRP dBw 36 3s 32 28 34
Design Life, yrs 7 1¢ 8 6 10



As if was mentioned in the outset, the EIRP is
one of the most important parameters for ground
system planning and design. With this informa-
tion the effective received power can be calcu-
lated and the balance of the receiving system
designed. Typically this information is provided
in a form of a footprint map.
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Using the EIRP and frequency data the received
signal power can be calculated. At the WESTAR
receive frequency from the synchronous altitude,
or 22,300 miles, the free space attemuation is in
crder of 200 dB which relates to a ratio of
1029, The handling of such a weak signal re-
quires very careful consideration of the
receiving antenna size and the quality of the
receiving electronics, specifically that of the
preamplifier.
The receiving antenna, if it is relatively large,
can provide substantial gain to the signal
strength prior to any kind of electronic amplifi-
cation as depicted with curves in Figure 3.
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Another effect of operating frequency and antenna
diameter is pointing beamwidth. This phenamenon
is important for reception of the desired satel-
lite fram a group that is operating on the same
frequency.

The gain obtainable fram an antenna is a function
of the operating frequency ard diameter. The
gain increases with an increase of the operating
frequency and antenna diameter. At the same time
the beam becames progressively finer, thus im—

proving discrimination between slosely spaced
satellites operating on the same frequency but
with different programs.

For maximized utilization of a transmit/receive
spectrum that is the same for all satellites, it
becames necessary to place angular beam limits on
both the satellite and ground station antennas
which ultimately tends to drive the cost of the
ground segment upward.

In addition to the two properties mentioned (gain
ard pointing beamwidth), reception of interfer-
ring ground based/generated signals is reduced
with an increase of antenna diameter. This fact
is of paramount importance in frequency coordina-
tion tradeoffs and is the reason for a general
reluctance on the part of FOC to agree on antenna
diameters less than 10 meters operating in the
present 4-6 GHz band (C-Band).

The antenna for reception and transmission dis-
cussed above is a parabolic dish. Other antenna
types are also available. One type that offers
same advantages is a horn, shown in Figure 4.

TIGURE &
INVEZATED WORN ANTRNNA

The gain of a horn antenna is slightly higher
than for a parabolic type of camparable inlet/
acquisition area. This advantage can be as high
as 6 dB. An improvement in terms of pointing
accuracy, i.e. beam size and sidelobe reduction
is also achieved. However, this antenna may not
be practical for large aperture requirements.
This type of an antenna is normally used upside
down, as shown in the figure, or on roof-top in-
stallations.

Another factor in system design considerations is
the noise level picked up by the antenna and con-
tributed by the input stages of the receiving
electronics, specifically preamplifiers. The
ncise levels are additive and determine the total
system noise figure.

High gain antennas have an almost negligible
amount of noise, i.e., about 0.6 dB. Input am-
plifiers, however, can be big offenders depending
upon the type ard quality used. The quality of a
preamplifier is usually governed by the total
permissible cost of the system in which it is
used and the required gain-temperature ratio, and
thus is subject to a cost tradeoff between
antenna size and preamplifier noise figure.
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FIGURE 11
MICROWAVE NET

The reliability of such a system is good but is
achieved only at a great expense in equipment re-
dundancies, around-the-clock manning of T/R
stations and other similar expedients. Due to
these facts, operating costs are high.

This largely antiquated approach, dating back to
the onset of transcontinental telephone networks,
will gradually be replaced by the dedicated
camon carrier and privately owned, ground sta-
tions. Ground stations will serve an immediate
area around its location with short microwave
links as shown in Figure 12,

welies

FIGURE 12
DEDICATED GROUND STATIDNS
AT STRATEGIC LOCATIONS

Program material will be simultanecusly available
to the whole area of a country. A _choice of
program will be possible by dedicated multiple
transponder assignments in the satellite and re-
ception by frequency agile receivers in the
ground station.

Transmit/Receive mobile ground stations in the
12/14 GHz fregency band will require no more than
a collapsible installation on top of a van-truck
with all the necessary electronics and support
gear inside.

Both C-Band and Ku-Bard space segments will be
available in the 1980 decade. Same prognostica-
tors predict the Ku-Band space segment will
predaminate in cammercial transmission facilities
in the late 1980's and the 1990's. However, the
commitment to Ku-Band in terms of capital is not
clear at this point in time. The demand for
spectrum and orbital slots will be the pacing
factor in this transition. Technology break-
throughs such as in fibre optics with significant
cost reduction impact in terrestrial camminica-
tion, could affect the transition to Ku-Band, but
most likely to a minor degree in this century.

With reference to receive station costs in C-Bard,
for quantities ing 10, estimates tend to in-
dicate a $60,000-$70,000 installed cost for non-
redundant, one video chamnel, receive only
station with an FOC campliant 8 meter antenna.

A C-Bard receive only radio program station (10'
antenna) for 2 channels of 8 KHz radio can prob-
ably be installed in quantities of 100 or more at
costs of less than $10,000 per station, but with
some risk of interference fram ground and adjacent
satellite transmissions.

C-Band transponder lease costs have moved down-
ward fram $3.5 million/year to under one million
per year with unprotected service. Modulation
equipment for transmitting two video channels in
one transponder is becoming a reality.

With reference to Ku-Band, studies performed in
the early 1970's indicate potential for video re-
ceive only stations that will cost under $1000
for quantities in the thousands.

Today, the cost recuirement for receive only
stations by the 2000 cable TV enterprises with
1000 or less subscribers each, may not be tol-
erable in the C-Band damain. However, with the
acceptance of reduction of S/N fram 55 dB to
approximately 49 dB, with technology advances
in front end electronics, favorable rulings by
the FCC, and same implied risk with smaller
antenna size, costs can came down to acceptable
levels within a time frame well preceding devel-
opment of adequate capacity and low cost hardware
for the Ku-Band.
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FIGURE 8
ESTIMATED ATMOSPHERIC ABSORPTION

Considering the ATS-6 frequency as 2.5 GHz, pre-
sent day communication satellites at 5 GHz, as a
median, and nominally 13 GHz for the future, one
can see rather disturbing effects. Up to about

6 GHz the attemuation effects due to moisture and
rain are negligible. In the Ku-Band planned for
future camunication satellites, this effect be-
comes an appreciable factor in overall system
performance. This causes signal strength
fluctuations as atmospheric conditions change.

The mechanism of this effect lies in the fact that
the radio energy is absorbed and scattered by the
raindrops. It becames more pronounced as the
wavelength approaches the size of the raindrops.

Fram this illustration, it appears that 15 GHz is
the upper limit in selection of communications
frequency over a long distance, such as it is
found in deep space cammunications fram synch-
ronous satellites. However, advanced system de-
signs for specialized applications beyond the
oxygen molecular resonance frequency (approxi-
mately 23 GHz) are currently being planned. These
systems will probably be out of cost range for
camercial users in this century.

Summarizing technical and regulatory considera-
tions, one can see that the general trend in
satellite cammnications is toward the upper end
of RF spectrum, i.e. 12/14 GHz, Ku-Band, and not
toward S-Band. The summary of impact of reduced
size antennas at C-Band and at Ku-Band is charac-
terized in Figures 9 and 10.

C-BAND SMALL ANTENNA CONSIDERATIONS

® DECREASED DIRECTIVITY

® MORE SUSCEPTIBLE TO EXTERNAL NOISE
LENGTHENED SUN OUTAGE TIME
FCC COORDINATION DIFFICULT
LIMITED UPLINK POWER

[ UNINTENTIONAL INTERFERENCE WITH
ADJACENT SATELLITES

HOWEVER

[ ] WITH RISK TO USER - LOW COST

RECEIVE ONLY STATIONS FEASIBLE
® TRANSMIT PORTABILITY REALIZABLE
Fig. 9

KU-BAND SMALL ANTENNA CONSIDERATIONS

[ RECEIVE STATION CAN BE LOCATED AT USER SITE
(ELIMINATED TERRESTRIAL FEED COSTS)

™ MORE EXPENSIVE LOW NOISE AMPLIFIER

[ SMALLER INTERFERRENCE DUE TO EXTERNAL NOISE
SOURCES

] FCC COORDINATION FOR EQUIVALENT ANTENNA PER-
FORMANCE PARAMETERS IS LESS DIFFICULT THAN
THAT IN C-BAND

L] FCC DOES NOT CURRENTLY HAVE DOWNLINK POWER
DENSITY LIMIT

[ A 3 METER ANTENNA AT KU-BAND IS EQUIVALENT
IN PERFORMANCE TO A 10 METER UNIT AT C-BAND

[ ] PORTABILITY OF A KU-BAND ANTENNA AND ITS
COST PERMIT BUILDING OF MOBILE GROUND
STATIONS FOR SPOT COVERAGES

Fig. 10

The move to Ku-Band will result in significant
cost reduction of antenna installation, support
structure, an improved mobility (transportable,
on the spot transmit/receive ground stations),
elimination of terrestrial microwave feed systems,
cheaper de-icing equipment or a possibility of
housing in a bubble enclosure (radame), just to
name a few.

Disadvantages can also be found: an increased cost
of low noise preamplifiers, more susceptibility to
antenna reflector inaccuracies, more critical sys-
tem frequency stabilization and aligmment and in-
creased RF path attenuation (about 216 vs. 196 dB).
However, in general, the advantages appear to out-
weigh the disadvantages. Also, the impact will
diminish in view of the rapidly improving equip—
ment design technology especially in the area of
front end receive systems. Thus one can expect a
significant system cost decrease by the start of
the next decade, i.e. in the early 1980's.

An additional advantage in the use of Ku-Band is
the lack of radiated power limitation toward the
earth. This will partially counteract increased
path attenuation and will minimize terrestrial
antenna size increase.

System Econamics

The subject of space communications would not be
camplete without a brief discussion of the system
economics. A typical microwave net serving TV and
Program distribution (Figure 1l1) constitutes a
maze of point-to-point repeaters with individual
drop-off points as required.
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Typical preamplifier and antenna performance is
slwnl:.nFigureSbytypea:ﬂasafunctimof
operating frequency.
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The performance of both antenna and preamplifier
is most conveniently characterized by the Gain/
Temperature figure of merit.

The cost tradeoffs of antenna performance vs. pre-
amplifier performance are shown in Figures 6 and
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It is evident from these figures, there is a
crossover point which lies at the theoretical
optimal point for a given system. These graphs
were prepared for the 4-6 GHz band. Similar
curves can be drawn for the future 12/14 GHz
frequencies.

In general as frequency decreases the cost of an-
tenna system with a given performance as a para-
meter will increase although not as drastically.
The cost of preamplifiers, on the other hand, will
drop significantly with frequency decrease but
will rise sharply for frequency increase. Fram
these considerations, another set of tradeoffs
can be obtained and a conclusion drawn that ground
stations for 2 GHz (i.e. S-Band) operations are
less expensive than those of 5 GHz (i.e. C-Band).
The opposite can also be said of ground stations
for 12 Giz (i.e. Ku-Band). However, actual costs
must be calculated through an exact system ana-
lysis. At times such an analysis can lead to very
unexpected and at the first glance not cbvious
results, and it must be remembered that the per-
formance of the satellite in a given frequency
spectrum can move costs up or down by setting the
required gain/noise parameter for the ground
segment. This in turn specifies carrier to system
noise ratio which further results in the signal to
noise ratio in the video. There is roam for com-
pramise in that the EIA 55 dB S/N versus 45 dB can
hardly be discerned in mass—-produced hame TV
receivers.

The selection of satellite operating frequency was
approached from the point of view of equipment
costs. But another factor that enters into over-
all consideration is the increased attemuation of
transmitted signal with an increase in transmis-
sion frequency. This effect is illustrated in
Figure 8.



COMMUNICATIONS APPLICATIONS OF FIBER OPTICS

Dr. W. M. Caton and Dr. D. J. Albares

TRW Defense and Space Systems - Redondo Beach, California
Naval Electronics Laboratory Center . San Diego, California

Low loss optical fibers are the basis of
a new comunications technology which is just
emerging. Field trials of data 1inks incor-
porating optical fibers are underway. For max-
imum efficiency and economy a communication
system must be specifically designed to take
advantage of the properties of optical fibers.

Data transmission over optical fibers is a
rapidly developing new technology. Over the
past few years a wide variety of components has
been developed for application to fiber optics
communication systems. These components were
first assembled into laboratory demonstration
communication systems links. Now field demon-
stration links are being deployed to evaluate
the potential of this new technology under
actual operating conditions.

In the United States ATT and GTE have both
announced field trials for PCM telephone commu-
nication links. The Navy is placing an optical
fiber 1ink aboard an A-7 aircraft in the aloft
program. There is an optical fiber telephone
communications link aboard the USS Little Rock,
and a CCTV system aboard the USS Kitty Hawk.

These demonstration systems by no means de-
fine the 1imits of interest in this technology.
The Army and the Air Force both have programs
to develop fiber optics communications for their
particular needs. Several companies have made
studies of the feasibility of applying fiber
optics to CATV systems.

Optical fibers first attracted attention as
a transmission medium because of their Tow loss
and wide bandwidth. It was realized that their
small size, low weight, and dielectric proper-
ties were also advantages. They are immune to
RFI/EMI and EMP. Further advantages are the
absence of grounding, cross talk, and short cir-
cuit problems. Probably their greatest disad-
vantage. is that they represent a new technology.
New components and systems must be developed in
order to exploit the advantages. The persopnel
that wil) deploy and maintain the new systems
must receive new training. An additional dis-
advantage at present is their high cost. How-
ever, estimates have been made that project
drastic price reductions in large volume
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production.

Low loss and wide bandwidth do not directly
translate into system parameters. For instance,
electronics allow trade-offs between bandwidth,
loss, and repeater spacing. A comparison between
this new technology and present technology can
only be made if systems designed for the same
application are compared. If optical fibers are
used in PCM telephone links, greater repeater
spacing can be achieved and more channels trans-
mitted through the same underground ducts than
with coaxial cable or twisted pair.

If optical fiber data 1inks are used aboard
aircraft, size and weight reductions are achieved.
The weight penalty costs for high performance air-
craft is in excess of $1000 per pound over the
life cycle of the aircraft. In part, the gain is
achieved by reduction of the size and weight of
the cable, and in part by the elimination of pro-
tective devices installed on coaxial and twisted
pair transmission lines to reduce EMP and EMC
problems.

Optical fiber technology will find widespread
application outside of the telephone industry and
DoD. The advantages that accrue to these users by
employing optical fibers are sufficient to justify
the large investment necessary to bring this new
technology to fruition. Once the initial develop-
ment is completed, component pricing is expected
to follow the traditional trends of the semicon-
ductor industry. It is at that time that the
technology will be open to exploitation by such
cost conscious industries as CATV.

When optical fibers are first considered for
an application such as CATV, the initial approach
is usually a simple retrofit. O0ften such projects
are far from a complete success. The architecture
of present systems is strongly influenced by the
properties of coaxial cable and twisted pair
transmission at VHF. These properties are signif-
icantly different from optical fiber transmission
of optical energy.

One of the most significant differences is
that hv is six orders of magnitude larger in the
optical region than in the VHF region of the spec-
trum. This does not indicate that the dynamic
range is 60 dB lower for optical systems compared
with VHF systems, the minimum detectable signal of
a VHF system is usually determined by cross talk,
EMC, and noise sources such as cars and lighting.

System dynamic range is also determined by



the available source power. LED and laser optical
sources have power outputs of the order of a few
milliwatts. In contrast, the output power of VHF
CATV repeaters can be a few tens of milliwatts.
The dynamic range for an optical system with a
bandwidth of 3.5 MHz, an avalanche photodiode de-
tector, and a laser diode source is 80 dB.

The bandwidth of optical fibers is a strong
function of their construction. Single mode opti-
cal fibers have bandwidths on the order of ten
GHz/km, graded index fibers one GHz/km, and step
index fibers 30 MHz/km. Since the dynamic range
of optical systems is restricted, they are seldom
designed to have significant signal energy above
the upper 3 dB frequency of the transmission chan-
nel. This precaution reduces equalization to a
minimum. The losses of all three fiber types are
essentially identical. Ten dB/km fibers are read-
jly available today and two dB/km fibers have been
demonstrated in the laboratory. There is excess
loss when a fiber is incorporated into a cable,
but this loss is held below one dB/km in good qual-
ity cables.

The two most promising sources for the trans-
mitter are the 1ight emitting diode and the laser
diode. Both can be tuned to the windows in the
fibers by materials selection. In each case the
source selected has an influence on system archi-
tecture through its particular physical properties.
The candidates for the receiver optical detector
are the PIN and the avalanche photodiode. The lat-
ter contributes internal gain and hence greater
receiver sensitivity at the expense of greater re-
ceiver circuit complexity.

A video signal can be transmitted over the
optical fiber by AM, FM, pulse code and pulse po-
sition modulation techniques. Amplitude modulation
can be implemented with the least complex receiver
and transmitter electronics. However, the large
dynamic range necessary for faithful picture re-
production leaves little margin for coupling and
transmission losses. If only one AM video signal
is transmitted over the fiber, no advantage can
be taken of the large bandwidth of the fiber com-
pared with the relatively narrow bandwidth of a
video signal.

In contrast to AM, pulse code modulation re-
quires a small signal margin at the receiver at
the expense of a bandwidth in the neighborhood of
100 MHz for a single video channel. With the prop-
er selection of components a high quality video
signal could be transmitted over six miles of fiber
without a repeater. Pulse code modulation requires
even greater bandwidth, but greatly reduces the
complexity of the electronics. Frequency modula-
tion allows a trade-off between bandwidth and dy-
namic range with relatively simple electronics.

If greatest economy is to be achieved, the
application of fiber optics to trunk and end dis-
tribution will require the use of different modu-
lation formats for each application. For the
trunk transmission the number of repeaters ¥s min-
imized if pulse code modulation is used. The short
paths in the distribution net can be adequately
implemented using AM or FM with a minimum of cir-
cuit complexity at the receivers.

For most economical use of the fibers, the
architecture of the distribution net will also be
different from present systems. While taps on an
optical system are possible in most systems, opti-
cal scramblers used in association with paratlel
distribution are more economical. Color multi-
plexing can be used to increase capacity over a
single fiber.



COMPUTER-AIDED ANALYSIS OF COAXIAL CABLE ATTENUATION AS A
FUNCTION OF FREQUENCY AND TEMPERATURE

Jacob Shekel and Eric Winston

Jerrold Electronics Corporation

ABSTRACT

A thorough understanding of cable attenua-
tion as a function of frequency and temperature
is of prime importance to the user, as well as
the manufacturer, of the cable. This paper de-
scribes measurements of attenuation conducted in
an automated, computer-controlled test facility,
suggests different ways to present the data, and
describes the analysis of the data by computer-
aided mathematical techniques.

The analysis exposes the differences in the
temperature behavior of different cables, and
shows how to design an optimum equalization scheme
(with fixed and thermal equalizers) for any part-
icular type of cable. The results also indicate
that the widely accepted analysis of approximating
the frequency response by \T and f terms, is not
alvays the correct way to separate the dielectric
losses from the conductor losses.

1.0 INTRODUCTION

Anyone who attempts to design a CATV system
must have a thorough knowledge of the properties
of coaxial cable. Most of the equipment that
makes up the trunk and distribution lines is there
only to compensate for the attenuation of the
cable. It is therefore important to know, in full
detail, how cable attenuation depends on various
sarameters, such as frequency and temperature.

Even if we restrict the analysis to varia-
tion with frequency and temperature, we are
faced with a quite complex function of 2 vari-
ables. We have to consider 3 aspects of the
problem:

1. How to get enough measured data to re-
present the function;

2. How to digest and present the data in a
form that will lend itself to analysis
and interpretation;

3. How to use the data in the design of a
system.

In this paper we shall report on work domne
related to these aspects of studying the attenua-
tion of coaxial cables.
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2.0 DESCRIPTION OF MEASUREMENT PROCEDURE

The attenuation of the cables was measured by
an automated sweep test facility, controlled by a
NOVA 1200 minicomputer. A suitable sweep generator,
modified for digital control of frequency, was
used as the primary signal source. The local os-
cillator of the receiver was another sweep gene-
rator at a fixed frequency difference, which al-
lowed using a very narrow band IF amplifier for
noise reduction and increased dynamic range. The
final measurement of signal level was done by
means of a Pacific Measurements Model 1036 ( a log-
arithmic RF power meter, +0.02 dB accuracy). The
results of the measurements were tabulated, stored
in the minicomputer for further processing, or
punched out on paper tape. The tape was used to
transfer the data to a teletype terminal for analy
sis by various programs on GE Time-Sharing Mark
II1I service.

Cables were furnished on reels (with the ex-
ception of one inch 0.D."Spirafil"”, received as
a coil of 6 ft. diameter). After initial mechani-
cal testing, and measurements of impedance, re-
turn loss, and attenuation at 70 F, each reel was
placed in a large environmental-control van(which
is normally used for system evaluation). The van
temperature was successively stabilized at -40,
-20, 0, 35, 70, 100, 120 and 140°F, and the attem
vation of the cable measured at each of these
temperatures. Before each measurement, the cable
would dwell at the nominal temperature (within
+59F) for not less than &4 hours; total cycle for
the measurements was 96 hours.

3.0 PRESENTATION OF DATA

Cable attenuation data are of particular re-
portorial interest, since there are so many meth-
ods of presentation, depending on the specific
technical interest to be served. Cable manufac-
turers may concentrate on dielectric material con-
trol; equipment suppliers may want to know how
closely their various thermatic equalizers compen-
sate a given cable; the system operator or design-
er focusses on changes in attenuation along the
cable plant, and the consequent effects on sub-
scriber set signal levels, signal distortion etc.



The problem is, basically, how best to pre-
sent a fuanction of 2 variables on a two-dimension-
al sheet of paper. This is usually done by a set
of curves, with one variable plotted along the
horizontal axis, and the other variable as a para-
meter defining the different curves in the set.

We therefore have the choice of presenting dB vs.
frequency for different temperatures, or dB vs.
temperature for different frequencies.

4.0 ATTENUATION VERSUS FREQUENCY

This method of presentation, which is direct-
ly related to the frequency response of the cable
system and its components, is the traditiomal
method. Fig. 1 shows the measurements on 3 differ-
ent types of cable, plotted for 3 temperatures.
The horizontal axis is conventionally drawn pro-
portional to \f , resulting in less curvature of
the plots (theoretically, a cable with no dielec-
tric losses would be represented by a straight
line in this presentation). For comparison, the
measurements on each cable were normalized to a
loss of 20 dB at 300 MHz and 70°F.
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ance, but the disparity at high temperatures.
Still more striking are the data in Fig.4, showing
fused-disc and 'Spirafil" cables; the latter shows
3.5 dB increase at -40°F, compared with 2.5 dB for
polyethylene foam. Clearly a thermal device op-
timized for one of these cables will be inadequate
for the other.

This type of presentation could readily be
utilized as a generic cable specification for sys-
tem design, pre-assigning attenuation limits for
given temperature extremes.

Fig. 1

Even from this simple presentation, it is
obvious that the cables do not behave in a similar
manner when temperature or frequency is changed.
But the different curves are all jumbled together,
and it is not easy to find the difference ( simi-
larity) between different cables.

A presentation as in Figs. 2-4, where the
attenuation at any temperature is plotted relative
to the attenuation at 70°P, makes it much easier
to study the effects of temperature. The result-
ing curves indicate the thermal compensation need-
ed such as thermal equalizers, ALC, ASC. Fig 2
shows the attenuation of three different 1/2'"poly-
styrene dielectric cables, for which the attenua-
tion of a span (20 dB) at 300 MHz will increase by
1.4 dB at +140°F, and decrease by 2.8 dB at -40°F
Fig.3 shows the same data for four cables with gas
injected polyethylene foam dielectric; note the
comparative similarity in low temperature perform-
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5.0 ATTENUATION VERSUS TEMPERATURE

There is an accepted rule of thumb in CATV
system design, that the attenuation of cable
changes by 17 (more precisely, 1.1%) for every
10°F. This implies that the plot of attenuation
vs. temperature, at any frequency, would be a
straight line.

Fig. 5 presents the attenuation of four types
of cable, at 50 and 300 MHz, plotted against temp-
erature. Some of the lines are nearly straight,
although the slope of the 50 MHz line is differ-
ent from that of the 300 MHz line, and both are
different from the .0011/9F coefficient.
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-—_.—_‘_———" e el
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TEMPERATURE °F

ATTENUATION AS A FUNCTION OF TEMPERATURE

Fig. 5

Some lines, however, are noticeably curved. A
careful examination of the '"mearly straight' lines
will show that they have different slopes at the
two ends of the temperature scale.

For purposes of system design, the tempera-
ture range may conveniently be divided into cwoo
zones, arbitrarily defined as ''high" (70 to 140°F)
and "low" (~40 to 70°F). Two temperature coeffic-
ients assigned to these zones, may be defined as
follows:

A1q0 - A7 A7g = Ay
Cy = —m Cy =
70 x A70 110 x A70

These represent attenuation change per degree F
and are comparable to the theoretical value of
0011 derived for conductor loss (see Appendix A).

o and CL values were calculated for all cables
studied, and each cable was plotted as a point in
C4-C, coordinates in Fig. 6, using the values com-
pute& for 300 MHz. A cable with no dielectric .-
logs would appear as a point at the intersection
of the two lines at .00ll on each axis. It is
tvident that departure from this value must be due
to the effect of the cable dielectric.
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Fig. 6 is separated into % quadrants relative
to the .00ll point. Each quadrant defines the
type of attenuation vs. temperature relationship
to be expected. Note the preponderance of points
in the lower right quadrant, as anticipated by the
curves generally having greater slope in the low-
temperature part of the A-T curves of Fig. 5. The
points representing the polystyrene dielectric and
the fused-disc cables are quite close to the the-
oretical value; the low-density gas-injected foam
dielectric cable is in the quadrant showing the
least A vs T slope.
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Fig. 7 shows the same configurations for 50
MHz attenuation. The points are clustered much
closer to the theoretical .0011 value, indicating
the reduced effect of dielectric losses at the
lower frequency.
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The Cy-Cp, groupings, indicated by the con-
necting lines in Fig. 6., provide a means to ex-
amine and compare a large number of cable attenu-
ation characteristics and may help in defining
specifications for A vs T limits for a given type
of dielectric.




6.0 A 3-DIMENSIONAL APPROACH

The data obtained from the measurements would
be best represented a8 a surface in 3 dimensions.
Even though such a surface is not easy to re-
present on a 2-dimensional sheet of paper, the
table in Fig. 8 can suggest a representatiom of
such a surface. If the columns and rows are con-
sidered as the horizontal and vertical axis (re-
presenting temperature and frequency), each entry
(dB attenuation) is the elevation of the corre-
sponding point above the horizontal base plane,
The attenuation A(fi,ty) at the frequency fi and
temperature tk is a function of 2 variables, de-
fined over a discrete set of points.

TABLE I

CXY | = i3 18 4 ] 148
FREQ
50 mHZ 7 22 7.60 7.82 8. 24 9.12
60 MHZ 7.99 8. 31 8. 56 9. 03 e o8
70 MH2 8. 70 9. 04 %. 33 9. 8% 108. 929
80 MHZ 9.29 9. 69 9.99 [ 10.55 11 67
90 mH2 9.921 10.33 |18 %56 [ 11 Je 12. 47
100 MHZ| 18 43 ) 192.85 | 11 22 [11 99 11 16
110 MHZ] 18 98} 11 47 |14 34 12 33 13. 8%
120 MHZ} 11. %2} 12. 04 112 44 [ 13.19 14 35¢
130 MHZ} 11, 99| 12.55 12 36 [13. 76 15. 23
140 MHZ| 12 49 [ 13. 06 |13 52 {14 37 1% 87
150 PHZ| 10.96 | 13 U6 | 14.02 | 24.89 1648
160 MH2Z | 13.44 | 14 07 114 54 |15 45 17 1
170 MHZ| 13 84 [ 14.50 [ 15 a9 |19 9% 17.67
180 MHZ] 14 2 14. 24 |15 49 | 16.51 19. 22
150 MHZ) 14,793 15.52 116 0% |17. 09 13, 91
260 MHZ| 15 11] 15.8%3 |16 €3 j17. 32 1939
210 MHZ| 1555 | 16. 32 | 16.91 |18 04 19 9%
220 WHZ| 15.38 {16 TT [17.36 {18.49 29. %1
220 MHZ) t16.28 117 11 {17 .71 (18,89 28 9%
240 MHZ| 16. 73 [ 17.62 |18.26 [19.59 21. %7
2%6 MHZ ! 17,15 ] 18 01 {13. 6% |12 94 22 98
2€0 M2 17 37 18 47 |12 14 170 42 2l .82
270 MHZ | 17.96 | 18 €6 117 35 [ 20.99 2. 14
280 MHZ{ 13.26 | 19.29 112 99 |21 22 22.83
290 MH2{ 18 54 | £2.93 |20 31 |21 69 24 01
366 NMZ | 19.D4 ) 20 03 J29. T2 j22.20 24 57
310 MHZ{ 19.3% | 28.537 | 21. 13 [22. %3 25 04
320 MHZ| 19.80 | 20.34 {21.62 (23.13 2%.%4

Fig. 8

We may assume a continuous function A(f,t) tc
represent this continuous surface, of which we
know only a discrete set of points. The function
A can be defined in an arbitrary manmer, but it
would be of any use only if it fits the measure-
ments at the discrete set of frequency-temperature

pairs. The error for each measured point is:

E (fi,tk) = A (fi, tk)-A (i, tk)

and the parameters of the function A are varied
to minimize the expression

£ [Ed ) ”

resulting in a '"least squares" fit. The function
A may be defined with 5 or 6 variable parameters,
and the summation may involve about 200 measured
points; the surface fitting therefore will also
help to smooth out the errors contributed by any
one measurement.

The choice of A is, in principle, arbitrary.
We shall see that different functions can be made
to fit the same set of measured data equally well;
the particular form of matching function A should
therefore be selected according to the purpose for
which the approximation will be used.
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7.0 DESIGN OF OPTIMUM EQUALIZATION

To a system designer, the variation of atten-
uation with frequency and temperature is an effect
to be compensated by equalization. From this point
of view, the cable attenuation can be represented
by a function of the form:

A(f,t) =Py () + Pa(f) Q(t - 70)

This represents the attenuatiom as a combination
of 3 functions:

P1 (f) the attenuation of the cable at 70°F,
to be compensated by a fixed equali~
zer;

P2 (f) the frequency response of a tempera-
ture-dependent equalizer;

Q(t-70) the amount ofothermal equalization
necessary at t F.

The formula assumes that the thermal equali-
zers, and the ASC network in the amplifiers, are
"Bode' equalizers, whose frequency response is in-
dependent of temperature (except for a comstant
multiplier).

Assuming that, to a first approximation,
attenuation varies linearly with temperature and
with the square-root of frequency, we specify the
functions as

Pl(f)zal\/f_+ blf

Py (f)=2\F + byf
Q(t) =(t-70)[:1+c(t—70,)]

We have thus defined A(f,t) with 5 arbitrary par-
ameters a,,b,,a,,b, and c.

Note that the values obtained for these para-
meters by curve fitting do not represent any in-
trinsic properties of the cable; they are only
guides in the design of equalizers for the cable.

Table II (in Fig.9) shows the result of fitt-
ing the function to measured attenuation of 3
cables (all measurements normalized to an attenu-
ation of 20 dB at 300 MHz and 70°F).

The first part of the table shows the values
of the 5 parameters for each cable, and the
largest deviation from the measured value (the
point of worst fit). These parameters are then
used to compute the optimum equalizers for each
cable.

The fixed equalization is based on the func-
tion Pi(f), and shows the value of equalizer at-
tenuation at 3 frequencies(relative to 0 dB at
300 MHz). The numbers in parenthesis are the val-
ues of attenuation normalized to the attenuation
at 50 MHz,and indicate the frequency response of
the equalizer. The numbers show that the differ~



TABLE II

SURFACE-FITTING FOR OPTIMUM EQUALIZATION

L—_ Cable A | Ccable B ! Cable C
T T
Dielectric type: Polyethylene Styrene Polyethylene
foam foam dises
Fitting function:
a1 .976 1.09 1.05
b .0108 .00399 .00576
a, .000707 .00104 .000891
b2 .0000184 .0000135 .000036
c -.00555 -.00137 ~-.0000721
Maximum deviation !
dB/20 dB span .2 .2 .2
Fixed Equalization,
dB/20 dB span
50 MHz 12.6 (1.000) 12.2 (1.000) | 12.3 (1.000)
100 MHz 9.2 (0.733) 8.7 (0.721) 8.9 (0.724)
200 MHz | 4.2 (0.329) 3.8 (0.318) . 3.9 (0.321)
t
ALC control at 67.25 MHz,;
dB/20 dB_ span |
=40 F ~1.25 -1.20 i -1.08
+140°F | +0.30 +0.60 +0.68
Thermal Equalization, i ,
dB/20 dB span/100°F : ! i
Fi 9 50 MHz i'S3 (1.000) :1.21 (1.000) 1.80 (1.000)
‘8- 100 MHz l.39 (0.748) .89 (0.735) 1.36 (0.757)
200 MHz © .18 (0.345) -40 (0.332) | .64 (0.355)
— {

ent cables need equalizers with different frequen-
cy responses. The change of attenuation at 67.25
MHz (ALC pilot frequency) indicates that differ-
ent cables place different requirements on the
ALC system.

In particular,cable A varies much less in the high
temperature region than in the temperatures below
70°F (compare the CL-CH groupings described in an
earlier section). :

Thermal equalization (whether by thermal
equalizers or by automatic slope control) is spec-
ified in the last part of the table. The equaliza-
tion is given per span and 100°F change,but it can
be used as a guide to the frequency of placing
equalizers of a similar frequency response. The
normalized frequency response is shown by the num-
bers in parenthesis. The table indicates that the
different cables need equalizers of different fre-
quency responses; also that for each cable, the
frequency response of the optimum thermal equaliz-
er is different from the response of the optimum
fixed equalizer for that cable. It also indicates
that thermal equalizers,or ASC stations, should be
placed more frequently in systems built with cable
C than in those with cable A.

8.0 CONDUCTOR AND DIELECTRIC LOSSES
For cable manufacturers, it is very important

to separate the losses into conductor and dielec-
tric losses. How can this be done?
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Since the approximating formula used above
has \/? and f terms, it is very tempting to
assume that they represent the conductor and diel-
ectric contributions to the total attenuation., If
we follow this assumption, then the ratio a,‘a
would be the temperature coefficient of the con-
ductor losses. For the 3 cables in Table II, the
ratio is ,000731 and .000954 and .000825 respect-
ively. The values for cables A and C are too far
from the theoretical value of .00109 (see Appendix
A); and why should this value change so much be-
tween the 3 cables that differ in their dielectric
only, but have the same conductor structure?

There is a subtle point involved in the fit-
ting of a continuous function to a discrete set of
measured points. It is true that the attenuation
contributed by the conductors would follow a v—__
function; but the converse is not true =-- the
portion of an approximating function does not
necessarily represent the conductor losses. Ap -
pendix B shows an example where the attenuation of
a cable at one temperature is approximated bv dif-
ferent functions, all of the form of a V@— term
paired with another function. The coefficient of
the Vf term in the approximation depends on the
"other function" used, and the ''goodness of fit"
cannot be any guide in selecting the 'correct'

value of k¢.

£
T

One way to separate conductor from dielect-
ric losses would be to compute the former from




the cable dimensions and from the properties of
the conducting materials (Appendix A). It is
likely that the properties of drawn aluminum
tubes and copper-clad aluminum wire are known in
more detail and are easier controlled than those
of the various dielectrics used in cables. On the
other hand, we must realize that low-loss cables,
as used in CATV, are designed for minimal dielec-
tric losses (in addition to the inevitable con-
ductor loss). If, for example, the dielectric
loes 1is 5% of the total, an error of 1% in com-
puting the conductor loss will result in a 207
error in the loss ascribed to the dielectric.

In a cable with a homogenous, low-loss diel-
ectric, the dielectric losses are proportional to
the frequency. We can try to fit the measured
attenuation to the function

AL, t)=k [l4exe (t-70] \/T+kg [1+% (t-70)Jf

which assumes linear temperature dependence of
both components. Indeed, when this approximation
is applied to cable B of Fig. 9, the deviation of
any measured point is less than 0.2 dB, and the
coefficients for best match are

kc = 1.09 C‘C = 0.00102

kg = 0.00395 Sy = 0.00363

and the temperature coefficient of k., is very
close to the theoretical value. The same function
applied to cable C, with a fit just as good,yields

ke = 1.06 X = 0.000847

ky = 0.00576 X4 = 0.00627

which seems very curious when the two cables are

examined; cable C has much less dielectric than

cable B, but its kg contribution is much higher.

The low value of 0% is another indication that the
VT term, in this approximation, does not re-

present conductor losses.

Could it be that we used an improper''other
function''for cable C? Indeed, the derivation in
Appendix C shows that if we assume the attenuation
as a result of reflections from the supporting
discs, rather than from dissipated energy within
the dielectric, the loss ascribed to the dielec-
tric should be proportional to £2 (with added f£~,
£6... terms if needed for extra refinement) .When
the f term in X (f,t) above is replaced by an
f¢ term,the fit (which is just as close as in the
other examples) gives the following parameters:

k =1.10 o = 0.00110
c c

kd = 0.0000101 o = 0.00610

d
The value of ©¢ is further assurance that we have
selected the correct ''other function" far the die-
lectric loss, and the k. and kg have a physical
meaning.

In summary, the fact that an assumed function
provides a good fit to the measurements is not

sufficient proof, by itself, that the various com-
ponents of the function correspond to particular
physical parameters in the cable. If the form of
the function can be justified by a theoretical
analysis then the values of the parameters can be
derived by curve fitting. If there is no a-priori
justification for the selected functional form,
one can use the derived value of known parameters
as an indication that the function has physical
meaning (or, at least,to reject a function as in-
correct). We suggest that the temperature coeffi-
cient of the f term can be used as a guide to
the possible correctness of the assumed function.

As an example, the measured attenuation of a
spiral dielectric 1" cable was analyzed, with the
following results:

sum of Vf and fterms | sum of \/fand {2 terms

ke =1.06 , =0.00101
kq=0.000018 < ;=0.00433

ko= 0.972 04, =0.000703
kq= 0.0105X 4=0.00433

The value of 04, indicates that the second decom-

position is likely to be the correct one, so that
dielsctric logsses in this cable are proportional

to f¢ (indicating that the loss mechanism is re-

flective rather than absorbtive).

CONCLUSION

A meticulous study of cable attenuatiou is of
extreme importance to the designers of CATV equip-
ment and systems. We have described a measurement
procedure that provides detailed attenuation vs
frequency and temperature data, and presents it in
a form that is easily transferred to a computer
for analysis. The analysis results in logical def-
inition and computation of various parameters use-
ful in the design of cable systems. It shows that
some cables can be clustered in closely related
groups with similar properties; and that a system
properly designed for a cable in one group may not
operate properly if a cable of a different group
is used in the same design.

The computer-aided analysis method can also
be used to probe into the mechanism responsible
for the dielectric loss, and indicate some of the
causes behind the grouping of cable types.

Since the study was conducted on a limited
number of samples, we strongly caution against in-
terpreting the results as inherently represent-
ative of any type of cable or dielectric. Im fact,
cable manufacturers agree that incoming dielectric
materials, particularly polyethylene, may be sub-
ject to certain variations -- not yet fully under-
stood -- which influence the dielectric constant
and power factor, with a resulting variation in
attenuation. Furthermore, there is no certainty
that the results, as presented here, are valid for
an extended life period of a cable.
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APPENDIX A (1)

CONDUCTOR LOSSES IN COAXIAL CABLE

The RF resistance of a cylindrical copper
conductor of diameter d mils at a frequency of £
Wiz and a temperature of 20°C (68°F) is

R =0.996 \/T/d ohms/100"'

let d mils denote the diameter of the center
conductor of a coaxial cable, and D mils the inner
diameter of the outer conductor, It may be assumed
that the RF curreut in the copper-clad inner con-
ductor is confined to the copper skin. The con-
ductivity of the a%yyinum outer conductor is 61%
of that of copper , and the total RF resist-
ance of the coaxial cable at f MHz is then

R=(0.996/d+1.276/D) \/T ohms/100'

The contribution of the conductor resistauce
to the cable attenuation at f MHx is

A, =4.343R/Z,

wvhich for 75-ohm cable, reduces to

Ac=(5.771/d+1.389/D) yT  dB/100' = kT

k, = 5.771/d+7.389/D  dB/100'/ \ MHz ,

The temperature coefficient of the resistiv-
ity of copper and aluminum is the same (5),
0.00393/°C, or .00218/°F. The resistivity of the
coaxial cable conductors at any temperature t°F
is therefore

Qe = Qgg [1+0.00218 (t-68 )]

Because of skin-effect, the RF resistance is pro-
%gftional to the square root of the resistivity

,therefore
Rt=R68\[1+0.00218 (t-68)

ZRgq [1+0.00109 (t-68 )]

The k¢ coefficient, which is proportional to the
RF resistance, will have the same temperature co-
efficient, namely 0.00109/°F.

(1) The material in this Appendix is abstracted
from "Calculations relating to aluminum
shielded cables", by K.A. Simons, Jerrold
Electronics Corporation Memorandum, Oct. 22,
1975.

(2) Reference Data for Radio Engineers, Sth Edi-
tion, ITT, 1972 printing; page 6-7.

(3) Texas Instruments Bulletim 516-WP26-1070.

(4) Reference 2, page 22-13.

(5) Reference 2, page 4-21.

(6) Reference 2, page 6-5.

APPENDIX

CAN k., BE DETERMINED BY CURVE FITTING ?

The first two columns in TABLE A show the
neasured attenuation vs frequency of a reel of
cable at 709F, the other columms indicate the re-
sult of trying to match the measurements to a cur-
ve of the form

ke \E+ %y GO

The various columns pertain to different functions
assumed for the dielectric loss G(f). Each column
shows the agssumed function, the resultant values
for k¢ and kq that gave the best least-squares
match, and how close each measured point is to the
approximating smooth curve.

It is evident that very different values of
ke can be obtained,depending on the'other funct-

B

ion" G(f) used in the approximation. The '"good -
ness of fit'" cannot be any guide in selecting
the''right"approximation. The fit shown by the col-
umn from the right, with a k. =0.398, is just as
good as the second column which assumes dielectric
loss proportional to f and giving k.=0.893. In
fact,even the value k.=2.464 could not be re ject-
ed just on the basis of "poor fit'.

This shows that the coefficient of a \/; term
in an approximation that fits the measurements
can not be interpreted, on the basis of good fit
alone, as representing the conductor losses ( or
for that matter, any intrinsic property) of the
coaxial cable.



TABLE A

MATCH MEASURED CABLE LOSS TO Aj
-
K &F + K #G(F)
[ D
1.5 2 2 .5
G(F )= 1 F F F LNCF) FELNCF) [LNCFD2] F #LNCF)
K= 1.498 0. 893 1.045 1. 096 1. 6856 2. 464 0. 398 8.276
c
K = -4.1% 9. 215€-91 0. 739E-03 Q. 331E-04 -1.29 -9.639 8.154 9.293€-02
D
MHZ MEASURED ERROR I N APPROXIMNATTION B Y MATCH
100 10. 99 0. 16 -9.03 -0.20 -9.39 0.08 -0. 11 0. 04 -9.12
110 11.70 8.14 -0. 92 -9. 11 -9.29 9.09 ~-0.83 8. 93 -0.85
129 12.37 9. 11 0.03 -9. 085 -8.11 0. 62 9.182 0.087 -9, 09
130 12. 9% B. 02 -9. 02 -0. 05 -9. 11 6. 01 -0. 01 8. 061 -8. 83
149 13. 8¢ -9.02 -6. 81 -9.03 -0 95 -9. 091 B.o@ -9. 00 -0.01
158 14,16 -98. 04 9. 01 9. 98 -9 B -9 062 0.82 -0.61 0.01
169 14,73 -0.927 6. 0@ 0.82 8. 92 -9. B4 8. 01 -0.03 8. el
179 15. 38 -0.88 6. 01 G. 04 8. 95 9. S B. 02 -2. 083 6. B2
180 15. ¢4 -0.11 -4. 08 Q. o4 ¢. 0o -0. @7 9. 990 -0.45 0.081
159 16. 45 -0. 04 @. 89 B.12 6. 18 -9. 99 0. 03 8. 82 [
209 16. 21 -9.13 -0. 01 0. 94 0.95 -9, 99 -a.914 -0. 07 @ 9l
210 i7. 43 -9. 08 0. 84 p. RY B. 14 -0. 65 0. 93 -9.62 9. as
220 17.9¢6 -9.14 -9. 69 6. 63 0.18 -9. 98 -@8.8l -8. 96 0.0l
239 18. 44 -9.13 -9. 04 8. .92 6.97 -9. 19 -9. 604 -9. 99 -@.02
249 19. 66 B. .90 6. 03 0.12 .17 6.62 6.07 6. 64 Q.82
250 19. 51 -0.83 0. 03 9.87 8.11 -9.82 8. 02 -9.09 0. 04
260 20. 91 0.89 9. 83 9. 9% 3.10 g. 61 6.063 0. 01 9. 94
270 28. 45 -0. 01 -6.89 9. 91 G. 94 -9.91 -8. 01 -0.901 -8 04
230 29. 94 9.02 -0.01 -0.981 0. 09 0.81 -6.01 9.09 -9.91
250 21.42 9.06 -9. 01 -8. 92 -9.83 8. 03 -9. 01 0. 02 -0. 81
3n6 21,93 0. 13 8.93 -9.01 -9.83 6.106 0. 83 0.08 9.02
310 22. 31 0.08 -9. 86 -8.12 -0.17 0. 04 -0. 66 9. 61 -0.68
328 22.78 0.13 -8. 86 -0.14 -8. 22 8. 87 -8.05 8. 83 -8. 68
APPENDIX C

DIE LECTRIC LOSS IN FUSED DISC CABLE

In the following analysis, it is assumed
that:

1. The thickness of the discs is very small
compared to a wavelength, so the effect of a disc
on the cable is that of a lumped capacitive load-
ing.

2. The spacing between discs is smali com-
pared to half a wavelength, so that the periodic
discontinuity will not result in a spike in the
structural return loss.

At 300 MHz, the free-space wavelength is one
meter, so that both assumptions are valid for a
cable that has discs spaced about 1" apart.

Let each disc be represented by a-capacity C,
loading the cable by an admittance jgC. The
reflection from a single discontinuity is

~-jwC
T 2Yo+jwC
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and if the loading is small compared to the char-
acteristic admittance Yg,

r= -jiwnC/2Y, = ~jkf

where £ is the frequency, and k= J'YC/Yo

The ratio of the power transmitted beyond the
discontinuity to the incident power is

2

1-1°=1-k2

If the span of cable (100', or 20 dB, or which-
ever length is analyzed) contains n discs, the
reflections from the discs will result in an out-

put power of
n{(n-1)

(1-k2£% )0 = 1-nk2f2 + K44 -

2
We can take the f° term for a first approximation

and higher terms (all in even powers of the fre-
quency f) if further refinement is necessary.



d in dB, due to reflections The last approximation is valid because
¢ I:e ;g::; eyzresse i u kel 1 -(In the example in the body of the
romthe ’ paper, the coefficient of £2 for the fused-disc

: -5
Ag= -10 log(l-nszz) = -43.43 ln(l-nszz) cable is about 1077).

T 43.43 kg2
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DESIRED SPECIFICATIONS OF PAY CABLE TRAPS

Dan Pike

United Cable Television Corporation
Tulsa, Oklahoma

ABSTRACT

A 1ist of desired specifications is developed,
with a discussion of each, for a trap on channel A
(121.25 MHz). The specifications are intended to
describe a filter whose performance will be pre-
dictable over a wide range of environments and
with many different TV receivers. Also discussed
are the differences to be expected in operating
parameters of filters for channels higher and
Tower than channel A.

Considerations discussed are: the critical por-
tions of the signal to be trapped, the parameters
needed to effect scrambling action in the receiver,
specifications geared to insure time stability,

and specifications intended to cause poor to
indiscernible audio in most receivers.

NOTCH FREQUENCY: Desired visual carrier t2 KHz

TEMPERATURE: -400F to 140°F

DEPTH OF NOTCH: 45 dB at room temperature

INSERTION LOSS: Adjacent visual carrier 2 dB; all
others 0.75 d8

RETURN LOSS: Al1 channels outside 3 dB points
16 d8

FREQUENCY STABILITY: 175 KHz

3 dB BANDWIDTH: 10 MHz

3 dB NOTCH WIDTH: 32 KHz minimum; 100 KHz maximum

POWER PROTECTION: Withstand 250 VAC from center
conductor to sheath

SHOCK: Withstand 20-foot fall to concrete

MECHANICAL CONFIGURATION: Not removable with
common hand tools

WARRANTY: One year

INTRODUCTION

The rapid growth of pay cable has resulted in a
heavy demand for a device previously unknown to the
cable industry: an inexpensive (relative to other
filters in use in the industry), highly stable,
weatherproof filter (or trap) designed to render a
pay signal unwatchable, available in Targe quanti-
ties to accommodate any given channel line-up found
in the industry. Such a device is difficult to
specify, and consequently not all filters are pur-
chased under the same specifications. It is to the
benefit of the operators and manufacturers if both

describe the unit by the same manner of specifica-
tion, with changes in absolute values to accom-
modate special circumstances found in different
CATV systems. The desired specifications are
1isted here with the appropriate discussion of
each one.

NOTCH FREQUENCY: Desired Visual Carrier +2 KHz

The notch frequency should be specified as the
assigned visual carrier frequency of the pay
channel with a tolerance of 2 KHz to allow for
slight variances between equipment. This specifi-
cation is intended to insure that the center and
deepest portion of the notch 1ies in the area of
its maximum effect. Other parameters will deal
with the shape of the notch.

TEMPERATURE: -409F to 140°F

The temperature range commonly specified for most
CATV equipment lies from -40°F to 140°F, and these
units should be compatible with other equipment
operating in the industry. Certainly southern
coastal areas might wish to relax these somewhat
for their particular needs, but filters with goad
stability and temperature compensation generally
have little difficulty meeting the -400F to 1400F
temperature range.

DEPTH OF NOTCH: 45 dB at Room Temperature

The depth of the notch can be specified to satisfy
one of two desires: either to effect scrambling
action in the receiver or to reduce the visual
carrier and consequently the carrier to noise
value of the signal displayed on the receiver to
that which is generally accepted to be unwatch-
able. Most late-model color receivers will not
reliably synchronize when the video carrier
approaches an absolute level of -35 dBmV.

The maximum drop levels found in most systems
rarely exceed 10 dBmV such that a notch depth qf
45 dB is adequate to effect scrambling action 1n
most receivers. If the notch, however, does not
retain that value through the channel of jnterest
but rather only very near the visual carrier, as
is the case in a pay cable trap, there are appre-



ciable energy components within the desired
channel (particularly within the areas of the
color subcarrier and sound carrier),

In addition, most receivers develop AGC voltage by
reference to the horizontal sync information,
which is located within 15,750 Hz of the visual
carrier. With the gain of the receiver circuitry
at a relatively high value, these added energy
components may aid scrambling effect by the gener-
ation of intermodulation products in the receiver
IF circuitry and detectors. Also aiding this
effect are any adjacent channels that 1ie in the
bandpass of the tuner and IF response of the
receiver.

These added effects may be used as a basis to
modify the 45 dB specifications at room tempera-
ture to include a tolerance for the temperature
extremes of 5 dB to allow a 40 dB specification at
the two temperature extremes of -40 and +140 pro-
vided that the filter returns to 45 dB at room
temperature. The depth of notch specification,
then, should read 45 dB at room temperature, 40 dB
at the temperature extremes.

If the goal is to simply provide a snowy picture
that may be considered unwatchable, then the value
of the notch does not necessarily have to be so
high since a 40 dB trap in conjunction with a con-
verter with a 13 dB noise figure and 10 dBmV input
leaves a carrier to noise ratio of 16.1 dB, ex-
cluding the effects of the noise contribution of
the TV tuner and the system itself as being negli-
gible. A poor picture has been defined as one
whose carrier to noise ratio is 30 dB or less. A
barely viewable picture has been defined as one
having 2 27 dB carrier to noise ratio such that
any value below 24 dB could be considered unwatch-
able. For the protection of the premium channel,
however, specifications written for a scrambling
effect would be advisable.

While a 45 dB notch may render a video signal
viewed on a television set unwatchable, it most
Tikely will not have a discernible effect on the
audio portion of that signal since a filter
designed not to suppress the visual carrier on the
adjacent channel by more than 2 dB will not sup-
press the aural carrier by more than approximately
10 dB. In cable systems where the aural carrier
is operated 15 to 17 dB below the visual carrier,
the audio will still be quite discernible.

Virtually every television set used in the U.S.
today makes use of the 4.5 MHz difference between
the aural and visual carriers with the use of an
intercarrier sound technique whereby after IF
detection there follows a 4.5 MHz sound detector to
recover the aural information. The level of the
4.5 MHz carrier is directly dependent upon a level
of the visual carrier, so it is possible to place a
value on the visual carrier at which or below which
the value of the 4.5 carrier produces a garbled
audio component. This absolute value fHas been
established to be on the order of -45 to -50 dBmv,
which means that a-55 or 60 dB trap is necessary if
the maximum subscriber levels are 10 dBmv.
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The reduction of the visual carrier is, however,
not absolutely certain to produce garbled audio
since the pay aural carrier can beat with any
adjacent carrier or even with high level Tuminance
components if the trap is very sharp in the IF
detection process and produce a 4.5 MHz component
that the FM detector in the receiver will receive.
Since the gain of the receiver circuitry is rela-
tively high, many more distortion products will be
presented to the FM detector and, depending on the
alignment and fine tuning range of the receiver,
it may be possible to fine tune to receive dis-
cernible pay channel audio even when the pay
visual carrier has been attenuated 90 dB or more.
The only sure way to reduce the audio to an indis-
cernible level in every receiver is to reduce the
aural carrier level before IF detection. This may
present a problem to upper adjacent visual car-
riers, particularly for operation above the low
VHF channels.

It is very important that the depth of the notch
specification be considered in conjunction with
the other frequency and bandwidth specifications
since it is entirely possible that a 60 dB notch
can be placed in a channel in such a frequency
position as to be barely noticeable. A 45 dB trap
is not effective unless it attenuates the informa-
tion within $+15.75 KHz of the pay visual carrier
by 45 dB.

INSERTION LOSS: Adjacent Visual Carrier 2 dB; All

Others 0.75 dB

Insertion loss for all channels other than the
adjacent channel to the trapped channel should be
0.75 dB maximum, This should include any peak to
valley or other variations in the response. The
adjacent channel carrier should not be attenuated
by any value more than 3 dB for the average home
receiver to be unaffected, and the figure of 2 dB
provides adequate margin for variance between
receivers,

While the trapped pay TV channel is not offered to
the subscriber and by yet-unqualified opinions
doesn't have to be tested to meet the FCC stan-
dards, the adjacent channel does have to meet
them, and a value of 2 dB at the visual carrier is
intended to provide a reasonable variance in that
channel. Since the filter response will return to
about its insertion loss value above the visual
carrier and will also drop another dB approxi-
mately to the lower channel limit, the recommended
FCC 1imits of t2 dB may be met if the 2 dB inser-
tion loss specification is observed for the adja-
cent channel,

Also, tests have shown (see photos 1A-4A) that the
trained eye can begin to determine differences in
the transient response (where the picture contains
sharp transitions) but cannot determine variances
in the color saturations or hues at this level of
adjacent channel attenuation.

Photographs 1-4 show the variance in test wave-
forms through a demodulator that may be considered



equal in quality to those of the average home
receivers. Since the AGC voltage is developed
from the 15,750 Hz components lying within 15.750
KHz of the visual carrier, the difference in the
amplitude of the upper and lTower 15.75 KHz side-
bands is very slight and can be neglected. How-
ever, there is a discernible difference in attenu-
ation between the components of appreciable energy
content at the lower end of the lower vestigial
sideband and those of the same corresponding fre-
quencies away from the carrier in the upper side-
band, resulting in a reconstituted signal having
variances in this response relative to equal
amplitudes of components not passing through a
trap having non-linear attenuation throughout the
adjacent channel. Since the gain is corrected
using reconstituted lower frequency components,
which are attenuated by the value of the slope of
the incoming RF response, the corresponding value
of the slope of the higher frequency components
will be greater.

Photos 1-4 show the effects of a reconstituted
signal for values of carrier attenuation given in
Table 1. Also shown in Table 1 are the values of
attenuation at the lower limits of the vestigial
sideband.

TABLE 1

Attenuation, dB 1 MHz Below

Photo at Visual Carrier Visual Reference
1 Reference Reference
2 1.4 2.1
3 2.3 3.0
4 2.6 4.5

Photos TA-4A show responses through the same
demodulator with 2T, 12.5T and window test signals.
Since most of the energy of the 27 pulse lies in
the low-frequency areas of the video signal, its
amplitude is affected less than that of the 12.5T
pulse. The 12.5T pulse shows a relative chroma
level increase in photos 2A, 3A and 4A with rela-
tive chroma delay in photo 4A. The 2T pulse
reveals that the transient response as well as the
amplitude is affected, as may be predicted by the
change in phase relationships for those frequencies
reconstituted from components above and below the
visual carrier since the components on the lower
edge of the vestigial sideband are on the lagging
edge of the filter and are affected more by any
phase difference. The low to high frequency phase
variance is apparent by the observation of the
12.5T pulse. These phase relationships, amplitude,
variances and transient response differences will
be determined largely by the alignment of the sub-
scriber's receiver, but the effects of the trap
will be additive in any case. The fact that the
trained eye may begin to see the effects on using
an average representative receiver with a filter
whose upper adjacent is attenuated beyond the
values given in Table 1 is used as a basis for

the specification.
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RETURN L0OSS: 16 dB

Since taps commonly used in CATV systems have
return loss specifications of 15 dB or better, the
trap used in conjunction with these should have at
Teast an equal return 1oss except, of course,
within the effects of the notch. A1l channels
other than those within the 3 dB points of the
trap should exhibit a return loss of 16 dB or
better. Of course, systems with taps that have
better or worse return lTosses may wish to alter
these numbers sTightly.

Tests at United Cable have shown that a feeder
line with traps on roughly 50 percent of the tap
spigots exhibiting return loss of 11 dB does not
result in a measurable difference in the response
of that feeder line, nor does it result in dis-
cernible impairment of the adjacent color picture
or any other channel when viewed by trained
observers. The tap values on the tested feeder
line ran from the high 20s to 8 dB, and the mini-
mum isolation specification of the taps was 26 dB.

FREQUENCY STABILITY: +75 KHz

The frequency stability of the notch is important
to insure that the critical components remain at
the attenuation value that has been chosen. To
insure that a notch retains its position in the
frequency spectrum a specification of t75 KHz
across the temperature extremes has been shown to
be a valid specification. Measurement of fre-
quency for any attenuation value chosen should not
vary more than +75 KHz over the -400F to 140°F
extremes.

3 dB BANDWIDTH: 10 MHz

The 3 dB bandwidth has long been a standard
measurement of filter performance and indicates
that value at which the frequency response is 3 dB
below its incident value. It is referenced as a
basis in a great deal of filter design information
and should serve a similar purpose in the descrip-
tion of its use in a trapping effort. Spectrum
lying above and below the 3 dB points of the fil-
ter will be considered available for program use
for any purpose. Spectrum lying with the 3 dB
points should be considered incapable of carrying
useful information to cable subscribers not choos-
ing to subscribe to pay cable.

Notch filters, for most practical purposes, will
be symmetrical about their deepest point. There
are special conditions where, to favor lower adja-
cent sound carriers, skewing techniques have been
incorporated; but the majority of these filters
have been in the low-band channels. Filters in
use in the mid-band channels utilize designs that
do not generally lend themselves well to this
technique. Since the upper adjacent video carrier
lies at 6 MHz above the carrier to be trapped and
its lower sideband cannot be attenuated more than
3 dB, and the appreciable energy components of
this lTower sideband extend 1 MHz below it, then we



may establish the 3 dB point of the filter to be

5 MHz above and below the carrier to be trapped
(assuming a symmetrical filter). To include those
situations where the filter may not be symmetrical
about its deepest point, the specification for

3 dB bandwidth should be 10 MHz with no indication
of its variance of the visual carrier.

3 dB NOTCH WIDTH: 32 KHz Minimum; 100 KHz Maximum

A 3 dB notch width can be used also to describe
the performance of the filter in that the points

3 dB less than the maximum attenuation figure must
remain a given width in order for the synchroniza-
tion components contained in the video signal to
be attenuated to the value that has been previous-
ly determined to effect scrambling action in the
receiver. Since sync components lie as far as
15.75 KHz above and below the visual carrier, the
3 dB notch width should be greater than 31.5 KHz
and is limited on the high end by the shape factor
of the filter. However, in order for appreciable
energy to lie in the color burst and aural compo-
nents to help in the scrambling effect, experience
has shown that this value should be Timited to

100 KHz. The 3 dB notch width should be specified
at greater than 32 KHz but less than 100 KHz and
may be specified at 50 KHz nominal if desired to
effect maximum scrambling action and allow a
slight tolerance for temperature drift. This
specification, coupled with the frequency stabi-
lity specification, is designed to insure that the
notch retains its most effective shape at its most
effective portion in the frequency spectrum
throughout the temperature range.

POWER PROTECTION: Withstand 250 VAC from Center

Conductor to Ground

In order to resist intentional damage by sub-
scribers who introduce common house voltages from
certer conductor to ground in an effort to destroy
the trapping effect of the filter, the unit should
be designed such that there is no degradation in
the trapping action with 250 VAC introduced from
center conductor to ground in its normal operating
environment. A normal operating environment is,
of course, between the subscriber and the tap.

SHOCK: Withstand 20-foot Fall to Concrete

The nature of the pay cable trap, be it a band stop
filter, a trap, or a band reject filter, is such
that its operating conditions are somewhat opposite
to that of most other equipment found in the indus-
try. It has to operate with very high circuit Qs
and very high stability yet over very narrow band-
width, where the other equipment in the industry
operates over a very broad bandwidth. Slight phys-
ical displacement introduced by shock may have
catastrophic effects on the action of the filter,
For this reason the unit must be able to withstand
a 20-foot fall to concrete to insure that it will
retain its electrical performance during and after
installation. It also gives a relatively good idea
that the unit will perform well with Jong-term
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environmental impacts and gives a good idea that
the mechanical exercise caused by temperature
extremes over the years will not adversely affect
the unit.

MECHANICAL CONFIGURATION

If a unit can be installed with common hand tools,
it may quite naturally be removed with common hand
tools. Since the pay channel represents an annual
worth of approximately $100 to the trapped sub-
scriber, the propensity for him to steal the ser-
vice is dramatically increased over that of the
theft of the normal cable service. Where econom-
ically feasible, the filter should lock to the tap
mechanically and not be removable except with
special tools not normally available., Other
alternatives to that, of course, include the use
of a locking "F" connector or other arrangement

on the subscriber's drop to mechanically lock the
drop to the filter rather than the filter to the
tap. The disadvantage of this method is the
availability of type F connectors at hobby shops
and the likelihood a potential pay subscriber may
connect himself at a point on the tap side of the
filter. 1In apartment boxes and some underground
installations there is the reliable padlock for
security. Regardless of the type of mechanical
security, he may connect himself to a neighboring
pay drop. The inclusion of the mechanical locking
specification is to indicate to the manufacturer
the desireability of that feature.

WARRANTY: One Year

Cable television equipment operates in environ-
ments and over bandwidths surpassed only by a few
industries. The inherent nature of this narrow
band device suddenly developed for pay cable use
dictates the concern for its long-term stability.
Component changes, mechanical exercise through
temperature extremes, water absorption, potting
compound aging effects and countless other factors
can affect the long-term stability of the unit.
The unit should be warranted to exhibit these out-
lined specifications for a period of one year.

DISCUSSION

These specifications were drawn for units operat-
ing on Channel A and represent reasonable specifi-
cations for that spectral area. Filters that are
intended to operate at higher frequencies into the
high VHF or super band must have relaxations in
the 3 dB bandwidth since that parameter may be
expressed as a percentage of center frequency and
used as a rough estimate of performance for chan-
nels above the lower mid-band. For channels in
the low VHF area the 3 dB value may be expected to
reduce by approximately the same percentage value.

There are many other conditions that come into
play in the actual design, and the use of the per-
centage estimations yields only crude approxima-
tions. Certainly with the vacating of upper adja-
cent and lower adjacent channels units may be used



on channels in the high VHF and super band. How-
ever, the sacrifice of those two channels involves
the sacrifice of an important resource of the sys-
tem--that of valuable spectrum space that can
never be used for distribution of information to
all subscribers except when the filters are re-
moved. Units operating in the low VHF band have a
spectral opening given them by the FCC in the 4
MHz space between channels 4 and 5. Units on
channel 5 have that 4 MHz with which to recover
their 3 dB bandwidth without adversely affecting
the aural carrier of channel 4. Also, some
designs incorporate 3 dB bandwidth sufficiently
narrow to be used in the lower four channels with~
out adversely affecting lower adjacent sound or
color subcarriers, while keeping the required
stability. The spectral area below channel 2, of
course, contains no useful information to the sub-
scriber, and units operating in that area have no
lower adjacent problems.

The program of trapping non-pay subscribers must
be carried through with the highest integrity pos-
sible for many reasons. The filter protects a
service with an annual worth of $100 or more, and
its performance has an effect on the number of pay
subscribers since inadequate performance may let a
poor signal reach the home. A poor signal rela-
tive to the other cable signals offered at a cost
of a few cents per signal per month may in the
eyes of a subscriber become a signal good enough
not to be worth $8-10 more per month to be made
better. Also, subscribers paying for the premium
channel often fail to see the dollar difference
between their good signal and their neighbor's
free snowy signal. These undesirable events may
be avoided by 100 percent incoming inspection and
rigid testing for these specifications presented
on a sample lot of units from each production run.
Continued observation of filter performance may be
carried out by observing the trapped channel on
every service call to a non-pay subscriber.

General trends that may be noticed during the test-
ing of filters may be the slight dependency for the
scramble effect on the average picture level,
depths of modulation and picture information. A
test pattern such as the cross hatch and dot pat-
tern where rapid transitions are apparent will
effect the scrambling action more so than dark
movie scenes since dark scenes have more visual
carrier available to the receiver, and any scrambl-
ing action introduced by the rapid transitions is
not apparent. Also, for systems using converters,
a receiver that does not synchronize with the fine
tuning at its normal range may synchronize if the
fine tuning is adjusted to one extreme partly be-
cause of the frequency response of the television
receiver and partly because of the response of the
converter,

CONCLUSIONS

Perhaps by the establishment of a set of desired
specifications with the flexibility to adapt them
to every particular situation to be encountered in
the CATV industry the industry's needs may be more
closely conveyed to the manufacturer, and the
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manufacturer‘s response may be more closely cor-
related with the predetermined CATV operator's
need.
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FCC TECHNICAL STANDARDS

Robert S. Powers

Federal Communications Commission
Washington, D. C. 20554

The Federal Communications Commission received
the final report of the Cable Technical Advisory
Committee (CTAC) nearly eleven months ago. Some
actions to modify cable technical standards are
now under way, partly as a result of the CTAC
report. Other possible actions are being con-
sidered and further researched by the Commission
staff. This paper is to report the current status
of FCC's re-examination of cable technical stan-
dards on the basis of CTAC recommendations and
other sources of advice and information.

The purpose of this paper is two-fold. First, I'd
like to report to you the current status of FCC
staff's re-examination of technical standards for
cable television. This re-examination is based

in large part on the detailed recommendations and
background materials provided to the Commission
almost eleven months ago by the Cable Technical
Advisory Committee (CTAC) (Ref. 1). Second, I
hope to stimulate informal comments from you con~
cerning the specifics of our re-examination.

I want to point out here that these remarks are
my own. My comments are meant to be informal
and in some cases exploratory, and should not
be taken as the opinions of any or all of the
Commissioners.,

WHY FCC STANDARDS?

Before discussing individual standards we should
review the reasons why FCC writes technical stan-
dards for cable television. I see four basic
functions for techmnical standards:

- Standards may promote compatibility of equip-
ment and procedures, within a given cable sys-
tem and among cable systems and other systems
with which they interact (broadcasts, video
tape recorders, cameras, receivers):

~ standards may discourage interference among
cable systems and other activities and sys-
tems (safety of persons and property,relec-
tromagnetic interference both to and from
other electronic and electrical systemsS;

- standards may encourage high quality of ser-
vice (pictures, sound, reliable data trans-
mission), particularly in those instances
where normal market forces may be inade-
quate; and

- standards may promote or preserve future
flexibility, by permitting or encouraging
innovation or by preventing short term
cost savings from jeopardizing long term
savings, flexibility for new services, or
long term service quality.

DESIRED CHARACTERISTICS OF STANDARDS

As a framework for discussing possible new
or revised standards, let us consider some
of the characteristics FCC standards should
have in order to perform effectively and at
reasonable cost the four functions given
above. Then we'll look at our present
technical standards and suggest how they
might be modified or supplemented to per-
form those functions.

I would suggest the following as six of the impor-
tant characteristics that FCC's cable technical
standards should have:

A. Must define a '"cable television system.' itis
major component subsystems, and its inter-
faces with other systems (broadcast, recors-
ers, subscriber terminal equipment), in a
manner corresponding to the physical reality
of cable system architecture. For purvoses
of technical regulation ownership, signal
carriage rules, and political subdivisions
within the area served are less relevant.

B. Should include or recognize others' defini-
tions of the most important technical terms,
whether the quantity defined is itself sub-
ject to regulation or not. Technical defi-
nitions are themselves standards, which can
help or hinder communication in the technical
community and thereby affect the compatibility
and/or the quality of cable television systems.



Should include mandatory standards and measure-
ments where and only where they are necessary
to achieve the four functions given at the be-
ginning of this paper. Unnecessary standards
may either stifle innovation or unreasonably
increase system costs without commensurate
gains in quality of service provided.

Ce.

D. Should require the least possible complexity,
cost, and time, commensurate with performing
the desired functions. This criterion is not
merely to save a bit of money in making man-
datory measurements or filling out bureau-
cratic forms. Rather, it is hoped that most
cable operators will go far beyond the rather
minimal measurement requirements specified by
the FCC, further improving the quality and
reliability of their systems. This is less
likely to happen if measurement requirements
are unnecessarily complex and costly.

E. Should be sufficiently flexible to permit
innovation in cable television and related
technologies, and to recognize different
circumstances in different types of cable
television systems.

F. Must include clear guidelines for reference
by cable operators, the public, and FCC in-
spectors for determining whether the techni-
cal standards have actually been met.

PRESENT RULES AND POSSIBLE CHANGES

fow do the present rules compare with these cri-
teria, and what changes and additions are active-
ly being considered or proposed by FCC staff? We
will consider each in turn, keying the comments

to the lettered criteria in the previous section.

A. System and interface definitions. Cable tele-
vision systems are now defined in the Rules on

the basis of communities served. Although a sin-
gle set of cables may be under common ownership
and management, it is considered to comprise two
or more separate systems if it serves two or more
separate communities. Although this is convenient
for dealing with signal carriage rules and fran-
chising arrangements, it is inappropriate for
technical standards and measurements.

Action: Staff has proposed to the Commission
that for technical regulation only a cable sys-
tem should be considered to be an electrically
and mechanically continuous set of closed or
shielded transmission paths used for cable tele-
vision purposes as described elsewhere in the
Rules. This would imply relief from the present
requirement for three annual sets of FCC measure-
ments in each community served; on the other hand,
separate sets of measurements would be required
on each electrically or mechanically separate set
of cables, even though they might serve the same
community under the same franchise.
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In addition, the staff is preparing a proposal,
largely following the recommendations of Panel 1
of CTAC, to define in the Rules the major sub-
systems of cable television systems. Major sub-
systems include the signal reception unit(s) used
for broadcast reception, signal source and control
unit(s), and distribution unit(s). Once defini-
tions for these subsystems and for the interfaces
between the cable system its signal sources and
its subscribers are defined, then standards and
measurement requirements can be applied to the
appropriate subsystems. A frequency measurement,
for example, may need only be made at the signal
source unit, whereas signal to noise ratio should
be measured at the end of each distribution unit.

B. Definition of technical terms. The Commis-
sion received from CTAC's Panel 1 (Ref. 1) many
sound and thoughtful recommendations concerning
technical definitions. Perhaps the most signi-
ficant departure from past practice is the recom-
mendation that both thermal noise and signal
power be measured relative to the power produced
in a 75 ohm load at room temperature over a band-
width of 3.33 MHz instead of the conventional 4
MHz. At a temperature of 290K (17°C) this noise
power works out to be 1/75 pW (1/75 x 10-12 watta),
Noise and signal power referenced to thie level
would be given in "dBc" (for 'decibels cable").
The awkward unit "dBmV" would no longer be neces-
sary and signal to noise ratios could be obtained
by simple subtraction, onee signal and noise were
measured relative to 1/75 pW. Present meters
calibrated in dBmV would be correctable by simply
adding a constant (59.1 dB) to the signal level
reading obtained in dBmV from the meter.

Action: The technical staff of the Cable Bureau
is now considering the proposed definition of dBc
for inclusion in a Rulemaking proceeding, along
with other definitions proposed by CTAC Panel 1
and other sources.

C. Choice of mandatory standards and measurements.
The present technical standards have, by and large,
stood the time-test of the last four years rather
well. With the exception of distortion standards
originally adopted, they seem to have generally
been judged useful standards of system quality

and not too onerous to meet and measure. Their
existence has clearly caused a number of system
operators to obtain test gear and make measure-
ments that had not been made routinely before,

and in many cases this process has led to demon-~
strably higher quality of service. There are
striking instances of improved system reliability
as a result of measurement programs which began
(not ended!) with the required FCC tests.

But today's needs do require some additions and
modifications, as was recognized in 1972 when

the present standards were adopted. We now ex-
amine a few examples in some detail. This is
not a complete list of action items. It is a

selection chosen to illustrate our general ap-
proach and in some cases to prompt informal
comments from you. Look at six examples:



(a) frequency channeling plans

(b) cable compatible receivers

(¢) &signal level

(d) synchronizing pulse amplitude and waveform
(e) time base stability of video tape recorders
() distortion measurements

(a) frequency channeling plans

Need: The prime need here is for a frequency plan
to be imposed at the interface between the cable
system and the subscriber's terminal equipment
(TV receiver), as that terminal equipment now
exists or may be manufactured in the future.
Agreement on such a plan would encourage manu-
facturers to market receivers which can receive
without the use of converters all or any subset
of the 20 or more channela expected to be carried
on many future cable systems.

One such plan, of course, would be simply to con-
tinue use of the VHF and UHF broadcast channels
for cable. However, to date the suggestion of
delivery of cable signals on UHF frequencies,
although technically feasible, has received very
little enthusiasm in the cable industry. As UHF
tuners continue to improve and as we on this side
of the Atlantic learn more about UHF signal deli-
very on European cable systems, that attitude may
well change. CTAC Panel 5 recommended adoption
of a plan based on the 12 VHF channel assignments
plus a particular choice of midband and superband
channels. The recommended choice would put all
carriers (except channels 5 and 6) at 6 MHz in-
tervals, which would lend itself to operation of
a phase-stable carrier system with its attendant
reduction of the effects of intermodulation dis-
tortion products.

Action: We are considering whether and how a harmo-
nically related carrier plan or a phase-stable car-
rier plan based on 6 MHz difference frequencies
(except channels 5 and 6) might conceivably be im-
plemented in the future. If it seems likely that
phase-stable carrier techniques will become com-

mon in the future, then the plan recommended by
Panel 5 of CTAC would be an appropriate choice.

(b) cable compatible receivers

Need: Cable-compatible receivers (able to receive
more than twelve channels from cable or a full com-
plement of over the air signals without a set-top
converter) are needed to promote compatibility
among the various subsystems of our overall tele-
vision delivery system. Such receivers could not
only eliminate the inconvenient and expensive set-
top converter in many cases, but also would allow
fuller use of the frequency spectrum within the
cable., Present receivers not only cannot receive
directly mid-band and superband channels, but
their poor shielding against ambient electromag-
netic fields prohibits the use on cable of chan-
nels carrying strong over-the-air signale.

Action: In cooperation with receiver manufacturers
and the cable industry, we hope to define a market-
able cable compatible receiver. Criteria include
input impedance (75 ohms), input connector(s),
shielding, adjacent channel performance, and lower
limits on signal level at which the receiver over-
loads.

(c) signal level

Need: Some modern receivers overload at input lev-
els of 1 mV (across 75 ohms). But FCC rules re-
quire the cable operator to deliver a minimum of

1 mV of signal.

Action: The FCC rules now allow for waivers in
specific cases. But in cases like this one, where
a problem will occur all over the country where-
ever such receivers are sold, the rules should
specifically provide that the cable operator may
deliver a signal which does not meet the normal

FCC specifications, when the subscriber's terminal
equipment requires such a signal. Such a provision
would not, however, solve the operator's problem
of having to modify his output signal to match the
characteristics of an out~of-~the-ordinary receiver.
FCC has no jurisdiction over such input character-
istics of receivers, so it cannot now simply re-
quire manufacturers to accommodate 1 mV signals.
If, however, an FCC definition of a "cable compa-
tible receiver" included such a specification, it
should at least discourage manufacture of receivers
unable to handle a 1 mV signal.

(d) synchronizing pulse amplitude and waveform

Need: If the ratio of peak carrier amplitude to
black level in a signal delivered to the receiver
is too low, the picture will not be properly synch-
ronized. This is not a common problem in the cable
industry, but it has been reported in the case of
some cable systems and some receivers. Modern
(digital circuit) receivers may be less tolerant

than many older receivers.

Action: It may be appropriate to propose synchron-
izing pulse amplitude and waveform standards pat-
terned after FCC's broadcast standards, but probably
with somewhat relaxed tolerances.

(e) time base stability of video tape recorders

Need: Compatibility between low cost video tape
recorders and television receivers is desirable.
Compatibility may be attained either by (1) use of
a time base corrector (expensive) by the cable
operator, or (2) a shortened time constant in the
horizontal synchronization circuits of the receiver.
CTAC recommended the first procedure. It is true
that technology improvement is reducing the cost
of time base correctors. But it is not clear that
it is desirable at this time to impose costs for
such items on cable operators. There is presumably
at least some market pressure to encourage such
expenditures without mandatory standards. To the



extent program material recorded on inexpensive tape
recorders is of interest to the public, it is clear-
1y to the cable system operators' benefit if the
picture doesn't have its top sheared away. Again,
definition of a cable compatible receiver may offer
a useful alternative. Appropriately short time
constants could be specified as part of the defi-
nition.

Action: None at present.

(f) distortion measurements

Need: In principle, measurements of harmonic distor-
heeC . .

tion, cross modulation (cross-picture interference)
and other forms of signal distortion are as impor-
tant as signal level and signal-to-noise measure-
ments as indicators of signal quality. Thus the
question of whether distortion standards should be
imposed arises.

Action: Adoption of definitions of these quantities
would surely improve communications about them with-
in the technical community. But three factors make
immedimte adoption of mandatory standards and mea-
surement requirements questionable: (1) Once a sys-
tem has been built and balanced, signal level and
signal-to-noise ratio are simpler and reportedly
more useful diagnostic measurements to indicate
system performance. (2) Measurement of distortion
product levels requires much more expensive equip-
pment (e.g., & spectrum analyser) than is normally
available to many cable system operators. (3) There
is at least some market pressure at work in this
instance., Distortion problems are most severe when
the system carries more than twelve channels. This
is most likely to occur in the larger markets, and
in those markets the subscriber usually has one or
more good over-the-air signal with which to compare
the cable signal. Thus, the large-market subascriber
not only is likely to be more critical of signal
quality but has at least some alternative to the
cable for television entertainment. Thus, the opera-
tor is rather likely to be motivated to reduce dis-
tortion as much as possible without the existence

of mandatory standards and measurements.

D, Minimum complexity, cost, and time. The present
technical rules do not seem inordinately complex and
costly as they stand. However, we have already ini-
tiated some pronosals to reduce some unnecessary
costs and confusion.

We have already mentioned the proposal to define

cable systems for technical purposes in terms of

their physical layout rather than in terms of the
communities served, thus eliminating unnecessary

duplicate measurement requirements.

¥We have proposed elimination of the requirement to
keep on file records of the expected signal level

at each subscriber location. The operator may well
want this information for his own purposes, but there
seems no need for the Commission to require.it.

There has been some confusion about whether annual
field measurement of subscriber isolation is required,
in view of the usual stability of subscriber taps.
Ve have proposed that this measurement requirement
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be clarified, and that manufacturer's specifications
or laboratory measurements on the taps should con-
stitute an acceptable measurement procedure.

E. Flexibility. A certain degree of flexibility
is necessary in standards, to prevent stifling of
innovation and to recognize that different circum-
stances might apply in different types of cable
systems., The present standards do have such flexi-
bility built in, and future standards will maintain
this characteristic. Flexibility is incorporated
in at least three ways: (1) the standards are in
general set rather on the low side, depending on
market forces to encourage higher performance when
circumstances permit; (2) the standards are perfor-
mance standards, not design standards; they are
applied to the signal as delivered to the subscriber
and do not impose restrictions on techniques the
operator should use to obtain the results needed
for compatibility and quality; and (3) the rules
allow for specific waivers in cases where waivers
are in the public interest.

F. Measurements. Last, but certainly not least,

FCC technical rules need to specify, for cable opera-
tors, the public, and FCC field inspectors how to
tell when the standards are being met. These mea-
surement procedures should recognize different cost
constraints and different teat equipment available
from one cable system to another. Until now the
approach has been to include a set of optional mea-
surement procedures in the Rules themselves, with

a clear statement that other measurement procedures
are acceptable to FCC if they meet standards of good
engineering practice. (An exception is the measure-
ment of signal leakage or radiation,where a mandatory
procedure is specified.) This approach has the ad-
vantage of displaying at least one acceptable pro-
cedure in & readily accessible place. But it does
leave a great deal of ambiguity to be resolved be-
tween the cable operator and the inspector in case
the cable operator chooses to use a measurement pro-
cedure not specified in the Rules.

We are planning, therefore, to publish a collection
of measurement procedures, any of which is accept-
able for indicating that the relevant standard is
met. It is expected that the collection will in-
clude both sophisticated measurements using expen-
sive equipment as well as other procedures which
require less sophisticated equipment but are still
accurate and dependable enough for the purpose at
hand. The publication could be in a notebook form
which could easily be updated as other measurements
became accepted. Of course, the old rule would
apply as well -- measurement procedures not in-
cluded in the publication would be acceptable if
they corresponded to good engineering practice.

But the publication would contain a wider range

of prima facia acceptable procedures than would

be practical to include in the Rules themselves.
Calibration procedures for test instruments

would also be included.

Reference: Cable Technical Advisory Committee
Report to the Federal Communications Commission,
FCC Report No. FCC-CTB-75-01, May 1975.



MULTIPOINT DISTRIBUTION OF SATELLITE RECEPTION

Stanley P. Lapin

Microband
New York, New York

The size of satellite receive ground sta-
tion antennas must be limited in metropolitan
areas - both to avoid interference and to maxi-
mize the total nationwide satellite information
handling capacity. In these metropolitan areas,
then, local loops must be used to distribute
the satellite signal to CATV systems and other
users. MDS systems provide one method for such
local loops. The MDS system in concept is simi-
lar to the satellite, and many of the economic
advantages accrue to both. MDS provides distri-
bution of the signal to any number of reception
points, in an economic manner, and with high
quality.

Introduction

A common problem of all long distance com-
munications requirements is the final connection
at each end to the final user. Thus, in estab-
lishing a telephone circuit between two distant
points, a microwave or cable circuit is set up
between two central offices, and the circuit in
question becomes one of the many carried by the
microwave or cable. Beyond each control office,
local wire pairs are then used to provide the
final connection to the end user.

In the case of satellite transmission of
television signals, a similar situation exists.
Ground stations must be established for both
the transmit and receive functions to and from
the satellite. Local loop connections are then
established to serve the final user (except in
those few cases where a ground station can be
constructed at the physical site of the final
user).

Satellite Reception in Metropolitan Areas

Generally speaking, in a metropolitan area,
only a limited number of earth terminals can be
established. The two major factors limiting
the number of earth stations are signal inter-
ference; and the availability of suitable, eco-
nomically feasible real estate for the receiv-
ing antenna.

Satellite transmission today is authorized
in the 3.7-4.2 GHz band for satellite to earth

transmission, and in the band 5.925-6.425 GHz for
earth to satellite transmission. It should be noted
that each of these bands of frequency is also

used for terrestrial point-to-point microwave.
Therefore, not only must there be same interfer-
ence protection between signals fram different
satellites, but also there must be protection for
interference between satellite and terrestrial
systems.

Since Metropolitan areas are natural centers
of communication needs, it follows that there are
many terrestrial microwave paths into and out of
each such area. Indeed, in many metropolitan
areas, it is almost impossible to add another ter-
restrial link in either of these two frequency
bands. Thus, additional demands are made on satel-
lite ground stations which must not interfere with
terrestrial reception (in the case of a satellite
transmit station) and must not be interfered with
by terrestrial transmissions (in the case of sa-
tellite receive stations). Consequently, finding
a location for a satellite station in a metropoli-
tan area becomesquite difficult, and results in a
limit on the number of such satellite stations
that may be located in that metropolitan area.

The ABC Petition

The American Broadcasting Company has peti-
tioned the Federal Communication Commission to
establish definitive licensing and allocation
policies and guidelines so the satellite capacity
in these two frequency bands will be utilized in
accordance with appropriate principles of spec-
trum efficiency and management. ABC makes the
point that satellite capacity in these two bands
may be depleted within the next five years,due,at
least in part, to the possibility that assignments
may not be consistent with appropriate technical
and operational criteria. In particular, propo-
sals to utilize smaller size satellite receiving
antennas can cause this result.

FCC Ruies

The Federal Communications Commission has
stated that they will not authorize earth station
terminals of less than 9 meters in diameter, un-
less the applicant can demonstrate that satellite
orbital separation need not be greater, and that
no other constraints would be placed on the



operations of domestic satellites.

If a substandard antenna is used, then
terrestrial stations, other earth stations,
and space stations can be established without
regard to the substandard antenna, and, of
course, no protection against interference is
provided to the substandard antenna.

The FCC rules also indicate that earth
station anternas should be able to be directed
to any point on the geostationary arc visible
at the earth station location at which the
elevation angle equals or exceeds 5°, and that
they be capable of being used at all frequen-
cies in the band.

In locating an earth station, interfer-
ence studies must be conducted to any terres-
trial stations within 100 kilometers, and it
must be assumed that the terrestrial station
uses an antenna specified by the FCC for non-
congested locations.

Since earth stations do not have priority
over terrestrial stations, and indeed, may
even be subject to interference from future
terrestrial stations if the earth station uses
substandard components, the difficulty of lo-
cating earth stations becomes obvious.

Satellite Capacity

If there is an 80° longitudinal arc avail-
able for satellites in stationery orbit to
serve the ¢ontinental United States, and if a
4° spacing between satellites is assumed, then
approximately 20 domestic satellites can be

accommodated.

Studies conducted of message traffic de-
mands (voice and data) show that as early as
1980 these services alone could completely oc-
cupy 20 satellites - and if the number of satel-
lites has to be decreased because technical
standards for earth stations are reiaxed, the
problem will become that much more difficult.

The inevitable conclusion must be that
only a few earth stations can be sccommodated in
the metropolitan areas. Distribution of tele-

vision signals from these earth stations to the
final points of use can then be accomplished by
appropriate terrestrial facilities.

Local Loops

Depending on the particular circumstances,
these local loop facilities can take the form of
CARS band system(s), either owned by the using
CATV system, or co-operatively owned if several
CATV systems are to be served by the earth sta-
tion; regional point-to-point microwave common
carriers; or MDS stations.

Point-to-point microwave systems use rela-
tively expensive equipment for both transmitting
and receiving. MDS stations, on the other hand,
use expensive transmitting equipment, but employ
very inexpensive receiving stations. This re-
sults in inherent cost advantages when a number
of receiving points are to be served from one
transmitting station.

MDS

Thus the MDS station can act as the local
counterpart of the satellite service. Nation-
wide distribution by satellite involves one
transmitting station - the satellite - which is
very expensive, and many receiving earth sta-
tions., The MDS stations, in a restricted aread,
likewise employ one transmitter, and many re-
ceiving stations. The same types of cost advan-
tages result.

MDS, or Multipoint Distribution Service,
stations were first authorized by the FCC in
1970. They provide a common carrier service
operating at present in the 2.150-2.162 GHZ fre-
quency range. The FCC presently has authorized
two channels, each 6 MHz wide, for the top 50
markets in the United States, and one 6 MHz plus
one 4 MHz channel anywhere else that a station
can be accommodated without mutual interference.
Additional channels are being set forth in a
Proposed Rule Making expected to be issued by the
FCC in the near future.

The 6 MHz MDS channel, for television pur-
poses, contains a vestigal sideband visual car-
rier, plus an FM aural carrier. These are



arranged according to standard television prac-
tice. Most MDS receivers are simply frequency
convertors, and their ocutput is a normal tele-
vision signal on any standard or mid-band chan-
nel. The receiver output, therefore, can be
fed directly into a CATV system head-end.

MDS stations operate with 10 to 100 watt
transmitters, with radiated powers of up to 400
to 4,000 watts (56-66 DBM). Most transmitting
stations are located at high elevations, since’
line-of-sight transmission is required at these
frequencies.

The coverage area of an MDS station de-
pends on the availability of line-of-sight, and
on the gain and noise figure of the receiving
installation. The nominal service area is 25
miles, but satisfactory reception has been ob-
tained out to 35 or more miles.

In a metropolitan area where a number of
CATV systems are located, either in town, in
the suburbs, or both, broadcast quality recep-
tion of the satellite signal can be obtained
with an MDS station. And that reception can be
obtained at any number of reception points, and
at any location (provided that line-of-sight
can be obtained).

Conclusion

Thus the optimum satellite reception sys-
tem in a metropolitan area can consist of a
large size earth station antenna, reducing the
possibility of . interference, and maximizing the
total domestic satellite information handling
capability, coupled with an MDS station to pro-
vide unlimited, low cost, local distribution of
the satellite signal.



PRACTICAL ROUTINE MAINTENANCE

Thomas J. Polis

The Magnavox Company
Manlius, New York

The topic, Practical Routine Maintenance, has
been broken down into four basic catagories for
discussion. The catagories have been placed in
what [ feel is their order of priority.

1. Equipment Selection

2. Personnel Training

3. Scheduling of Preventative Maintenance,
Testing and Procedure

4, Record Keeping

This order of priority should not lead one to
believe that, for example, Record Keeping is

less imEortant than Equipment Selection.
Record Keeping, in normal system planning, is
simply approached after Equipment Selection,

Equipment Selection

The major criteria for equipment selection is
"cost versus performance"”. While this is extremely
important in system planning, in far too many cases
it over shadows two other very important consid-
erations:

1. Dependability

2. Maintainability
Since the 'berformance" side of the equation in
“cost versus performance" is generally derived
from either Manufacturers Published Specifications
or short term evaluations, the indicated savings
of a good "cost versus performance" ratio can
easily be offset by loss of subscriber revenue due
to a low "mean time between failure" and increased
maintenance cost.

This problem can be approached by enhancing the
"performance evaluatior to include (1) a long time
user inquiry as to failure ratios, major component
involved in most common failures, average repair
time, manufacturer repair turn-around time and
cost; (2} service technicians practical evaluation
of maintainability; (3) manufacturers statement

as to units in service and warantee repair volume.

Consideration must aiso be given to future system
up grading or improvements. ODoes the housing size
and mechanical lay out of modules provide for
future add on with out major changes? How many
major changes has a manufacturer introduced during
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the normal Tife of a system? Have new genera-
tions of equipment totally obsoleted past
generations?

Personnel Training

The most frequently missed step in the proper
training of Service Personnel relates back to the
previously discussed area, "Equipment Selection".
In many situations the equipment is selected,
ordered and delivered without the Service Techni-
cians involvement, e selection process itself
is a very valuable training tool.

Manufacturers provide service for the training of
maintenance personnel. These services are avail-
able through seminars conducted in central
locations throughout the country on a scheduled
basis. The key to being apprised of seminars

and other training services offered is to assure
your place on the "mailing Tist",

Industry periodicals also provide a source for
training. Many articles of a practical nature
pertaining to system maintenance, testing tech-
niques and trouble shooting tips are published.
A great deal of these articles are written by
System Service Technicians.

In the small systems (ie: one technician} training
and information may be mere difficult to obtain
but it is not impossible. Most equipment manu-
facturers maintain toll free telephone numbers

and are more than willing to answer questions
whenever possible.

There are many technicians who have questions but
do not ask them because they are afraid that the
question will appear "dumb" or that the answer
will be too obvyious to others. Just remember that
the only "dumb guestion is the one which is not
asked. )

In larger systems (ie: Chief Technicians and two
or more service technicians) formal training
programs can and should be set up. Such programs
can be of your own invention tailored to serve the
needs of the particular system or can be of fixed
formats such as provided by correspondence schools.

In either the small or the large system "hands on
experience" is the best teacher. A great deal of



care must be taken to properly plan times and
tasks for this type of training as it can be the
most costly in terms of subscriber revenue. Over
estimating your own or others capabilities can be
disastrous.

Schedul ing Of Preventative Maintenance
Testing And Procedures

Before discussing the scheduling of "Preventative
Maintenance” let us first define it. "Intended or
serving to ward off harm, disease, etc; a pre-
cautionary measure" is the dictionary definition.
of the word "Preventative”. Maintenance is "The
act of maintaining” which is "to keep unimpaired
and in proper condition".

From these dictionary definitions we can define
"Preventative Maintenance" as those steps which we
will take to insure unimpaired service to the
system subscriber. The key word is unimpaired,
which should indicate not only uninterrupted but
also a high quality service. While it is true
that customer tolerance to interruptions is very
low and their reaction immediate, the corrective
action is generally high priority and as long as
the frequency of interruptions is low and the
reasons valid, customer understanding and reten-
tion will be high. On the other hand, a gradual
degrading of quality over a long period of time is
as insidious as cancer. By the time the complaint
is received, in as many as 50% of the cases, the
customer has already decided to disconnect and has
spread the word to friends and neighbors.

Any well planned Preventative Maintenance Schedule
begins by listing the potential problems which
could occur by priority and then evaluating the
steps which can be taken to prevent their occurance
The following is such a list:

1. Service Interruption
a) Power Failure
b) Electronic Failure
c) Discontinuity
d) Cable Failure
e) Drop System Failure

The evaluation of steps to be taken to prevent
such interruptions would yield the following:

a) Headend stand-by power is a must as a power
outage here would affect 100¥ of the subscrib-
ers. This can be accomplished by a gasoline
generat-r or a battery/inverter configurations.

Stand-by power at key line power supplies where
large percentages of subscribers could be
affected by a power outage. Long transporta-
tion runs should take first priority.

Stand-by shelf generators should also be con-
sidered for smailer distribution areas.

Remember in your evaluation that a power
primary or secondary outage effecting the line
power supply does not affect all subscriber
houses.,

b) This area requires that adequate system spares
are on hand in good condition when needed.
The most common problem here is that units are
not returned or repaired on a regular basis
thus depleting spares stock.

In many cases, repairs are accomplished at the
system level. Care should be taken that only
manufacture recommended parts are used for
repairs.

c¢) Two types of discontinuities are possible:
1) Those which come from poor installation
practices resulting in "pull outs" due to
thermal changes. These problems can be great-
1y reduced by proper training and follow-up
inspection after all splicing. Key points for
inspection should be center siezure tightness,
connector tightness and weather proofing
application. 2) Those which are caused by un-
controllable circumstances such as car/pole
incidents, high wind or heavy loading condit-
jons. For this type of outage it is imper-
ative to have on hand the necessary equipment
to effect the repairs to re-instate service.
You should also have on hand a 1ist of con-
struction contractors who could, on short
notice, react to emergencies beyond the scope
of the system technical personnel.

d) Cable faflure is uncommon as a normal failure,
however, rodent damage, vandalism and other
forms of breakage do occur. The best prevent-
ative action is to inspect the physical plant
on a regular basis both from a mechanical
viewpoint and the radiation of signals. The
latter method is the preferred as it will
point up small cracks in the sheath of the
cable prior to a breakage occurring.

e) The best prevention of this type of failure
is accomplished during the system planning
stages. If your system will be subjected to
high wind Toading or heavy ice loading care
must be taken in proper selection of drop
cable and associated hardware. Remember, the
drop system is as important as the cable
system itself and can be the weakest link if
not properly planned. Messangered drop cables
are available for long drops and for use under
the adverse conditions stated above.

2. System Performance
a) Head End Equipment
b) System Electronics
c) System Interfaces
d) System Passives
e) Converter or In Home Devices

The above comprises the basic building blocks of
the system which require periodic maintenance.

In the following evaluation it is important to
keep one thing in mind. The final determination
of systam quality is made at the subscriber level.
While system numbers (ie: beat ratios, noise,
cross-modulation,etc.) are important tools to the
technician for evaluating his system performance,
the viewed picture is the final product which



must be delivered and maintained:

a) The Maintenance routine must begin with a phy-
sical inspection of the tower installation.
It is not necessary to climb the tower for
each inspection, although periodic close in-
spection should be made of connectors, weather
proofing and mounting hardware. The normal
inspection can be made from the ground with a
good pair of binoculars (the power of which is
determined by the tower height), The inspect-
ion should begin with the most obvious faults,
broken antenna elements, unsecured electronic
or passive devices, unsecured down leads,
loose or broken wench lines and general condit-

jon of tower structure and associated guy wires

A few moments shouid be taken during the close
inspection to boldly mark the antenna mounting
interfaces with paint to enable the technician
to determine proper position during ground
inspections (CATV antenna configurations are
generally of a relatively narrow beam width and
a few degrees of movement can cause signal
degradation.) Search antenna rotation should
aiso be checked during all inspections io
insure operation when needed.

After completion of the inspection of the
tower installation, an inclosure inspection
should be performed to evaluate general condi-
tion, noting any required repairs. This must
include environmental control devices such as
heaters and air-conditioners.

If stand-by powering devices are installed,
check them for proper operation. In the case
of a gasoline driven generator, start it and
allow it to run during the balance of the main-
tenance routine at the head end.

To start the electrical evaluation, all input
and output levels are to be checked, comparing
them against the levels recorded at the initial
system set up. Adjustments should be made to
the output levels of all devices as needed to
return them to the initial levels. Remember,
devices which require frequent or excessive
adjustment are probably leaning toward failure.
Do not wait until it fails, take action to
correct the deficiency at once.

The next step in the Head End evaluation is to
inspect the picture quality. In many cases
this is performed in a rather loose fashion,
not being critical. Since this evaluation is
essentially what the subscriber is doing on a
daily basis, it should recieve adequate time
and consideration, A1l impairments must be
recorded when viewed and investigated as to
cause and cure. Electrical properties such as
multipath ghosting, co-channel, off air beats
and head end generated beats, noise levels,
AGC/AFC control windows and frequency stabil-
ity must also be tested on a less frequent
basis.,

These areas can be checked by two simple

b, ¢ & d)
tests 1.) Picture quality as viewed by

a

the subscriber at pre-selected key system
Tocation and additional random locations.

The quality evaluation should be augmented
with recorded levels at the pre-selected key
Jocations. 2.) System radiation testing as
covered in the NCTA publication "Signal
Leakage and Interference Control”. Locations
for this test should be random throughout the
system to include trunk, feeder and drop
locations and should be changed for each test
period.

On a less frequent basis, the major system
parameters should be tested in detail. As a
minimum, frequency vs. gain (both narrow and
wide band), signal to noise ratios, carrier
to cross-modulation and low frequency compon-
ents (60 and 120 cycle) must be checked and
recorded. For more complex systems, group
deiay, differencial gain and phase, echo and
ingress testing may be added to the list.

The subscriber drop system is basically a
physical inspection for worn drop cable,
loose connectors, staples entering the shieia
and mounting hardware such as ground blocks
and clamps. This inspection can be quickly
made during the testing of b, ¢ & d above.
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In scheduling test periods remember that the first
year of operation is the most critical. The first
impression of the subscriber is the most lasting.
It is for this reason that I suggest more frequent
testing during this period. '

For the sake of simplicity, I shall refer to test-
ing and inspections, other than major parameter

measurements, as "mini tests" and those which in-
volve large amounts of equipment and time as "maxi

tests". The following might be the basis for a
5 year plan of scheduled maintenance:
Year Mini Maxi
1 52 4
2 26 3
3 13 2
4 13 2
5 13 2

At the close of each year, an evaluation of the
program effectivness should be made and the
schedule adjusted accordingly.

There are many test methods for maxi testing,
using various cost reletive equipment packages
which are industry accepted as yielding valid
results, The methods for your particular system
should be selected according to cost, technician
competence and availability ( you may choose to
rent test equipment on an as needed basis, thus
rental availability is very important.) Once
methods are selected they must not be varied test
period to test period. Variations in methods of
testing may yield variations in results which are
not comparable to previous tests performed.



Record Keeping

Through this paper various areas of inspection and
testing have been referred to, with the intent to
"satisfy the subscriber” with a full time quality
product. A1l of these steps are in vain if five
years from now you are unable to establish their

effectivness.

The most important record, other than that of pay-
ment, is the "Service Call Record". If it is
properly thought out and filled out, the SCR will
tell you the cost of service calTs and the weak
points of the system causing this cost. The SCR
should include:

. Date and time initiated
Basic complaint
Customer name and account number
Date and time given to technician
Technicians report of failure

a) Fine Tuning

b) Set Problem

c) Drop Failure
di Distributfon System Failure

(S YRY X
.

Trunk Failure

Power Interruption

g) Head End Failure
h) Other

6. Corrective action taken

7. Date and time completed

8. Customer signature

At the end of each week a consolidation should be
made showing:

1. Total number of SCR's

2. Total of each type of failure and
percentage of total SCR's

3. Total time expended

4, Disconnects due to service problems

This report can be a valuable tool to management.
For example if 50% of the service calls involve
fine tuning of TV sets, he may choose to send out
information bulletins to the subscriber base for
training purposes, thereby reducing service cost
in this area and applying it to the preventative
maintenance area.

Records of both mini and maxi test results and
dates should be consolidated on a running spread
sheet for direct comparison purposes. This record
will show up degredation trends at a glance.

Remember, also, that test equipment requires main-
tenance and calibration. Records of ‘this must

also be kept.

When laying out your record keeping program, first
establish your objectives and then devise your
forms to provide the desired information in an
easy to read format. Cumbersome, Tong and compli-
cated forms very seldom get filled out completely
or properly. Use basic catagories and "check
blocks" where ever practical.
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Summary

The topic of Practical Routine Maintenance is a
very broad one and can be very "dry", but is very
important to the success or failure of a CATV
system. In the practical world a satisfied
customer is a paying customer, thus I have invent-
ed a new formula, for those who 1ike equations,

PM + PA = SS

"Preventative Maintenance plus Positive Action
equals Satisfied Subscribers” which is the entire
point of this paper.



REGULATORY ASPECTS OF EARTH STATION LICENSING

Hubert J. Schlafly

TransCommunications Corporation

The Domestic Satellite plus means for
local distribution or collection of signals
provides a new parameter for the expansion
of national communication services.

A number of regulatory practices, which
may not be a true reflection of Commission
policy, seem to be obstacles for the

broad development of these new services,.
Limitation on the authorization of earth
station signal reception and on inter-
connection of facilities for the use of such
received signals is considered one such
obstacle. This problem is considered here
in detail and a solution which may be
consistent with present Commission policy
and authorized communications service

is proposed.

The promise and the potential of the com-
munications satellite is its "anywhere to
everywhere' characteristic. Satellite
communications makes this kind of service
possible for tremendous geographic areas
without introducing the traditional parameter
of distance. It permits new efficiencies
through multiple re-use of the same portion
of the frequency spectrum for any earth
station terminal and simultaneous reception
of the same signal at any number of receiver
locations, Transmissions require only
three principal parts - an input terminal -

a single relay point - and an output
terminal. Such simplicity of transmission
inherently incorporates two highly desirable
ingredients that are essential to the flowering
of full social and commercial use of com-
munications. These are

1. Quality
2. Economy,
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True the single relay point is expensive,
sophisticated and inaccessible. Although
it incorporates a multitude of the recent
wonders of our space age technology,
although it required tradition breaking,
bullet biting conceptualization, implementa-
tion and risk taking by a large number of
dedicated individuals and entities, it is
simple in its basic concept and amazingly
reliable in its operation. Space stations
are being engineered for an active life of
seven to ten years. They operate in what
has always been considered a hostile and
isolated environment. Apparently,

its working environment is less hostile
than the knob twiddling, power interrupted,
weather scourged, cascade degradated,
topography limited and access demanding
communications facilities that we have
traditionally associated with land lines and
terrestrial microwave.

Once this anywhere to everywhere link is
established there remains the problem of
terminal point transmission to or from

the point of use or origination. Broadband
cable is an obvious, economic and totally
compatible means of local delivery of signal
to or from either dedicated or all inter-
connected terminals within a community.
Other speakers on this panel have or will
detail and recommend other ways of local
distribution - either in place of cable or in
cooperative conjunction with cable, But
whether the satellite terminal is co-located
with the point of use - be that a school,

a community center, an industrial plant or
even a private home; or whether the local
distribution is by cable, broadcast, MDS,
or "y privats or CAPS or .ommor carrie~
microwave, or even by a telephone company
local loop - the long line function can be,
is and will be admirably served by satellite
networking.



As wonderful and efficient as satellite
networking is in principle and operation,
there seems to be a serious flaw in the
establishment of the "anywhere to everywhere"
concept. That flaw is not technical, or
physical or even economic - it is in the
multiple roadblocks spawned by natural
regulatory precedent, caution, politics,
protectivism, routine priorities and workload.
I am sorry to say that I believe many of

these obstacles, which are natural and
possibly even desirable under a bureaucratic
system of control, are greatly encouraged

or magnified by powerful, experienced and
established forces which rightly or wrongly
believe that their own special interests

would not be served by the proliferation of
the satellite concept except for their own use.

This paper might occupy its brief slot of
time or space by naming a number of
examples of regulatory obstacles - including
the question of small earth terminals and
including the increasingly serious problem
of finding suitable locations for up-link
transmission without danger of interference
to those terrestrial services which

"equally share'' the 6 GHz earth-to-satellite
band. I prefer, however, to concentrate
these remarks on one area of concern.

I hope that with sufficient industry and
public support the logic and reasonableness
of the solution can successfully tilt this
windmill of regulatory practice.

Let us consider the case of authorized signal
carriage for a licensed satellite receive-only
earth terminal. Government policy,
affirmed by the Federal Communications
Commission, allows Domestic Satellite
Communications to operate under the ''open
sky'' concept, This means that anyone who
can demonstrate satisfactory legal, financial,
technical and other qualifications can apply
for a satellite facilities license - even
including a space station. Domestic service
is not intended to be a facility for the
exclusive use of a major common carrier
or,as ABC recently proposed in its Petition
for Rule Making, for the exclusive use of

the broadcast industry. This policy is a
positive and healthy recognition of the
"anywhere to everywhere' concept and
encourages the national proliferation of
satellite facilities., Nevertheless, satellite
licensing was assigned to the Common Carrier
Bureau and is largely controlled by established
common carrier rules and precedents

drawn from an extension of common carrier
terrestrial microwave and international
carrier traffic control.

Receive only earth station applicants have
been urged - in fact required - to submit
engineering coordination data showing

that the station complies with rules

governing interference over the entire 4 GHz
satellite-to-earth frequency band. They

are required to provide such coordination

for all of the possible domestic satellite
orbital stations from 70°W to 150°W longitude
in the Equatorial Plane. Notwithstanding

this general nature of the application,

Form 403, entitled ""Application for Radio
Station License or Modification Thereof Under
Parts 21, 23 or 25" must be filed and approved
for any change (Part 25 of the Rules relates
to Satellite Communications). Modifications
covered by this form include change in
frequency, power, control points, points of
communication and @ catch-all called

"other particulars",

The Bureau also asks for proof of a station's
authority to use received signals and the
license authorization stresses that 'these
facilities shall be used for the reception of
only such programming material that the
permittee has been authorized to receive and
use, by the owner'. Such a warning is
certainly appropriate as a reminder. It is
obvious that property rights and authorization
for use by the owner of the baseband signal
must be observed Eut protection and relief
in such instances is probably not a matter

of Common Carrier Bureau responsibility
certainly not before-the-fact. After-the-fact
the Bureau's concern should be only when
court ordered penalties are directed.

The Bureau goes further, it seems to assert
de facto control over the type and content of
the signal, possibly in conflict with rights
guaranteed under the First Amendment,

An earth station authorization for a cable system

operator contains the restriction that it be
'"'solely for the purpose of providing program
reception services' for his own cable system
or ''on a non-profit basis to other cable
television systems operated by affiliated
companies under common corporate control
with the grantee''. (emphasis added) He must
file this information with the Bureau, including
""identification of the terrestrial facilities
utilized to interconnect'.



Further control is exerted over the space
relay station carrier regarding the type of
signal the space station may carry and
where it may be received. Section 214 of
the Communications Act, which relates to
"Extension of Lines' has been interpreted
to require a ''certificate of necessity" for
the construction and/or operation of such
line extensions by a common carrier.

I suggest that it is extremely doubtful that
a satellite space relay licensee authorized
to place a usable signal over a specified
geometric area, is "extending its lines"
each time a receiver is constructed within
the area served.

Each of these practices and requirements
in effect give the Common Carrier Bureau
a powerful control over message content
and use of a satellite earth terminal,
which I believe is far in excess of any
technical or traffic control regulation and
user qualifications intended by the
Communications Act. Enforcement is
made effective, if not by outright denial

of authorization, then by the process of
delay. This is regulation by procedure
rather than by policy or rule. Itis
regulation by staff rather than Commission.
I am not suggesting that this is a nefarious
scheme on the part of the Bureau.

Lacking positive direction to the contrary,
by the Congress or the Commission, itis
a cautious treatment of a new communica-
tions parameter from the point of view of
the familiar and the traditional. It follows
the logical reasoning that '"we must think
this thing through' being subverted by the
practical problem of not having time in which
to do the thinking. I suggest however that
there is a logical solution to this problem
which could be adopted as standard practice
by the Bureau. It would relieve

the decision making of what is good and
what is bad. It is a solution that is totally
consistent with and supportive of the
Commission's existing rules -- its policy
and practice.

In the case of cable television the Commission
has already defined as being in the public
interest and authorized by Report and Order
and by Part 76 of the Rules, the communica-
tions services permitted and required of

a cable systemm. These rules relate to

the reception, carriage and distribution of

15

communication signals within a properly
franchised area for an operator to whom

a certificate of compliance has been issued.
In fact the Commission and individual
Commissioners spent many many years,
engaged in many public hearings, studied
many staff reports and debated many policy
issues before making the decisions which
now form the rules for cable service.

It does not seem to me to be the duty nor
does it come under the authority of the
Common Carrier Bureau to independently
repeat these deliberations or to rethink,
reapprove - or worse, set aside, frustrate
or even unduly delay implementation of

the rulings or policy decisions that the
Commission has already issued. Now let's
consider, what are the communications
services authorized for a cable television
system operator.

It is the business of a cable operator to
receive communications signals from
whatever source and, in accord with the
Commission's rules, deliver them to points
of use within his authorized area of service,
Note, I stress communications signals -

and not ''programming material" specified

in the Common Carrier Bureau Earth Station
Authorization. What kind of communications
signals did the Commission have in mind

for a cable system ? Television programming
including pay cable is certainly part of the
service. What else? I could not have given
better examples myself than the illustrations
given in Footnote 10 of the Cable Television
Report and Order. *

It is the business of a cable operator to

"lease channels' on his cable system to others
who may have a dedicated use for the signals
carried on that leased channel. Not only
may a cable operator lease channels on his
cable system, he must provide leased channel
service. Furthermore, when this type of use
exceeds his capacity to offer service he must
provide additional capacity.

It is the business of a cable operator to
interconnect with other cable operators,
regardless of whether they are '"operated by
affiliated companies under common corporate
control' or non-affiliated cable television
systems. The Commission does not specify
or limit the means by which this inter-
connection may take place. It could be a



direct hand-off through the subscriber

cable; it could be an express cable which
runs between the head-ends of two contiguous
cable systemas; it could be a CARS band
delivery, by point to point or LDS; it could
be by hand off to a common carrier using
land line or microwave, including MDS,

for delivery to the interconnected system.

I maintain that this is the legitimate business
of a cable television system and that
authorization and regulation of the Cable
Television Service by the Commission
constitutes the necessary precedent for
automatic approval by the Common Carrier
Bureau for earth station reception of any
cable service related signal. The same
reasoning applies to any other private
user/operator of a satellite earth terminal.
If that earth station licensee is authorized

to provide communication services in
accord with an established part of the
Commission's Rules, he should be authorized
to receive those signals at his earth station.
A broadcaster, an MDS operator or a
private microwave licensee as well as a
cable operator could be confident that

signals used in his business or authorized
service can be received by his own earth
station and interconnected by any appropriate
means without regard to or limitation on

any prior handling of that signal.

Therefore I recommend to the Common
Carrier Bureau that satellite earth station
operation by private owners be authorized,
under the licensSe, for reception of any or
all signals from space stations licensed

in the U.S. Domestic Satellite Service,
provided:-

(1) the signals are transmitted within the
coordinated frequency band and orbital
arc of the licensed satellite earth station;

(2) The satellite earth station is within
the authorized service area of the space
relay station;

(3) The satellite earth station operator
acknowledges that he must be con-
tractually and legally eligible to receive
the signals;

{4) The signals are received at the satellite
earth station
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Footnote 10

a) for the private use of the station
operator, Or

b) are used by the station licensee
in connection with communications
services that he has been authorized
to provide under existing Commission
Rules.,

We, as cable operators and satellite earth
station applicants are not innocent of
responsibility for the arbitrary limitations
on signal reception that have developed.

We have had as our objective the immediate
use of an earth station for access to a
specific program channel. Therefore we
have not been too concerned by a limitation
of authorization, In fact we've been advised
that any attempt to extend the authorization
beyond these limitations - including

shared use or interconnection with others -
would surely cause delays that would
materially affect the primary and immediate
use of the station, The time has now come
to determine if such limitations of the use
of an earth station is truly a reflection of
Commission policy, or an unnecessary
expedient whose purpose, intentional or
otherwise, is to limit communication service
opportunities of the developing technologies
for the interest and benefit of the American
public.

36 FCC2d 143 (1972)

* "Facsimile reproduction of newspapers,
magazines, documents, etc.; electronic
mail delivery; merchandising; business
concern links to branch offices, primary
customers or suppliers: access to
computers; e,.g. man to computer com-
munications in the nature of inquiry and
response {credit checks, airlines reserva-
tions, branch banking, etc.); information
retrieval (library and other reference
material, etc.) and computer to computer
communications; the furtherance of various
governmental programs on a Federal,

State and municipal level, e.g.employment
services and manpower utilization, special
communications systems to reach particular
neighborhoods or ethnic groups within a
community, and for municipal surveillance
of public areas for protection against crime,
fire detection, control of air pollution

and traffic; - - -« - - - - . "



SHF - NEW QUALITY FOR CABLE TV

Israel Switzer, P.Eng.

Switzer Engineering Services Limited
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L4V 1G2

ABSTRACT

The quality of the signal received by cable
television systems would be improved if there was
a more direct link between broadcast studios and
cable systems. Such direct links have regulatory
and legal obstacles. Television broadcasting
using frequency modulation at SHF (12.2-12.5 GHz)
would provide a very high quality signal feed to
cable television systems and others while
overcoming the legal and technical problems
associated with direct signal delivery schemes
previously considered.

INTRODUCTION

Cable television will not become a meaningfull
factor in society until it successfully penetrates
our major cities. While those in our industry who
are concerned with the legal and economic problems
affecting big city prospects for cable television
try and overcome these problems, we who are
concerned with engineering aspects of the industry
must simultaneously overcome the engineering
problems. Transmission quality iIs one of the
major parameters to be considered in the overall
engineering of cable television systems for major
cities. At our present stage of development of
cable television technology we have achieved a
high degree of capability in our distribution
systems. Amplifiers, cables, signal processing
and system design have all advanced significantly
in the last few years. The present state of the
"distribution art” in cable television is now
advanced to the point where we can profitably
direct our attention to improvements in other
aspects of the whole television system. This
paper proposes some improvements in the link
between the broadcaster and the cable system.

THE STUDIO-CABLE LINK

Television program production has achieved
a very high degree of picture quality. Cameras,
film chains, video tape recorders and all the
transmission equipment used to interconnect
studios, network centres and transmitters have
all achieved excellent performance standards.
We may now concern ourselves with some improvements
in the link between studio and cable system,
particularly the television broadcast transmitter
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and the signal path from transmitter to cable
system.

The high power broadcast transmitter has a
very difficult job to do. It must take a complex
baseband signal and impress it on a very high
power carrier for transmission. The visual
carrier transmitter is required to operate
linearly at power levels of up to 55 KW peak
power, By contrast, the peak power per channel
typically used in cable television equipment
does not exceed 0.0001 watt (-40dBw). Broadcast
transmitter powers are almost 90 dB greater than
cable system levels. Our experience in a number
of situations has been that we can provide a
noticeably better picture to our subscribers if
we have a direct feed from a broadcast studio
instead of an "off-air" pickup from a high power
transmitter. The "off-air" pickup is further
degraded by the probability of some multi-path
distortion in even good quality "off-air”
reception.

we have, over the years, had several cable
system head-ends co-located with local broad-
caster's transmitters. In such situations we
have preferred to obtain a "direct feed" from
the local broadcaster, bypassing his transmitter.
We have also tried "direct feeds"” from the output
of the transmitter, obtaining our signal from a
small probe in the output transmission line, thus
avoiding any possible problems In propagation
from transmitting antenna to a receiving antenna.
Even in such cases we preferred the quality
obtained from a good quality, low level modulator
fed directly from the broadcaster's video line.

The broadcaster has good quality transmission
in his STL (Studio Transmitter Link). This STL
is usually a high quality FM microwave system.
Alternately, it may be a high quality video cable
link. We are convinced that our picture quality
in big city cable systems would benefit
considerably if we could extend the broadcaster's
STL right through to our cable system, creating
a direct link from broadcaster to cable systems.

LEGAL CONSIDERATIONS

Our existing direct links with broadcaster's
are strictly informal. Broadcasters' program



rights cover broadcast only. They do not have
the right to provide programs on a closed circuit
basis. Our efforts to extend our use of direct
broadcaster-cable links have been blocked by
these legal considerations. Negotiations to
obtain such direct connection rights for all of
the programs in a broadcaster's schedules have
been very slow and frustrating.

A SOLUTION - SHF BROADCASTING

We believe that the problem could be overcome
by the use of SHF (Super High Frequency)
television broadcasting. ITU Region II
encompasses the Western Hemisphere. The band
12.2 - 12.5 GHz is allocated in Region II to
"Fixed”, "Mobile Except Aeronautical Mobile”
and "Broadcasting®. The band 11.7 - 12.2 GHz is
also allocated to "Broadcasting” and other
services but these other services include
"Broadcasting-Satellite” and this band would have
to be shared with satellite broadcasting services.
The use of frequency modulation technique coupled
with omni-directional broadcasting of this signal
would, in effect, extend current STL techniques
right out to the cable system head-end. We
propose that broadcasters would apply to operate
high power SHF transmitters in parallel with their
present VHF or UHF transmitters. An SHF trans-
mitter would be a conventional FM microwave
transmitter, as presently used for high quality
STL service, driving a power amplifier to provide
several thousand watts of power into an omni-
directional transmitting antenna. The amount of
RF power required can be estimated by comparison
with conventional STL type microwave systems. A
1 watt transmitter feeding a 6 foot diameter
antenna has an ERP of approximately +45 dBw.
Achieving the same ERP with an omni-directional
antenna of about 15 dB gain requires a transmitter
power of about +30 dBw (1,000 watts). RF power
for frequency modulated carriers is easily
achieved at SHF frequencies at relatively low cost
with klystron amplifiers. Klystron amplifiers in
the 1,000 to 10,000 watt range are available and
many are being used as satellite up-links and in
special purpose military systems.

Antennas with circular polarization would be
desirable to help reduce the effects of multi-path
propagation. This is probably not essential
because receive antennas of modest diameters
achieve considerable directivity, A 6' diameter
receiving antenna has a half-power beam width of
about one degree at 12 GHz.

SHF broadcasts would be available to anyone
within line of sight range. Because of the
relatively high cost of the FM receivers required
it is likely that only cable systems and larger
MATV systems would avail themselves of the service.
Any future developments in satellite broadcasting
would use frequency bands and transmission
techniques similar to this proposed terrestrfal
service and any Improvements in the performance
and costs of receiving systems for satellite
television broadcasting would immediately benefit
this terrestrial service as well. Cable systems
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have nothing to fear from such developments. I
believe that cable service, where available, will
always be more attractive a proposition than
direct reception of either terrestrial or
satellite broadcast services. Transmission at
these frequencies is strictly line of sight.
Anyone not having a clear and direct line of
sight to the terrestrial or satellite transmitter
will be dependant on some kind of cable service
as an intermediary.

DEVELOPMENTS ABROAD

There is considerable experimentation with
terrestrial SHF broadcasting in Europe and Japan.
Propagation characteristics have been thoroughly
investigated and considerable work has been done
in developing the equipment and antennas required.
Even the UHF band is becoming saturated in some
of these areas and SHF is looked upon as a
natural means of expanding television broadcast
services. Both FM and VSB-AM techniques are
being explored. Figure 1 shows two types of
antennas being used in experiments in the
Netherlands. The bibliography appended to this
paper lists some of the papers and reports
describing these experiments.

PROSPECTS IN NORTH AMERICA

In centres where cable television is firmly
established, broadcasters are increasingly
dependant on cable television systems as part of
the link between studio and viewer. In the
Toronto region where there are now almost one
million cable homes we estimate that 90% of all
viewing of UHF stations and about 50% of all
viewing of VHF stations is by cable. Broadcasters
in such situations must be just as concerned
about the quality of their links to cable systems
as they are concerned about the gquality of their
more direct links to viewers. We believe that
broadcasters in such a situation can be persuaded
to provide more direct and higher quality links
to cable systems. Early discussions of the
subject proposed point-to-point microwave
services but ran into the legal problems
previously discussed and the technical and
logistics problems of providing direct point-to-
point microwave service to a very large number
of cable systems in a metropolitan area. We hope
that an omni-directional microwave service - SHF
broadcasting - can overcome both the legal and
technical problems of providing these direct
studio to cable links.

Initial experiments await the confirmation
of spectrum allocation at the forthcoming World
Administrative Radio Conference (WARC). We have
made representations to the Canadian government
asking them to confirm the present ITU allocations
with a view to early implementation of the
terrestrial SHF broadcast services we have
proposed, as well as satellite broadcast services.
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SOLVING INGRESS PROBLEMS OF FOREIGN SIGNALS

Walter O. Gerber

Guam Cable TV System

The entrance of foreign signals
into a CATV System can cause serious
problems. There are off-the-air car-
riers throughout the spectrum used in
CATV. The unwanted signal on your sys-
tem can disrupt service and cause a
flood of customer complaints. The
following is an inexpensive, field pro-
ven method to locate the exact point
where ingress of foreign signals can
occur.

signals
severe

The entrance of foreign
into a CATV System can cause
problems whether you have 30 channels
with dual pilot carriers, or less than
12 channels with no pilot carriers.

The most common problem exists in the
73 MHz region which the FCC has allo-
cated for aircraft beacons. Ingress of
signals at this frequency can disrupt
your pilot carrier causing erratic or
no automatic gain control. The citi-
zens' band operates at 27 MHz, and the
second harmonic falls at television
channel 2; the third harmonic is in
television channel 6. It is possible
for a citizens' band carrier to enter
your system and disrupt both channels.
The military is allocated the area from
7 MHz to 29 MHz, where two-way return
with data is carried on your system.
Entrance of even a low level of foreign
signal in this area can make the return
signals unusable. From 108 to 162 MHz
is a combination of allocations for both
civilian and military use. Ingress of
outside signals in this region could
ruin one or more of your mid-band chan-
nels. Above channel 13, 230 MHz to 400
MHz, is radar and other communications
which can cause trouble in the low chan-
nels of your super-band. In short, the
entrance of foreign signals into your
system can cause sleepless nights and
angry customers. Also, if outside sig-
nals are getting in, CATV signals are
getting out and you are most likely in
violation of FCC radiation limits.
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Until recently there has been no
tried and true method to locate the
point of ingress. A device has been re-
cently placed on the market that is said
to perform the task. However, the price
is $1,000. Having a serious ingress pro-
blem on my hands and not having a grand
to plunk down on a new gadget, I devel-
oped a simple and inexpensive method
which proved satisfactory in the field.
Basically, all you do is apply a strong
signal into your system so it will radi-
ate out, a signal you can easily detect.
Find the point where it radiates out and
that's where the foreign signals are
getting in. Use a dipole antenna con-
nected to a signal level meter with an
audio detector circuit. Drive along the
system and listen for the radiated sig-
nal. Although this method was field
tested on an overhead system, it can be
used on an underground system. The
transmitters in your area may make it
difficult or impossible to hear the sig-
nals radiating from your system. The
secret to the success of this whole idea
was to modulate the system signal with a
1 kc tone. It is easily distinguised
from any off-the-air signal.

Apply the 1 kc tone modulated sig-
nal to your system so its level is 40 db
above normal system levels. A higher
level of signal can cause limiting in
the amplifiers.

My particular problem was the sig-
nal of several military transmitters get-
ting into the low-sub system from 7 MHz
to 29 MHz making channels T-7 and T-8 un-
watchable. The presence of the high
powered transmitter near the system made
it impossible to hear the radiated system
signal. I used an R. F. signal genera-
tor with an output capability of 50 DBMV
that had a built in 1 k¢ tone. I ap-
plied the tone modulated signal to the
system by connecting the R.F. generator
to the input of the low-sub post ampli-
fier. A standard head end may require



the use of an amplifier after the R.F.
generator to obtain the necessary sig-
nal level. With all other carriers re-
moved and the R.F. generator tuned to 25
MHz we began the search. With the di-
pole antenna connected to the signal
level meter we drove along the system. I
used a Jerrold 727 meter which has a
built-in speaker. We found meters which
required the use of an external earphone
effective; however, the Jerrold 727
proved easiest to use. Driving along the
system, we first heard the tone 4 poles
away from a bad splice. The tone grew
considerably louder as we approached the
splice. As we passed the splice, the
tone reached its maximum volume and be-
gan to decrease in volume as we moved
away. After replacing the splice we
could detect no trace of the tone. Con-
tinuing the search we found three other
locations where the tone was heard.

When all locations were repaired, all
the foreign signals were removed from
the systems making channels T-7 and T-8
usuable.

To use this method to test a return
line ingress problem on a two-way sys-
tem, connect the signal generator to the
input of the return amplifier farthest
out from the head-end. The output of the
generator plus the gain of the return
amplifiers will provide enough signal to
radiate out and be detected by the anten-
na and meter.

I stress the use of an R.F. signal
generator, however, another signal
source may be used. Success depends on
using a 1 kc tone. Have the tone-modu-
lated signal operating at an R.F. level
as high as possible. If limiting occurs,
lower the R.F. level of the test carrier
until the gain of your system amplifiers
restores and begin the search. WHERE
YOU HEAR THE TONE, CATV SIGNALS ARE GET-
TING OUT AND FOREIGN SIGNALS CAN GET IN.



SPACE TELECOMMUNICATIONS - THE FUTURE IS NOW

Albert A. Whalen
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Abstract

The present communication satellites used for in-
ternational and domestic traffic employ low-pow-
ered transponders. This characteristics is com-
patible with the mission of interconnecting a few
earth stations in a high density traffic mode.
From the total system viewpoint when there are a
small number of earth stations, It is economical
to spend more on the earth station and minimize
the cost of the satellite segment.

However, if the number of earth stations is
large, it is far more economical to reduce the
size and cost of the earth terminal and increase
the power (and cost) of the spacecraft. The to-
tal systems cost is lowered by the reduced cost
of the total ground segment.

Communications experiments with the Applications
Technology Satellite-VI and the Communications
Technology Satellite, both high-powered space-
craft, broadcasted to low-cost earth stations.
These experiments demonstrated that low-cost,
good performance earth stations are a reality.

INTRODUCTION

Space Telecommunications has advanced dramatically
in the past decade. Television via satellite is
viewed daily on news broadcasts. A good case in
point is the recent coverage of the Winter Olym-
pics. The concept of large earth stations being
required to receive high quality television sig-
nals however, is erroneous. The state-of-the-art
has advanced and the technology proven that the
total system can be planned and implemented ac-
cording to the demands and needs of the user.

U.S. DOMESTIC COMMUNICATION SATELLITE SYSTEMS

The United States Domestic Communications Satel-
lite Systems incorporates the ultimate in space
technology. Design life-times of seven to ten
years are the norm. Twelve to twenty-four trans-
ponder channels are available. Antennas cover the
lower forty-eight states with spot beams available
to Alaska, Puerto Rico and Hawaii. However, all
transponders are low-powered, i.e., normally 5
watts per channel. With the associated antenna
gain, effective isotropic radiated power (EIRP)
ranges from 22 dBw to 33 dBw. These powers fall
within the allowable power flux density limita-
tions and are compatible with the mission of
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terconnecting a few earth stations that operate in
in a high density traffic mode.

The receive earth-stations operating in the 4 GHz
band are large, sensitive and expensive terminals.
Figure-of-merit ranges from 30 dB/K to 41 dB/°k
with antenna sizes from 10 meters to 30 meters.
These terminals are capable of multi-channel tele-
phony and high quality video performance. A re-
ceive-only capability earth station costs will
start about $65,000 for a ten-meter antenna with a
transistorized front-end.

The synchronous orbital slots that are available

are rapidly diminishing. Protection from inter-

ference requires spacing and the orbital arc that
enjoys good look angles for the earth stations is
limited.

The spectrum at 6/4 GHz shared with terrestrial
services provides 12 thirty-six MHz channels.

THE APPLICATIONS TECHNOLOGY SATELLITE VI

The Applications Technology Satellite (ATS-6) is a
multi-purpose experimental satellite. The space-
craft, launched in May 1974, contained many scien-
tific and technological experiments onboard as
well as a complex communications payload. The
main feature of the satellite, a nine-meter para-
bolic antenna, provided a remarkable departure
from the conventional spacecraft. The effective
isotropic radiated power (EIRP) at S-band frequen-
cies was 52 dBw (180,000 watts). The Health/Edu-
cation Telecommunications (HET) Experiment con-
ducted by the Department of Health, Educztion and
welfare deployed 119 small earth terminals in iso-
lated regions of Appalachia, the Rocky Mountain
area and the states of Alaska and Washington.

It was the high power of ATS-6 for HET experiment
that reduced the size (and cost) as well as the
complexity of the earth terminal. Operating in
the 2500 to 2690 MHz band, the terminal consisted
of a 3 meter antenna, an outdoor preamplifier unit
mounted on the antenna, and an indoor unit which
demodulated and processed the signals to provide,
as outputs, the video and associated aural signals
at baseband. The figure-of-merit of the earth
station is 7.2 dB/°K. The earth terminal is pro-
cured for the HET experiment cost less than $4,000
each (FOB) in 1973. The current estimate in quan-
tities of 100 or more is approximately $5,000 each.
The earth station weighs about 320 kilograms (700
pounds) and can be installed in one day by two men.



The receiver is capable of receiving either of two
TV channels provided by ATS-6. Also four aural
channels are available with each video channel.

pata collected during the nine months of the HET
experiment, with the earth stations operated by
non-technical users, indicated a median peak-to-
peak video signal-to-weighted RMS noise ratio of
51.1 ds.

In considering the cost of the entire system, it
would be unfair to weight the total
cost of ATS-6, since the spacecraft was developmen-
tal and included a multi-discipline payload (over
25 experiments). The multi-discipline payload not
only added directly to the cost but also added
weight which created the high launch costs. The
cost of a spacecraft operating with the same EIRP,
frequencies and number of channels is estimated to
provide a more fair comparison. The simplified
satellite consists of an earth-coverage horn, a 6
GHz receiver and a two~channel S-band transponder
with a shaped-beam antenna. The spacecraft pro-
vides a 50 dBw EIRP and it is assumed to be laun-
ched on a 3914 vehicle. The estimated total sys-
tem cost (1976 dollars) are:

cost by the

Spacecraft sl5.0 M
Up~link Station . 30M
120 video receive terminals @ S5K ea.__ .60M

$15.94

There are limiting issues to be addressed if such

a system were planned to be operational. Orbital
occupancy in this case would be determined only by
the choice of 6 GHz as the up-link frequency. The
S-band down-link is restricted in power flux den-
sity, but the use of energy dispersed signals will
allow this ERIP. Terminals will most likely be
only located in rural isolated regions. The metro-
politan areas, having Instructional Television Fix-
ed Service (ITFS) and Multi-point Distribution Ser-
vice (MDS) would present a serious coordination
problem for small earth terminals.

THE COMMUNICATIONS TECHNOLOGY SATELLITE (CTS)

The Communications Technology Satellite (CTS) is
another experimental satellite. A joint venture
between the Department of Communication, Canada,
and the National Aeronautics and Space Administra-
tion, CTS was launched in January 1976 and also
provides a high ERIP. A 200-watt travelling wave
tube amplifier (TWTA) over 50% efficient, operat-
ing in the 12 GHz band provides 59 dBw on beam
center. The antenna coverage is larger than ATS-6
(2.6 degrees compated to 1.0 degrees). The earth-
station, as presently configured, consists of a
1.8 meter antenna, an outdoor translator and an
indoor unit for demodulation. Since CTS (like
ATS-6) has no north-south station-keeping, motor-
ized vernier adjustments of the antenna is provi-
ded for operation. The earth-stations as procur-
ed for CTS experiments, cost $10,800 eacl in quan=-
tities of two. The earth station weighs approxi-
mately 110 kilograms. These earth stations are
capable of receiving one TV channel and four asso-
ciated aural channels.
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As of this writing, the spacecraft is undergcing
in-orbit tests by NASA. Early video performance
test indicate received carrier levels +0.5 dB of
pre-launched calculated values. These calcula-
tions predict a clear weather peak-to-peak video-
to-weighted RMS noise of 54 dB.

As in the case of ATS-6, for total system costs, a
spacecraft, sized to provide the same EIRP, fre-
quency and channels such as the Japanese BSE, is
used for total system cost comparison.

Uplink costs for CTS, capable of providing the
wideband TV signals are still comparable to domes-
tic up-links. The total system cost is summarized

below:
Spacecraft sl15.0 M
Up-link 3 M
120 video receive terminal @S10K ea 1.2 M
s16.5 M

Since CTS operates in the 12/14 GHz frequency
bands, coordination of orbital slots with future
systems would be required. The Satellite Business
System satellites planned for 1979-1980 use this
same band. At the present time coordination with
terrestrial facilities are minimal and there is no
power flux density limitation above 10 GHz.

COMPARISON OF TOTAL SYSTEM COST

In comparing the three-systems' total cost of the
ground segment and the space segment, assume each
satellite would be launched on the same type of
vehicle (e.g. Delta 3914). The initial cost con-
sists of the satellite and an up-link transmitter
and a receiver. In order to properly weight the
cost of the satellite, the spacecraft cost is
divided by the number of usable transponders yield
-ing a unit, dollars/channel. Then the cost of
additional earth stations is added to provide the
curve shown in Figure 1.

Two curves are indicated for the C~Band system.
Curve #1 reflects the more sensitive earth station
(G/T 41 dB/PK); curve #2 the less sensitive earth
station (G/T 27 dB/°K). The Ku band and S-Band
systems use the previously mentioned prices with
no learning curves applied.
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CONCLUSIONS

The technology exists to provide high quality com-
munications to relatively low earth stations. The
total system requirements (present and future,
allowing for growth) must be determined and the
system can be sized economically. The major de-
cisions are not to be made by the technologists
but by the user community. If the market is
available the interprenuers of the commercial
satellite systems can and will provide the capa-

city.
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TECHNICAL EYE OPENER

ALPHA NUMERICS AND NON-STANDARD BASEBAND FORMATS IN CABLE

SPONSOR =-- SOCIETY OF CABLE TELEVISION ENGINEERS

The use of alpha numerics on cable is
already wide-spread and data transmission is
close behind.

The purpose of this session is to shed
some light on the hardware considerations in
the application of non-standard baseband
formats, such as alpha-numeric display, data,
and other test signals, when imposed upon the
composite parts that make up the total CATV
system. The effect on the quality of the
signals delivered, the behavior of receivers,
modulator requirements, and the impact on other
signal carriage by the system will be treated
in some detail. In particular, time will be
devoted to show how non-standard video formats
must be processed and shaped to provide com—
patible visual and aural signals for the home
TV set. A discussion of commercial data
applications and the use of FM modulators on
cable for high quality point-to-point trans-
mission will also be included.

The background of the panel and those
making presentations is from broadcast,
cable operations and manufacturing -- to
explore most of the facets of this timely
subject.

A description of an application of wide-
band FM on cable in terrestial land line will
provide a bridge with the Wednesday morning

session on practical earth station considerations.

PANELISTS

James Dalke
Metro Data
Seattle, Washington

Lyle Keyes - President
Telemation, Inc.
salt Lake City, Utah

Robert Dickinson - President
E-COM
Berkeley, New Jersey

Robert McAll - Northeast Manager
vital Industries, Inc.
Hicksville, New York

Donald Lolli
Catel
Mountain View, California

MODERATOR

Steve Dourdoufis - Vice President
Vision Cable
New York, New York



TECHNICAL EYE OPENER

PRACTICAL CONSIDERATIONS FOR TERRESTIAL RECEPTION AND DISTRIBUTION

SPONSOR -- SOCIETY OF CABLE TELEVISION ENGINEERS

The presentations and panel discussion
outlined for this session will focus on the
every~day considerations in the purchase,
design, installation and operation of satellite
fed earth stations. The participants on the
panel will take the audience from initial
planning through final installation, operation,
and maintenance of the associated hardware.

A discussion of design considerations relative
to placement and positioning of satellites; a
discussion of the interference considerations
and licensing requirements; a discussion of
site acquisition and costs; a discussion of
the set-up and environmental considerations;

a discussion of immediate and long-term

uses; and a discussion of the operation,
maintenance, and reliability of equipment and
path, will collectively ensue from the inputs
made by various panelists representing all

of these various facets of the subject matter.
A question and answer period closes the pro-
gram. Technical papers will be available from
several of the panelists.

PANELISTS

Robert C. Tenten
Home Box Office
New York, New York

A. W. Brook
RCA Global Communications,
New York, New York

James C. Wolfson
Compucom Incorporated
Dallas, Texas

Albert X, Fowler
RF Systems
Cohasset, Massachusetts

MODERATOR
Glenn Chambers

ATC
Appleton, Wisconsin
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THICK FILM TECHNOLOGY FOR PAY TV SECURITY;
THE T.E.S.T. SYSTEM

by

B. BECHT,
THICK FILM GROUP

T.E.S.T., Inc.
Van Nuys, California

Abstract

The TEST System for pay-TV security consists of adding a modulated
rf signal to the pay-TV channel transmission. The frequency of the rf signal
falls within the band of frequencies of the pay-TV channel, The TV receiver
set is unable to reconstitute coherent picture or sound, while this added
signal is present in the transmission. Regular reception is restored for
subscribers by removing the interfering rf signal at the TV receiver set.
Thick film technology facilitates the realization of stringent requirements of
stability for the components of the System.

Introduction

The need for practical systems offering security for pay TV has
become increasingly apparent, Both active and passive systems have been
developed and are marketed at present which claim to prevent non-sub-
scribers from watching pay TV premium channels. Some of the accepted
systems include trapping at the pole, converters, switchable taps, and
various encoding-decoding systems. In general, it has been true that the cost
of these systems was directly proportional to the degree of security they
offered. It seems fair to say, however, that there is no fully secure system,
and that the ultimate solution to pay TV security lies in catching and
prosecuting those who illegitimately watch pay TV programs. Siill, it
remains necessary to secure pay TV transmissions to some extent in order to
make pay TV a realistic business proposition.

The proprietary TEST System offers a nove! solution to the problem
of pay TV security. Its theoretical foundation is clear and concise, its
implementation is ideally suited to high technology mass production,
resulting i low cost to the user. It will become apparent from the
discussion below, that the System is universally applicable, i.e. it will
function not only in CATV, but in MDS and over the air systems as well.

Fuollowing an analysis of the theoretical basis of the TEST System, the
basic components will be described in detail. Engineering considerations of
general interest to user and a review of the merits of the System will be
presented in the concluding section of the paper.

Theory

It is well known that a TV receiver will detect as video information
the presence of a single frequency sinosoidal signal. located between the
visual and aural carriers of a TV channel. When such a signal is not part of
the regular picture material, it will be observed as interference, or
disturbance of the intended picture.’

The degree of disturbance by this (scrambling) signal primarily
depends on the combination of the following factors:

1. Level of the scrambling signal relative to the visual and aural
carriers.

Frequency of the scrambling signal. i.e. the position of this
signal in the frequency domain relative to the visual and aural

(]

carriers.
3. Modulation of the scrambling signal.
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Relative level:
It turns out that the threshhold of interference by the scrambling

signal is a strong function of the signal’s frequency and modulation.
Considering a pure sinosoidal rf scrambling signal, however, experiments
indicate that the threshhold of interference is at the -45dB level with respect
to the visual carrier, when the scrambling signal is anywhere between the
visual and aural carriers. The threshhold of interference is as low as -60dB at
certain frequencies within the TV channel band. The degree of interference
by the scrambling signal becomes more severe with increasing level, and the
picture is greatly impaired at the OdB level.

Relative frequency:

In general, for a given relative level of the scrambling signal. the
picture quality becomes more objectionable as the scrambling signal 15
moved closer in frequency to the visual carrier. The sound quality s
degraded in a similar fashion when the scrambling signal is moved close in
frequency to the aural carrier. There is, however, no simpie mathematical
relationship between the frequency of the scrambling signal and the leve! of
interference observed.? In addition to these etfects, there are certain other
phenomena which are noticeable as the frequency of the scrambling signal is
varied. There are frequencies which are more effective in disrupting picture
and sound reception than others; e.g. if the scrambling signal is harmonicaily
related to the line scanning frequency (15.734Hz) and/or the carrier
frequencies. TV reception is of much poorer quality than if some vther
frequencies are chosen.

Modulation.

Modulation of the scrambling signal increases the level of interteren.e
with TV reception. AM modulation is generally more effective than FM. and
modulating frequencies below 100Hz result in greater scrambling ot the
picture material than if some other trequencies were used.

it can be seen from the preceding briet analysis that a proper chionce
of scrambling signal. i.e. one ot a certain level, a selected trequency, and - ni¢
which is AM modulated. will make enjoyable TV reception impossible. « I
must be remembered. however, that the scrambled picture and the degree i
annovance caused by it is perceived in the mind of the observer, theretore
1t is ditficult to objectively determine and define just what is “"enjoyable™ 1

Although the idea of purposetully injecting a scrambling signal 15 new.
the phenomenon of single frequency interference has been dealt with
before.? Specifically, in CATV engineering one is sometimes taced with the
problem of interference created by the presence of several TV channels. and
non-linear devices on the cable. In these situations the source of interterence
is outside the channel of interest {where the disturbance is noted) as. fur
example in the case of adjacent channel interference. A sharply tuned notch
filter 1s frequently used by engineers to attenuate the single !requency
causing the interterence, i.e. the adjacent carriers.

The novel modification of this procedure incorporated in the TEST
Systern is that it is also possible to remove an in channel single frequency
interterence. such as a scrambling signal, by means of a sharply tun=< notch
tilter. If the notch filter, or Descrambler, attenuates the scrambiing signal 1.«
at least the -45dB level, TV reception may become acceptable in most cases
Figures la. and lb. depict schematically the frequency spectrum of a TV
channel with the scrambling signal present, and with the scrambling signui
removed.
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in practice, it is not possible to remove a single frequency. A notch
filter removes a band of f{requencies about the undesired signal.® This
means, of course, that regular picture material is removed from the
transmission along with the interfering signal. There are, thus, stringent
design considerations for the Descrambler, even though in theory it is
merely an in channel notch filter.

The principle of the TEST System is the inserting of a scrambling
signal into a particular TV channel, e.g. between the visual and aural
carriers, and thereby obliterating the received picture and sound. The
reception may be restored, or descrambled, for a subscriber by removing the
scrambling signal at the TV set. Figure 2. is a block diagram of a typical
CATY facility equipped with the TEST System.

102

DIST.
AMP .
fo=——-- - DESCRAMB.L4 SUBSCRIBER
SIGNAL I
X e NON-SUBSCR.
| PROCESSOR || SoeE
| ! —e NON-SUBSCR,
|
! : DESCRAMB.Le SUBSCRIBER
: ! —= NON-SUBSCR.
; SCRAMBLER : DESCRAMB. SUBSCRIBER
|
________ Jd }———————e NON -
e ON- SUBSCR.
DIST.
AMP .

Figure 2. The Scrambler Unit

The scrambling signal is generated by the Scrambler which is located
typically at the head-end of a2 CATV facility, as indicated in Figure 2. The
function of the Scrambler is best understood through a practical example.

If it is desired to scramble Ch4 for purposes of payTV security. the
following choice of parameters for the scrambling signal will render
reception unenjoyable without the use of the TEST Descrambier unit.

Scrambling signal frequency: 69.507 MHz * {KHz

Frequency difference between

scrambling signal and visual carrier: 2.257MHz £ 1KHz

Level of scrambling signal relative

the visual carrier: 0dB
Modulation of scrambling signal: I15Hz AM

I KHz AM
“r moduiation of scrambling signal: 807

Table i.

It can be noted from Table 1. that the scrambling signal 1s very ncarly
midway between the Ch 4 visual and the aural carriers. The {requency
spectrum is shown in Figure 4.
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Systematic investigations indicate that this choice of parameters is just
one of several which will function well in the TEST System. In this instance.
the scrambling signal has the following effect on TV reception.

1. The 2.242 MHz signal is detected and amplifigd along with

regular video information by the TV set. Because of the | KHz
AM modulation the interference appears as a set of horizontal
bars across the receiver screen. The 15 Hz AM modulation
interferes with the A.G.C. and vertical synchronizing pulses, and
causes the picture to roll and jump.

2.  The beat and harmonics generated by the video detziicr
become part of the 4.5 MHz sound information. The |KHz AM
modulation, passing through the limiters. is detected .nd
amplified by the audio circuits such that the ! KHz wne -,
the speakers overrides regular sound material. Additiondiv, ¢
15 Hz AM modulation is audible as a “chirping” sound.

This frequency of 2.257 MHz interleaves the scrambling signai
between harmonics of the scanning frequency, which arrangement facilitates
the eventual descrambling process. This frequency of 2.237 MHz also
positions the scrambling signal away from the chroma information, so that
colors are not disturbed when the scrambling signal is removed.

SIGNAL COMBINING |- TO
PROCESSOR NETWORK CABLE
PHASE CH.4 i
LOCK R.F. VAR. |
ATT.
CH. 4 1
BAND TAP
PASS PRE-EMPHASIS |
FILT. AMP. BAND
PASS |ee
FILT.
2.257 MHz 13Hz 6 1KHz|_| 69.507 M2
OSCILLATOR| |OSCILLATOR CRYSTAL
OSCILLATOR
Figure 5
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Figure 5. is a block diagram of the Scrambler unit and of the
connections to other parts of a typical CATV head-end installation. The
69.507 MHz signal is generated by the crystal controiled rf oscillator. The
crystal is maintained in an oven for added stability. A series of band pass
filters reduce the harmonic content to -70 dB with respect to the
fundamental. Another highly stable crystal oscillator. operating at 2.257
MHz, is used to produce a reference for the visual carrier. This 2.257 MHz
signal is then mixed with the 69.507 MHz scrambling signal, and it is to this
frequency, i.e. to 69.507 MHz-2.257 MHz, or to 67.250MHz, that the visual
carrier of Ch 4 is phase locked. Consequently, the 2.257 MHz frequency
difference is insured to remain constant for the system.

The pre-emphasizing amplifier processes the rf band containing Ch 4
in such a way as to counter balance the degradation anticipated from the
descrambling process. It amplifies the band symmetrically about the 69.507
MHz point. Figure 6. shows the frequency response of the pre-emphasizing
amplifier, providing approximately 12dB gain at 69.507 MHz.
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The pre-emphasized Ch 4 band is then combined with the 69.507
MHz scrambling signal and is coupled into the cable system via an
impedence matching device. The frequency spectrum of the transmitted rt
habis pictured in Figure 7.
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The Descrambler

The descrambling process consists of removing the scrambling signal
from the Ch 4 of band. This is accomplished by connecting a Descrambler
unit in the subscriber’s drop line. The Descrambier unit, as described below,
is designed to be located indoors, mounted on the baseboard close to the
TV receiver set.

As mentioned before, the Descrambler is a sharply tuned LC notch
filter whose frequency spectrum is symmetric about the scrambling signal. It
is a completely passive device requiring no power for its operation. The
ultimate attenuation of the Descrambler is in excess of 60 dB at 69.507
MHz, the notch being sufficiently wide to remove the AM sidebands of the
scrambling signal, but being sufficiently narrow to prevent serious degrada-
tion of the video information. Qutside the notch, the Descrambler offers a
nearly perfect 75 Ohm impedence match, and transmission is attenuated less
than 1 dB. A bandwidth of 1.25 MHz at the 3 dB level is typical. Figure 8a.
shows the frequency response of the Descrambler, while Figure 8b. shows
the frequency response of the pre-emphasizing amplifier superimposed on
Figure 8a. It can be seen that the ultimate bandwidth of the Descrambler as
employed in the TEST System is less than 0.5 MHz at the 3 dB point.
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Stability is the primary consideration in the design of the Descram-
bler. Short and long term changes in the environment must be considered.
In particular, changes in temperature will cause thermal expansion of the
components and hysteresis effects become noticeable. in order to minimize
such environmental impact, the Descrambler components are made out of
some of the most stable materials available, i.e. from glass dnd ceramics. In
order to take advantage of the great thermal and mechanical stability of
these substances, a certain means of depositing conductors on glasses and
ceramics has to be employed. The so-called thick tilm technology is ideally
suited for the purpose.
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The thick film process, as it applies to the Descrambler, consists of
screening a conductive thick film paste onto a ceramic or glass substrate.
The screened on silver pattern is dried and subsequently fired at
temperatures up to 1500°F., so that it is permanently fused to the substrate.
Special kilns provide the proper temperature profile for this process.

Except for inductors, all parts of the Descrambler, that is ail
conductors and capacitors are screened onto an NPQ type ceramic substrate.
This particular kind of ceramic has very nearly zero temperature coefticient
for its dielectric constant, as well as very nearly zero hysteresis. Along with
glass, its thermal expansion coefficient is of the order of one part in a
million. In other words, capacitors made from NPO dielectrics have both
short and long term thermal stability. The actual capacitors in the
Descrambler are of parallel plate design, thus both sides of the NPO
substrate are utilized.

The inductors are supported by low loss electronic glass substrates.
The silver thick film paste is printed on the cylindrical glass by a special
technique. The pattern is fired onto the glass in a manner already described.
except. of course, a different temperature profile is required.

In order to facilitate the high Q required, the conductivity of the fired
film is increased by a silver electroplating process.

In the event that the notch of the Descrambler is off the desired
frequency because of variations in the manufacturing process, the unit can
be fine tuned by the laser trimming process. In this procedure, various
portions of the conducting surfaces are burnt off from the substrate by a
guided laser bgam.

The stability of the Descrambler is further enhanced by the rigid.
thick walled die cast aluminum enclosure. It is, of course, in the subscriber’s
interest to prevent the Descrambler from being damaged, nevertheless the
sturdy enclosure is necessary to minimize unintentional damage. A unique
feature of the Descrambler is the Deactivator device which makes the unit
virtually theft proof. The design of this feature incorporates a spring loaded
trigger mechanism which is released when the unit is tampered with. This
might happen. for example, when someone unauthorized attempis to
remove the Descrambler from the base board. Since a special tool is required
to turn the uniquely shaped screw that holds the unit to the board. force
would have to be applied to pry the unit off the wall. This forceful removal
releases the Deactivator, which, shattering the glass and ceramic substrates.
renders the Descrambler totally inoperative.

ft should be apparent from the preceding discussion that the sole
moditication of the TV channel is the addition of what amounts to anuther
carrier signal. This third carrier. the scrambling signal. doesn’t, however,
interact with the rest of the rf information in the channel. becavse the
scrambling signal is combined with the regular transmission through a linear
network. The actual “scrambling™ is accomplished by the receiver. which s
unable to reconstitute a coherent TV picture while the scrambling signal i
niesent. The scrambling signal, located as it is in the TV channel. is readils
processed by the line amplifiers of u cable system. For the same reason, the
scrambling signal is compatible with AML, and MDS as well. Any small
increase in distortion, if it occurs, can be eliminated by slightly reducing the
overall level of the channei band.

It is reasonable to conclude then. that the TEST System does provide
a degree of security adequate for most pay-TV operations. lts sahent
features are:

1. Low cost. Initial capital outlay 1s low, since one Scrambler unit
readily handles an entire cable system. Only paying customers
are supplied with the Descrambler.

2. Simplicity. and inherent reliability of operation. Easy to service
and maintain.

%

Flexibility. Centrally controlled scrambling, turning scrambling
on or off at will, provides great advantage from a promotionai as
well as from un engineering viewpoint.
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THE MARRIAGE OF CABLE AND SATELLITES (REVISITED)

John P. Witherspoon
Public Service Satellite Consortium
San Diego, California

There is great potential in the long-predicted
marriage of satellites and cable. The public

service commmity and the cable industry have

many mutual interests in such a liaison.

The satellite does not provide an alternative
way to provide conventional terrestrial
services. Rather, it makes feasible the
development of services which are not other-
wise possible; e.g., clinical support services
for health care in remote areas, interactive
education services to widely distributed
student populations, a more diversified system
of television and radio networking.

Satellites of relatively high power, coupled
with small, inexpensive ground terminals,
make these and other developments possible.

Five years ago it was fashionable to observe
that a satellite and cable television could trans-
form the marketplace for wideband communications
from an economy of scarcity to one of abundance.
At about that time, a lot of people set out to
get rich quick in cable. Not many of them have
done 1it.

Nevertheless, in spite of all the intervening
difficulties, when one looks again at the oppor-
tunities predicted for the cable industry five
years ago, most of the important options remain.
We can still make the satellite-cable marriage
work. But time and technology are moving on,
and the relationship can become obsolete before
the honeymoon is properly begun.

Before I overwork that analogy, let me bring
you up-to-date on the Public Service Satellite
Consortium. The PSSC was incorporated about a
year ago, in March, 1975. For the first six
months, our Interim Board coped with the arduous
tasks of securing initial funding and recruiting
key personnel. I came on board as President of
the Consortium on October first, amd our first
Permanent Board was elected by the membership
in December.

That membership now numbers about 50 non-profit
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organizations. Our constituency is as diverse as
the concept of public service itself, ranging
from CPB, PBS, and NPR in the public broadcasting
fraternity, to the American College of Physicians
and the Academy of Orthopaedic Surgeons in the
professional community, with other key fronts
represented by the American Library Association,
the State of Alaska, and various distinguished
institutions of learning.

We are assisting our members with several
major functions, beginning with aids to help
them formulate precise, realistic statements of
their requirements as they exist today and as
they can be projected into the future. Addition-
ally, the Consortium provides coordination
services and technical support to its members for
appropriate experiments. Under the terms of our
founding grant, the Consortium will become res-
ponsible for the transmission facilities in
Denver and nearby Morrison, Colorado, which were
major elements of the health and education tele-
communications experiments on ATS-6. The ex-
cellent technical staff which served as Operations
Manager of these experiments is now the engineer-
ing arm of the Consortium.

Once we understand the composite communi-
cations requirements of our members, the staff
will prepare and analyze alternatives in terms of
technology, financing, and organization to help
individual members implement working plans to
satisfy their requirements. Finally, the
Consortium will maintain an active policy and
administrative structure in order to coordinate
the joint activities of our members.

The Consortium will perform a brokerage
function in behalf of our members by integrating
their traffic requirements and by assisting in
negotiations with suppliers. Pools of interest
will be aggregated on a national basis; so that
the more users there are, the lower the cost of
service will be for each member.

The Consortium is by no means limited to the
sole use of communications satellites as a distri-
bution mechanism. Even if the cost of satellite
distribution continues to decline, it probably
will be more economical to use a mixture of
satellite and terrestrial facilities to reach all
but the most isolated users.

As you know, public broadcasting is planning
to implement a nationwide network of satellite
earth stations and has already expressed interest



i veloping the non-broadcast uses of such a
;;ssgm? ghggstations are scheduled to be oper-
ational by the summer of 1978, We are working with
public broadcasting to develop the tull public
service implications of these stations. There is

a clear role for cable in that process.

In fact, our institution and yours have many
common interests. As cable moves toward special-
jzed service in urban markets, we mutually have an
opportunity and obligation to think further about
the nature and variety of services rendered, and
to redefine the concept of a network.

With that brief introduction to the Consor-
tium, let me concentrate on a conviction that we
are riding some favorable trends, and we think
you are, too. The commmication satellite has
opened up new opportunities, and the ECC is en-
couraging competition in the marketing of '"new
and innovative' communication services. This
climate of competition has had a very positive
impact on the domestic satellite industry. How-
ever, it is not clear whether present FCC policy
will prevail indefinitely. This policy is intended
to result in a greater diversity of service and
more attractive prices to the consumer. The PSSC,
of course, would welcome such a development. What
AT§T calls the "experiment" in competion, however,
may not last long enough to result in such an out-
come. Thus, the PSSC feels a need to move quickly
while opportunities are available. You have a
stake in moving quickly too.

Unquestionably, the communication satellite is
one of the most significant outgrowths of the
$50-billion commitment to place a man on the moon.
As yet, however, the full impact of this techno-
logical breakthrough has not been realized. Satel-
lite technology has been used historically to
supplement terrestrial trunks between major popu-
lation centers. A good example of this approach
is the Westar system of Western Union, which con-
sists of five earth stations that are integrated
into the Bell system and other microwave facilities
owned by Western Union. The RCA system also uses
low-powered satellite transponders to serve a small
number of relatively large, expensive ground
stations.

The principal utility of a satellite, however,
is not to provide an alternate means of moving
conventional terrestrial services. Rather, it
makes feasible the development of services which
are not otherwise possible. NASA's experimental
satellite programs have conclusively demonstrated
the feasibility of transferring the burden of per-
formance in a satellite communication network from
the earth stations to the satellite itself. The
resultant decrease in both the cost and complexity
of the earth stations could put satellite communi-
cation into the budgetary grasp of the small,
independent user.

I believe that the future lies with low-cost
satellite earth stations which tie in with compre-
hensive local distribution facilities. It is
imperative to reduce the end-to-end cost of distri-
buting wideband signals and interactive narrow-
band signals to small users. For systems using
substantial numbers of earth stations, the small
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earth station coupled with a more powerful satel-
lite, seems to be the way to go. It should be

of great interest, therefore, that the 3400 indi-
vidual cable television systems in the United
States probably represent the largest short-

term potential domestic market for satellite earth
stations.

Perhaps someone is listening to the stirrings
of people like ourselves who require inexpensive
earth stations that can be located at the point
of use. While nothing is definite, the newest
satellite carrier in the U.S., known as Satellite
Business Systems, has amnounced a system designed
to serve a large number of stations. This satel-
lite system is scheduled to become operational in
1980. SBS is an independent subsidiary of IBM,
The Aetna Life Insurance Company, and Comsat
General. We all know that these people do not
pursue their business affairs in a casual manner.
They play to win. Personally, I view the advent
of SBS into the communications business with
great interest.

SBS has stated that they plan to serve busi-
ness and government markets using a flexible
digital format. It is not clear that SBS is
interested in video traffic, but modern digital
coding techniques would permit video networking.
The important message to the PSSC and the cable
industry is that SBS plans to deploy a large
number of stations at the point of use. Local
origination will be possible, and presumably
the stations will be relatively inexpensive.

Of perhaps greater interest to the cable in-
dustry is a preliminary announcement to the
effect that SBS will make extensive use of fiber
optics in their ground facilities. This new
distribution medium is capable of providing
gigahertz bandwidths with remarkably low attenu-
ation. It is possible that in the next ten
years these glass fibers will start to replace
copper wires and coaxial cables as the principal
means of routing electronic information locally.
Many experts believe that these glass fibers will
have a greater impact than satellites on the
structure of the domestic communications industry.
While SBS is making no such claims, it is likely
that the cable industry as presently constituted
would face serious competition in developing
the Wired Nation.

Cablecasters, then, no longer have the luxury
of time. There are new markets ripe for develop-
ment. If the cable industry ignores them or
cannot move strongly enough, others such as IBM
and AT§T will reap the harvest.

What are the most promising markets for cable
and satellites? The first on the list, of course,
is networking. The satellite is ideally suited
for interconnecting a few originating points
with many receiving points. The cost of nation-
wide broadcasting and cablecasting will drop
markely if this market can be aggregated.

The satellite is also well suited for inter-
connecting many transmit points to few receiving
points. IBM has stated that it will be cheaper
and much more convenient to store office materials



in a central computer than in a file cabinet.
Patient histories, billing information, and 1lib-
rary functions could be accomodated more easily
using a combination of satellites and cables.

If equal access to adequate health, education-
al, and other social services is to be made
available throughout the U.S., and if service-
delivery arrangements are to become more flexible,
the heavy reliance on face-to-face delivery must
be modified. It seems inevitable that commmi-
cations will play an important role in whatever
organizational arrangements evolve to cope with
these expanding service arrangements. The cost
reductions made possible by the marriage of
cables and satellites should accelerate this
organizational development. The organizational
implications of increased use of telecommuni-
cations in such fields as education, however,
imply a long transition between the present
experimental period and the onset of operational
service.

It is likely that the first serious education
markets for satellite/cable service will be in
the areas variously characterized as continuing
education, post-graduate professional education,
informal adult education, or nontraditional study.
Consider continuing professional education.
There are approximately 2 million professionals
(doctors, lawyers, nurses, vets, engineers, etc.)
in the U.S. today. An increasing number face
a need for continuing education as a requirement
for recertification. If one-fifth of this popu-
lation took an extension course each year at an
average cost of $250 per person, $100-million of
revenue would be generated annually.

One of the successful programs in continuing
education is administered by the American College
of Physicians. Approximately 20,000 internists
belong to this professional society. Two years
ago, the College of Physicians administered an
exam that was taken by 18,000 doctors, each paying
a respectable fee for the test. Dr. Edward
Rosenow, the Executive Vice President of the
College of Physicians, and also a member of the
PSSC Board of Directors, says the exam will be
administered again this September. Already over
33,000 doctors have signed up. The College of
Physicians has joined the PSSC to expand this and
other programs through the creative use of
telecommunications.

There is, then, a growing requirement for non-
entertainment, non-broadcast services, and the
people who want them are not all asking for a
free ride. There are substantial markets in the
public service sector.

In order to develop these markets, a flexible
and economical interconnection system is needed,
and we believe that such a system is likely to
be satellite-based in a configuration that uses
a large number of small, relatively inexpensive
earth stations.

The interest of the Public Service Satellite
Consortium is to see that needed services are
rendered well and economically. You are in a
business which can provide such services. We
should have a lot to talk about.
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TRANSMISSICN OF HIGH-SPEED PCM SIGNALS ON CATV SYSTEMS

Gerald 0. Shelton
GTE Lenkurt Incorporated
San Carlos, California

INTRODUCTION

This paper describes experimental work conducted at
GTE Lenkurt, San Carlos, California, and at GTE
Sylvania CATV Equipment and Installation Operation,
E1 Paso, Texas, to examine the feasibility of trans-
mitting high-speed, pulse code modulation signals
simultaneously with normal video transmission over
CATV systems.

BACKGROUND

Pulse code modulation (PCM) involves the transfor-
mation of continuously variable, analog signals
into a series of digitally-coded pulses and then
reversing this process to recover the original
waveform,

The basic PCM system now in service for telephone
communications, and used for this experimental
study, provides 24, two-way voice channels on two
cable pairs, one for each direction of transmission.
These channels are processed into a bipolar 1.544
Mb/s digital line format in three successive opera-
tions, as shown in Figure 1: sampling; quantizing
and encoding.! First, a time varying voltage, such
as speech (or a sine wave as shown), is converted
into discrete samples at a rate which is at least
twice the highest frequency to be transmitted. This
is defined as pulse amplitude modulation (PAM),
Each channel, which has an upper frequency limit of
3400 Hz, is then sampled at 8 KHz to satisfy the
sampling rate requirement.

Next, the voltage amplitude of each sample is as-
signed to the nearest value of a set of discrete
voltages. This process is known as quantizing and
is equivalent, in mathematics, to rounding off to
the nearest whole number or integer. The final
step is to code each discrete amplitude value into
a binary digital word, similar to coding the let-
ters of the alphabet for telegraphy. Each ampli-
tude sample is coded into an 8-bit digital word and
transmitted sequentially (time multiplexed) as a
single bit-stream. At the receiver the reverse pro-
cess takes place, as also shown in Figure 1.
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Frederick F. Reed
GTE Sylvania Incorporated
E1 Paso, Texas

One sampling period for all 24 channels consists

of 192 bits (one 8-bit word for each of 24 channels)
plus one bit for framing, giving a total of 193 bits.
At the 8000 Hz sampling rate, this equals the line
rate of 1.544 Mb/s (8000 samples/second x 193 bits).
The resultant binary pulses are then in fixed, pre-
determined time positions, and only the presence or
absence of a pulse determines the information con-
tent of the signal. This type of 24-channel sys-
tem is designated as T1 carrier.
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APPLICATION OF PCM TO CATV

While substantial bandwidth is available in most
CATV systems, it is seldom fully utilized. Ex-
panding plant usage by leasing channel space or
sharing facilities where PCM is transmitted along
with video and other services could provide in-
creased revenue for the cable operator. Poten-
tially, PCM could be employed in the folliowing
situations:

a. Leased Channels for Data Transmission
for Industrial Users

Although initially designed for voice transmission,
PCM systems are particularly well suited for car-
rying data due to their digital format. The fact
that digital transmission systems can carry data
at a lower cost, and with much better performance
than analog systems, has long been recognized by
the communications industry. Transmission of low-
speed data (2.4, 4.8 and 9.6 Kb/s) can be accom-
plished by using existing data modems with tonal
outputs and applying them directly into a voice
channel of T1 equipment. The data modem output is
sampled by the PCM terminal equipment the same as
with a voice signal.

Special data modems, which provide a T1 1ine signal
format directly, allow data speeds from 50 to 500
Kb/s. If it is desirable to mix voice and data on
the same system, special data modems are available
as listed in Table 1.2

Table I

Available Modems and Channel Arrangements

Wideband Data Modem Channel Arrangements
; 8 Channel! - 50 Kb/s
GTE Lenkurt S003A
4 Channel - 50 Kb/s
Western Electric TIWB-1 1 Channel - 250 Kb/s
2 Channel - 250 Kb/s
GTE Lenkurt 9003A 2 Channel - 250 Kb/s
Western Electric TIWB-2
1 Channel - 50 Xb/s
21 Channel - Voice
western Electric T1WB-3 Z Channel - 50 Kb/s
18 Chennei - Voice
i 4 Channel - 50 Kb/s
112 Channel - Voice

New equipment designs provide wideband data modems
which promise still more efficient use of the T1,
1.544 Mb/s digital line format.

The wideband channels available on CATV systems are
ideal for transmitting high-speed data up to 500

Kb/s, using the standard PCM, T1 line signal format.

Leasing of high-speed data channels to industrial
users would appear to be a viable market for the
CATYV industry.

b. Digitally Encoded Video

For applications where security of transmissjon is
important, especially when channels are leased for
private signal carriage, digitized video can be
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useful.’ Signals, in this format, are relatively
immune to repeater - introduced distortion and can
be transmitted over long distances with little de-
gradation. These signals, however, require rela-
tively high data rates on the order of 20 to 30
megabits per second for quality picture reprodyc-
tion. With efficient encoding, such a signal would
have a 20 to 30 MHz bandwidth at baseband, thus
using the spectrum space of several 6 MHz channels
on the CATV system.

c. Voice Communication

In certain geographic areas, particularly outside
the United States, it may be attractive to use
Tong-haul CATV trunk systems for transmission of
voice communication (primarily T1 telephone sig-
nals) along with video programming to interconnect
small, relatively isolated areas. A combined sys-
tem, with its inherent cost savings, could be eco-
nomically viable, while separate systems could not,
perhaps, be justified.

TRANSMISSION TESTS AND RESULTS

a. Lenkurt Tests

For these tests, two, 24-channel PCM signals
(1.544 Mb/s each) were combined in a Lenkurt Model
9120A PCM Multiplexer., The output of the 9120A, a
3.156 Mb/s modified duobinary®signal,* was fed
into a CATV modulator/demodulator pair arranged in
a back-to-back configuration.

An oscilloscope, with an eye pattern** (inter-
symbol interference) display of the signal, and a
bit error rate test set were connected to the out-
put of the demodulator. The modulator/demodulator
employed amplitude modulation with envelope detec-
tion, and vestigial-sideband filtering of the type
normally used for video transmission.

The eye pattern of the signal exhibited a high de-
gree of distortion with an unacceptable error rate.
The quadrature component, inherent in single-side-
band filtering with envelope detection, distorted
the signal beyond acceptable limits,

When envelope detection is used, the output is de-
termined by the resultant of the in-phase and quad-
rature components. In double-sideband transmission,
the quadrature component is reduced to zero. How-
ever, in single-sideband or vestigial-sideband op-
eration, the presence of the quadrature component

*Modified duobinary is a correlative, level-coded
signal which provides spectral shaping into a band-
width which extends *to only one-half the signaling
rate.

**An eye pattern is a graphical display used to
determine the effects of deqgradations introduced
on digital pulses as they travel over a trans-
mission medium. This pattern is obtained by
observing a random pulse train on an oscilloscope,
synchronized externally by the clock pulses which
drive the random data.



leads to an envelope shape which differs from the
modulating signal. One method of reducing the
amount of distortion caused by the quadrature
component is to reduce the depth (percent) of modu-
lation. This was tried during the laboratory tests.
The eye pattern of the resulting detected signal was
somewhat improved, but the bit error rate was still
unacceptabie for back-to-back tests.

When synchronous detection is used, only the in-
phase component of the signal contributes to the
recovered baseband; thus, requiring that synchro-
nous detection be used for this application to
avoid quadrature distortion. It was also conclu-
ded that the AGC in the demodulator must be dis-
abled for optimum performance.

b. Sylvania Tests

Transmission tests of PCM were conducted during May
1975 on the Sylvania CATV test system in E1 Paso,

Texas. The majority of the tests employed FM trans-
mission; some minor testing was also conducted using

The PCM signal was a 48-channel, multiplexed T1
telephone waveform (3.156 megabit). Investigations
were made into carrier-to-noise ratio requirements,
channel interaction, and a brief check on the im-
pact of system group delay on PCM error rate.

For these tests, two T1 signals were combined in a
Lenkurt Model 9120A multiplexer whose output signal
is compatible with modulators used for radio trans-
mission. The spectrum of the 3.156 Mb/s signal ex-
tended to approximately 1.5 MHz (Figure 2). This
was well within the bandwidth requirements of modu-
lation/demodulation equipment manufactured for CATV
applications.

Figure 2

3.156 Mb/s Baseband Qutput Spectrum From Multiplexer
{ +40dBmY full scale; 10dB/cm vertical;
50 KHz/cm horizontal)
Marker at Left Side of Screen
Shows Zero Frequency
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The CATV test system, shown in Figure 3, consisted
of 20 trunk amplifier stations in cascade, with a
50 to 300 MHz bandwidth, spaced 23dB at 300 MHz.
A1l stations were controlled by two, CW pilot sig-
nals which provided for the automatic compansation
of gain and slope to adjust for changes in cable
attenuation with temperature. The first 10 spans
of the cascade were straight 23dB cable sections;
the remaining ones had directional couplers (either
3 or 7dB) cut into the line to simulate splits in
the trunk, with the cable Tength adjusted accord-
ingly. The system frequency response (peak-to-
valley) was 1.6dB over the 50 to 300 MHz band. This
arrangement was the equivalent of over 10 miles of
point-to-point system length and provided a conven-
ient facility for tests of this nature.

Figure 3

Sylvania CATV Test System

The equipment setup used for these tests is shown
in Figure 4. A Bowmar Model 271A Error “ate Test
generated the two 1.544 Mb/s, T1 signals for the
input to the transmit side of the multiplexer. One
of the recovered, 24-channel, T1 lines from the re-
ceiver side of the 9120A was then fed into the test
set’s receiver input to give a direct readout of
error rate on that Tl line. While in normal system
anplication, two multiplexers would be used, one at
each end of the system, it was possible to "loop
back" the multiplexer output to its own input since
the CATV test facility was contained within a rela-
tively small area. With this setup, 48-channel T1
signals could be transmitted concurrently with vid-
eo for the system tests.
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Test Equipment Arrangement for PCM Transmission Tests

FM Tests

The FM modulator/demodulator combination was a Model
VFMS-2000 manufactured by the CATEL division of
United Scientific Corporation, and operated at a cen-
ter frequency of 75 MHz.

The modulator had to be run at 90% deviation (approx-
imately 1.5 MHz) in order to obtain sufficient out-
put from the demodulator to drive the multiplexer.
The deviation rate was maintained at this level for
all subsequent tests. Figure 5 shows the modulator
output spectrum at 75 MHz using the 3.156 Mb/s modu-
lation at this deviation.

Figure 5

Modulator Output Spectrum at 90% Deviation
3.156 Mb/s Modulation; 75 MHz Center Frequency
( +34dBmv full scale; 10dB/cm vertical;

2 MHz/cm horizontal)

The demodulator output spectrum is shown in Figure 6.
This compares well with the input spectrum from the
multiplexer (Figure 2), except for the addition of
system noise. A qualitative check on the sensiti-
vity of the demodulator to input level variations
showed that there was no significant impact on error
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rate as long as the input level to the demodulator
was maintained within the 1imits shown on the manu-
facturer's specification sheet (+9.5 to +40dBmV). If
the input level went below the specified minimum,
the error rate went beyond one in 106 immediately
because of a reduction in the baseband signal level
which could not be tolerated by the multiplexer.
Because of this, the input level to the demodulator
was set at +20dBmV for all tests.

Figure 6

3.156 Mb/s Baseband Output Spectrum from Demodulator
{ +40dBmvV full scale; 10dB/cm vertical;
500 KHz/cm horizontal)
Marker at Left Side of Screen
Shows Zero Freguency

With the PCM link operating over the CATV system at
video level (+30dBmV at 75 MHz) in the absence of

any other signals, a plot was made of error rate vs
signal-to-noise ratio at the 75 MHz carrier frequency.
Carrier level was measured at zero deviation on the
modulator. Excess noise was introduced into the sys-
tem by adding attenuation to the input of the ampli-
fier cascade. This technigue reduced the pilot level
and the signal level by the same amount; this, in
turn, increased the station gain in order to hold

the output level constant. With the increased again,
noise was added to the system output without sacri-
ficing signal level into the demodulator. Noise
levels were measured on a Hewlett-Packard spectrum
analyzer having a 100 KHz bandwidth, and extrapolated
to a 4 MHz bandwidth* using their published correc-
tion factors.?

The curve produced (Figure 7) shows that, if an RF
carrier-to-noise ratio of at least 25dB is maintained
at the output of the CATV system over the operating
temperature range, error rates better than one in 10
can be expected.

*A11 carrier-to-noise measurements in this paper
are based on a 4 MHz bandwidth unless otherwise

noted.



10 % w0
—
X
L%
3
X;
9
o
- l 0?
T 15
1 |
L i N
+
Y . | I
ot 3 | 10 *
e
¥ =F ; =
| i I i —
| T ; T 1
« LR T i
g S N
H : ' i !
- — 4 | —-10*
== .
- i 58 e B
i % ¥ e 1 T i 4
p— o T |
H 1 T —1
L N B W .
% T i 1 T 1
' 4 { i e .4 !
. T \' !
ot | =+ - —-—ﬂ—'——j."o‘
T i =
| e : = T —
 T— - il ’e
i {
¥ T Ll I 1
% i 8 E T e
i P ‘ =
l’"—‘ J | i i .~I°"
[ 0 20 30
SIGNAL-TO-NQISE RATIO (dB)
Figure 7

Error Rate vs Signal-to-Noise Ratio
for FM Transmission

The effects of video channels operating simultane-
ously with the T1 were observed in the next test.
The PCM was operated at the same level as the adja-
cent channel TV signals. Live, off-the-air video
was run on channels 2, 6, and 11; channels 4 and 5
were reserved for the T1; channels 3, and 7 through
W (except for the channel J pilot and channel A
which were inoperative) were run using 100 percent
synchronous, 15.75 KHz square-wave modulation.
Levels for the higher channels were set in accor-
dance with the standard Sylvania block tilt.* This
represented 31-channel operation in addition to the
T1. Under these conditions, the following observa-
tions were made:

(a) There was no observable degradation on any
of the video channels with the T1 operat-
ing. .

(b) The composite beat at the CATV system out-
put, measured on Channel 10, was -63dB
with the T1 signal "on" or "off".

(c) Visual triple beat margin on the live
video was the same with or without the T1I.

(d) The error rate on the T1 signal was 2.88
x 10=% , which was not as good as expected
since the composite carrier-to-noise ratio

*Channels 2-E at +30dBmV; F-13 at +32dBmV;
J-W at +34dBmV.

on the PCM channel was 46.3dB. This was
traced to the demodulator's sensitivity

to Channel 6. In fact, with the PCM off,
the video output of the demodulator showed
detection of Channel 6 sync pulses.

Considering that, in the future, 96-channel multi-
plexing equipment with increased bandwidth may e
available, it would be preferrable to run the PCM

at levels lower than the video to minimize its con-
tribution to composite beat build-up in the CATV
system. It was desirable, therefore, to run the

PCM channel 10dB below the level of the adjacent
channel video. Since demodulator sensitivity to

the adjacent channel precluded doing this, all re-
maining tests were performed with Channel 6 disabled.

A long-term error rate test with the PCM operating
10dB down from video (+20dBmV) produced an error
rate of 2.3x10°!l. This was a 15-hour, 35 minute
run with the PCM operaging simultaneously with 30
modulated TV channels. Composite carrier-to-noise
ratio on the PCM channel was 36.3d8B.

Finally, the -PCM.was transmitted over the system
after sub-VHF diplex filters were added to each
trunk station. These filters are used to estab-
lish bi-directional system operation and added
about 40 nanoseconds of differential group delay
at the 75 MHz carrier frequency; this differential
delay is specified over the 3.58 MHz video-chroma
carrier separation normally used for television
transmission. With the added delay produced by
these filters, a two-hour test yielded an error
rate of 3.598 x 1010, using the same operating
conditions as in the 30-channel test described
previously.

AM Tests

A few tests were also run with a AM video modula-
tor/demodulator pair designed for normal television
transmission operated on Channel 2. Figure 8 shows
the modulator output spectrum, where some slight
clipping of the lower sideband by the vestigial
filter is noticeable.

Figure 8

AM Modulator OQutput Spectrum
3.156 Mb/s [nput; 55.25 MHz Carrier Frequency
( +34dBmv full scale; 10d8/cm vertical;
1 MHz/cm horizontal)



In order to get satisfactory PCM transmission, cer-
tain operating conditions had to be maintained on
the modulator and demodulator;

(a) The percentage of modulation had to be
reduced to 50 percent, presumably, to
minimize the effects of quadrature dis-
tortion in the video detector from the
clipping of the Tower sideband.

The IF and AGC levels in the demodulator
had to be very carefully set to obtain
the proper detected output level. The
AGC system in this particular equipment
used sync-tip reference. Since the PCM
is transmitted without sync pulses, some
1imited AGC action will be obtained by
detection of the composite signal making
the setup of the AGC very critical.

(b)

There were also slow, long-term, level shifts due
to AGC drift which precluded making any extensive
measurements. However, the following could be
determined:

(a) With the T1 signal operating at video
level along with 33 modulated TV channels
and 140 nanoseconds differential group de-
lay, an error rate of 5.39x10"? was ob-
tained for a 25-minute test. This was
with a 48dB carrier-to-noise ratio.

When the carrier-to-noise ratio was re-
duced to 35dB, the grror rate degraded
to beyond one in 10 ° ; at a 40dB car-
rier-to-noise ratio, a 5.8x10~7 error
rate was recorded.

(b)

These AM tests, although brief, indicated problems
similar to those pointed out by the GTE Lenkurt
work, and since this was the only AM equipment
available, no further testing was conducted.

EQUIPMENT REQUIREMENTS

These experimental tests point to certain perfor-

mance requirements for the modulation/demodulation
equipment and CATV transmission system if PCM and

video signals are to be transmitted simultaneously
without degradation.

a. Modulation/Demodulation

Tests conducted thus far indicate that coaxial cable
and cable amplifiers do not constitute a major im-
pairment to the transmission of. high-speed PCM sig-
nals over CATV systems. The CATV modulator/demecd-
ulator are the most critical points in the system.
Such equipment should be specified as follows:

(1) The modulator should be designed for
color TV transmission. This should include pre-
equalization circuits to correct for phase dis-
tortion inherent in the shaping circuits of the
modulator, and optimized circuits to provide the
minimum linear differential phase characteristics
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(equivalent to minimum differential delay) neces-
sary for high quality color TV signals,

(2) Synchronous detection should be employed
in the AM demodulator in order to achieve high per-
formance levels with respect to differential delay
and gain and quadrature distortion. The keyed AGC
circuit in the demodulator must also be disabled.

b. CATV Transmission System

In general, if the CATV transmission system has
been designed for video-quality transmissions, no
problems will be encountered in transmitting PCM
with an acceptable error rate. The curve of

Figure 7 shows that signal-to-noise ratios of 30dB
or more on the PCM channel will give excellent di-
gital signal recovery. Discrete and composite beat
distortion products should be maintained at compar-
able levels to avoid unsatisfactory error rates.
These reduced signal-to-noise ratio requirements
allow the PCM signals to be run on the system at
levels 10 to 15dB below the video, thus minimizing
contributions of the PCM channel(s) to distortion
products-affecting-the-video--signals-6— Systems de-
signed exclusively for PCM transmission can take
advantage of the lower carrier-to-distortion ratio
requirements to increase amplifier spacing and re-
duce the size of the cascade.

SUMMARY

Overall, the experimental tests show, especially
for the FM transmission system, that 3.156 Mb/s
PCM can be transmitted over CATV systems without
degradation to either the PCM or the video. Cer-
tain guideiines, however, should be followed:

(1) Sensitivity of the PCM demodulator to
adjacent channel signals must be con-
sidered. If it is unacceptably high,
extra preselection must be specified, or,
preferably, a guard band maintained be-
tween the PCM channel(s) and the video.

Sufficient signal level and carrier-to-
noise ratio must be maintained at the
input to the demodulator as the system
levels vary with temperature. A 30dB
carrier-to-noise ratio would provide a
good basis for system design and gquaran-
tee sufficient signal-to-noise at base-
band for proper operation of the PCM
decoding equipment.

(2)

The PCM channel should be run 10dB below
video to minimize its contribution to
composite beat build-up in the CATV system.

Selection of the PCM channel carrier fre-
quency should take into consideration the
fact that composite triple-beat distor-
tion is worst at the standard TV channel
video carrier frequencies. If PCM is
operated "off channel", triple beat dis-
tortion will have a Tesser effect on the
PCM error rate.

(4)
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TWO-WAY IS ALIVE AND WELL

Donald T. Rozak

TOCOM,
The Woodlands,

ABSTRACT

This paper deals with certain technical,
operational, and economic considerations
and features relating to interactive, bi-
directional CATV systems developed and in-
stalled by TOCOM, Inc. at several locations.
Extensive operational field experience has
provided TOCOM with a fully-operational
two-way system design and production home
terminal units that are generating addit-
ional. paid services in these systems.
Inherent features of the TOCOM system pro-
vide faster. more accurate system mainte-
nance techniques and an array of inter-
active functions, including effective "per-
prcgram" pay-TV mechanisms. The services
described represent a new market for CATV
systems with the TOCOM capability.

Contrary to the impression one might gain
from the lack of publicity, discussion,
and articles in the CATYV industry trade
journals, "Two-Way" is alive and well ac-
ross tne country. The terr "Two-Way", as
used herein. deces not denote bidirectional
";apability'only, whicn is theoretically
prezent in many cperating systems today.
but refers te fully-operational, bidirec-
ticnal systems utilizine interactive res-
ponse tarninals in the 2ustomer's ‘ome.

These systems are not "experimental” sys-
tems, utilizing limited numbers of esoteric
nand-crafted terminal units. These are
fully operational, bidirectional, 31l-chan-
nel CATV systems utilizing production ter-
minal units in the subscriber's home to
provide additional, paid services. Trese
systems are not subsidized by the manu-
facturer. but are systems that were pur-
crased for cash by seasoned businessmen
during a period when tne CATV industry

was in one of the worst recessions in its
history.

The reader will probably be surprised to
learn that the developer and supplisr of
these operating two-way systems is nct

one of the industry giants or a major “SO,

Inc.
Texas

but is TOCOM, Inc., a small, Dallas-based
firm formerly known as CAS Manufacturing
Company.

TOCOM has sold and installed the headend,
central data system, and initial section
of cable plant at five locations, to date.
Each system is also a fully-compliant,
licensed CATV system., Follow-on instal-
lation contracts with TOCOM provide for
continuing plant construction; system
owners may also contract with TOCOM to
provide system management, operation, and
maintenance personnel and services under
a management contract. Home terminal units
are alsc supplied on a continuing basis,
as the systems require them.

The author of this paper is the manager
of one such operational two-way system,
located in The woodlands, Texas. The
Woodlands is a new town development loca-
ted about 30 miles north of Houston, and
will comprise abocut 50,000 nomes when com-
pleted.

Woodlands CATV, Iac. i1s actually the third
¢f five such systems to corme cn line in tn=
past twe years. Two new systems gre cur-
rently scheduled to become operational dur-
in: 1377, Tris parer will deal oprincipail-.
witr the Woodlands svste~, bu® is represe--
tative of tr=2 0%t er sv3tems. as well. Tie
intent ¢ tinls Dapsr 1z toe rrovide the
reader wit: an i-zi-nft into scme coi tre
daily cperaticr azpects ¢ two-way syste-s,
rather than merely reiterate all the "pie
in tne sky” features that may some day be
availaole to t-e users of future two-way
systers.

Trne past difficulties asscciated with tre
creation of a devand for cabtle TV service
in th= urban and suburban marketplaces
snould te a familiar subject for trose
readers respensiole fcr sales and market-
inxy in tnose marketplaces. Fay-TYV repre-
sents an additional pilzgy-back service

trat is currently responsible for increas-
inz averaze revenue-per-sudscriber and
basic penetration percentages in many sys-
tems. Pay-TV is cnly the first step in tre
rizht direction, rowever. The end objective



of those system operators desirous of maxi-
mizing return on investment is the addit-
ion of as many more piggy-back services

as possible, providing revenues increase
faster than costs.

Two-way services represent an additional
incremental increase in potential revenue
per drop that does not detract from exist-
ing services, but adds another attraction
to the existing package offered by the
cable system. A two-way command and control
capability is also obviously not unrelated
to the problem of hard security for pay-TV.

The current major commodity in the TOCOM II
systems 1s security, an area of opportunity
not currently addressed by any other CATV
system. Conventional commercial security
sKstems offering central-station monitoring
24 hours a day are generally too expensive
for typical residential application. The
"residential" securlty systems are typical-
ly too expensive (if they work reliably),
or unreliable (if they are affordable).
Despite this problem, there is an increas-
ing demand among urban and suburban resi-
dents for household security systems; a
demand that closely parallels the increas-
ing crime rate. It is this demand that

has provided TOCOM the opening wedge in
supplying two-way service tnat tnhe subs-
criber is ready and willing to pay a
monthly premium to obtain.

Household emergencies requiring outside
assistance generally fall into three
categories: fire, police, and medical.

In each case, the speed of response is
extremely critical in determining tre
effectiveness of the response. The typ-
ical time lag, from the moment the need
for assistance is recognized by the indi-
vidual to the time the appropriate res-
ponse agency has sufficlent information
to react effectively, is three to five
minutes....or more, If automatic detection
and reporting systems are not utilized,
the delay frequently means total loss,
with little or no chance for recovery.

To demonstrate to the reader's satisfac-
tion that the 3-5 minutes is not an ex-
cessive estimate, visualize the specific,
time-consuming steps that would follow
discovery of a fire in the reader's home:
the first indication would generally be
detection of smoke, by sight or smell;
assuming the reader was not asleep at

the beginning of this excercise, detec-
tion might be after the fire is well-
started., Second, the reader would try

to locate the scurce and make an on-the-
spot determination as to whether It can
be handled without assistance. If the
decision is negative, the next step is

to find the phone, locate the rnumber of
the fire department, dial the number,

85

walt for someone to answer, igentirfy tre
problem tc the answerer, prcvide name.
address, and teleprone number, and te-en
walt while the information is relayea fo
the fire department di-patcher, who celec.
ts and dispatches tne nearest availablg
unit.

Alternatively, visualize a fire detecticn
system that detects the fire immediatelvw
whether the reader is home and awake orH
not. The alarm i1s sounded locally and. at
the same time, is printed ocut at the fire
department dispatcher location, togetner
with the reader's name. address. telephone
number, and other data which might be per-
tinent to the responding unit....all witr-
in 30 seconds from the time the alarm
first sounded.

Without further belaboring the point, it
should be obvious that elimination of the
requirement for personal action and pos-
sible communication delays assoclated witr
the telephone system drastically reduces
the total time required for an agency tc
arrive on the scene of an emergency. Oper-
ating experience in the various TOCOM sys-
tems has demonstrated both demand
ceptance by the subscriber, and a I
ness to pay an additional premium Zcr the
services.

The balance c¢f this paper will deal pri-c:i-
pally with a functional description of fre
TOCOM II system and how various operaticnal
aspects of twe system impact on daily crer-
ations.

The TOCOM II system essentially consists
cf a Central Data System. bidirectional
cable plant, and nome terminal units,

Zach of these major elements are descritel
in more detall below:

a) Central Data System: The CDS comprise
a Hardwire Control and Pisplay Conscle,
minicomputer wits bulk memory, 2 data “ra-C
mifter, cone cr more data receivers. severu:
modems, teleprinters, and ctier peripreral
devices.

) Cable Plant: Trhe catle plant utilizes
dual trunk catle wit:n unidirecticnal amp-
lifiers providing a £-300 MHZ response.

and bidirectional distribtution cable and
line extenders wiich exnibit a 5-.30 1H7
response.

c) Zome Terminal 'mit; The home terminal
unit is a flush-mounted device. with zll
centrel functions located in a2 remote-
contrcl "palm unit"”, wricn is connected
v a 25-ft cord tc tne terminal unit, T.e
ome terminal inccrperates a preamplitfier.
a 3l-crnannel ccnverter with AFC, a dizi<azl
transceiver, and a control logicz toard.

WU

D

Each home terminal incorperates unigue

identification logic which allows the uni-
0

tc respond to only cne "address” in

“lce



of 1024, The transmitter portion of the
integral digital transceiver utilizes one
of 60 possible frequencies, thereby provi-
ding a potential of 60,000 unique addresses
for the system. The limitation is arbit-
rary, rather than inherent.

The home terminal is modular in const-
ruction, which greatly facilitates fileld
maintenance. Functional problems are read-
ily associated with specific modules,
which can be easily replaced in a matter
of minutes by the field technician or ins-
taller. Experienced MTR (mean time to re-
pair) in the Woodlands System, for service
calls resulting from malfunction of the
home terminal unit, is approximately 15
minutes.

The hardwire controller generates sequen-
tiel interrogations for all terminal units
during a six-second cycle, which is trans-
mitted to all units on a common interro-
gation frequency. Responses are received
by one or more receivers in the CDS as time-
division multiplexed signals within each
frequency "group”. The detected signals are
fed to the hardwire control console logic
for decoding and display of the returned
data. The hardwire controller normally
operates under computer control in t:e "ON-
LINE" mode, but is also capable of operat-
ing in a free-standing (OFF-LINE) modzs
without computer assistance.

When operating in the ON-LINE mode, tne
computer recognizes only those addresses
which have been entered by the operator
into memory. If an "active" address fails
to respond to interrogation, the computar
pauses and reinterrczates that address up
to 50 times. EFach response, if anv, is
arity cnecked for valid data; less than
E? cut of 50 valid data respenses initieates
a2 MONITOR alarm, az dces a totzally nissing
response, or a reegpcris that appesrs in an
"inactive" address time slot,

T

Return data words oonvaining “ICHITOR, FIRE,
POLICEZ, or MEDICAL 2larms cause the ccmpu-
ter to initiate an output alarm message to
a teleprinter in the appropriate location
"i,e.:Tire staticn, pclice station. etc.)
which identifies the unit address code,

the type of alarm, time of day and -date,
follewed by a block of demograpric suovscri-
ber data which includes name, sireet
telepricne numbher, gecgrapnic lozzii
otner selected data pertinent
ric nature of tre alars,

. and
na speci-

Fact come cerminal owall
with any one of 15 di:: 2
inz interrogatior, and can select res-
ponse from any one cf 14 different locszl

Tt

inputs, ls
capability affords ample reserve [J.nutions
for future services Lvurrently, tie zacico

36

2ddress.

system utilizes only two command words and
one response word in normal operations.

The normal response word contains status of
the three alarm circuits, on/off status of
the TV set, channel selected, subscriber
response data, pay-TV authorization, and
data validation information.

The full data block from a single ter-
minal unit may be selected manually for
display on the operator console, or the
computer can summarize specific data
blocks for all units in the system,
without individual identification,

Two separate techniques may be alter-
natively employed for pay-TV operations:
a)Positive Control: In this system, all
terminal unlts will display only a "pre-
view" channel when any premium channel

is initially selected. Actuation of the
pay-TV key on the home terminal palm

unit initiates a "request" for that chan-
nel to the CDS, If previously authorized,
the computer will return a tuning command
to the home terminal which causes the con-
verter to tune the appropriate channel
for display. Subscriber identification
and viewing time 1s logged by the compu-
ter for each requested block of premium
viewing time.

b)Passive Control: In this system, actu-
ation of the subscriber's pay-TV key
enables the tuning of a premium channel.
The combination of pay-TV authorization,
TV power "ON", and the selection of a
premium channel during premium viewing
time is required to inltiate the identi-
fication and logging process for that
subscriber.

Witnh the basic functional description
provided above, let us now move on to
tne method of implementation of these
various services in the Woodlands CATV
system:

constructicon of new cable plant in the
Woxdlands CATV system 1s accomplished

at =z pace dlctated by the development of
rew real estate, currently about two miles
of plant per menth, All utilities in the
woodlands are underground, and are instal-
led ccncurrently 1n advance of release of
gacn parcel to the builders. TOCOM Const-
ruction Company, a division of TOCOM, Inc.,
provides turnkey construction of the CATY,
gas, and electrical plant, plus physical
installation ¢f the telephone plant at the
Yoodlands. Major blocks of CATV plant
construction at otner sites are also sup-
rorited oy TUCOM Construction Company.

dousing construction typically begins
Wwitain 30 days after completion of

oiant installation, with total buildout
01T each parcel currently averaging about
i3 montvhs from activation of the plant,



Each residential dwelling unit in The
Woodlands is required, by covenant, to

be prewired for & minimum service capa-
bility. The "minimum package" required
for each unit consists of a smoke detec-
tor, two tv outlets, two manual medical
alarm stations, and two manual police
alarm stations, The cost of this prewire
package is borne by the builder, and is
included in the price of the house. The
builder and/or buyer have a further option
of adding additional outlets, smoke detec-
tors, heat detectors, alarm stations, and
sophisticated intrusion detection systems
which are interfaced to the police alarm
circuit.

It is interesting to note that over 65%
of the homebuyers are currently specify-
ing optional intrusion detection systems.

House drops are installed by the prewire
crew on a turnkey basis., Responsibility
for repair and maintenance of the pre-
wired system and the house drop is as-
sumed by system operaticns and mainte-
nance personnel after functional accep-
tance tests of the installation.

As each new home 1s occupied, the resident
has the option of not subscribing, subscri-
bing to TV service only, or subscribing to
the full-service package. All service
charges are flat-rate monthly charges that
are independent of the number of outlets,
or number or type of alarm devices in the
home, 1If the subscriber desires the full-
service package, he 1s required to "pur-
chase" a home terminal unit. Some builders
purchase the home terminal units in advance
and supply them with the house.

This mechanism, of course, eliminates tne
major capitalization requirement that has
historically been the downfall of propcsed
two-way systems, and represents a major
key to economic viability in this type
system.

The basic stvatistics of the Woodlands
CATV system penetration, in the environ-
ment described above, may be somewhat
surprising:

a) 97.4% of all occupied nomes benind
thé plant are subscribers to some level
of service.

b) 93.5% of the system subscribers sub-
scribe to the full-service package.

Higher penetration percentages nave the
net effect of reducing plant maintenance
costs, when computed on a “"per-sibscriber"”
basis, With the exception of the addit-
ional staffing required to ccver operation
and maintenance of the Central Data Sys-
tem complex and the home terminal units,
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plant maintenance reaquirements, in the
aggregate, are no greater than that re-
quired in any properly-maintained, fully
compliant system.

Downstream electronics, which consist

of TOCOM "Blue Chip" series amplifier:.
are completely conventional in operat-

ion and maintenance. Upstream electron-
ics require periodic adjustment of squelcr
thresholds until the home terminal popu-
lation on each feeder leg stabilize;
thereafter, the maintenance interval
required is the same as for the down-
stream electronics.

Maintenance of the home terminal units
requires principally digital logic skills.
Competent RF maintenance technicians can
be cross-trained readily to handle repairs
of the RF circuitry and components of the
home terminal unit, as well as field re-
placement and calibration of functional
modules within the unit. Although the
theoretical MTBF /mean time between fail-
ures) has not been officially calculated
for current production terminal units, the
actual, experienced MTBF of the units in-
stalled in the Woodlands CATV system is
currently (at this writing) in excess of
10,000 hours.,.and improving.

The two-way nature of the operating sys-
tem provides a maintenance bonus: perfor-
mance 'of any portion of the system can be
observed by analysis of the data returns
from that section of plant. The console
operator can select a single terminal unit
for examination, in the OFF-LINE MANUAL
mode of operation, which results in con-
tinuous Interrogaticn of trat unit. Tre
RF signal, when examired with a spectrum
analyzer, provides an indication of the
performance c¢f the section of cable plant
tarcugh wnicn that cignal rasses. Level
weasurements rrom several adiacent locz-
tions guicxly provide an indicaticn
any degredaticn trat may ~ave cccured
since trhe last exanination of %hat sectlor,
well before problem:s beccme evident in

the subscriber's pictures,

~
[

In the event of failure o7 an amplifier
or power supply, or prysical damage to
the cable plant, an immediate alarm mes-
sage generation for unlts downstream Ol
the affected point permit immediate p.n-
pointing of trouble spots. Mo more 5:1D
PM service calls to correct a 10 AV pro-
blem!

In normal operation, tne nome terninals.
central data system, and cable plant
have sufficient dynamic range tc_acc;iu-
date cumulative pertubations of 1nte?;c—
gation and return signal levels. It 18
immediately apparent to an expeylenci
operator at the CLS when 2 section 0%
the system displays a trend away Ifrom



normal operational levels.

On a personal level, the system personnel
are more closely involved with the quality
of their workmanship than the author has
ever observed in conventlonal systems. Al-
though the complexity of the system, in
overall terms, is at least an order of
magnltude greater than a conventional one-
way system, the incidence of service calls
dces not appear to be significantly higher
than in a one-way system of equivalent
size.

At the initial briefing of fire, police,
and medical personnel last year on the
operatiocnal capabilities of the system,
there was some quiet skepticism evident
about the effectiveness of the system.
These agenclies have all completely ac-
cepted the system, to the point where
standard operating procedures fer all
three services are specifically written
around the operation and capability of
the system.

Subscriber response to the services offered
can only be described as overwhelmingly
affirmative. In the words of one sub-
scriver, "....the system is worth its
weisnt in gold!". The subscriber. ‘rs.
Terry “Merritt, made this statement to

the Fire Crief after having a fire ex-
tinguished in an attic-mounted gas fur-
nace....less than five minutes after the
alarm sounded in the Merritt residence.
The family was unable to even lccate the
rire until less than a minute before the
Fire Department arrived on the scene, and
the fire was extinguished without any dam-
age to the recef, attic, or ceiling of the
nouse.

Altnough a year of operation at the Wood-
lands is perhaps not statistically validg,
there has not yet been a burglary loss
involving a home with an intrusion detec-
tion system, or a major loss due to smoke
or fire damage., Numercus incidents nave
been reccrded at the Woodlands and in
other systems of major losses that have
been averted and lives saved that would
not have been possible without the TOCOY
II system.

Tne effectiveness of the protection af-
forded by the Woodlands CATV system has
been recognized by some insurance com-
panies, who are now offering substantial
discounts on homeowner insurance pre-
miums to full-service subscribers of the
system. The total amount of the discount
on an average policy reduces the mortgage
payments by more than the monthly ser-
vice charge for the additional service.

In summary, 1t is evident that a system
service that requires a substantial out-
lay of cash for a home terminal unit,
plus an additional monthly service charge
for trne service must have something to
offer to achieve a net penetration of
91% of all homes behind the plant.

Readers interested in learning more about
TOCOM 11 systems or in seeing a two-way
system in actual operation are invited to
contact the autror at The Woodlands system
or just drop in anytime they are in the
Houston area. For those readers in other
parts of the country, contact TOCOM, Inc.
in Dallas, Texas for the location of the
system nearest you.
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WAVEFORM TESTING

Victor Nicholson

CTIC The Urban Institute

Abstract

Existing subjective and frequency domain
testing procedures are shown to have major
weaknesses in ensuring the delivery of accep-
table television pictures to cable subscribers.
Recommended, instead, are waveform test
techniques using VIT signals as generated by
the networks. Applications of measurement
procedures and performance objectives are
discussed for echoes, noise and chrominance/
luminance gain and delay,

Waveform testing of television signals
introduces a valuable concept to the performance
testing and maintenance of R, F, distribution
systems; including cable, satellite and fiber
optics. Waveform techniques, as presently
used by broadcast engineers to meet perfor-
mance objectives for their video facilities, can
also be used by cable engineers to meet perfor-
mance objectives as to the picture quality of the
television signals delivered to the subscribers.
This is in contrast to present procedures that
are primarily designed to provide information
on quality and performance of cable, equipment
and distribution system.

Monitoring picture quality to ascertain that
the delivered signals meet minimum acceptable
level of impairment to the TV picture also
ensures that the distribution system performs
satisfactorily: the converse is not true. Know-
ing that the distribution system meets minimum
standards does not ensure the delivery of
satisfactory pictures. Maintenance procedures,
based on distribution system characteristics,

Washington, DC

have resulted in many complaints by
broadcasters, of excessive degradation of their
local channels when carried by a cable system.
This is especially true of local UHF signals
where interference is often introduced at the
head end by the mixing of harmonics of the local
oscillator from the converter with other UHF.
Distribution system testing has little value in
resolving these complaints.

Waveform test procedures have had little
application in the past to the cable industry as
it was expensive to introduce these test signals
at the head end. In addition, they provided no
information as to the quality of incoming tele-
vision signals. -Equipment was necessary to
demodulate each channel, insert these diagnostic
signals and then remodulate them; all of which
added degradation to the desired TV signal.

Today, waveform test procedures are
applicable to the cable industry as these
diagnostic signals are already injected into the
four major network transmissions; ABC, CBS,
NBC, and PBS. This eliminates the need for
a cable operator to own expensive equipment to
introduce these signals. DMost important, in a
report published in 1975 by the Network Trans-
mission Committee _1_/ there are recommended
test procedures to meet picture impairment
performance objectives. Granted these
objectives for network transmission are more
stringent than required for viewer reception,
the signals still provide an excellent reference
of quality and the measurement procedures are
valuable and easy to use. There need only be
reduced, reasonable standards for subscriber
reception.

This paper compares linear waveform
distortion analysis with presently used methods
of subjective testing and frequency domain
measurements, It also endeavors to show that
waveform analysis merits consideration by the
cable industry to improve subscriber penetration
in existing systems and as an aid to gaining
entry into urban markets. Before going into
waveform analysis, this paper discusses the



procedures we are using now, including
subjective and frequency domain testing, and
points out their present weaknesses.

Subjective testing can be defined as
evaluation by observation of the television
picture and is a valuable technique in the hands
of qualified viewers in detecting visible degrada-
tion of the picture. In some respects, itis
superior to measurements of impairments as it
deals directly with the end result rather than
causative factors that correlate with picture
quality. All distortions are simultaneously
vigible and are diagnosed by the eye/brain
complex for their acceptability. Other advan-
tages include high sensitivity to some observable
factors, the use of the TV set as test device and
the lack of need to disrupt the system, Subjec-
tive testing has many advantages.

Subjective testing also has many limitations;
one is the dependence for results on the viewer's
competence or motivation. The viewer may be
a cable technician without knowledge of the type
or magnitude of the distortion observed or may
be more concerned with concealing defects. A
major weakness of subjective testing lies in the
field of maintenance; some factors such as hum
modulation can be difficult to see depending on
the TV picture content, brightness, contrast
and ambient light, Other distortions cannot
be detected or measured until they are defi-
nitely visible; therefore they cannot be correct-
ed until they reach this relatively high level.

An example is an amplifier in the early part of

a system which may be introducing an excessible
amount of distortion, using up most of the system
tolerance. Still the picture ar that location may
not appear degraded. Therefore the cable in-
dustry and the FCC requires that these proce-
dures be supplemented with other techniques that
include frequency domain measurements.

Frequency domain techniques involve intro-
ducing equal amplitude sine wave signals at
various frequencies into equipment, cable or a
system; and then measuring the amplitude or
phase response variations that result. These
techniques are valuable for maintenance of
equipment, cable or detecting gross distortions
in the cable distribution system since amplitude
variations can affect other noise and overload
factors. An important plus is that cable tech-
nicians generally have the test equipment and
the know how to make frequency domain measure-
ments whether using a standard sweep generator
or a simultaneous sweep technique. The latter
permits analysis of a cable system response
during daytime hours while creating a minimum
amount of distortion to the television picture.
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Unfortunately frequency domain testing
provides little information concerning the quality
of the TV pictures delivered for the following
reasons:

-(1) Faithful reproduction of the television
signal, or minimum distortion of the waveform,
requires that delay be considered as well as
amplitude. The cable industry techniques do not
include delay versus frequency measurements,

-(2) As pointed out by Osborne 2/ even ''full
knowledge of the amplitude/frequency and delay/
frequency characteristics does not give a direct
indication of the consequent deterioration of
picture quality, save in certain extreme cases,
and involves a great deal of unnecessary effort. "

-(3) This same viewpoint is emphasized by
Thiele 3/ "the deviation in frequency response
(in dB) to produce a given subjective impairment
in transient response, i.e. a minimum error in
waveform shape, ----- will be different at
different frequencies. In a particular case the
same picture impairment was produced by a
deviation of 0.4dB at 5Mc/s as by a deviation of
0.5dB at 100Kc/s.'" Although these measure-
ments were made using Australian TV standards,
the fact remains that there could be a differential
of more than 20dB in amplitude/frequency re-
sponse, to produce equivalent impairment.

-(4) MacDiarmid i/ discusses frequency domain
in terms of picture impairment tolerances, He
states "What is perhaps the most important
objection to the use of sine-waves arises in
considering the question of tolerances'' and then
"where the amount of distortion to be tolerated
is modest, the only economical method is to
specify and measure the waveform response and
to abandon sine-wave ideas. "

These are but a few examples from the
published literature that encourage the use of
waveform analysis for television signal measure-
ment, and which show that existing methods do
not ensure acceptable pictures to the viewers.

I will now discuss waveform analysis and then
its application to the cable industry.

Waveform analysis techniques involve
measurement of the wave shape or the amplitude
versus time response of a test signal of a
specified waveform to determine the amount of
distortion introduced. The test signals are
selected to provide maximum information as to
the desired parameters, in a manner that is
easily evaluated, permits rapid testing and is
accurate, These signals conform to the tele-
vision picture which are of waveforms with




similar energy distribution,

Waveform analysis signals as used by broad-
cast engineers fall into two categories; the first,
Vertical Interval Reference (VIR) and the second,
Vertical Interval Test (VIT) Signals, Because
these signals are helpful to the broadcast
engineer in adjusting electronic equipment,
cameras, lighting, ect., they are incorporated
into the programs in specified horizontal lines
during the vertical blanking interval.

The VIR signalsg are valuable to broadcasters
in referencing the program content to reduce
undesired variations in color. They assist tele-
vision producers and operators in adjusting
various signal parameters so that different
programs will have similar amplitude and phase
characteristics. The VIR's are not applicable to
cable systems as they reference program con-
tent factors that deal with video rather than
transmission factors that also include R.F,
Therefore this paper will not deal with these
signals but for those desiring more information
see the article by C, Bailey Neal on their
history, in Communications/Engineering Digestg/
or the EIA Television System Bulletins Nos. 1
and 3. 6,7/

This article has covered some weaknesses
of subjective and frequency domain testing. Now
it will touch on my recommendation to the cable
industry for the use of VIT waveform signals.
This includes not only their advantages but also
applications, measurement procedures and
performance objectives.

The VIT signals are diagnostic tools used by
the broadcast industry and intended to measure
the characteristics of a transmission facility
and to reduce picture impairments that occur on
local or intercity transmission facilities, They
are also used by remote control and test func-
tions. Although these signals are designed to
cope with video distortions, many of these same
distortions can be introduced at RF by a broad-
cast transmitter, a microwave link, propagation,
a cable headend or distribution system. A
major feature of VIT signals is that they are
very sensitive and can measure relatively small
picture impairments. They can, therefore be
used to pinpoint errors occuring in the various
links of the transmission path and to allocate
maximum acceptable levels of distortion for each
link, The use of performance objectives for each
link is not only helpful in determining responsi-
bility for excessive total degradations buf is also
desirable for trouble shooting purposes.

These VIT signals are generally available
to the cable engineer since they are transmitted
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by the four major networks and AT&T in accor-
dance with the Network Transmission Committee
(NTC) Report No. 7. 8/ These are: the
Composite Test Signal {see figure 1a) which is
inserted on line 17, field 1, and the Combination
Test Signal (see figure 1b) which is inserted on
line 17, field 2. This NTC report is especially
valuable in that it defines transmission para-
meters, test signals, measuring methods and
performance objectives for major network
facilities. It is published by the Public Broad-
casting Service.

A major advantage to the use of thege signals
is that the information they provide about linear
distortions can be directly converted to impair-
ments to the television signal and that these in
turn can be correlated with subjective evaluation
of picture quality. For CTAC Panel 2, the
chairman Archer Taylor compiled some Bell
Telephone Laboratory studies that provide this
type of correlation. 9/

This paper will discuss the merits of those
VIT signals pertinent to RF transmission
systems that are important for the delivery of
improved TV on locally broadcast channels.
This includes factors such as echoes for which
the broadcasters have no performance objectives,
but it excludes many factors over which the
cable operator has little control, such as lumi-
nance or chrominance non-linearity. However,
first it is worthwhile touching on some of the
history of VIT signals.

The history of waveform techniques dates
back at least to 1935 when Puckle dealt with
signal transients and later wrote atext suggest-
ing the use of various waveforms for an oscillo-
scope time hase. 10/ This analysis was
expanded to television by Bedford and Fredenhall
in 1939, 11/ In 1954, N. W, Lewis did a detailed
study on Waveform Responses of Television
Links based on sine squared bar and pulses plus
a square wave. 12/ A few years later I F,
MacDiarmid did a two part tutorial analysis of
waveform distortion: its derivation, choice of
waveforms and examples of various types of
distortion. 13/

In the early 60s, there were increasing
applications of these techniques: Osborne 14/
did a paper on assessing picture quality by means
of the K-rating and suggested the use of
Wheeler's 1_5_/ proposal that pairs of echoes of
adjustable amplitude and polarity could be used
to correct for amplitude/frequency and delay/
frequency distortions,

In 1963, AT&T 16/ published a valuable
tutorial manual (as revised by the Network



Transmission Committee) dealing with an
analysis of television signals. Siocos 17/
published a paper in 1966 evaluating CBS network
transmissions with slight variations of VIT
signals.- Also about this time Peter Wolf 18/
proposed the addition of a special 20T pulse for
measuring short-time distortions with and with-
out a graticule: Everett 19/ derived means for
correcting waveform errors: and Rhodes 20/
and Schmid 21/ contributed excellent analytical
papers dealing with the modulated 12.5 sine-
Squared Pulse,

The IEEE 22/ published a Video Signal
Trial-Use Standard in 1974 that precisely
defined the various terms, discussed measure-
ment and included, in the appendices, a detailed
description, derivation and measurement of the
Sin? Pulse, Sin2 Step, T Step and the Mod
12.5T Pulse.

A major step forward in terms of applica-
tions came in June of 1975 with NTC Report
#7 23/ which introduced non-regulatory
standards or ""Performance Objectives'' for net-
work tranamissions of video links. This report
also defines the transmission parameters, test
signals and measuring methods to be used. It
also replaced the IEEE use of the sin2 T pulse
with the sin2 2T pulse as the latter introduces
less irrelevant distortions. Furthermore,
these NTC recommended test signals are the
ones presently transmitted by the four major
networks, ABC, CBS, NBC and PBS.

This is an abridged history of the many
important papers and texts that have dealt with
waveform testing. Now I return to the present
to discuss the advantages of VIT signals for cable
systems.

There are some important advantages that
are worth summarizing:

-1) Most important; tests can be made of para-
meters that greatly affect the picture reception,
but which have not been feasible using present
test procudures. This includes measurement of
echoes, color saturation, color delay and impulse
noise,

-2) Tests can be made without disrupting sub-
scriber service, at any system location and on
those channels for which the cable operator has
responsibility for quality.

-3) There is no need to purchase equipment to
interject these signals: for reception the only
test equipment needed is a demodulator with
several input modules plus a waveform monitor.

This could total about $4000.

-4) There are major savings in labor which will
soon exceed the above equipment cost. These
savings will result from reduced system main-
tenance and especially from the minimization of
conflicts with subscribers and TV service
companies.

-5) The performance objectives for network
transmission are more stringent than needed for
subscriber reception. For these less sensitive
objectives, the measurements are well within the
capability of a system technician.

The advantages of using VIT signals for
cable systems apply to many factors. However,
this paper is being limited to just a few of these
that are extremely difficult or costly to measure
in any other way; noticably affect subscriber
reception and for which the cable engineer has
some control. In the future additional para-
meters will also be useful,

-1) Echoes; whether leading, due to direct
pickup or lagging, for many other reasons., The
cable industry often specifies the Paul Mertz 24/
curve without knowing how to measure compli-
ance. Often, Time Domain Reflectometers or
other techniques are used that merely measure
the reflective characteristics of a component.

For the echo test,the 2T sin2 pulse or the
T bar from the Composite Test Signal can be
used. (see figures 2,3) This 2T pulse is an
excellent test signal as its energy spectrum is
similar to the waveform of the television signal;
approaching zero at the video cutoff frequency.

These signals are also used by broadcasters
to measure transients, high frequency amplitude
and phase delay; e, g. waveform distortions from
125 ns to lus. For the cable industry it may be
wise to ignore short time echoes of less than
500 ns as the broadcast signal or the test de-
modulator can also introduce transients.
Measurements are made of the amplitude and
delay of the undesired pulses. Where difficulty
exists in identifying echoes down 30 dB or more,
because of noise levels at the end of a system,
the use of photographs are helpful since the pulse
is constant and the noise random.

The echoes of most concern are from 0.5 to
2 u seconds which can be correlated with its
displacement on a TV set., For example, the
video part of a TV line is 53 u sec; for a 20"
wide gscreen this would be a displacement of
0. 38 inches for 1 us.



Alternate methods of measuring echoes are
through the examination of the first few micro-
seconds of the T bar which has a rise time of
125 ns. or the horizontal sync pulse with a rise
time of 250 ns. between 10 and 90%,

It is far easier during antenna surveys to
observe waveform echoes than to attempt to
minimize echoes by observing the television
picture. For example, it can be very difficult
in an urban area to pinpoint an antenna location
with minimum echoes by subjective testing,
The picture content varies, background light
changes and the eye/brain cannot remember
slight variations of quality while taking in
changes of color and noise. Using VIT signals,
a far better job can be done in much reduced
time in-measuring and locating the source of
echoes,

-2) Chrominance/Luminance Gain and Delay
Inequalities produce noticable effects on the
quality of a color picture.

Chrominance/Luminance gain refers to the
amplitude ratio of frequencies, between the
low frequencies near the video carrier and the
high frequencies near the color sub carriers.
Improper ratios result in degraded color
saturation of the TV picture.

Chrominance/Luminance delay refers to
the additional time involved in the path of the
color energy with respect to the low frequency
energy near the video carrier. Additional time
results in delayed chrominance which can show
on the TV acreen as funny picture effect; for
example, the red color of the lips of a persons
face can be displaced from the monochrome
detail of the lips. In spite of their importance,
these factors are rarely measured by cable
engineers, This is due to the excessive cost of
equipment and time,using other techniques.

The key to delivering satisfactory color is
the ability to measure and correct chrominance
inequalities., Color saturation inequalities are
easily correctible by slight amplitude/frequency
response alignment of a headend channel pro-
cessor or preferably by correcting the source of
distortion which could be antenna site location, a
narrow band antenna array, incorrectly aligned
trap etc,

For these tests a modulated 12, 5T Chro-
minance Pulse Test Signal is used (see figure 4)
which is also part of the Composite Test Signal.
Relative Chrominance Level (RCL) - where
there i{s no delay - is equal to the sum in percent
of the peak and base displacements of the pulse
or RCL = + 2a percent.

Relative Chrominance Time (RCT), where
there is no gain distortion, is equal to ten times
the total base displacements in nanoseconds or
RCT = + 10b nanoseconds {(figure 4) where b
is the total base displacement.

Where both gain and delay distortions exist,
the equations are more complicated and it is
easier to use one of the nomographs as developed
by Charles Rhodes of Tektronix 25/ (see figure
5). This nomograph not only gives the delay in
nanoseconds but also converts the gain to
decibels.

Reasonable performance objectives for a
viewer for Chrominance Gain would be + 2dB*
and for Chrominance Delay would be + 477 nano-
seconds,26/ based on a study by A, Leasman of
Bell Laboratories. The + 2dB compares with the
broadcast network gain performance objective of
+ 0.5 dB and the + 477 ns. compares with the
network obJectwe of + 75 ns. These are
standards that can be measured and met by the
cable industry. The + 477 ns. may seem too
permissive, however it involves shaped delay
which is less objectionable than the broadcasters
flat delay. 27/

Some sources of degraded RCL and RCT
in cable systems are the filters for two-way in
amplifiers and traps, bandpass filters and signal
processors at the head end.

-3) Random Impulse and Periodic Noigse are
also parameters of importance to the quality of a
TV picture. and unfortunately are not generally
measured in a cable system. Most procedures
measure the random noise as introduced by head
end and distribution equipment. This ignores
Impulse noise caused by automobiles, industrial
plants, cosmic sources, power lines and video
tape or film program sources. Likewise Perio-
dic noise can be introduced in the broadcast
transmission and also at a cable head end from
defective equipment or interfering signals.

A very simple method for measuring the
summation of these noises or for identifying
them independently is by the use of the 18 us,
flat part of the line bar. For low frequency
periodic noise, use can be made of the television

The basis for + 2 dB is past experiments
showing noticeably degraded pictures on some
TV sets resulting from a chrominance level
reduced by 3 dB.



signal itself, observing it at a verticle sync rate.

This procedure is helpful in locating a cable
antenna site or isolating noise sources as
measurements are made during the actual signal
transmission. This technique provides a means
of comparing the total Signal-to-Noise with that
introduced by the system,

There are other distortion measurements
that can be made just as easily using VIT signals.
However, time permits discussing only these few.
Some others, such as differential gain and phase,
are not presently serious sources of picture
impairment although they become more impor-
tant with the use of cable ancillary services such
as satellites or terrestrial microwave. Another
VIT signal, the multiburst, could supplement
present amplitude/frequency response techniques
in providing information as to total variations,

In short this paper has just begun to scratch the
surface in describing ways that tests using the
VIT signals can contribute to the efficient
operation of a cable system with a reduction

in cost and time over current measuring
procedures,

The measurement techniques discussed in
this paper should help ensure that the quality
of subscriber service is raised to its full
potential, High quality subscriber service is
necessary to open up urban markets and reduce
broadcaster complaints. In addition high
quality subscriber service will improve rela-
tions with subscribers, and therefore franchise
officials. These points are elaborated in a
previous paper. 27/

While the desireability of measuring
picture impairment has often been acknowledged,
the difficulties of measuring these parameters
with traditional techniques has been a deterrent.
As this paper demonstrates, the test procedures
using the VIT signals are not difficult, nor are
they new or untried, having been used by
broadcasters for years, The VIT signals are
generally available for those channels
over which the cable operator has some control,
Finally the amounts of impairment measured can
be compared with the television network perfor-
mance objectives or be correlated with the Bell
Telephone Lab picture quality ratings.

The parameters are important and there is
no longer any reason not to measure them, For
the future; there will be a need to use waveform
analysis not only for measuring other parameters
affecting picture quality, but also for isolating
sources of problems, automating test proce-
dures and correlating analog and digital TV
reception,
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2T Pulse Test Signal

ey

2t HALF-AMPLITUDE DURATION =230ns

IRE
units

=100

80

.

1

60

-4 20

100
90
k
70
' 60
"50
" 40
- 30
+20
T10
to

v

2T Sin? Signal with severe
Phase Delay

FIGURE 4

Chrominance Puise Test Signai

- 20
}30

}40




FIGURE 4 ‘b)

womograph 12.5T Modulated Sine-Squared Pulse for NTSC
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