COVIVIUNICATI

TEGHNC)LCJG

l Official trade journal of the Society of Cable Television Engmeers

=\

Handling the problems /
of lightning and power

Wrapping up
a successful
TecC Expo

August 1988



In addition to the standard Nexus 2 Year This Warranty Extension to five years

Limited Warrranty, we are now pleased o from the date of purchase applies to
to offer an additional 3 Year Warranty 6\0““‘ > s, any Nexus headend equipment,
Extension. This applies to o ‘ % regardless of how long
all Series 1, Series 5 and j ' you’ve owned it.
Series 100 headend products. > # :
. 2

Nexus will provide this 3 ‘ ol For further information on
valuable 3 Year Warranty Yo, *\ﬁ) the Nexus Five Year Warranty
Extension after you complete a "ear Warrany program, please call, write or
market and application questionnaire. check the reader service number below.
NEXUS - Built to Last. EY
TEL: (206) 644-2371 OR WRITE: NEXUS ENGINEERING CORP. T\ 4

BELLEVUE, WA. 7000 LOUGHEED HWY. ENGINEERING CORP.

(604) 320-5322 BURNABY, B.C.. V5A 4K4

BURNABY, B.C.  FAX: (604) 420-5941 PERFORMANCE

YOU CAN SEE.
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NO DROPOUTS

Now that Trilogy has a complete line shopping in all installations.
of foam drop cables, you don't have to go Take it all the way in with Trilogy
elsewhere to move inside after your MC? and go forward with confidence with
trunk and feeders are in place. the most rigorous quality control found in
And you get the savings of one-stop the industry.

Tril
Reader Service Number 3. %y m

COMMUNICATIONS INC.

Call or write for our free sample and brochure: TRILOGY COMMUNICATIONS INC., 2910 Highway 80 East, Pearl, Mississippi 39208
800-874-5649 ¢ 601-932-4461 o 901-462-8700
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Now...You, too, can have

Powerful
Friends in

High Places

To upgrade your Jerrold STARLINE® 20 amplifiers
and J-Series line extenders, simply “drop-in” new
Jerrold power doubling modules. No respacing, no
replacement of housings, no big rebuild costs. Put new
powerful friends—SJPA power doubling trunk modules
and JLP power doubling line extender modules—into
your existing housings, even if they are in high places.

A high gain automatic trunk module, the Jerrold SJPA-450/27

uses the latest generation of hybrid IC technology for optimum
performance. Its new die casting affords dramatic improvement in
heat dissipation and is compatible with all earlier versions of the S]
series chassis and housing. The SJPA provides 27 dB of operating
station gain with a bode slope control for flat output levels

(sloped output levels are optional).

Jerrold JLP Series line extenders offer power doubling at 450 MHz and
550 MHz, making them ideal for rebuilds, upgrades and new builds.

b
It makes good sense to upgrade with power doubling modules from the \ 1A
original manufacturer of your equipment. For more information, contact Y
your Jerrold account representative or call or write Jerrold Division, ‘.r.'
General Instrument Corporation, 2200 Byberry Road, Hatboro, PA 19040. i
(215) 674-4800. i

GENERAL  JERROLD 1k
INSTRUMENT whers vcvaton's  valtor ‘ o

See us at the Eastern Show, Booths 214 & 216. !
See us at the Great Lakes Show, Booth 222. \ i ©£’¢<-SG
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Scientific
Atlanta

Our Customers Are The Winners

Scientific-Atlanta introduces five new products to give you the
winning edge. Our value-added, user-friendly solutions help
generate revenue, improve penetration and retention, and oper-
ate your system more efficiently. We want you to be a winner.

WIN THROUGH VOLUME CONTROL

Our new 8590 is the friendliest and fullest featured
volume control addressable in the industry. A unique
display lets your subscribers see sound on a volume level indi-
cator. And it guides them easily through the VCR programming
process. The 8590 keeps a secret better, too. With a choice of 50
security modes, utilizing three advanced security technologies:
dynamic sync suppression, dropped field, and video and sync
inversion. It includes easy-to-implement, plug-in IPPV. It’s
compatible with the rest of the set-top family. And, sinceit’s also
compatible with Oak and a long list of others, the 8590 can help
you out with the old and in with the new.

WIN THROUGH VALUE
The new 8570 addressable set-top is the value packed younger brother
of the industry standard 8580. It comes with all the subscriber features of its
older brother. And then some. It shares the same new advanced VCR timer with
the 8580 and 8590, taping twice as many events as before. It simplifies impulse like
the 8590, with a one-touch buy key on both the remote and the set-top.



WIN THROUGH FRIENDLINESS

Our Complete Remote Control is so smart it generates revenue
while solving problems. Ninety percent of subscribers with set-tops have
two or more remotes per set; thirty percent have three or more. That’sa
problem! The CRC eliminates multiple remotes by quickly and easily learning
their functions, without the obsolescence risk of preprogramming. And, if
your subscriber has a remote control TV-it can provide volume control with-
out a volurne control set-top. That's friendliness your subscriber will pay for.

WIN THROUGH EFFICIENCY
Our new 9650 IRD beats today’s rack space squeeze by
cutting space needs in half. The 9650 integrates the leading CATV
receiver-the 9640-with a satellite descrambler in one package the size
of the receiver alone. Result: You get twice as many channels in the
same rack-with perfect compatibility:.

WIN THROUGH AGILITY

Our new Frequency Agile Drawer gives you agility when you need it.

And only when you need it. One drawer that backs-up an entire headend, elim-

inating costly spare parts inventories. It provides quick and dependable slide-in

convenience for the industry standards, the 6350 modulator and 6150 processor.

Its 550 MHz range makes it compatible with every cable system.

Add these five new products to our proven line-up of winning solutions.

You'll have a winning combination no one else can provide. That’s because at

Scientific-Atlanta we’re committed. Committed to making sure that... “Our customers are the winners’’

For more information, call: 1-800-722-2009. Or, write us at: Scientific-Atlanta, Dept. AR, PO. Box 105027, Atlanta, GA 30348.
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Call Toll Free
1-800-288-1506

APARTMENT BOXES

S

Cable Security Systems, Inc.

205/821-0M5-P.0. Box 2066-Auburn, AL 36831

Reader Service Number 6.
See us at the Eastern Show, Booth 1109.
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Although | didn't leave my heart in San Fran-
cisco (site of CableTec Expo '88, June 16-19 at
the Hilton and Towers), | did experience the heart
and soul of what the Society of Cable Television
Engineers hasto offer: the growth of ourindustry
through training. Whether it be the Engineering
Conference panels, workshop sessions or BCT/E
testing, the expo provided many opportunities
for self-improvement.

If you weren't there, please try to make it next
year (June 15-18 at the Orange County Conven-
tion Center in Orlando, Fla.). In the meantime,
see for yourself what you've missed: our annual
expo wrap-up, in words and pictures, beginning
on page 62. And if you were there, you'll agree
that it was the best and biggest to date.

Congratulations to...

...the outgoing SCTE board of directors. Every-
one did a great job in bringing the SCTE to new
heights under the careful guidance of President
Bob Luff.

..the incoming board. We look forward tocon-
tinued excellence under the dedicated leader-
ship of new President Ron Hranac.

...Conference Chairman Pete Petrovich of
Petrovich and Associates (one of the hardest
working people inthe industry) and fellow Expo
Committee members Dan Pike (Prime Cable),
Dave Large (Raynet) and Bill Riker (SCTE). These
are certainly some of the most dedicated people
I've worked with in a long time.

...Mike Aloisi of Viacom Networks, recipient of
the Member of the Year Award. Mike's contribu-
tions to the Society and the industry exemplify
what this award is all about.

...Consultant Andy Devereaux, winner of the
President’s Award. It's been a real pleasure to
know Andy sincethe inception of CT, he's always
kept us on the right track.

...Cliff Paul, consultant for RTK Corp., who was
the firstinductee to the SCTE Hall of Fame. When
I first got into the industry in 1973, Cliff was well-
known (although | really didn't get to know him

Expo Conference Committee members Dan Pike, Paul Levine, Pete Petrovich (chairman)
and Bill Riker take a photo opportunity after receiving their plaques.

You had to be there
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until CT was started). He is definitely worthy of
being the first hall-of-famer.

..the Outstanding Achievement Award win-
ners, and everyone else who took a plaque
home.

..the entire SCTE staff, for a job beyond
well-done.

You'd think with the expo behind them, SCTE
members would sit on their laurels for the rest
ofthe year. No way; it's onward and upward with
some noteworthy events.. The first *“Technology
for Technicians” seminar will take place Sept.
12-14 atthe Harvey Hotel in Dallas. SCTE Direc-
tor of Chapter Development and Training Ralph
Haimowitz has puttogether a great seminar that
he'll betaking onthe road. For more details, see
page 95.

And don't forget ““HDTV and beyond,” a
seminar sponsored by the SCTE and its Rocky
Mountain Chapter, Oct. 28-30 at the Sheraton
Denver Tech Center in Denver. This is one you
won't want to miss. For more information or to
register, contact Jan Vicalvi, (303) 691-8380.

@x?%
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There’s a

New CAT in
the cable jungle

You no longer have to be on the prowl for
away to measure head-ends, hubsites and
remote test points. The cable CAT is now
here.

RF Superior, a BRAD Company, has
developed a very cunning system to help
you survive in the cable jungle.

This simple, but powerful technological
tool will store data on disk or print out
reports. It also has the power to compute
system response, system stability and
predict when channel frequency will exceed
FCC limits.

The most clawing
aspect of the CAT system
is its ability to keep your
techs in the field while your
head-end is purr-fect.

It is our nature to make the advanced world
of microchips and data screens affordable
and easy to operate for your employees.

You can soon join the rare species of
professionals who can analyze their cable
system from their very own office.

BRAD is also a value added dealer of IBM
equipment.

Protect Your Assets In The Cable Jungle

With The CAT System.™

For Information Call
(813) 922-1551

Reader Service Number 7.
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Tom Polis (RTK Communications Construction Group and expo speaker) looks on
as incoming SCTE President Ron Hranac (right) congratulates Cliff Paul, consultant
for RTK, for being the first inductee to the SCTE Hall of Fame during the annual
membership luncheon at Cable-Tec Expo '88 in San Francisco. For more details on
the expo, see the wrap-up beginning on page 62, as well as this month’s ‘Interval.’

NCTA Engineering Committee report

“CT" is presenting a report of the bimonthly
meetings of the Engineering Committee of the
National Cable Television Association, written
by Brian James, NCTA director of engineering.

SAN FRANCISCO—The Engineering Commit-
tee meeting was held here June 14-15. A pre-
meeting session was held at Dolby Labs, where
attendees were shown developments by Dolby

for the delivery of high quality audio through
various transmission media.

Wendell Bailey updated the members onthe
recent happenings in Washington, D.C. There
has been no action atthe FCC on the A/B switch,
terminal devices or Part 15 rewrite. The appeals
court ruled that the A/B switch and educational
requirement remain in effect even though the
must-carry rules were struck down. The com-
mission has not announced a date for the
re-implementation of the educational and A/B
switch rules.

The commission adopted new syndicated ex-
clusivity requirements but the rules have not
been published. Cable operators will be re-
quired to drop programs for which local chan-
nels have exclusive distribution rights. The rules
will take effect one year after they are released.
Operators should begin to review switching
equipment requirements in preparation for im-
plementation of the rules.

The FCC and NCTA won the technical dereg-
ulation case at the Supreme Count. The court
found that the FCC had the right to pre-empt
the cities and set technical standards for the
cable systems to ensure uniform standards
throughout the country. The status of Class 2,
3 and 4 signals is still under review at the
commission.

Subcommittee reports
High-definition television: The FCC Advisory

(

Lower your
wiring costs

I?

with

Moore Steel Riser Guard
Moore PVC Cove Molding
Moore PVC Riser Guard
Moore PVC Latch Duct

When you specify Moore PVC products, you

et a tough and durable conduit which per-
orms under adverse installation and service
conditions because Moore uses only 100%
virgin PVC resin with no fillers. These products
contain U. V. stabilizing agents to resist aging
from sun rays.

Moore's Steel Riser Guard combines the
strength of steel with the durability of metallic
coatings to provide you with long, reliable ser-
vice even in highly aggressive environments.
The baked-on enamel paint is guaranteed
against chalking, peeling, and fading.

You can choose from a wide range of sizes
and shapes, as well as a selection of colors for
both interior and exterior use. Fittings and
accessories are also available.

Most important of all, Moore offers these
quality products at very competitive prices.

For immediate price and product information, call toll free: 1-800-521-6731

Reader Service Number 8.

Moore Diversified Products, Inc., 1441 Sunshine Lane, Lexington, KY 50505
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NO SIGNAL SHOULD
HAVE TO GO
THROUGH ALL OF THIS
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It’s well known that line amplifiers
directly diminish CATV signal quality. Yet
today’s cable distribution systems rely
upon an architecture in which signals must
pass through as many as 60 amplifiers
before they reach a subscriber.

No signal should have to go through all
of that.

Catel’s TransHub fiber optic cable
distribution system offers superior clarity,
economy and flexibility while greatly
reducing the number of ampilifiers per
cascade.

TransHub is an active multichannel
audio and video processing hub combining
fiber optic transmission and state-of-the-
art signal processing techniques to
increase systems capability and
significantly reduce costs.

See us at the Eastern Show, Booths 1412 & 1515.
See us at the Great Lakes Show, Booth 121.

g ey iy
] G

TransHub’s system architecture
effecively eliminates the number one
problem associated with conventional
cable television distribution systems: long
casades of line amplifiers.

By reducing the number of amplifiers
per cascade, TransHub allows the brilliant
signal characteristics of glass fiber to
extend ‘‘deeper’’ into distribution systems.

The TransHub marks the first step in
an exciting evolution for the industry-—an
evolution that will eventually bring about
total fiber-to-the-home cable systems.

When it comes to fiber optics for
cable television, there’s only one clear
choice—Catel. Call Catel today at
1-800-225-4046 or (415) 659-8988 (in
California).

\V

CATEL

THE CLEAR CHOICE IN FIBER

Reader Service Number 9.



Committee has set a Sept. 1 deadline for writ-
ten proponent system descriptions. Testing of
proponent systems is to begin on Dec. 1. Let-
ters of intent have been received regarding 18
proponent systems or subsystems.

Philips Labs gave a demonstration of their
system to a number of cable engineers. They
have made progress in refining parts of the
system and were able to demonstrate the effects
of acable system by passing the signal through
the Magnavox training trailer. A number of im-
proved definition TV sets were demonstrated
atthe Consumer Electronics Show in Chicago.
The sets have various circuits inside to eliminate
many of the NTSC artifacts. A number of sets
will be at the distributors by fall, in time for

Christmas sales. The NHK MUSE transmission
system over a cable system was successfully
demonstrated at the NCTA convention. This was
possible due to the efforts of the technical staff
at American Cablesystems, under Al Kuolas and
NHK engineers.

Signal leakage: Only two years are left to bring
all cable systems into conformance with the
revised regulations for aeronautical frequencies
(108 MHz to 137 MHz and 225 MHz to 400
MHz). A five-year grandfather period runs out
July 1, 1990. At that time the carrier frequen-
cies of all channels in the aeronautical bands
must be at the new offset frequency and a report
indicating the system meets the CLI or flyover
requirement must be on file with the commis-

SIMULSAT® Sees Them All

'm’l sat’) n. [for SIMULtaneous
SATellite reception] 1. Receives 35+ satellites.
2. Eliminates need for antenna farm.

SIMULSAT is ‘‘the antenna that sees the future,’’ because it's built to meet future
needs. It's the only antenna available today with built-in growth capabilities.

si ® mul ¢ sat (si

SIMULSAT

RECEIVES 35+ SATELLITES.
SIMULSAT antennas can view all
domestic satellites at once, with
uniform performance on each
satellite. SIMULSAT antennas can
see from Satcom IR (139° W) to
Spacenet Il (69° W).

THE ANTENNA FARM

Eliminates need for antenna farm.
Invest in one SIMULSAT rather than
several earth stations. That means
one foundation, one (smaller) site,
one installation, one planning com-
mission to deal with, and one
capital outlay.

Expanded 70° View Arc

e C-Band -

Ku-Band

\

(602) 264-7275
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Antenna Technology Corporation
1140 East Greenway, Suite #2
Mesa, Arizona 85203

Telex: 187217 - Intelex
FAX # (602) 898-7667

Reader Service Number 10.

sion. If these requirements are not met then the
system can expect to have to remove the chan-
nels in the aeronautical band. Failure to comply
could convert a 54-channe!, 400 MHz system
to a 20-channel system.

Multiport: Development of a standard to allow
pay-per-view ordering using the TV's remote
control and the multiport decoder is continuing.
TV manufacturers are continuing to announce
dates for introduction of sets with the port while
some decoder manufacturers are relucant to
commit to the product.

EIA/NCTA: At the ICCE in Chicago a special
session was held to inform foreign manufac-
turers about the cable industry in America. It
was well-attended with a long question-and-
answer period after the session. The manufac-
turers are becoming more aware of the special
needs of the cable industry.

National Electrical Code: July 1 is the imple-
mentation date for the required use of listed
cables in homes. Any authorities that have
adopted the portion of the 1987 NEC will require

| the use of listed cables.

National Electrical Safety Code: The preprint
of the next edition is now available for review
and comment. One suggested change would
limit the power on a communication line
resulting in the cable industry having to find
another way of powering amplifiers. This is just
one example of how changes proposed by
other industries can affect the cable industry.
The participation by the cable industry on the
working groups is minimal so it is imperative that
the proposed document be reviewed by all who
could be affected.

® Midwest CATV announced it has reached
an agreement with Olson Technology Inc. to
distribute Olson's fiber-optic transmission
equipment,

® |Intrastellar Electronics and Golden State
Engineering reached an agreement in principle
whereby Intrastellar will represent Golden State
in converter repair and refurbishing.

® Broadband Engineering, a division of
Augat, announced that its entire line of indoor
distribution amplifiers for CATV and LAN
applications are now UL listed or have a UL-
approved Class Il transformer.

® Zenith presented its 1988 Robert Adler
Technical Excellence Award to Richard Citta, the
inventor of two major CATV technologies. Citta,
manager of electronic systems research and
development, led the engineering teams that
developed Zenith's proprietary RF addressable
phase modulation (PM) decoding technology
and the ZView two-way interactive CATV system.

® Control Technology appointed Herrin
Associates as exclusive representative for its
primary, standby and uninterruptible power sup-
pliesin Colorado, New Mexico, Utah, Wyoming,
Montana, Idaho, Oregon, Washington and
Alaska. Roberson Sales will be the exclusive rep
in Arizona, Nevada, California, Hawaii and
Guam.

® Anixter Bros. entered into an agreement
with Chipcom Corp. under which it will market
and stock Chipcom's line of broadband Ethernet
LAN connectivity products.

COMMUNICATIONS TECHNOLOGY
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That’s the kind of effort we put out.
Because that’s what it takes to become the
leading CATV standby power system manufac-
turer in North America. That’s what it takes to
design the technology that sets the standards in
the industry. And that’s what it takes to beat
the competition.

Efficiency. Alpha has developed
standby power supply transformers
rated at 94% efficiency - the
highest in the industry. And this
without sacrificing quality, thanks
to superior engineering.

Cost of Ownership. Alpha
systems cost less because our effi-
ciency, reliability and performance
monitoring result in lower mainte-
nance and operating costs.

Modularity. Alpha pioneered functional
modularity. Just add simple plug-in components

ok

and your standby power system is updated with
the latest innovations from Alpha’s R&D labs.

Uninterrupted Power. Alpha’s transfer time
is so immediate that we offer standby power
with the advantages of uninterruptible power.
Uninterrupted power means uninterrupted ser-
vice to your subscribers.

Innovation. We’re never con-
tent. We’re always looking for
ways to improve. That’s why the
industry looks to Alpha for in-
novations in standby power. Single
ferro-resonant design. Temperature
compensation. ‘‘Smart’’ battery
charging. Performance monitoring.
Status monitoring. Major innova-
tions resulting in real bene-
fits - and all introduced by Alpha
Technologies.

And have we finished yet? Don’t bet on it.

ALPNAl
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We’re Here to Back You Up.

3767 Alpha Way Bellingham, WA 98225
206-647-2360 FAX: 206-671-4936

7033 Antrim Ave. Burnaby, B.C. V5J 4MS

TELEY: Q8.35RZA0

_BAX: B0A-430-8408



BLONDER’'S VIEW I
Saluting a noble scientist

By Isaac S. Blonder
Chairman, BionderTongue Laboratories Inc.

I am proud and humble to be able to salute
the achievements of Professor Daniel Noble. All
of us practitioners of the art of electronics owe
a debt to him and his myriad achievements at
Motorola. During an early phasein hiscareer he
was a professor of math and electrical engineer-
ing atthe University of Connecticut, where | was
privileged, not only to attend his coursesin radio
engineering, but as a 25-cents-an-hour National
Youth Administration (NYA) student, to help con-
struct wooden-framed quad antennas for FM
broadcast and reception. One of his more inter-
esting gambits was instructing me on the tech-
nique for removing the Bakelite base of a ‘30"
tube so it would oscillate more efficiently in a
battery-powered FM police radio.

While atthe university, Noble built and directed
the operation of WCAC—250 walts, 600 kHz—an
early example of the educational college radio
station. The studio was a marvelously sound-
proofed affair in which the walls were covered
by severallayers of heavy curtains. [twas so free
from echoes that one was tempted to shout in
order to carry on a normal conversation. Noble
transmitted university programs to WTIC and

S

Lemco

the

tools
of the

trade

Call for your free
catalogue.

(800) 233-8713
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See us at the Eastern Show, Booths 617 & 619,
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WDRC in Hartford, Conn., for rebroadcasting,
pioneering in the first use of UHF tropospheric
scattering beyond the line-of-sight communica-
tions. As a consultant to the Connecticut State
Police, Noble designed and developed the
world's first mobile FM police radiotelephone
communications system.

In the all-invasive world of electronics today it
may surprise you to learn that in the '30s one
could only strive for an electronics engineering
education in the electric power degree. As a
physics major, | took several electrical engineer-
ing courses out of curiosity and, somewhat to
my surprise, there were only two students in
Noble's radio course based on the Terman text.
Still, | enjoyed and benefited from what
amounted to an intimate tutorial program.

Grassgrowers Club

Some personalinsightsinto our professor: Not
a single hair was to be seen on his noble skull.
He was totally bald, as were some other pro-
fessors, and in the unceasing quest for a cure
they banded together in a group called the
""Grassgrowers Club.’ The '30s spewed forth
many wondrous gadgets; one of these was a
vacuum pump attached tothe scalp via a large
helmet. It periodically sucked out the air to (hope-
fully) encourage the latent hair folliclesinto action.
But, alas, no hair growth.

Another time, before a large group of ham
radio enthusiasts, he launched into a lecture on
the dangers of 2,000 volt power supplies. To
dramatize this, he charged a large capacitor and
discharged it with a screwdriver. We were suitably
startled by the crack of the discharge. Noble then
recharged the capacitor but fumbled with the
screwdriver and managedto passthe discharge
through his finger, whereupon he fell violently
backward onto the floor. However, he quickly
arose, showed us his finger with a visible deep
burn and remarked, ‘| hope you will take my
lessonto heart and never be ascarelessasme!”

Electronics was an unfathomable art to the
electrical engineering professors. The 5 kW
shuntwound DC generator for the electrical
laboratory was poorly regulated and had to be
constantly trimmed to conduct most experi-
ments. With $15 worth of 6L6 tubes, ameter and
some other parts, and onthe same 25-cents-an-
hour NYA budget, Noble and | designed and
built a voltage regulator that worked remarkably
well as long as either of us were around. Two
years later, with both of us out of the university,
| happened by and was told the gadget was
broken due to its inferior design. But | fired it up
and found it in perfect condition.

Noble suffered all his life from many allergies
and sinus pains as ateenager. In 1919, his family
sent him for a year to Arizona to relieve his aller-
gies in that salubrious climate. In 1948, he per-
suaded Motorola to establish a research facility
inthat state, probably the single most important
stimulus to the financial health of Phoenix. He

Noble

"He was living proof
that non-ionizing
radiation is harmiess,
since he lived to the
age of 78."

built his own diathermy machines and was often
seen at his desk with earphone-like electrodes
warming up his sinuses before class. He was
living proof that non-ionizing radiation is
harmless, since he lived to the age of 78.

Noble pioneered in FM communications, two-
way FM radio, the SCR 300 FM walkie-talkie,
solid-state technology in the Phoenix labora-
tories, and in experimental painting. He received
the WEMA medal, the Franklin Institute medal
and the Edison medal, and served on countiess
engineering committees.

Motorola's publication Engineering Bulletin
over aperiod of 17 years presented hisideason
a variety of subjects written in many moods. Here
are a few quotes from a 1970 editorial on my
favorite subject: ‘‘How can you expect to be
served by creative leadership when you depend
upon lawyer rulemakers?.... What the country
needs is to be rescued from the hands of the
lawyers.... Lawyers aren't bad; they are stupid
in terms of the systems thinking and the tech-
nological understanding necessary for undoing
the mess we are in, and for creating a new and
more viable culture... Today our Congressis run
by lawyers who are not qualified to cope with the
changes that will be wrought by the new scien-
tific revolution. New leadership is essential. We
must trainfuture lawyers adequately inthe tech-
nical sciences and in economics and sociology
and train some engineers in law and politics to
ensure that our political representatives are qual-
ified for leadership roles in the excrutiatingly
complex technological society to come.”

Right on, Professor Dan Noble!
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The art of reducing
groundingresistance

By Roy B. Carpenter Jr.
Chief Executive Officer, Lightring Eliminators and Consultants Inc.

The art of grounding a system is the process
of establishing an electrical interface between a
conductor and what may best be called a semi-
conductor (earth or the soil). Since earth is not
aconductor in thetrue sense of the word, it can-
not betreated as such. Thatis, you cannot drive
arod into earth and assumethere is an electrical
connection. in many situations, there may be no
connection at all (in dry rock dust or sand, for
example).

Since the conventional method for making an
earth interface is a driven copper-clad rod, it is
essential to understand the situation, control the
influencing parameters and designtheinterface
system to yield the desired contact with earth.
In doing so, realize that you are not soldering (or
welding) two conductors together but designing
an interface assembly. That assembly involves
both the conducting electrodes and the soail
within the area, influencing the interface resist-
ance. The conducting electrodes must be de-
signed (or selected) and deployed in such away
that maximum contact is achieved with the soil
of concern. The soil, influencing resistivity, must
be conditioned and/or arranged so as to elimi-
nate high resistance elements.

Figure 1: Earth resistance
shells surrounding a
ground rod

length
diameter

nou

Figure 2: The interfacing
hemisphere

The grounding objective itself also must be
considered. Very often a low resistance ground
may not be required. A common point or com-
mon plane ground may satisfy your require-

ments. A common point ground (CPG) is one
where a single point isused as ground reference
and every electrical connection is tied directly
tothat point, which istied to some form of ground.
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The telephone industry calls this the ‘“‘ground
window.” In this situation, everything in the
system is at equipotential with respect to the
CPG, regardless of its resistivity.

A common plane ground is similar to the com-

Figure 4: soil resistivity
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mon point, except that alarge ground matis used
as the common point. An electrical substation
is an example. There is, however, a danger in
assuming that the common point and common
plane are equal. Where the surge impedance
of that mat is significant between any pointinthat
interface and any other pointinthatinterface, the
common point objective is no longer satisfied.

Assessing the situation

Priorto designingtheinterface, itis necessary
to assess the soil situation; i.e., properly define
the in situ parameters. It is not enough just to
determinethe type of soil that is present or even
measure its resistivity. To properly design the
interfacing system, assess the following
parameters:

1) soil type (and content, where possible),

2) rangeinmoisture content between extremes,
3) resistivity under a specific set of conditions,
4) temperature range with seasons and the frost

line,

5) stratification (consistent or layered) and

6) the amount of real estate available.

These parameters and the range of variation
withinthem provide the required data to design
the interfacing system called ‘‘grounding.”

If grounding is the art of establishing an inter-
face between a conductor and the semi-
conductor (earth) then we are not establishing
pointcontact but rather connection with a body
(of sail). This premise may be tested by driving
a rod into earth and measuring the change in
DC resistance between it and the soil as a test
probe is moved on a radial away from the road.
As indicated in Figure 1, with each incremental
changein distance the change in resistance de-
creases exponentially. Finally, the change is so
small that it cannot be measured easily.

As a point of significance, when the radial
distance approaches about 1.1 times the length
of that rod in earth, about 90 percent of the
resistance change has been accomplished. This
implies that the major portion of the interfacing
soilis contained within a hemispherical shaped
volume of that soil 2.2 times the length of the rod
in diameter. This concept is called the “‘inter-
facing hemisphere,” illustrated in Figure 2.

From this, the primary premise of particular
significance becomes obvious. That is: For a
single rod, the soil contained within its interfacing
hemisphere determines the approximate
grounding resistance of the given rod. For a
rod/wire matrix, the soil contained within its inter-
facing volume determines the approximate
grounding resistance of that matrix.

The soil character determines or limits the
potential resistivity of a given grounding elec-
trode system, as does the environment within
which it exists. The soil characteristics of concern
include: chemical content, moisture content,
stratification, grain size (texture), compactness
and soil type. Some of these characteristics have
been assessed; others have not and/or do not
lend themselves to assessable parameters. How-
ever, some generalizations can be made. For ex-
ample: The chemical content may include
various salts, which are very conductive. It may
include various compounds such as gypsum,
sodium sulfate or bentonite, which also tend to
hold moisture. The grain size or texture and com-
pactness can vary the particle-to-particle con-
tact; therefore, the smaller the grain and the more
compact the soil, the lower the resistivity. Sand,
for example, has large grains and is difficult to
pack; it provides poor contact with earth. Strati-
fication may result in widely varying soil
resistivities at various depths. The effects of
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stratification can best be illustrated by Figure 3,

where six situations have been illustrated with

only two soil resistivities. The following data was
derived:

a) A %-inch by 10-foot rod provided 32 ohms
grounding resistance in all 100 ohm-meter
sail

b) That same rod in all 500 ohm-meter soil pro-
vided 150 ohms grounding resistance.

c) That same 10-foot rod driven through 5 feet
of 100 ohm-meter top soil then 5 feet of 500
ohm-meter soil results in a 38 ohm ground.

d) However, that 10-foot rod cut in half, where
each piece was driven 5 feet and separated
by 12 feet, provided 34 ohms resistance.

e) Reversingthe strata sequence with the 10foot
rod, with the first 5 feet of 500 ohm-meter then

5teet of 100 ohm-meter soil, offered 140 ohms
of resistance (the better, lower soil provided
little help).

f) In contrast, two 5-foot rods in the 500 ohm-
meter soil provided a resistance of 105 ohms,
significantly lower than the one 10-foot rod.

Thisdata seems to indicate that use of the up-
per levels provides a lower resistivity than trying
to work in the lower strata, provided the upper
level soils are of near constant resistivity, with ade-
quate moisture.

Moisture content exerts the most significant in-
fluence on resistivity. In simple terms, no
moisture, no earth contact. This premise is best
illustrated in Figure 4. Note that at least 4 per-
cent by weight is required for top soil, but clay
requires up to 14 percent.
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Figure 9: Horizontal vs.
vertical rod
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Figure 10: Grounding
resistance for various mat
areas
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Environmental influences

The environmental influences are limitedto the
temperature of the area throughout the system
lite and the rain or snow fall. Rain and snow in-
fluence the moisture content, which has already
been assessed. The local temperature condi-
tions throughout the year and for several years
should be considered, particularly influence on
the “frostlevel.” Thatis, inthe northern areas of
the country, the upper levels of soil freeze; the
depth of that frost increases with the higher
latitudes. The arctic region has a situation called
permafrost.

Figure 5 illustrates the influence of soil temper-
ature on the soil resistivity. It indicates that there
is little change in resistivity for temperatures
above freezing, the transition from a liquid to a
solid increases the soil resistivity by a factor of
six, and there is no appreciable electrical con-
tact with frozen earth. In areas where there is
permafrost, the upper soit levels are of no use
for grounding, while in a frozen state.

How and where each grounding electrode (or
rod) is deployed also will significantly influence
the ultimate interface resistivity. The factors of
concern include length, number, spacing and
orientation of electrodes.

Theinfluence of length isillustrated in Figure
6, where asingle rod is driven into 100 ohm-meter
soil while the resistivity is measured at intervals.
The deeper the rod, the lower the resistivity in
uniform soil. However, the return in reduced
resistivity per unit foot of driven rod drops off ex-
ponentially. In one example, a 10-foot rod pro-
vided 100 ohms resistance and a 100-foot rod
reduced it to 50 ohms. Increasing length by a
factor of 10 reduced the resistance to just half
of the 10-foot value.

The number of electrodes used and the
spacing at which they are deployed are closely
related. As previously illustrated, each rod re-
quires a given volume of soil to complete the in-
terface. Overlapping the interfacing hemisphere,
as illustrated in Figure 7, reduces the effective-
ness of each rod. The greater the overlap, the
lower the effectiveness. For example, two 10-foot
rods spaced a few feet apart are little better than
one. This factor is independent of the soil
parameters.
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The number of rods required in a rod/wire
matrix is a function of the soil resistivity as
illustrated in Figure 8. Note that for 1,000 ochm-
meter soil, 800 rods may be required to achieve
a 1 ohm ground, all spaced at 22 feet, for a
Y-inch by 10-foot rod. This requires alarge land
mass for the ground field, which may not be
available.

Electrode orientation also must be considered.
In some situations, horizontal electrodes may be
more effective than the vertical. In Figure 9, a
10-foot vertical rod is compared to a 10-foot
horizontal rod. Even disregarding the vertical
connection, its resistivity is lower than the ver-
tical where uniform soil conditions exist within its
interfacing volume.

Alltoo often, you may be requiredto establish
a low resistance interface with earth in an area
where the soil is poor and the usable area is
severely limited. Figure 10 illustrates this space
limitation. When this is the case, changing the
effective soil resistivity is the only alternative.

After the soil has been compacted, there are
only two parameters that we caninfluence, short
of changing the soil completely: the moisture
content and the mineral content. Moisture con-
tent can be improved and/or stabilized through
use of some form of automated system; sprinklers
or drip irrigation systems work well where a con-
stant source is available. Mineral content can be
improved by introducing automated systems that
add salt (NaCl) to the soil.
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Power supply efficiency

By Howard H. Bobry
President, Albar Inc.

Efficiency is widely recognized as a power supply figure of merit. Aside
from the obvious virtue of reduced power consumption, are there other
benefits to high efficiency? How should it be measured? What are the
engineering design decisions that determine efficiency? ,

First, of course, thereis a directcorrelation between efficiency and power
consumption. Consider a typical cable power supply operating with an
actual load of 800 watts. If the efficiency of the power supply is 90 per-
cent, then theinput power required is 800/.9 = 889 watts. If power supply
efficiency is only 85 percent, however, then the input power required is
800/85 = 941 watts. This additional loss, on a continuous basis, amounts
to 458 kilowatt-hours per year or nearly $50 per year per power supply
at 10 cents per kilowatt-hour. Obviously the direct power cost of inefficiency
for an entire cable system can be substantial.

Perhaps more important, although less widely recognized, isthe effect
of efficiency on reliability. All other factors being equal, a more efficient
power supply should prove more reliable. Why?

The life of any electronic component is adversely affected by heat. The
life of a capacitor, for example, can be reduced by 70 percent with only
a 10-15°C temperature rise. How is this related to efficiency? Temperature
riseisafunction of many variables, including surface area, air flow, power
density and dissipation. As mentioned before, dissipation is a function
of efficiency, but does a mere 5 percent difference in efficiency result in
significant temperature rise differences?

At 90 percent efficiency and 800 watts output, our first power supply
“wastes'' 89 watts. This is simply the power that is dissipated within the
power supply, duetoits lessthan 100 percent efficiency. Our second power
supply is 85 percent efficient and 'wastes” 141 watts, or nearly 60 per-
centmore. If we assume equal physical size and equally competent thermal
design in both power supplies, then the less efficient supply is going to
have 50 to 60 percent higher temperature rise and greatly reduced com-
ponent life.

Can't the power supply designer somehow compensate for higher
dissipation and provide a reliable but efficient design? The power supply
can be made physically larger or troublesome forced fan cooling can be
used. Premium, high temperature-rated components can be used, but
at a greatly increased cost.

In a standby power supply, high efficiency offers another benefit:
extended battery reserve time. With lower efficiency, power consumption
increases and batteries are more quickly discharged. Compounding the
problem, the ampere-hour capacity of a battery decreases with increasing
discharge rate. In other words, a 5 percent increase in discharge current
results in a greater than 5 percent decrease in reserve time. The cable
operator must either be content with decreased reservetime or install larger,
more expensive batteries.

Efficiency measurement

Efficiency is defined as the ratio of output power to input power, generally
expressed as a percentage. In order to properly measure power supply
efficiency, it is thus necessary to accurately measure both input and out-
put power. How is this done?

First, it must be understood that the input power factor of a power supply
will not typically be unity, so AC input power must be measured with a
wattmeter. Separate ammeters and voltmeters cannot be used. Output
power can be similarly measured with a wattmeter. Only if a purely resistive
test load is used can output watts be calculated as the product of output
volts and amps as measured on true RMS (root mean square) respond-
ing meters.

Power cannot be calculated from separate ammeter and voltmeter
readings in an AC circuit unless the power factor is accurately known.
Typically the input power factor of a power supply changes with input
voltage, load and temperature. Output power can be calculated as the
product of amps and volts, but only if a purely resistive test ioad is used.
If separate amp and volt meters are used to determine output power, they
must both be true RMS responding. Typical meters, unless specifically
marked “true RMS,” are average responding, calibrated in RMS volts or

249 AUGUST 1988

amps. These meters are accurate only for sinusoidal waveforms and will
produce erroneous, high readings when used with quasi-square wave
output of the typical cable power supply. Use of these meters will result
in great efficiency figures, but they will be incorrect.

Allmeter connections should be made directly to the power supply under
test. We want to measure the efficiency of the power supply, not the lead
drop on the test bench. It takes less than 50 milliohms lead or contact
resistance to cause a greater than 1 percent efficiency measurement error.

If the unit being tested has standby capability and a float battery charger,
than normal mode (AC powered) operating efficiency should be measured
with an appropriate fully charged battery connected. This best represents
typical operation in the field. If the battery is not fully charged, a decep-
tively low efficiency figure will result because the power supply'sinput power
will include energy being supplied to the battery and the load.

Things get more complicated if the standby power supply is equipped
with a cycle charger, rather than a float charger. Unlike the float charger,
the cycle charger never settlesinto a constant equilibrium, but periodically
switches on to bring the battery up to full charge, then cycles off. An effi-
ciency measurement made when the charger is on would indicate lower
than actual efficiency, while a measurement with the charger off would
indicate higher efficiency. The solution is to make two efficiency
measurements, one with the charger on, one with it off. Then, take a
weighted average of the two measurements corresponding to the duty
cycle of the charger in actual field operation. This weighted average effi-
ciency figure will most nearly represent the actual power consumption
of the power supply in the field.

Reserve time measurement

In standby mode, our concernisn’t efficiency per se, but rather battery
reserve time. Reserve time is readily estimated from charts or tables pro-
vided by the battery manufacturer, once the discharge current rate is
known. This requires only a simple DC ammeter measurement. If desired,
the actual standby mode efficiency can be calculated. Input power is simply
the product of DC amps and volts, while output power is measured as
previously described. Note that as the battery discharges and the DC
voltage falls, the DC current will increase and efficiency will decrease. If
reserve time, rather than efficiency, is our primary concernin standby mode,
why not measure it directly? If we simply time a discharge until low voltage
shutdown or cutoff is reached, we have our reserve time measurement
directly and simply.

We must, of course, recognize that this reserve time measurement tests
not only the power supply but also the battery. If this test is used to com-
pare different power supplies, the battery must be repeatedly brought to
the same state of full charge before each dischargetest. Fora power supply
equipped with a float charger, the battery should be charged for several
days before any discharge test to assure that the battery is fully charged
and equalized. Even with this precaution, we need to be aware that bat-
tery capacity is not fixed but changes gradually with age and cycling. This
can be monitored by periodically making discharge tests with a known
power supply or even a resistive test load.

For power supplies equipped with cycle chargers, things are again a
bit more complicated. By its nature, a cycle charger does not maintain
abattery atfull charge at alltimes. Thistype of charger periodically brings
the batteries to full charge and turns itself off. The batteries then partially
discharge (due to leakage currents and local action), the charger once
again turns on and the cycle repeats. Since the batteries are not always
fully charged, asinthe float system, itisimportant to note that a real-world
discharge due to a power failure may occur at the worst time, i.e., just before
the start of the charge cycle, when the battery is atits lowest state of charge.

Since our whole purpose in measuring reserve time is to determine the
amount of backup time we can rely on, our discharge test should be
started at this same point. This can be accomplished by monitoring the
cycle and starting the discharge test before the power supply would go
into its charge cycle.

Design decisions
What tradeoffs are examined in the design process? Let's consider the
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designer’s choicesinthree critical areas: regulation, topology and battery
voltage.

Inherent in the design of any regulating device is a compromise be-
tween regulation and efficiency. The ferroresonant transformer typically
used in cable power supplies is no exception. The objective of the design
engineer should be to provide the best possible efficiency with accept-
able regulation, because any improvement in efficiency is always beneficial.
Whatcable operator does not want lower power consumption, increased
reliability and more reserve time? Regulation, on the other hand, is a
parameter that needs to be good enough, but what would be the benefit
of 0.5 percent regulation if 3 percent is adequate?

Topology refers to the overall configuration of the power supply. Non-
standby units typically consist of a ferroresonant transformer and its
resonating capacitor. The advantages of this approach are simplicity,
rugged reliability, high efficiency and no generation of electromagnetic
interference, along with very high isolation of the power supply output from
the power line. In addition, ferroresonant power supplies are virtually self-
protecting. They are inherently current limiting; that is, they will automatically
limit their output current to a safe level, even if the output is shorted, with-
outrequiring the action of any control circuit. Further, they will protect them-
selves and the load from virtually any line transient short of a direct light-
ning strike.

Finally, the output waveshape of a ferro can be designed to be a quasi-
square wave, which is more desirable than either a sine or a square wave
for driving typical cable system loads.

Standby power supplies also typically use ferroresonant transformers
inthe normal, AC line-powered modes of operation. Many use the same
ferroresonant transformer in both line and inverter (standby) modes. Others
use two separate transformers. In the single transformer designs, the ferro-
resonant transformer is constructed with two separate, electrically isolated
primary windings. One of these primaries can be driven from the line, while
the other can be driven by the inverter. Note that both primaries are not
driven at the same time.

The ferroresonant transformer is essentially the same as it would be for

a non-standby design, except that we now need room for the additional
primary winding for the inverter. Here the designer has a choice. Thetrans-
former can be kept the same size as in a non-standby system. Smaller
wire sizes will have to be used to allow space for the additional primary,
and as a result efficiency will be decreased. Preferably, the designer will
instead choose to increase the transformer size by about 20 percent in
order to accommodate the inverter primary. This means that wire sizes
do not needto be reduced, and efficiency remains essentially unchanged
from the non-standby design.

Battery voltage is a significant factor in determining standby mode effi-
ciency and reserve time. From fundamental principles, we know that power
transmission or conversion is most efficient when carried out at the highest
practical voltage. That is why utilities transmit power at high voltage.
Medium- to large-scale uninterruptible power systems (UPS) use battery
plantsin the 300-400 volt range. Losses in a power conversion circuit are
essentially constant with changesin voltage, but increase quickly with in-
creasesincurrent. Lossesin an ohmic conductor increase with the square
of the current; losses in semiconductor junctions increase logarithmically.

From the efficiency standpoint, battery voltage should be as high as
possible. Why not then use a 400 volt battery string for a standby cable
power supply? Two reasons—safety and cost. In regard to safety, it is
desirable to keep the battery voltage at an inherently safe level. Consider-
ing cost, the lowest cost to the power supply manufacturer would indeed
be incurred if a voltage in the 200-400 range were used.

Battery cost, however, tends to increase at higher voltages. Thisis simply
because itis more expensive to produce many small cells than fewer, larger
cells. This factor is less important as battery size increases due to a re-
quirement for either more power or longer reserve. At one extreme, a 12
volt battery would be most economical for a very light load and only a
few minutes of reserve. At the other end of the spectrum, a large UPS re-
quiring several hours reserve time is going to require a 400 volt battery
plant. Standby cable power supplies, with typical requirements for perhaps
800 watts and several hours of reserve, appear to be best served by 36
volt batteries. _
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converter in the
residential lightning environment

By Dave Wachob
Manager, Product Support Engineering
Jerrold Subscriber Systems Division, General Instrument Corp

Today's state-of-the-art cable TV converters
must be adequately protected to survive the
harsh home lightning environment. Thisis essen-
tial not only from a subscriber safety and liability
standpoint but also because of the frustration
and cost associated with repairing damaged
equipment and restoring system services. The
results of lightning damage include both the
obvious, such as totally non-functional equip-
ment, and the more subtle, frequently misiden-
tified effects, such as memory corruption, mode
changes and performance degradation.

AC power line disturbances generally fall in-
to two main categories: those of short duration
(< 1 millisecond) and those of longer duration
(> 1 ms). Of the two types, longer duration dis-
turbances are more the result of load switch-
ing transients than actual lightning-induced dis-
turbances. While protection from both long and
short duration transients is necessary to ensure
acceptable converter field performance, this
article will focus on shorter duration lightning-
related phenomena.

Popular misconceptions

Atfirstglance, one might be tempted to model
the converter in the subscriber's home lightning
environment asillustrated in Figure 1. Thismodel
shows a simple two-wire AC interface to the resi-
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dential power system comprised of *hot’* and
"*neutral.”” Although this oversimplified approach
might be appropriate for some residential appli-
ances, the other interfaces involved make it totally
inadequate for cable TV converters.

The actual residential converter lightning
model is shown in Figure 2, detailing not only
the two-wire AC cord line but also the RF input/
output connectors (including ground) and tele-
phone line interconnection (if applicable). Inthis
model, CATV ground plays a key role, serving
asthemajor (although not only) discharge *'sink.”
The reason for this is that the CATV ground fre-
quently is more direct (i.e., lower impedance)
than AC neutral, duetotheinherentinductance
of the residential AC wiring.

Another popular misconception about resi-
dential lightning is the voltage level and shape
of the waveform delivered to the converter
through the residential AC outlet. While itis true
that lightning voltages to 20 kV might be possi-
ble at locations external to the home on the AC
power grid, 6 kV is an appropriate maximum at
the residential AC wall socket. This limit can be
determined both theoretically and empirically
from the breakdown voltage of typical residen-
tial AC wire. In addition, due to the inductance
associated with the residential wiring itself, an
oscillatory (100 kHz frequency) rather than pulse
shape is appropriate.

In order to achieve effective converter light-
ning protection, one must first correctly define

and test against the appropriate surge wave-
form and level at the corresponding converter
interface.

AC line—The waveform of Figure 3 is appro-
priatefor AC line surges, as described previously.
Coupling of the waveform into the converter can
be either normal mode (hot to neutral) or either
of the three common modes (hot to ground,
neutral to ground, and hot and neutral to
ground). In practice, common mode surges ap-
pear to cause the most potential damage, due
to their direct discharge through cable ground.
Surges of both polarities also must be con-
sidered, since in nature both can occur (85 per-
cent negative, 15 percent positive).

RF input—Disturbances on the RF input can
originate either as coaxial sheath (ground) or
center conductor lightning strikes or induced
voltages. The waveform is best illustrated by
Figure 4 (10 ms rise time, 1,000 ms duration) with
15kV asthe applicabletest voltage. Here again,
the 1.5 kV level originates from the breakdown
of coax cables. Both polarities must again be
tested, for reasons mentioned previously.

RF output—At first glance, the waveform of
Figure 4 also might seem applicable to the RF
output port. However, considering the interface
between the RF output and the subscriber’'s TV
set or VCR, Figure 3is actually the correct choice
for testing. This results from the coupling of AC
surges from either the TV set or VCRinthe "*back
door” of the converter through the output coax
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Figure 3: Residential AC surge
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Telephone interface—The use of telephone
return sidecars for two-way pay-per-view data col-
lection represents another potential path for
lightning. The waveforms and levels present on
this interface are as defined in Federal Commu-
nications Commission Part 68 requirements. In
summary, these are broken intotwo categories:
longitudinal (1.5 kV, 10 ms rise time, 160 ms dura-
tion) and metallic (800 V, 10 ms rise time, 560
ms duration) types. Both categories must be
tested under positive and negative polarities and
all configurations of tip, ring and ground.

T = 10 us (f = 100 kHz2)

— 60 percent of V(peak)

Figure 4: rr, telephone surge
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thing less than this level of vendor assurance will
result in unnecessary potential field problems.
In addition, due to the statistical nature of light- 0.7 -
ning in the real world and the multitude of pos-
sible interface configurations described, a min-
imum of 400 surges per converter should be 0.6
performed. i

In general, any test result that would have re-
quired subscriber interaction (service call, chan-
nel changing, etc.) should be considered a
failure. Ideally, the converter also should be tested
under actual operating conditions (AC powered,
live video, data, phone present).

Care also should be taken in the selection of
lightning test equipment to ensure that proper
surgeisolation protectionis provided to prevent 0.3 -
the surge waveform from damaging adjacent lab
test equipment on the same power/CATV grid.
Moreimportantly, care and common sense must 0.2 4
prevail during the testing due to the potentially
hazardous voltages required. In addition, eye
protection should be used during testing dueto
the potential for flying debris from underrated
component breakdown.
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Batteriesin CATV standby power supplies

By Neil Tinggaard
Director of Engineering, Daniels & Associates

A storage battery is a device in which energy is stored in a chemical
form and can be released as electricity. When charging, the battery directly
converts electrical energy to chemical energy. When connected toa load
the electrical energy is recovered during discharge.

The batteries typically used in CATV applications are of a lead acid
(Pb-H2S04) nature, with the chemical reaction occurring between lead (Pb)
“plates’’ and a weak (17-35 percent) solution of sulfuric acid (H2SO.)
“electrolyte.”’

The chemical reaction during the discharge process is such that the
electrolyte (H.SO4) works on both the positive (PbO,) and negative (Pb)
plates, forming lead sulfate (2PbSQ,) on the plates and water (H20) in
the electrolyte. This reaction is described by the formula PbO, + Pb +
2H,S0, — 2PbS0O,4 + 2H,0. The reaction continues until the electrolyte
is so diluted with water that the battery can no longer deliver a useful voltage.
The battery isthen said to be discharged. A battery will have a smal! local

Figure 1: self-discharge and temperature
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chemical reaction at the plates eventhough noload has been connected
to it—a reaction known as *‘self-discharge,” in which the battery slowly
losesits charge over time. Self-discharge is the phenomenonthat causes
batteries not in use to discharge and is one of the limiting factors involved
in shelf life.

The chemical reaction during the charging process is such that as
electricity passesthroughthe cell, the lead sulfate (2PbSO,4) onthe plates
recombines with the water (2H,QO) inthe electrolyte and formsthe original
compositions lead peroxide (PbO,) on the positive plate, sponge lead (Pb)
onthe negative plate and sulfuric acid (H2SO,) inthe electrolyte (2PbSO4 +
2H,0 — PbO; + Pb + 2H,S0,). The reaction continues until the plates
and electrolyte have returned to their original conditions. Past this point,
further current through the battery (overcharging) would cause the
electrolyte to decompose into hydrogen and oxygen gases, drying out
the cell.

The chemical reaction is sometimes referred to as a “‘double sulfate’
and can be rewritten as PbO, + Pb + 2H;SO, + 2PbSO, + 2H0.
When written this way, it is read from left to right during discharge and
from right to left during charge processes.

The plates described are of two different forms of lead—sponge lead
on the negative plate and lead peroxide on the positive plate. These two
active materials are crystalline in nature and are formed by mixing lead
oxide with sulfuric acid and an expander to form a cohesive but very porous
paste. This mixture alone has no rigid form or strength, requiring that some
sort of supporting and conducting structure be provided.

The supporting structures for the active pastes are referred to as ‘grids”™
and are usually in the form of a latticework into which the pastes are worked.
They are molded or wrought from a lead alloy because lead by itself is
too soft to provide the rigidity required during manufacturing and
installation. Historically, two elements, antimony and calcium, have been
used for this purpose, with batteries constructed from lead-antimony alloys
having a higher gassing rate and a higher self-discharge rate. Therefore,
only batteries with lead-calcium alloys should be considered for standby
power supplies.

The positive and negative plates are stacked together, separated by
thin sheets of non-conducting, porous, plastic materials that allow chemical
action but prevent the plates from physically touching and shorting out
thecell. There may be any number and size of plates per cell, butthe plates
will always alternate from positive to negative, starting and ending with
a positive plate. All of the positive plates are connected together and all
the negative plates are connected together to form a single cell with an
output of 2 volts. (The number and size of the plates within a cell wil!
determine the amperage capacity of the cell.) The plates are then dipped
into an electrolyte bath and given a “forming’* charge to form the negative
sponge lead and positive lead peroxide plates.

Battery housings are tanks used to contain a number of cells and the
electrolyte to react with them. For example, six cells could be placed in
the container and connected in series to make one 12-volt battery (2 volts
x 6cells = 12 volts). The container or housing is usually constructed from
molded, hard rubber or polypropylene, to withstand extremes of
temperature and shock and be resistant to the absorption of acid.

For our purposes, batteries may be grouped into two broad categories:
flooded, vented cells and sealed cells (recombination), depending onhow
the electrolyte is maintained. The flooded, vented cell allows the gases
produced to vent into the atmosphere and requires that the electrolyte
be topped up (by the addition of water) as this occurs. If the electrolyte
is not topped up, it becomes more concentrated, causing increased
corrosion of the positive plate and drying of the paste, neither of which
is recoverable.

Sealed or *‘maintenance-free’’ batteries operateina similar manner, but
the battery is sealed with a positive pressure built up during the
manufacturing process. Equilibrium occurs inthe battery, so that as oxygen
is generated it reacts with the sponge lead at the negative plate, forming
an oxide that in turn reacts with the electrolyte to form lead sulfate and
water—hence, acting as a closed system. Pressure relief valves areincluded

COMMUNICATIONS TECHNOLOGY



GEOMAX-10:
10 Channel Modular
Headend Processing System

If equipment space in your rack is a problem, make room for the
Geomax-10. This breakthrough in packaging technology equals the perfor-
mance of conventional head ends 10 times its size and twice the price.

Each Geomax-10 is custom designed, assembled, burned-in and
rigorously tested to your specifications; providing up to 10 modular AGC'd
amplifiers and modulators. In each 3.5 inch high rackmount case.

RELIABLE POWER

Continuous, steady operation is ensured by the Geomax-10's low power
consumption of just 35 watts and
automatically switched-in standby
power supply. Each individual ‘
amplifier and modulator module .
uses only 1 watt of power.

LOW INPUT,
HIGH OUTPUT

Our enhanced amplifier design
allows input levels as low as 0dB
to provide the clearest of pictures with full output and AGC. The superior
hybrid push-pull output amplifier module produces an undistorted 60dB
output with 10 channels.

B e
oy A
N
L X

The Geomax-10, it’s Modular!

NTRODUCING
PACE |

Conventional 10 Channel Off Air
Processors and Modulators

EASY TO INSTALL, EASY TO USE,
INEXPENSIVE TO SHIP

Our completely modular approach, coupled with ultra lightweight con-
struction (25 Lbs. for a complete 10 channel unit) makes the Geomax-10 one
of the easiest head end processing systems to use and instal.

Field channel changes are as easy as plugging in 2 new module.

And installation couldn't be quicker. Just plug in the input and output
cables. You're done.

EVEN MORE GOOD THINGS
IN THIS SMALL PACKAGE

The Geomax-10 delivers all this performance and much more, Our sales
representative can show you how this compact powerhouse can dramati-
cally improve your operation.

S0 if you only have room for the best equipment with no room to spare,
get the Geomax-10. It's a small wonder in the space race.

PICO} pico macom, nc.

A Subsidiary of Pico Products, Inc.

12500 Foothill Boulevard ® Lakeview Terrace, California 91342
818/897-0028 * Outside CA 800/421-6511

See us at the Eastern Show, Booth 1011. See us at the Great Lakes Show, Booth 339. Reader Service Number 23.




Figure 3: Effects of temperature on battery
life
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in the battery to vent any overgassing into the atmosphere. Two methods
of storing the electrolyte in a sealed battery are: 1) the use of thick, highly
absorbent, felt-like glass fiber mats to separate the plates and store the
electrolyte and 2) the addition of a gelling agent to the electrolyte used
inthe battery. Sealed or maintenance-free batteries fall into two categories,
depending on the pressure allowed to build: 1-6 psi and 30 psi up.

Battery characteristics

As noted earlier, batteries self-discharge without being connected to
aload. Self-discharge characteristics have improved significantly withthe
changes in alloys from antimony to calcium. The rate of self-discharge
depends upon thetemperature at which the battery is stored or maintained.
Figure 1 is a sample of a manufacturer's self-discharge graph.

The chemical reaction taking place within the battery is also temperature
sensitive, proceeding slowly when cool and going much faster as the
temperature rises. In addition, the capacity of the battery during discharge
(Figure 2) and its life are affected by temperature. As shown in Figure 3,
abattery will lose about 50 percent of its life for every 15°F thatit continually
operates over its design temperature of 77°F. (Keep in mind that when
abattery isinstalled in a power supply, the temperature within the supply
is typically some 10 to 20°F above ambient.)

in addition, as the temperature of the electrolyte approaches 120°F,
during a charging condition the battery begins to accept progressively
higher currents. This will cause a lowering of the internal resistance of the

Figure 4: Float voitage
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battery and a buildup of excessive internal heat. The result (thermal run-
away) is an uncontrolled reaction that will damage the battery and can
become hazardous.

The following formula will allow for adjustments in battery life by
calculating the months of aging at elevated temperatures vs. the months
of life at design (77°F) temperature.

Ltc = Ebl +< 1
% life

x months at T1> + < x months at T2>

% life

! x months at Tn)
% life
where:
Ltc = the temperature-corrected years of battery life
% life = from Figure 3
Months at T1 = number of months at temperature T1
Ebl = normal expected battery life in months

Note: 1) T1 + T2.... + Tn must equal 12 (1 year).
2) When the temperature is below 77°F, use 77°F.

Example: The electrolyte temperature of a 60-month battery in one
particular installation is 92°F for four months, 85°F for four months and
74 for four months during a year. (These temperatures include an
additional 15°F increase due to the contribution of the power supply, as

previously described.)
Ltc 60+_1_x4+_1_x4+1x4
50 69 1
60+ (8 + 58 +4) = 3.37 years
or 40.44 months. (Note that this **'60-month™* battery is actually a 40-month
battery in this application.)

The batteries at this installation will age:
8 months during the four months at 92°F
5.8 months during the four months at 85
+ 4 months during the four months at 74°F

17.8 months per calendar year.

As we have seen, the chemical reaction of the battery is very temperature-
dependent; therefore, the charging voltage is critical and the
manufacturer's recommendations should be followed closely. Temperature
compensation of the charging circuit should be considered where there
are extremes of temperature. Figure 4 shows a typical manufacturer’s
charge voltage graph.

Battery types and selection

Several categories of batteries are manufactured. We will examine two
categories with significant differences in their design and operation.

The motive-SLI (automotive—starting/lightsfignition, etc.) battery is
designedto provide brief, high level bursts of current. Thisis accomplished
by using a large number of thin lead-antimony alloy plates in the battery
construction. Since CATV service requires moderate amounts of current
for long periods of time, early decomposition of the thinner plates and
plate warpage on charge cycles would result: premature failure would there-
fore be predicted if this type of battery were to be used. In addition, while
the antimony alloy provides faster discharge rates, the higher gassing rate
is undesirable.

More appropriate for the demands of CATV usage is the stationary (deep
cycle) battery, which is designed to provide moderate amounts of current
for longer periods of time. This is accomplished by building the battery
with a smaller number of thicker lead-calcium plates.

Based on this, it is obvious that a deep cycle type of battery must be
used. The sealed battery should be selected because it will not vent as
much hazardous hydrogen and oxygen gases into the power supply
compartment, which would expose components to excessive corrosion
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and create potentially explosive conditions. Also, the sealed battery will
not require close monitoring and maintenance of electrolyte levels.
Next, the ampere-hour capacity of the battery shouid be determined.
First, the battery should be sized by calculating the basic ampere-hour
requirement (load x time) and then making any adjustments to its size
to allow for any lowered capacity due to lowered temperature (Figure 2).
An adjustment in size should also be made to compensate for aging of
the battery. The battery’s size shczuld be 125 percent ofits load, with good
design practices calling for an additional 10 to 15 percent margin.
Example: Batteries are to be selected for a power supply at one particular
installation where the measured current is 12 amperes, the lowest
temperature is 0°F and four hours of standby time are required. (The
temperature includes an additional 15°F increase due to the heat
contribution of the power supply, as previously described.)

Load calculation:
Power supply current = 12 amperes
Standby time required = 4 hours
Amperes-hours = amperes x hours
12 amperes x 4 hours = 48 ampere-hours required
Compensation for temperature due to the 0°F low temperature:
Ampere-hours = ampere-hours/lowered capacity
= 48 ampere-hours/.70 (from Fig. 2)
= 68.57 ampere-hours
Compensation for age:
Ampere-hours = ampere-hours x 125 percent
= 68.57 ampere-hours x 1.25
= 85.71
Allowance for margin:
Ampere-hours = ampere-hours x 115 percent
= 85.71 ampere-hours x 1.15
= 9857 ampere-hours

Fromthis it can be seenthat a sealed deep cycle battery in a 100 ampere-
hours capacity should be used in the power supply at this location.

Batteries should not be purchased until the time of actual installation
in the power supply. However, if storage is necessary, a cool, dry place
should be selected. The stored batteries should then be checked regularly
and should be charged when they have discharged to within 80 percent
of their capacity. As explained earlier, the chemical reaction going on within
a battery is temperature sensitive; the temperature, time in storage and
condition of charge affect the discharge rate. The most accurate method
of determining the present state of charge is by measuring the voltage
present at the battery terminals with a digital voltmeter and comparing
it with the manufacturer's OCV (open circuit voltage) chart (Figure 5).

Since the battery is very sensitive to temperature and charging voltages,
the battery manufacturer’s charging recommendations should always be
followed when installing batteries. The QCV of each battery should be
measured, and wherethere is nomore than a 0.5 volt difference, batteries
may be combined.

Should batteries with differences greater than 0.5 volts be connected
together, the net effect could be as follows: For example, for three batteries,
with charge of 90 percent, 70 percent and 50 percent (average = 70
percent) connected in series, over time, with temperature and a number
of discharge and charge cycles, a balanced condition could occur. Or
the other extreme could occur, leaving some batteries overcharged and
others undercharged.

Proper maintenance is required to prolong the life of the battery and
will help assure that it is capable of delivering its proper current supply
when called upon. When the battery is purchased, alog should be started
showing the current date, date of manufactuer, date of purchase, OCV,
physical condition and charge voltage. The date of manufacturer can
usually be determined from a code in the form of a combination of three
or four letters/numbers on the cover of the battery. For example, GSindicates
July 1985 (G is the seventh letter in the alphabet and July is the seventh
month); the letter “'I"" is generally omitted.

At three-month intervals, each power supply should be cycled and
thoroughly checked. The batteries should be inspected for unusual
swelling, distortionsin shape (0.25 inches of swelling is not unusual inthe
sealed batteries of some manufacturers), cracking or corrosion. Any
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Figure 5: Opencircuit voltage vs. state of

charge
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severely distorted or cracked batteries should bereplaced andthe cause
of failure determined.

Batteries should be cleaned with a water-dampened cotton cloth to
remove accumulated dust. Any electrolyte should first be neutralized with
a sodium bicarbonate (NaHCO;—baking soda) water solution (1 pound
of soda per gallon of water), which should be applied with a cloth
dampened with the solution. (Neutralizationis complete when the fizzing
action ceases.) The baking soda solution should be removed with a water-
dampened cloth, and the area should then be wiped down with aclean,
dry cotton cloth. This cleaning technique should minimize the development
of leakage current.

Plastic battery cases should never be cleaned with anything but water

or baking soda. Any connection found to be corroded should be taken
apart, cleaned and remade. The charging voltage and OCV should be
measured with a digital voltmeter, and corrective measures taken for any
discrepancies over 0.5 volts. All data should be recorded in the log to
provide historical reference for determining battery replacement intervals.

The power supply should be examined to verify that all fuses, circuit
breakers, indicator lights and protective devices are in place and
functioning. The power supply should then be operated in the standby
mode to ensure its proper operation.

In addition to the prescribed three-month inspection, the batteries should
betested to determine their capacity after the first year and every six months
thereafter. 'Loadtesting"’ isthe testing of a battery to determine its remaining
percentage of capacity comparedtoits capacity whenit was new; hence,
the need for a data log. For the most accurate results, the testing should
be performed using loads that closely approximate actual operating
conditions. (The discharge rate can be found by examining the battery
manufacturer's charts; typically two charts are given, one for low discharge
rates, as in Figure 6 and one for high rates as in Figure 7.)

Ascan be seen from Figures 6 and 7, it takes a fairly heavy load and/or
aconsiderable amount of time to get into the rated capacity of the battery,
which must be done accurately to judge its remaining capacity. For
example, if we were totry to use the standby power supply itself, it would
take several hoursto discharge the battery enough to determine its capacity.
When usingthe standby power supply as atest for a few seconds, itloads
the battery to less than 1 percent of its capacity, which is not a valid load
test. Typically, a five- to 15-minute test is considered to be a minimum within
the stationary battery industry, with many tests running hours (to discharge).
Since this type of test has been difficult to perform, automotive-type load
testers have been used to try to determine the condition of a battery;
however, these testers are intended to be used totest cold-cranking power
duringa 15-second period, not the long-term capacity of the battery. Use
of an automotive-type tester is about 50 percent accurate when using the
minimum 100 ampere load.

Conductance testing provides the ability to test a battery's current
capacity as compared to the original specification. The theory of operation
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Figure 6: Typical discharge curve (low rate)
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Flgure 7: Typical discharge curve (high rate)
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is based on conductance being the reciprocal of internal resistance and
directly proportional to it; therefore, as the battery ages and its internal
resistance rises, the conductance decreases proportionally.

Once the tester is adjusted, it is connected to a battery with two test
leads and read as to the battery voltage, goodffail (based on 70 percent
of its original capacity) or a reading of present capacity directly proportional
to its original conductivity. The conductance test is fast, accurate, easy
to perform and can be accomplished with the battery in place (but not
charging).

To summarize, deep cycle sealed batteries should be selected for use
in CATV power supplies. It is very important that their purchase be
scheduled so that installation can take place as soon as possible after
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delivery. If temporary storage should be necessary, special precautions
must betaken. For warm/hot climates, batteries should be placed in plastic
battery trays located in the bottom of the power supply; top-mounting is
appropriate for cool/cold climates. A battery maintenance/replacement
program should be implemented, utilizing the temperature correction
formula for estimating battery life, with conductance testing or loadtesting
also scheduled on a regular basis. (Conductance testing offers both a
pass/fail determination and an assessment of the percentage of capacity
remaining in the battery as compared with its capacity when new.)

Power supplies should be checked out thoroughly at three-month
intervals. The manufacturers’ own recommendations regarding shelf life,
OCV, and charging voltages should be observed, with all voltage
measurements made with a digital voltmeter. Accurate, detailed records
should be kept in all cases. Further, it is imperative that anyone working
with batteries be made aware of their hazards, and that appropriate safety
procedures be followed.

Acknowledgements: Many thanks to all those who have helped with this
article. A partial listing includes: Mike Baxa, Tom Doroty and Scott Grenner
of Johnson Controls; Martin deAlminana of Burnup & Sims Cable Products
Group; Steven McShane of Mid-Tronics; Ed Moore of Delco Remy; Richard
Ruff of Teledyne Battery Products; and John Miller, Jim Trentor and Steve
Vechie of GNB; and Bob Nelson, Gates Energy Products.
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Calculating TVRO expected performance

By Jack Sanders
Director, Telecommunications Engineering, American Television and Communications Corp.

There are two major parametersthat tend to affect any communication
system: noise power and signal power. Since noise power tendsto be the
least understood of the two, we will begin our discussion of the various
noise sources that can affect the performance of a sateliite receive terminal.

Sky noise, more commonly referred to as thermal or white noise, is
generated by random electron motion from our hot Earth. Galactic noise
generated by starsin our universe also contributes a small amount tothe
total effect. Thermal noise is measuredin Kelvins (degrees Kelvin), which
isan absolute system of measurement directly tied to Celsius, where Kelvins
= Celsius + 273.15 degrees. At absolute zero degrees Kelvin (—273.15°C)
there is no molecular motion and therefore no thermal noise.

Thermal noise at or near the Earth's surface is 17°C or 290%K. Typical
terrestrial microwave antenna systems are aligned parallel to the Earth's
surface and therefore see a fixed noise level of approximately 290°K.
Satellite antennas are typically pointed up at elevation angles ranging from
approximately 20° to about 50° Sincethese types of antennas are relatively
large, with highly directional beam patterns, they are not exposed to the
full 290°%K noise source. Most parabolic antennas used for satellite recep-
tion operate with clear sky noise temperatures ranging from about 20 to
40%K.

The amount of thermal noise in any electronic system is a function of
its bandwidth in Hertz and the absolute noise temperature. The connect-
ing relationship between the two is Boltzmann's Constant, where the basic
equation is expressed as:

Noise = KIB (1)

where:
k
T
B

Boltzmann's Constant (1.38 x 10~23) Joules/°K
Absolute noise temperature in °K
Noise bandwidth in Hz

The “effective noise temperature’ (Te) is typically used when several
noise sources are combined. For atypical TVRO system, these sources are:
1) the antenna (approximately 20 to 40°K),

2) the antenna feed assembly including loss and impedance mismatch
(approximately 0.2 dB typical).

3) the low noise amplifier (85 to 120K typical),

4) the cable and splitting loss between the LNA and the receiver, and

5) the receiver noise contribution.

Converting noise figure to noise temperature

Equipment specs used for satellite TVROs are quite often rated in both
dB and noise temperature. Therefore, one must become accustomed to
converting these terms back and forth, when calculating the various
parameters. For example, the noise figure (NF) of a typical LNA is rated
at 1.12 dB. What is the equivalent noise temperature?

Tu = log? (ﬁ)- 1 x 290K @)
10
IARY:
TL = log™? (_)— 1 x 290K = 853°%K

10

Now, let’s convert noise temperature back to NF in dB.

NFe@ = 10log (.85;3 + 1) = 1.12dB 3)
290
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Now, let's calculate the total effective noise temperature (Te) for a typical
TVRO satellite receive system. The system parameters are:

Antenna gain (5-meter) = 442 dB

Antenna noise temperature (Tg) = 20%K

Antenna feed loss (L) = 02dB

LNA noise temperature (Ty) = 85%

LNA gain (Gp) = 50 dB (x 100,000)
Cable and splitter loss (L2) = 15dB

Receiver noise figure (NF) = 14dB

We will calculate Te based on these parameters. In order to illustrate
the components that contribute the greatest amount of noise, let's break
the system into three parts: 1) the antenna, plus feed loss, 2) the LNA,
plus cable and splitter loss and 3) the satellite receiver. Since the modet
system rates some of the parameters in dB, we must convert to the actual
numeric values in order to calculate the noise contribution.

The antenna:

o To, -1 x290% )
L, L,
_ 0 (1047 - 1) X 200K _ o0
1047 1047
The LNA:
12 = T+ (-1 x200% (5)
GL
= 85%K + 16 -1 x20K _ go5ga
100,000
The receiver:
_ _ (6)
g o NF-1x200K _ (@51-1)x 290K _ (oo
GL 100,000
therefore:

Tetotal = 32.19K + 8509%K + 007K = 117.26°K

Note that almost 99.9 percent of the noise contributions are associated
with the antenna and the LNA. The LNA's low noise figure and its associated
high gain (50 dB or more) tends to offset the small contributions created
by the cable, splitters and the receiver. (For further review, refer to an arti-
cle written by Norman Weinhouse of Weinhouse Associates, published
in the May 1985 issue of TVRO Technology.) The primary concern after
the LNA is to provide sufficient signal level to the receiver. Most of the
receiver AGC circuits are designed to accept input levels of approximately
-30to —60 dBm.

Signal power

From the downlink side, the signal power represents the RF energy
transmitted by the satellite, which has an effective, isotropic radiated power
(EIRP) of about 35 dBW. This represents a power level of approximately
3,160 watts compared to a transmitter feeding a unity gain antenna system.
Most of the power is lost (approximately 196.12 dB) during the 24,000-mile
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trip to the TVRO ground station. Therefore, the input power to the TVRO
LNA is:

Satellite power — space loss + receiver antenna gain (Y]
35 - 196.12 + 442 = -11692 dBW

This yields an actual received power level of:

Log~! <;;11_6'92)= 203 x 10712 watts (®

10
To calculate the noise power (B = 30 MHz), use Formula 1:

N = KTeB = 138 x 1023 x 1173%K x 30 x 106

486 x 10-14 watts

We have calculated the expected signal power and the noise power
of our model TVRO system. In order to determine the expected perfor-
mance, combine the two to obtain the signal power-ta-noise power ratio
(C/Ny; therefore:

10log (.2'03 x 10:1.) - 162dB ©)
486 x 10-14

C/Ngg =

As you may have gathered by now, the calculations using numeric values
are lengthy and somewhat cumbersome. This was necessary in order to
illustrate the basic origins and how the more modern equations were de-
rived. The more classical equation used for C/N calculations in dB is:

C/Ngwn = EIRP - Lg + G/T + 2286 - 10log BW (10)
where:

EIRP = Satellite power (dBW)

Ls = Space loss (dB)

G = Antenna gain to temperature ratio (dB)

2286 = Boltzmann's Constant in dB = 10log (1.38 x 10-23)

BW = Receiver noise bandwidth (30 x 10€) Hz

The G/T term is often referred to as the system ““figure of merit'" since it
combines the two most essential components of the system: the antenna
gain and Te. For example, the G/T for our model system is:

GIT = 10log(G/T) (1)
Convert the antenna gain to numeric value:

G = log~1(44.2110) = 26302.7

then:

GfTgs = 10l0g(26,302.7/117.3) = 2351 dB

There is one other method of handling these two parameters used in
the classical C/N equation. Add the antenna gainin dB and then subtract
the value of 10log(Te), which will yield the same results. For example:
C/Ngwn = EIRP — Lg + Ga + 2286 — 10iog BW - 10log(Te) (12)
35 - 196.12 + 44.2 + 2286 — 10log(30 x 108) — 10log 117.3

16.2 dB

Interference considerations

As was stated earlier, the basic C/Ngwn must be corrected for inherent
interference cases, some internal to the system and, in worst-case situa-
tions, corrections for known terrestrial interference. The calculations are
referred to as C/l corrections. When an interference source is combined
with the desired signal, the effective carrier-to-noise is reduced by an
amount proportional to the magnitude of the interference source.

If the interference source is the same level as the desired signal, the
C/N is simply reduced by 3 dB. However, when the C/l is not the same
level, calculating the degradation effect is somewhat more complicated.
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The method used is similar to adding resistors in parallel. The only differ-
ence is converting in and out of the log,o process.

C/l source model:

Uplink C/N (dB) = 27
Satellite intermodulation (dB) = 27
Adjacent satellite (dB) = 30
Receiver cross-polarization isolation (dB) = 30

Clhota = 27@ 27 @30 D 30 (13)

where: @ denoctes power summation. Note: The two 30s reduce to 27
dB, the two 27s to 24 dB. So:

Cllia = 24 @ 27 dB
Therefore:

(14)

L L = 2224dB

10logf 1 + +
Iog"<_zi> log™? (2_7
10 10

Now we must combine the C/ligia with the C/Ngwa, which will provide
the true *'predetection’ carrier-to-noise ratio for our model system.

Clita =

C/Npg = 16.2@ 22.24 = 1523 dB

As can be seen, combining the four cases of C/l with the basic C/Ngwn
degraded our model system by 0.97 dB.

At this point, the signal is still at intermediate frequency (IF), typically
70 MHz, prior to the receiver's demodulation circuit. After detection, the
carrier-to-noise is demodulated to video signal-to-noise, yielding several
FM improvement factors. There are at least two generally accepted equa-
tions for calculating FM video signal-to-noise, as foliows:

(15)
B
SIN = C/Npg + 10l0g 3(A_F)2 + 10log <_'F ) 30 Iog( e )
BV, 2BV bn’
+PR+E
where!
AF = Transmitter peak deviation (10.75 MHz)
By = Video baseband frequency (4.2 MHz)
B = Receiver IF bandwidth (30 MHz2)
bn = CCIR bandwidth unweighted (3.357 MHz)
bn’ = CCIR weighting filter (MH2)(1.574 MHz)
P/R = Peak-to-peak to RMS correction = 6.1 dB
E = FM pre- and de-emphasis improvement = 2.93 dB

SNy = C/N + 10log 3(‘275_)2 . 10,°g< 30 )+ 30I°g<§£7)
42 2 x 42 1574

+ 61 + 293
S/INy = C/Npg + 37.36 dB

The second equation is a modification of the first, which simplifies the pro-
cedure by lumping several of the parameters together.

SINy = CINpg + 10l0g30 + 10 log [129714 X 10'7_5)2] (16)

(1.574p
SINy = C/Npg + 3736 dB

(Continued on page 60.)
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(Continued from page 44.)
Therefore, for our model system:

SINy = 15.23 + 37.36 or 52.6 dB (CCIR weighted)

FCC licensing consideration

The FCC no longer requires a TVRO receive site to be licensed. How-
ever, in order to ensure frequency interference protection one must first
frequency coordinate and license the antenna. Licensing the antenna site
does not provide interference protection from any pre-existing interference.
However, it can provide a degree of protection from new common carrier
routesthrough your area. Itisrecommended that TVRO sites serving major
CATV headends be licensed and frequency protected.

The FCC has adopted a 2° satellite spacing planto be utilized as needed.
However, at this time, most of the satellites that serve the cable industry
are spaced from 2.5t0 32 The closer spacing increasesthe adjacent satellite
interference, which requires larger receive antennas in order to achieve
the same degree of performance. It also appears that 2° spacing may
restrict the use of muitisatellite feeds on a single antenna.

When the FCC initially adopted the 4° satellite spacing, the antenna
gain, off boresight (eg., the sidelobe response) was limited to:
Sidelobe gain = 32 - (25l0g6) 17)
where: 6 = degrees off the center of the main lobe. When 2° spacing
was adopted, the maximum sidelobe was changed to 29 - (25loge).
For example, let’s calculate the gain of our 5-meter antenna model at 2°
off the center of the main lobe, using the 2° spacing requirements.

Sidelobe gain = 29 - (25log2) = 21.47 dB
Therefore, assuming our model as 44.2 dB main lobe gain,

Isolation = 44.2 — 21,47 = 22.7 dB.

Note: This is for one satellite operating on the same polarity, adjacent to
the desired satellite. Satellites operating at 29 4° and 6° on both sides of
the desired satellite would reduce the isolation to 18 to 20 dB.

The two-degree spacing issue should not be confused with the true
azimuth angle separation as viewed from the TVRO ground site. The sateliite
spacing is referenced from the geocentric, or the Earth’s center, whereas
the azimuth separation angles that the TVRO ground station sees is
referenced from the Earth’s surface.

The *“azimuth difference” between any two satellites, as viewed from
the ground, depends on the particular location of the ground station in
respect to the satellite’s assigned longitude position. The results of this
configuration rarely produce a 2° azimuth difference when looking at two
satellites with 2° spacing. Theillustration that follows demonstrates a typical
best-case azimuth as opposed to atypical worst-case azimuth difference
between two satellites,

Receive location: Northern Florida
Latitude 29° 30’ 40”; longitude 85° 00’ 00"

Satellite location:

Telstar 302 at 86° arc longitude Az = 18202°
Satcom F4 at 84° arc longitude Az = 17798°
Azimuth A= 4.04°
Galaxy | at 132° arc longitude Az = 24522°
Satcom F3R at 130° arc longitude Az = 24366°
Azimuth A = 1.56°

As can been seen from this example, satellites spaced at 2° arc longitude
will not necessarily produce a 2° azimuth difference as viewed from the
ground station. In fact, a relatively small antenna might perform very well
looking at Telstar 302 as opposed to amuch larger antenna when attemp-
ting to view signals from Satcom F3R from the same location.
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CABLE-TEC EXPO '88

Cable-Tec Expo '88:
San Francisco treat |

By Rikki T. Lee  Photos by Bob Suilivan

There was a whole lot of shakin’ going on at
San Francisco Hilton and Towers June 16-19. Not
an earthquake, but the Society of Cable Tele-
vision Engineers’ CableTec Expo '88. Although,
the activity generated at the registration booth,
engineering conference, membership meeting,
workshop sessions, exhibit floor, Expo Evening,
etc., could have moved mountains.

Don't believe it? Just check the numbers: over
1,300 attendees (up nearly 20 percent from last
year), more than 90 exhibiting manufacturers
and suppliers, six hours of engineering sessions

N
"5

.t

Off to Jerrold Night (left), the cable way. The
Mt. Sutro tower (above), an impressive struc-
ture. More than 1,300 attended the Engineer-
ing Conference and Cable-Tec Expo.

with 19 panelists, 10 technical workshops, 140
BCT/E exam takers, tons of food and millions of
dollars in gambling chips.

If you had arrived at the Hilton on Wednesday,
you probably wouldn't have noticed much going
on. There were, however, the pre-expo meetings
of the NCTA Engineering Committee and the
SCTE Interface Practices Committee, as well as
a seminar on CATV engineering for the non-
engineer sponsored by SCTE and Women In
Cable's San Francisco Bay Area Chapter.

Kicking off the events Thursday, June 16, the
Annual Engineering Conference played toa full
house inthe Hilton's Continental Ballroom. In his
opening remarks, SCTE Executive Vice Presi-
dent Bill Riker told what it took to bring the expo
to San Francisco and listed the many Bay Area
attractions.

Then, Expo Chairman Pete Petrovich an-
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L CABLE-TEC EXPO ’88

(Clockwise from left) SCTE board members
let their hair down in a rockin’ rendition of
*“The SCTE Theme,”’ which followed an even-
ing of food and fun at Casino Night. Over 90
vendors filled the exhibit hall to capacity.
Pre-show entertainment included a cruise
on the bay sponsored by Women In Cable.

nounced the four panels of the conference:
"*High-definitiontelevisiontechnology,” *‘Front-
line: Senior cable engineers,” ''Fiber optics: Here
and now,” and "'The future of the CATV busi-
ness.” (For a detailed account of the HDTV and
fiber panels, see accompanying sidebar.)
Wendell Bailey (vice president of science and
technology, National Cable Television Associa-
tion) moderated the panel of four senior cable
engineers, each of whom identified the major
issue(s) facing the CATV industry. In his talk, Vito
Brugliera (vice president of marketing and prod-
uct planning, Zenith Electronics) discussed the
need for compatibility and marketplace stan-
dards of consumer electronics equipment.
Echoing this sentiment, Dave Large (director
of video product planning, Raynet) explained the
problems of improving the NTS